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Abstract 
Agricultural activities are subjected to a wide range of risks because of the variable economic and 

biophysical environment in which farming operates. The uncertainties and risks in agriculture are 

diverse, ranging from weather conditions and animal diseases, changes in agricultural product 

prices to fertilizer and other inputs, and from financial uncertainties to policy and regulatory risks. 

The existence of risk in agriculture has long been observed as having a significant influence on 

farmers’ production and investment decisions. 

Farmers have many options to manage risk at the farm level, and many of them utilise these 

options. However, keeping in view different aspects of farmers’ behaviour, the present study is 

designed to investigate the impact of various factors on farmers’ risk management adoption 

decisions as to the main research objective. Two other research objectives were also included based 

on the importance and background of the study, i.e., identifying risk management strategies 

adopted by farmers in the study area, and identifying the correlation between the risk perception 

and risk attitude of farmers with the adoption of risk management strategies.    

For this study, a well-refined questionnaire was designed and used to collect data. The study was 

conducted in the Khyber-Pakhtunkhwa (KP) province of Pakistan. Sampling weights were used in 

the analysis throughout the thesis to deal with the issue of non-random and unequal probability 

sampling. The variables used in this study were obtained based on relevant literature demonstrating 

their effect on farmers’ decision to adopt risk management strategies, and include age, education 

level, farming experience, the proximity of the farm to the river, access to credit, access to 

information, risk attitude, and risk perception of weather-related risks (flood, heavy rain, hail, 

storm, pests and disease, and drought). The risk attitude of farmers in the study area was measured 

using the Holt and Laury method, whereas risk perception of weather-related risks was identified 

using a risk matrix. The values for access to information were obtained using a composite index. 

From the summary statistics, it was found that the majority of the farmers adopted diversification, 

credit reserve, and accumulated assets as risk management strategies. Farmers in the study area 

were mostly risk-averse, followed by those of risk-seeking and risk-neutral nature. Similarly, 

farmers in the study area highly perceived flood, heavy rain, storm, pests and disease, and hail, 

respectively, as the main threats to their farming activities. In the case of access to information, 

the farmers in the study area were found to use information sources less often than contacting 

friends and family to obtain information regarding agricultural activities. The farmers were also 
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found to avoid obtaining credit for agricultural practices, particularly from formal institutions. 

Those who did obtain credit mostly sought it from local lenders, friends, and relatives.  

Independence tests were used to answer the second research questions, where I found that risk 

perception and risk attitude influence farmers’ decision to adopt risk management strategies to 

cope with risks. The answer is split into two parts for the main research objective and presented 

across two empirical chapters.  

To answer the first research objective in the first empirical chapter, I analysed the factors affecting 

farmers’ decision to adopt risk management strategies marginally, using probit and linear 

probability models. The multivariate probit model is used to answer the research objective from a 

different perspective, i.e., to analyse the factors affecting farmers’ decision to adopt one risk 

management strategy simultaneously and allow correlation between these strategies. From the 

results, I found a correlation between the unobserved factors of these risk management strategies, 

which the binary probit model fails to provide. Furthermore, a more sophisticated extension of the 

multivariate probit model, i.e., the recursive multivariate probit (RMVP) model, is used that can 

provide further value-added information from the data at hand. From the RMVP, we found the 

endogenous impact of one strategy on the adoption of another strategy along with the correlated 

error terms of these strategies.  

Even though three different models were employed to describe different aspects of farmers’ 

decision-making behaviour during uncertainty, the results were robust. I found that the distance of 

the farm from the river, the risk perception of some weather-related risks, a risk-averse attitude, 

and access to credit and information have a positive and significant impact on farmers’ decision to 

adopt risk management strategies, irrespective of the model specification. However, the other 

variables, such as age, education, experience, farm size, and income, show a different impact when 

assessing farmers’ behaviour from a different perspective, depending on the model specification. 

In this study, the endogenous impact of risk management strategies on the probability of adopting 

another risk management strategy in the recursive multivariate model provides an unprecedented 

approach while assessing farmers’ choices during uncertainty. From the recursive impact, we also 

determined whether the risk management strategies are complements or substitutes. We found that 

diversification and credit reserve are complements, whereas diversification and accumulated assets 

are substitutes.  

Based on the study’s findings, it is recommended that there is a need to improve farmers’ 

understanding of the crop loan insurance scheme through better extension services and the use of 
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other information sources. The government should improve farmers’ access to information to help 

them improve their risk adoption decisions in mitigating risks and other agricultural activities. The 

government should pay attention to enhancing farmers’ access to credit by shortening the credit 

processing period and simplifying the procedure considerably to increase their farm productivity 

and, hence, smoothening consumption during uncertainty. Agriculture departments should also 

arrange training programmes for farmers, guiding them through the process of obtaining a loan 

from institutional sources and encouraging the positive use of the credit. Moreover, it is important 

to take into account the factors that affect farmers’ decision to adopt risk management strategies 

when assessing farmers’ behaviour in risky situations, and to chart out policies to support farmers 

on the subject of managing risks. 
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1 Chapter-1 

      Introduction 

1.1 Background 

Agriculture is a risky business (Hardarker et al., 2015). The risk persists in all management 

decisions of an agricultural system that result from price, yield, and resource uncertainty. All the 

activities related to agriculture are exposed to a variety of risks arising from natural hazards, 

weather variability, and pests and diseases because agricultural production relies heavily on the 

natural resource base and climate conditions. These risks directly affect the economic returns from 

agriculture, the livelihood of farmers, and in the long run, the capacity of farmers to invest and 

innovate (OECD, 2019). Farm risks can be of a business and financial nature. Financial risks are 

the risks related to borrowing to finance a farm business, whereas the business risk of a farmer is 

related to production, institutional, price, and personal risk (Hardarker et al., 2015). Specifically, 

severe financial and business risks or their combination can create a catastrophic risk at the farm 

level. Catastrophic risk can generally be defined as a low probability event leading to major and 

typically irreparable losses with adverse impact on business outcomes (Vose, 2008).  Such 

catastrophic risks can cause serious cash flow problems to the business that may end up bankrupt. 

In arable farming, severe damage to the crops can be caused by extreme meteorological events 

such as excessive rainfall, drought, storm, frost, and hail (Langeveld et al., 2003). In some way, 

farmers need to manage such catastrophic risk by adopting alternative risk management strategies 

such as diversification, crop insurance, self-insurance, forward contracting etc. The farmers’ 

decision to adopt risk management strategies to cope with such catastrophic risks are influenced 

by farmers’ risk perception and risk attitude and hence should be taken into account when 

modelling farmers’ behaviour (Ogurtsov et al., 2008). Alongside psychological factors, the 

literature shows that socioeconomic characteristics, farm characteristics, and other exogenous 

factors such as access to credit and information also play an important role that affects farmers’ 

decision to adopt risk management strategies to cope with catastrophic risks.  

1.2 Disaster Risks in Pakistan  

A study conducted by Duong et al. (2019) revealed that farmers in developing countries perceive 

weather-related risk more than farmers in developed countries. Pakistan is a developing country 

and is susceptible to disaster risks from a range of hazards such as avalanches, cyclones, storms, 

tsunamis, drought, earthquakes, epidemics, floods, landslides, pests & diseases, and river erosions. 
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The frequency of floods in Pakistan has increased over the past several years due to rapid 

climate change and global warming. That is why Pakistan has faced consecutive flood events 

since 2010, indicating that floods are now a regular incidence in the country (GoP, 2016). A 

sequence of occurrences of floods in Pakistan has brought devastation to property, 

infrastructure, livelihood, livestock, human lives, human health, the environment, cultural 

heritage, and economic activity. 

Pakistan has been identified as one of the most vulnerable countries to climate risks and broader 

hazards in Asia (ADB, 2013; Kredt et al., 2017). It has also been ranked highly in the Climate 

Vulnerability Index of 2019—ranking 8th among the ten most-affected countries by extreme 

weather events between 1997 and 2016 (GermanWatch, 2019)—as shown in figure-1.  

 

Figure 1: Climate Risk Index 

Climate Risk Index of 2019 analysis the extent to which countries has been affected by weather-related losses between 

1998 and 2017. 

1.3 Disaster Risks in KP Province of Pakistan 

Almost one-third area of KP is permanently vulnerable to flash floods due to rapid changes in the 

weather pattern and inadequate risk mitigation measures (Dawn, 2011). Climate change has 

serious repercussions for the agricultural sector of the food-deficit province KP. Changing weather 
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patterns have severely affected livestock production in the province due to widespread diseases 

associated with abrupt changes in the climate or the unavailability of fodder and a balanced diet. 

Climate change has had a negative impact on the agricultural sector of KPK province, resulting in 

the loss of the normal yield of different crops in many districts. A study of climate scenarios up to 

2040 in 10 districts of Khyber Pakhtunkhwa (Hanif, 2018) projects that changing weather patterns 

will continue to bring devastating events such as flood, drought, the outbreak of pest and disease 

in the KP province—which will negatively affect the growth of many crops in the province.  

Khyber Pakhtunkhwa province is the most vulnerable province to climate change. The impacts of 

climate change are given in Figure-2, which shows the vulnerability of districts in KP to climate 

hazards based on the National Disaster Management Authority (NDMA) multi-hazard 

vulnerability assessment (NDMA, 2015). 

 

Figure 2: Multi-hazard vulnerability assessment of 25 districts of KP province. 

(NDMA, 2015) 

 

Map of Khyber Pakhtunkhwa (KP)  

Province 
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Heavily populated districts of KP constitute catchment areas of major rivers where their tributaries 

multiply—thus creating flash floods vulnerability. The northern and north-eastern portion of KP 

is mostly mountainous that stretches from district Chitral up to in the north to districts of Lower 

Dir, Upper Dir, Swat, Shangla, and Mansehra, which are vulnerable to flash floods and cloud 

bursts.  

The three main districts of KP, i.e. Charssada, Mardan, and Nowshera, constitute the catchment 

area for two major river systems, i.e. Swat River and Kabul River— with 13 tributaries and 

waterways that flow along with the most populated areas of these districts.  

Similarly, district Mansehra, Shangla, Swat, Upper Dir, Lower Dir, Kohistan, Malakand of KPK 

are also prone to flash floods mainly because of 60 waterways, including some major rivers 

flowing along with these districts. The southern parts of KP province, district D.I. Khan, Tank, 

Lakki Marwat and Kohat are prone to flash floods originating from the Indus River, Tochi River, 

Kurram River, and around 10 hill torrents.  

Furthermore, the Chitral River in the north and its 11 tributaries flowing in different parts of the 

district also increases the vulnerability of six major populous villages, including Buni, Sonogar, 

Chuinj, Brep, Owir, and Terich, to the flash floods. Due to poor flood management systems, lack 

of proper warning systems and flood protection walls, the households and the agricultural sector 

of these districts are severely affected by the overflow of rivers and their tributaries in different 

periods (DAWN, 2011). 

1.4 Disasters Risks and its Impact on Agricultural Sector of Pakistan and KP Province 

The agriculture sector is a vital component of Pakistan’s economy. It currently contributes 18.5% 

to the total GDP. The agricultural sector of Pakistan makes productive employment opportunities 

for 38.5% of the country’s labour force (GoP, 2019), and 67.5% of the rural population depends 

upon this sector for its livelihood (GoP, 2020). It has an important role in ensuring food security, 

improving economic growth, poverty reduction, and transforming towards industrialization. 

The agricultural sector of Pakistan has been struck severely by several successive years of massive 

floods. In 2010, the monsoon floods caused unprecedented damages to the primary infrastructure 

(tube wells), crops, livestock, forestry, fishery, seed stocks, animal sheds, household storage, 

agricultural machinery, and water channels. This unfortunate event occurred just before harvesting 

major crops such as rice, maize, vegetables, sugarcane, and cotton. The overall production loss of 

paddy, cotton, and sugarcane was estimated at 13.3 million metric tons; over 2 million hectares of 

standing crops were damaged or lost. Around 1.2 million livestock heads died due to the flood 
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(WFP, 2010). For a second time, a massive flood in 2011 hit and severely affected Baluchistan 

and Sindh provinces, causing a significant impact on people’s lives, primarily those related to 

agricultural activities. Around 80 % of the Sindh’s rural population’s livelihood relies heavily on 

agriculture such as crops, livestock, forestry, and fishery (NDMA, 2007). The flood destroyed 

standing crops of sorghum, cotton, rice, sugarcane, vegetables, and pulses on approximately 0.84 

million hectares of land. The livestock also suffered heavy losses. Around 115,500 livestock have 

perished, and about 5 million surviving were directly affected by the flood. The total estimated 

loss was around US $1,840 million (GoP, 2012).  Similarly, in September 2014 flood, more than 

1.0 million acres of cropland and about 250,000 farmers were severely affected, in most cases 

resulting in the loss of standing crops, cash or fodder crops. The estimated cost of the recovery 

effort was US $439.7 million (Rehman et al., 2015). 

The economy of KP is agriculture-based, and this province plays a leading role in agricultural 

production. Agriculture accounts for about 22% of the provincial GDP. Besides providing 44% of 

the employment to the labour force, almost 80% of the population relies on agriculture for a 

significant part of their income. However, this province has seen a number of severe natural 

disasters in the last several years, and the high frequency of extreme weather events will likely 

continue in future. These events have only brought devastation to the agricultural sector, 

livelihood, and food security of the population of the province. It is also predicted that in the KP 

province, the rainfall during the monsoon may increase up to 20-30%, along with high-intensity 

storm events, which continuously threatens the livelihood of the province's population.  

The August 2010 flood in Pakistan has damaged or destroyed over 3.2 million hectares of standing 

crops – including cotton, rice, maize, sugar cane, vegetables, fruits and orchards across KPK, 

Balochistan, Punjab, and Sindh, representing 16 % of the cultivatable area (Doolan & Donati, 

2010). In Charssada,  Nowshera, Swat, and  Dir  Upper districts of KPK, the number of cattle death 

was about 52,750  and crops over an area of 5,07,423 acres were destroyed during this flood (Khan 

and Mohmand, 2011).  

In 2015, Glacial Lake Outburst Floods (GLOF) carried massive torrents and flash floods, washing 

away villages, access roads, bridges, drinking water supply systems, property and crops of the 

Chitral district of KPK province. Irrigation channels are considered the lifeline of district Chitral’s 

agricultural sector, and about over 80 water channels were severely damaged or destroyed (PDMA, 

2015).  
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From January to May 2020, heavy rains, snowfall, hailstorms, cold weather, and landslides 

severely damaged the standing crops of many districts of the KP province (APSA, 2020). District 

Swat has suffered a substantial loss after a hailstorm hit the valley, destroying orchards and 

standing crops—incurred a total loss of $6 million on the total area of 200,000 acres (Buneri, 

2020). Similarly, severe hailstones, accompanied by torrential rain and thunderstorm, destroyed 

tobacco, wheat and vegetable crops in various areas of the Swabi district of the KP province, 

resulting in losses of around $1.2 million to the farmers (DAWN, 2020).  

In the KP province, drought is not very common like that of other weather-related disasters such 

as flood, hail, storm etc. however, several districts have experienced severe drought situation in 

the past that has badly affected agricultural production at that time. The extreme drought conditions 

occurred in district Chitral and Dir in 1971, in district Cherat in 1984, in district Dir, Chitral, Kakul, 

Drosh in 2001 (Rahman et al., 2018).   

Among many limiting factors such as flood, drought, and cyclones as a consequence of climatic 

change, pests and diseases are other important factors that play a vital role in decreasing the yield 

and quality of the agricultural production in KP of Pakistan. Most recently, the Khyber 

Pakhtunkhwa government declared an emergency to control the spread of locust infestation—due 

to high temperature in nine southern districts of the province, which continues to spread to the 

other regions of the province (DAWN, 2020). However, due to the most recent event, which is still 

ongoing, the damage caused to the crops by the locust outbreak is yet to be estimated.  

1.5 Problem Statement  

Considering the vulnerability of Pakistan’s agricultural sector to climate risk and a range of natural 

disasters, the farmers would adopt risk management strategies to mitigate the harsh impact of such 

risks and uncertainties. As agriculture is the main source of livelihood for most people living in 

the rural areas of Pakistan, it becomes important for the farmers to make efficient decisions to 

safeguard their farms from such uncertainties and risks. The more complex is the risk, the more 

difficult it becomes for the farmers to make efficient decisions (Kahn, 2008). Farmers have several 

options to manage risks they face, and most farmers use a combination of strategies. Some risk 

management strategies cope with only one kind of risk, while others deal with multiple risks 

(USDA, 2019). However, farmers’ decisions to adopt risk management strategies are affected by 

various factors. Besides socio-economic characteristics of the farmer and farm characteristics, 

farmer risk attitude and risk perception also play an important role in farmers’ decision to adopt 

alternative risk management strategies (Velandia et al. 2009; Mishra et al., 2004; Shapiro et al., 
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1988; Meuwissen et al., 2001; Asravor, 2018). Thus, these factors need to be studied, and the 

importance of studying these factors can never be overemphasized while drafting risk management 

strategies for the agricultural sector. Therefore, this study is designed to analyze factors that affect 

farmers’ choice to adopt risk management strategies and better understand their behaviour in risky 

prospects in the study area.  

1.6 Rationale  

The sources of risk and level of its severity can vary according to the farming systems, geographic 

location, weather conditions, supporting government policies and farm types (Aditto et al., 2012). 

Flaten et al. (2005) found that farmers in Norway were mostly concerned over institutional risk 

connected with farm support. Boggess et al. (1985) conducted a research study in North Florida 

and South Alabama, USA. They found that farmers’ highly perceive animal pest and disease, 

personal, and health risks as an imminent threat to their farming income. Similarly, Grenier et al. 

(2008) found in a study conducted in Australia that farmers perceive drought as a high risk that 

can affect their farming income. In the same way, I need to understand and identify farmers' risk 

perception in Pakistan due to its different geographical location, farm types, climatic conditions, 

etc. 

Knowing the characteristics of risks such as the source, type, and severity level that influence 

smallholder farmers is the key to developing appropriate strategies to deal with risks. Farmers are 

continually struggling to mitigate the hazardous impact of natural calamities by adopting 

alternative risk management strategies to cope with different types of risk (Huirne, 2003). 

However, in different research studies, it was also found that farmers in different geographical 

locations adopt different risk management strategies such as, for farmers in Florida and Alabama, 

USA, the most important risk management strategies were on-farm diversification, crop insurance, 

spreading sales, precautionary savings, and market information (Boggess et al., 1985).  

Meuwissen, Huirne, and Hardaker identified that farmers in the Netherlands adopt insurance 

schemes to cope with risks. Similarly, Aditto et al. (2012) found that farmers in Thailand adopt 

accumulated assets, crop diversification, forward contracts, seed reserves, and replacing 

machinery for labour to deal with farm risks. 

Furthermore, Martin (1996) found that marketing risks were ranked as a very important source of 

risk by all farmers in New Zealand. Risk management strategies often help farmers maintain a 

more stable income while also encouraging farmers to engage in more sustainable agricultural 

practices (Shannon and Motha, 2015). In the same manner, I need to understand and identify 
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farmers' risk perception in Pakistan due to its different geographical location, farm types, climatic 

conditions etc., from other parts of the world and its influence over farmers’ decision behaviour. 

Identifying risk sources and the types of risk management strategies adopted by the farmers in the 

study area may help the government to map out specific and contemporary policies that affect 

farmers’ decisions in mitigating risk.  

After identifying the types of risk management strategies adopted by farmers to cope with risks in 

the study area, I would need to know important factors that would affect their choice to adopt 

alternative risk management strategies. Important factors that affect the farmers’ choice to adopt 

risk management strategies will be identified from the literature. However, farmers may behave 

differently while adopting risk coping strategies; thus, I will identify factors affecting farmers’ 

choice to adopt risk management strategies from different perspectives. For instance, in some 

scenarios, farmers may face multiple risk management strategies, but we may be interested in 

identifying factors that affect the marginal probability of adopting a particular RMS. Similarly, the 

farmer may adopt all the available risk management strategies simultaneously. Given that the 

farmers adopt multiple risk management strategies, I want to know how the farmer behaves to 

adopt a particular strategy when all the available strategies are being adopted. I would identify 

factors affecting the probability of farmers’ choice to adopt any particular risk management 

strategy conditional on all the available strategies being adopted. Finally, in the presence of 

multiple risk management strategies available to the farmer, some farmers may adopt any one 

RMS, some may adopt a combination of any two RMS, and some may adopt a combination of 

three and so on. Some farmers may not adopt any RMS, and others may adopt all the available 

RMS. In this case, I would analyze the factors that affect the probability of farmers—who adopt 

any one, any combination of two, three, altogether, or no risk management strategy.  

From the previous studies (Velandia et al. 2009; Mishra et al., 2004; Shapiro et al., 1988; 

Meuwissen et al., 2001), it is found that farmers’ risk perception and risk attitude play an important 

role in affecting farmers’ decision-making behaviour. Thus, it is expected that the farmer's risk 

perception and risk attitude in the study area influences their decision to adopt alternative risk 

management strategies. 

This study is limited to the Khyber Pakhtunkhwa province of Pakistan because of time and budget 

constraints. The results obtained from this study can be generalized to the entire country because 

of many common factors between the characteristics and the activities related to the agriculture of 

the KP province and the other parts of the country. For instance, the livelihood of the majority of 
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the population of the province is also from agriculture. The farmers are engaged in subsistence 

farming like in the other part of the country, majority of the farmers are smallholders, farm 

mechanization is limited to tractor and cultivator and less involvement in innovative technology 

by the farmers all over the country, canal irrigation system is spreader throughout the country, 

weather-related risks especially flood has severely affected agricultural activities in the province 

and the other parts of the country etc.  

The present-day study is helpful to understand the farmers’ behaviour in risky prospects. 

Awareness of farmers’ choice to adopt any particular strategy will also help extension workers 

target those who need risk management education the most. This study aims to understand how 

farmers’ risk perception and attitude affect their choice to adopt risk management strategies. 

Moreover, this information is also essential for policymakers and government agencies to map out 

a sound policy to facilitate the most appropriate risk management strategies to enable the farmers 

to manage the risk at the farm level more efficiently.  

1.7 Research Objectives 

The overall objective of this thesis was to investigate factors affecting farmers’ choice to adopt 

alternative risk management strategies in the KP province of Pakistan.  

The specific objectives were to: 

1) Identify risk management strategies adopted by farmers in the study area to cope with the 

weather-related risk. 

2) Identify farmers’ risk perception and risk attitude toward weather-related risks and their 

correlation with the risk management strategies adopted by the farmer in the study area. 

3) Identify factors affecting farmers’ choice to adopt risk management strategies. This research 

question could be stretched further into two different sections to identify farmers’ behaviour from 

different perspectives, as described in section 1.4:  

 To analyze factors that affect a single risk management strategy in isolation, i.e. to examine 

the factors that affect the marginal probability of adopting a risk management strategy 

irrespective of the adoption of other strategies.   

 To analyze factors that affect the risk management strategy adopted by the farmer 

simultaneously.  
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1.8 Conceptual Framework 

In this research study, I model the farmers’ choice to adopt alternative risk management strategies 

to cope with risks during uncertain events in the random utility theory framework1. This theory 

assumes that during uncertainty, farmers adopt from a set of alternatives the one from which he 

derives maximum utility. However, the farmer's utility cannot be observed; we can only observe 

the attributes of the farmer and the alternative adopted. Some attributes are individual specific and 

are contributed by the attributes that cannot be observed and are called random components. The 

utility of the farmer depends on the observed attributes and unobserved random factors.  

The observed factors such as the age of the farmer, education level, farm size, experience of the 

farmer, and other important measurable variables (such as risk perception), combined with 

unobserved factors (e.g. highly individual-specific attributes), affect the farmer’s utility from an 

alternative. If these factors induce the farmer to pick an alternative, it implies that the utility the 

farmer derives from adopting that alternative is higher than not-adopting. However, due to the 

randomness of the utility2, we cannot predict the farmers’ choice with certainty; instead, the 

random utility model provides the probability with which each alternative is chosen. 

1.9 Outline of the Study 

This thesis consists of two research chapters, an introduction chapter, a literature review chapter, 

a descriptive analysis, and a summary, conclusion, and recommendation chapter. Each research 

chapter addresses one of the objectives of the thesis and provides an empirical application.  

Chapter 1 describes the general background of the study and shows the reasons for conducting 

the research and its justification. Based on the motives and rationale of the study, explicit research 

objectives are provided along with the conceptual framework upon which the study is designed.  

Chapter 2 is the literature review chapter that tells the reader about all the important topics from 

previously conducted research that are relevant to this study—such as identification of risk 

sources, farmers’ choice to adopt risk management strategies, the theoretical background of the 

study, and all the important factors that affect farmers’ choice to adopt risk management 

strategies—such as farm and socio-economic characteristics of the farmer, farmers’ risk perception 

and risk attitude, access to credit and information.  

                                                 
1 More detail about RUM is provided in the literature chapter section 6.3. 
2 Randomness arises because the researcher cannot observe the set of all influencing factors that affect the utility of the farmer and 

complete the decision calculus. This randomness affect the farmers’ choice to adopt risk management strategy—and is captured in 

the error term of the random utility model.   
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Chapter 3 explains how the data for each variable is collected and describes the summary statistics 

for all the variables included in the study.   

Chapter 4 and 5 are the empirical chapters, and in each chapter, the empirical methodology is 

provided that satisfies the two parts of the 3rd empirical question.  

Chapter 6 provides a comparison between the empirical chapters, the robustness of the findings, 

and provides a better understanding of the farmers’ behaviour as we employ empirically advanced 

models.   

Chapter 7 summarises the research work, synthesis of the findings, policy implications, 

limitations of the study, recommendations, and conclusion of the study.   
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2 Chapter-2 

        Literature Review 
 

This chapter provides an extensive literature review on the topic of risk and its impact on agricultural 

production and the alternative strategies farmers may adopt for managing risk.  

Given the objectives of this thesis, as presented in the previous chapter, this research study describes 

the riskiness of agricultural business and how different internal and external factors affect the farmers’ 

choice of adopting multiple risk management strategies in pursuance of mitigating the impact of risk. 

To understand the objectives of the study, it is indispensable to understand risk, its impact on 

agriculture and its management. Nevertheless, various kinds of risk have been described in different 

strands of the literature, but here I am certainly interested in studying weather-related risk because the 

agricultural sector is considered as highly specific and dependent on natural conditions.  

To fully understand the purpose of this research, the basic concepts have been elaborated, keeping in 

view the relevant literature. Those concepts are described in the next section, which includes, 𝑖) risk 

and its impact on agriculture 𝑖𝑖) risk and uncertainty 𝑖𝑖𝑖) risk sources and risk management in 

agriculture 𝑖𝑣) alternative theoretical frameworks 𝑣) factors affecting the choice of adopting a risk 

management strategy. These factors identified by studying relevant literature will be used in the 

analysis further in the empirical chapters.  

As the behaviour of an individual is highly dependent on inner attitude and, therefore, a significant 

consideration has been given to behaviour psychology by researchers who are trying to analyse and 

understand human behaviour that affects businesses (Hillson and Murray-Webster, 2005). For that 

purpose, different theories have been presented to explain human behaviour; however, in my study, I 

will mention the relevant approaches to understand farmers’ behaviour and how they affect 

agricultural business. These approaches will be used as a theoretical framework of how farmers’ 

decision to adopt risk management strategies is affected. The study’s materials are also described in 

detail based on previous relevant literature.  

2.1 Theoretical Framework  

In this section, three main theories of human behaviour are elaborated on separately. Each theory 

describes the farmers’ behaviour in a certain way. These theories are incorporated in my research 

because they are related to the same problem, i.e. farmers’ behaviour under uncertain conditions, 

but each theory captures different aspects of the behaviour. These theories are described below: 
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2.1.1 Theory of Planned Behaviour: 

The literature shows three main types of alternative approaches for analysing farmers’ decisions 

to adopt alternative risk management strategies. In our discussion, the first one is an extension of 

the Theory of Reasoned Actions (Ajzen and Fishbein, 1975, 1980), called Theory of Planned 

Behaviour (Icek Ajzen, 1988, 1991) which is concerned with the prediction of deliberate 

behaviours of the farmers and understanding of their behavioural changes. Researchers use it to 

explore the factors that determine the farmers’ intention to act—such as the adoption of improved 

natural grassland (Borges J. A., 2015), continue engagement with extension workers (Hall et al., 

2019), sustainable agricultural practices (Zeweld et al., 2017), adoption of forward contracts 

(IFMA, 2007). According to TPB, volitional human behaviour is a combination of attitude toward 

behaviour, subjective norms, and perceived behaviour control that leads to an intention to perform 

an act. The importance of the determinants of intentions varies from behaviour to behaviour. 

However, the more favourable subjective norm and attitude toward a behaviour are, the greater 

perceived behavioural control is and the stronger the individual's intention to perform the 

behaviour (Ajzen, 1991). 

 

Figure 3: Theory of Planned Behaviour 
 

To understand the theory of planned behaviour, it is important to know about the determinants of 

behavioural intentions.  

Attitude toward behaviour: The extent to which an individual has negative or positive feelings 

about the behaviour of interest. It depends on 𝑖) Outcome Belief 𝑖𝑖) Outcome Evaluation (iSALT 

Team, 2014). 
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Example: How likely is a farmer to adopt crop insurance as a risk management tool?  

Crop insurance is an important tool for risk management (outcome belief-positive feelings for 

adopting crop insurance), or Crop insurance is an expensive tool for managing risk (outcome 

belief-negative feelings for adopting crop insurance). If I adopt crop insurance, it will protect my 

earnings affected by any natural calamity (positive outcome evaluation), or if I adopt crop 

insurance, it will only increase my total cost and will affect my earnings (negative outcome 

evaluation).  

Subjective Norms: It refers to the belief of an individual of how other people think he/she will 

behave, or it is the social pressure to behave in a particular way. It consists of 𝑖) Normative Belief 

𝑖𝑖) Motivation to comply (iSALT Team, 2014). 

Example: Extension worker says that crop insurance is the latest method of risk management tool 

and will compensate better than any other conventional way of risk management tool in a risky 

situation (positive normative belief to adopt crop insurance), or a co-farmer says that crop 

insurance is a cumbersome task to perform and we are unaware of the technicalities associated 

with it (negative normative belief to adopt crop insurance). I should adopt crop insurance because 

extension worker described its wider range of coverage and its superiority upon another 

conventional way of risk management tools (positive motivation to comply), or I should not adopt 

crop insurance because of high crop insurance premiums and inability to understand the 

technicalities of crop insurance due to illiteracy (negative motivation to comply).  

Perceived Behavioral Control: It refers to the degree of difficulty an individual perceives 

behaving. It is consists of 𝑖) Self Efficacy Belief 𝑖𝑖) Perceived External barriers (iSALT Team, 

2014). 

Example: If the farmer says, of course, I can adopt crop insurance as a risk management tool, and 

I believe it is fruitful and worth adopting (high self-efficacy belief), or I can’t adopt crop insurance 

because I have a low level of income and I am illiterate (low self-efficacy belief). Nothing or no 

one can prevent me from adopting crop insurance, and it is easy for me to adopt (perceived no or 

little external barrier), or adopting crop insurance will make my life more complicated and riskier 

(perceived high external barrier).  

When all these psychological constructs of attitude toward behaviour, subjective norms, and 

perceived behavioural control are combined, it is the individual’s intention that the perceived 

behaviour is likely to happen, and the individual will ultimately perform that particular behaviour. 

In our example, positive outcome belief, positive outcome evaluation, positive normative belief, 
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positive motivation to comply, high self-efficacy belief, and perceived no or little external barrier 

will lead to the intention of adopting crop insurance and therefore, the individual’s actual 

behaviour would be the adoption of crop insurance.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Conceptual Framework of TBP  
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2.1.2 Prospect Theory: 

Expected utility theory was presented by von Neumann and Morgenstern in 1944, based on the 

prescriptive approach and has been subjected to too much criticism. To overcome the flaws in 

expected utility theory, an alternative descriptive model of economic behaviour was introduced by 

two psychologists, Kahneman and Tversky, in 1979, called Prospect Theory (Thaler, 1980).  

Prospect Theory (PT) is a psychological account that shows how an individual decides between 

different available alternatives under uncertainty. This theory suggests that expected values are the 

product of the probability weighting function and the value function.   

𝑉 =  ∑𝜔[𝑝𝑖(𝑥𝑖)]

𝑛

𝑖=1

× 𝑣(𝑥𝑖) 

Where,  

    V = Expected utility 

    𝜔 = Probability weighting function 

    v = value function 

    𝑝𝑖= Probability 

    𝑥𝑖= Outcome   

This formula illustrates four components of prospect theory. A) Reference Dependence, B) Loss 

Aversion, C) Diminishing Sensitivity, and D) Probability Weighting. 

First, according to PT, an individual makes decisions based on the potential values of gains and 

losses and assumes that gains and losses are valued differently. The gains and losses are measured 

relative to some reference point instead of the absolute level of wealth as indicated by expected 

utility theory. Second, the S-shaped value curve is convex above the reference point and is concave 

below the reference point. In practice, the status quo is typically considered as a reference point. 

The slope of both curves, i.e. in the domain of gains and in the domain of losses, measure the 

sensitivity to change; both the curves show maximum sensitivity at origins and progressively less 

sensitivity as it moves away from the origin. This property of PT is known as diminishing 

sensitivity. People are more sensitive to changes in income near the reference point to changes 

farther from the reference point. This S-shape curve implies that people tend to be risk-seeking 

when facing losses and become risk-averse when facing gains.  

Third, the value function "𝑣" in prospect theory captures loss aversion, meaning that people are 

more sensitive to losses than to gains of the same magnitude. Kehneman and Tversky (1979) 

proposed that the emotional impact of losses on an individual is greater than the impact of an equal 
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amount of gain, and thus, the individual make decisions based on perceived gains instead of 

perceived losses. According to Plous (1993), losses loom larger than gains. Therefore, the value 

function in the losses domain is steeper than in the gains domain, as shown in Figure 6. The fourth 

component, the probability weighting function "𝜔", is a subjective estimate of probability and 

underweights high probabilities and overweighs low probabilities, as shown in Figure 5. It was 

also found empirically that people underweight probable outcomes compared to those obtained 

with certainty (Plous, 1993, p. 98).  

  

Figure-5 

 

           
                  Figure-6 

Figure 5: (w-Probability Weighting Function of Prospect Theory).  

Small probability events receive more weight, while large probabilities receive little weight than they should be.  

 

Figure 6: (a v-value Function of Prospect Theory).  
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The impact of the gain on human behaviour is more than the impact of the loss of the same magnitude.  

 

2.1.3 Random Utility Theory  

Another approach is the Random Utility Theory based on utility maximization from different 

alternatives. A Random Utility Model or discrete choice model has been used in analysing and 

predicting mainly consumer choice behaviour. RUM cannot measure or predict choices exactly 

because we cannot observe all characteristics of product, individual and choice situation. However, 

we can use observable information to predict choice. The RUM explains how the probabilistic 

choices come from utility maximization. In our research, farmers choose different alternative 

strategies to cope with persistent risk such as crop insurance, diversification, precautionary savings 

etc. The farmer's choice depends on the maximum utility he obtains from any alternative. 

Statistically, in discrete choice models, the choices made by the farmer depend on attributes of the 

alternative and characteristics of an individual. Discrete choice models have been used in different 

research areas, i.e. transportation business, such as examining consumer responsiveness to 

advertising; social sciences, such as voting behaviour; and health, such as understanding 

preferences for government services and health care, etc. In contemporary research, our focus 

would be on understanding the behaviour of farmers in the decision-making process under risky 

situations.   

Let’s assume Y is an integer-valued random variable that represents the discrete choice of the 

farmer among J alternatives. Let 𝑈𝑗 be the utility that the farmer obtain from the 𝑗𝑡ℎ choice. The 

𝑈𝑗 can be represented by two components, i.e. the deterministic component and random component 

as given as:  

    𝑈𝑗* = 𝑉𝑗  +  휀𝑗 

Where, 𝑉𝑗  is the deterministic component of the utility and is a function of some observed 

variables, such as characteristics of the farmer and attributes of the alternative. The term "휀𝑗" is 

the unobserved component which is unknown to the researcher—and are represented as a random 

factor, thus giving rise to the name “random utility model”.  

The farmer is assumed to be rational in behaviour and wants to maximize his utility. He will pick 

alternative j if the utility  𝑈𝑗 the farmer derives from it is the greatest among the utilities of all J 

alternatives. The choice has a random component, i.e. εj, which brings uncertainty while making 

a choice among alternatives, i.e. the utility is random in the random utility model, one cannot use 
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a model that predicts the choice of a farmer with certainty—instead, the RUM provides the 

probability with which each alternative is chosen (Horowitz et al., 1994). As the observable part 

of utility increases, choices are less random, and therefore the probability of an individual choosing 

the alternative increases. The probability that alternative “j” is selected, the choice probability 

equation will be:  

                  𝑃𝑗   =  𝑃𝑟𝑜𝑏 [𝑌 =  𝑗] 

      =   𝑃𝑟𝑜𝑏 [𝑈𝑗
∗ =  𝑚𝑎𝑥 (𝑈1

∗, 𝑈2
∗ …𝑈𝐽

∗)] 

In the special case when we have J =2, i.e. 1 and 2 only, and the farmer chooses alternative-1 over 

alternative-2 because he derives maximum utility by adopting alternative-1, i.e. 𝑈1
∗ > 𝑈2

∗.  Since 

the utilities depend on an unobservable component, which brings uncertainty while choosing 

among alternatives, the choice is represented as a probabilistic phenomenon. 

In the two alternative cases, the probability that the farmer would adopt alternative 1 can be written 

as: 

𝑃 1  =  𝑃𝑟𝑜𝑏 [𝑈1
∗ > 𝑈2

∗]    

        = 𝑃𝑟𝑜𝑏 [𝑉1+ 휀 1  > 𝑉2 +  휀 2 ] 

         = 𝑃𝑟𝑜𝑏 [휀 2– 휀 1 < 𝑉1 – 𝑉2 ] 

A property of the RUM is that the probability that a person chooses alternative-1 is determined by 

comparing the utility of choosing that alternative to the utility of choosing alternative-2. As the 

last term indicates, the choice probability depends only on the difference in utilities between 

alternatives, not on the absolute level of utilities. Equivalently, adding a constant to the utilities of 

all the alternatives does not change the choice probabilities. We can shift the scale of measurement 

by transforming both the utilities, i.e. 𝑈1
∗ and 𝑈2

∗ by any strictly monotonically increasing function, 

but it will not affect the choice probabilities (Ben-Akiva & Lerman, 1985).  

Another property of the RUM is the normalization of the scale of utility. Utility 𝑈∗
𝑖 has no unit, 

and therefore, we cannot assign any specific value to it and thus, we normalize the scale of utility. 

A standard way to normalize the scale of utility is to normalize the variance of the error terms 

(Train 2009). Normalizing the variance of the error terms is equivalent to normalizing the scale of 

utility because multiplying a constant to each alternative’s utility does not affect the choice 

probability. It implies that the alternative with the highest utility is the same no matter how the 

utility is scaled (Train 2009). Choosing the value for the variance is entirely arbitrary, and usually, 

a scale that is analytically or computationally convenient is used (Ben-Akiva & Lerman, 1985). 
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Varying assumptions about the distributions of the error terms leads to different choice models. If 

the random components have independent extreme value distributions, the difference can be shown 

to have logistic distribution, and we will obtain the logit model. On the other hand, if they are 

standard normally distributed, we will get the probit model. 

Both economists and psychologists noted that rational theories had not described human behaviour 

very well. Therefore, different behavioural theories have been presented to describe human 

behaviour from different perspectives (Gneezy et al., 2007). Each theory, i.e. random utility theory, 

TPB, and PT, emphasises a particular aspect of farmers’ behaviour and are compatible with each 

other. For instance, RUM is based on observable quantities, where the utilities in question can 

come from the EUT or PT and capture the farmer's choices in a tractable econometrically estimable 

format. RUT provides standard economic models which show how decisions are made. Prospect 

theory is an extension of EUT and models the risky aspect of choice, and the premises of PT are 

easier to test in an experimental setting. TPB typically needs some qualitative elements for 

estimation and is a general theoretical framework of the behaviour.  

The random utility model provides a framework for discrete choice models explains and predicts 

choices among two or more than two alternatives; for a choice between two alternatives, binary 

choice models are used, i.e. binary logit and probit, whereas, for alternatives between more than 

two, multinomial choice models and GEV models are used, e.g. multinomial logit model, 

multinomial probit model, nested logit model, and mixed logit model. In this study, discrete choice 

models will be used in different arrangements of the choices available to the farmer. To model a 

farmer’s choice to opt for alternative risk management strategies, for instance, crop insurance, 

precautionary saving, and diversification—whether individually, simultaneously, or in different 

combinations in order to mitigate risk, discrete choice models and their extensions would be used 

to capture the behaviour of the farmer from different perspectives. However, these discrete choice 

models accommodate choices under risky and non-risky situations. The choices made under risky 

conditions may differ from those made under the non-risky situation. As I am dealing with choice 

under risk, the prospect theory kicks in, which deals with the farmers’ choice under risky situations. 

RUM can capture farmers’ choices but does not explain why a risk-averse farmer is not adopting 

any available risk management strategies to cope with risks. The PT explains this by arguing that 

the farmer may find himself in the domain of losses and thus become a risk seeker in that particular 

situation. Similarly, RUM can capture that the probability of farmers’ choice to adopt RMS 

decreases when they perceive, for instance, high-risk event, e.g. flood; and decreases when 
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perceives relatively low-risk event, e.g. hail. PT explains this situation with one of its components, 

i.e. farmer overweighs events of low probability and underweights events with high probability. 

RUM can capture that as the income of a farmer increases, his probability of adopting all available 

RMS increases as well, but RUM does not explain why that is so? The prospect theory provides 

the answer, i.e., the farmer's decision is not based on the absolute wealth but the status quo of the 

farmer. The farmer may have experienced losses last year, and based on those losses, and the 

farmer decides to secure himself by adopting all RMS, irrespective of the initial wealth of the 

farmer.   

Similarly, RUM can capture the fact that when the family size increases, he is more likely to adopt 

RMS—but the TPB comes into effect by explaining the situation. According to TBP, the farmer 

living in a joint family may have social pressure (subjective norms) to secure himself by adopting 

RMS because he has to provide a livelihood to many people and do not want to take any chance 

to disrupt their consumption.  

Moreover, in PT, decisions are made based on potential gains and losses, but the individual's 

decision is still affected by the determinants of intention. It implies that perceived behavioural 

control, subjective norms, and attitude toward behaviour plays an important role in defining the 

gains and losses based on which decisions are made. 

Thus, these theories described above are complementary and explain the farmers’ behaviour in a 

different context, which by incorporating in this study help in describing each element of farmers’ 

behaviour reflecting the real scenario observed in the study area.  
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Figure 7: Conceptual Framework of the Research Study  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Heavy Rain Hail Flood Storm Pest & disease 

Influencing 

Factors 

Risk 

Perception 

Risk 

attitude 

Socioeconomic

/farm 

Characteristic

s 

If maximum 

Utility derive 

from adopting 

strategy  

If maximum 

Utility derive 

from not 

adopting 

strategy  

      Adopt strategy  
Do not adopt strategy  

Weather Related Risk 

Decision to 

Manage 

Catastrophic 

Risk 

Other 

Unobserved 

Factors 

Production Risk 



38 

 

Figure-7 shows weather-related risks such as flood, hail, storm, pest and disease, and heavy rain 

compel the farmer to take a certain action. The driving factors that affect the farmer's behaviour to 

perform any activity, such as adopting or not adopting any particular risk management strategy to 

cope with risk, include risk perception, risk attitude, socioeconomic characteristics, and other 

unobserved factors. These factors ultimately impact the farmer's behaviour to adopt or not that 

particular risk management strategy. 

The theories described the farmer's behaviour in risky situations in a different context. However, it 

is pertinent to throw some light on the elements related to the farmers' behaviour, such as risk, 

uncertainty, sources of risks, adoption of RMS to cope with risk, and factors that affect farmers’ 

choice to adopt RMS. These elements are described in detail below.  

2.2 Risk and Its Impact on Agriculture  

Agriculture is a risky enterprise, and the farmers have to make their decisions under extreme insecure 

and unstable circumstances. This factor makes the agricultural sector different from other forms of 

business, such as industrialist, who has some control over the conditions under which he is operating 

(Nieuwoudt, 2010).  

Risk is defined as any uncertainty which directly affects the welfare of individuals, firms or farms and 

is usually associated with loss and adversity (Hanson et al., 2004). According to investment 

economists, the risk is a deviation from the expected outcome as a result of imperfect knowledge of 

the occurrence of an event in the decision-making process. In finance, the word risk is used in two 

different but related contexts. One is the magnitude of potential loss, and the other is the standard 

deviation from the potential income or revenue of any investment over some period of time (Dempster, 

2002). Risks are different in nature which are generally distinguished by their frequencies (probability 

of occurrence) and their intensities (magnitude of loss) and can easily be understood by taking into 

consideration the entire distribution of probabilities and outcomes (OECD, 2009). 

Risk can also be distinguished by its impact on the economy as a whole or on an individual market. 

Suppose a risk disrupts financial services caused by the impairment of all or parts of the financial 

system and has a high potential of negative consequences on the entire economy. In that case, it is 

called systemic risk or un-diversifiable risk (Caruana, 2010). On the other hand, idiosyncratic risk, 

also known as diversifiable risk, is defined as the risk that affects just a specific company or a sector 

and does not affect the entire economy. Idiosyncratic risk is also known as asset-specific risk.  

However, risks are generally linked with other risks, and there is a level of correlation between 

individual risks in the same locality. There can be a positive or negative correlation between risks. For 
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instance, there may be a positive correlation between input and output prices and a negative correlation 

between price and production of the same or different commodities. Therefore, accounting for these 

correlations is important for farmers in preparing suitable risk management strategies at the farm level 

and for the government to devise suitable policies related to risk management (OECD, 2009). 

Risk is involved in almost every business, but most importantly, in agribusiness (Kuyiah et al., 2006) 

because the agricultural sector is more exposed to uncertain conditions like natural disasters. The 

impact of risk on agriculture is severe because a small change in risk components can lead to 

significant variation in production, yield, costs, prices, production practices (Hanson et al., 2004), 

which severely affect farmers’ income, consumption and livelihood directly. The farmers face various 

risks, but among the major risks, production risk is considered the most significant one, and this is a 

characteristic that distinguishes farms from other businesses. Drollete (2009) explained the severity 

of production risk, and according to him, agricultural production is riddled with risks that can 

adversely affect production levels and lead to sizeable losses.  

2.3 Risk and Uncertainty 

Risk and uncertainty are two different but important concepts that decision-makers should take into 

consideration because they significantly affect economic activity. According to Ferrari-Filho and 

Conceição (2005), it is important to understand the concept of uncertainty because it helps us 

understand the instability of contemporary economic issues and the relevance of institutions in 

coordinating them.  

According to Keynes (1921), risk occurs because of the stochastic outcomes of a decision with known 

statistical objective probabilities. On the other hand, uncertainty refers to the random outcomes of a 

decision setting without known objective probabilities. Knight (1921) differentiated between risk, 

probability and uncertainty and stated that uncertainty differs from risk in a situation where we have 

an absence of prior probability and statistical probability, and we make a judgement of probability 

and conclude a myriad of possible outcomes. Thus, making it very difficult for the decision-maker 

because in such a case, we cannot estimate a probability in terms of frequency of occurrence (Keynes, 

1937). Therefore, it can be concluded that risk is measurable and controllable, whereas uncertainty is 

not (Surbhi, 2016).  

However, some researchers have criticized Keynes’ theory of differentiation between risk and 

uncertainty. According to Moschini and Hennessy (2001), with a wide acceptance of probability as a 

subjective element, Keynes's distinction between risk and uncertainty becomes meaningless. Thus, 

the words uncertainty and risk can be used interchangeably despite the known difference. The idea of 
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uncertainty can also be represented by taking subjective probability as a frequency of occurrence, 

where the farmers make their best guess, while exposure of risk is related to objective probability 

(OECD, 2009). Different studies found that when making decisions under risky and uncertain 

conditions, people are more sensitive to uncertain situations than risky events (Toma et al., 2012). 

However, the economic approach in the present day is to increase giving up the distinction between 

risk and uncertainty and to focus more on the study of market behaviour and the behaviour of 

consumers and producers. Therefore, currently, uncertainty is regarded as the characteristic of an 

economic activity whereas, risk indicates the evaluation for measurement purposes in order to use risk 

management tools to alleviate its impact (Toma et al., 2012). 

2.4 Risk Sources in Agriculture  

Agriculture is the major source of income and revenue for developing countries (Cervantes-Godoy 

and Dewbre, 2010; Pennisi, 2012), but it is always exposed to a variety of risks that immensely depend 

on the location and weather conditions of that area. Such exposure of agriculture to major risk factors 

is due to the sector’s dependence on the natural environment like rainfall, pollution, temperature, 

drought etc., and to the instability of prices due to varying market conditions (Singla and Sagar, 2012). 

A comprehensive literature review related to risk revealed that considerable effort had been put to 

identify the major risk sources that affect the agricultural sector. Based on the literature review, 

sources of risk can be classified into business risk and financial risk (Hardaker et al., 2015; Aditto et 

al., 2012). Financial risk includes changes in interest rates on borrowed funds, variation in credit terms 

and conditions, inadequate cash flow for debt payments etc., while business risks can further be 

divided into marketing risk, production risk, legal risk, personal risk and technological risk (Aditto et 

al., 2012), institutional risk and ecological risk (OECD, 2000).  

Agriculture is exposed to business risk and, all the types of business risks are uncertain in nature. It 

can, therefore, be affected by idiosyncratic risk, which affects individual farmers, e.g. breaking down 

of farm machinery, illness or death of a family member, or by systemic risk—which affects all 

producers in a region, e.g. climate events such as flood, drought, outbreaks of pests and diseases 

(Höllinger, 2004). There are many different sources of risk affecting agriculture, but the most 

imminent is production risk. Production or yield risk can be defined as loss of production or lower 

yield of crop due to disaster or other causes (CCC, 2009). The main sources of production risks include 

weather, pests, diseases, the interaction of technology with other farm and management 

characteristics, genetics, machinery inefficiency, and the quality of inputs (USDA, 1997). Among the 

main sources of production risk, the weather is considered the dominant source of production risk. It 
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includes natural calamities like floods, drought, hailstorms, cyclones, etc., against which the farmer 

has little to do and usually ends up with huge losses and severe destruction. Nevertheless, production 

output is the most important source of revenue generation in the agricultural business. Therefore, the 

farmers must assess and manage production risk (Drollette, 2009) because poor risk management 

leads towards a decline in farmers’ income and thus a decrease in living standards (Hess et al., 2002).  

2.5 Risk Management in Agriculture  

Producers are confronted by a high level of marketing, production and financial risks (Velandia et al., 

2009), and therefore, risk management has become a pivotal tool for farmers to avoid, react to, and 

anticipate such kind of risks and uncertainties. A more suitable risk management system will help 

farmers raise their standard of living and provide an opportunity for more investment in the 

agribusiness sector (OECD, 2011). In a comparative study between Europe and the USA’s risk 

management practices, Székely and Pálinkás (2009) revealed that those countries in which agriculture 

plays an important role in their economies must consider an effective risk management system. 

Risk management is a process to reduce damages and is defined as the combination of different 

alternative strategies which can reduce risk during farm operations (Harwood et al., 1999). There are 

four types of risk management components: 𝑖) assessment of the risk environment. 𝑖𝑖) assessment of 

those risks by identifying vulnerabilities, threats and their impact on a farming system. 

𝑖𝑖𝑖) identification of response of economic decision-makers during uncertain situations with respect 

to the available resources, i.e. agricultural cooperatives, banks etc. 𝑖𝑣) examination of the risk 

evolution over time (Litre and Bursztyn, 2015). 

There are different types of risk management strategies used to mitigate the risk, such as preventing 

risk, sharing risk, transferring risk, taking the risk, and spreading risk (Singh, 2010). The selection of 

a strategy mainly depends on the farm situation and the risk-bearing ability of the farmer. According 

to USDA (2016), farmers face different types of risks when operating their farms, but to overcome 

the devastating impact of risk, most of them usually use different combinations of risk management 

strategies. Some of these strategies deal with one type of risk, whereas others manage multiple risks. 

The most commonly used risk management strategies are discussed below: 

a) Diversification: It is a self-insuring strategy adopted by farmers to protect themselves 

against risk (Mishra et al., 2004). Diversification assumes incomes from different crops 

and livestock activities do not move up and down in perfect correlation so that low income 

from one activity is offset by higher income from the other activity (Harwood et al., 1999). 

Income source diversification is an important livelihood strategy for households in 
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developing countries and signifies an improvement in the income increasing capabilities 

and livelihood security of those households (Ellis F., 1998). Diversification is, therefore, 

considered a way to increase food security and to secure income (Fausat, 2012) and an 

effective tool for dealing with price uncertainty (Debertin, 1986). Livelihood 

diversification includes both farm and non-farm activities that are undertaken to generate 

extra income (Csáki and Lerman, 2001). According to OECD (2011), farm and non-farm 

diversification is the most effective risk management strategy. Non-farm activities are 

defined as activities outside agriculture, e.g. off-farm employment, retail outlets, catering, 

manufacturing and selling non-agricultural products. Farm activities are related to 

agriculture, directly or indirectly, e.g. crops and livestock production, tourist 

accommodation, fish farming, processing and selling of agricultural products, non-food 

crops production, etc. (gov.uk, 2014).   

b) Reduced Farm Leverage: The debt to equity ratio is known as leverage. If the debt to 

equity ratio or farm leverage is high, it indicates increasing risk and higher chances of 

bankruptcy. One of the major concerns is how the borrowed money can be used to get a 

rate of return higher than the cost of the borrowing. In farming, the rate of return fluctuates 

significantly, but the interest rate has to be paid regardless of the rate of a low or a high 

return. A farm with a higher rate of return than the cost of money borrowed shows growth 

in equity. The more growth in equity, the less would be the leverage ratio, and thus, the 

less risky the business would be. Therefore, leverage is also used as an indicator of the 

financial risk associated with the business (Makeham and Malcolm, 1986).  

c) Credit Reserves: Agricultural credit plays an important role in the process of modernization 

of agriculture and commercialization of the rural economy (Abedullah et al. 2009), and the 

credit reserves are one way farmers manage risk (Skees 1999), especially in the absence of 

insurance market (Eswaran & Kotwal, 1989). Holding a credit reserve can efficiently 

provide liquidity to guide a business through hard times (Anderson 2001). Borrowing more 

will make it hard for the farmers to obtain credit in the future in difficult times. Farmers 

with lower debt, lenders will be more likely to lend when there are temporary shocks 

(Skees, 1999). The reduced farm leverage helps the farmers to obtain the additional capital 

from the lender in the form of an open line of credit. Farmers who obtained credit for 

managing risks would imply that they have credit reserve, i.e. they have reduced-farm 

leverage and had the ability to obtain credit in future.  
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Formal credit and insurance markets are limited in rural areas of low-income countries; as a 

result, they face severe problems when mitigating risks. Being limited, different kinds of 

alternative risk management strategies are used by those households to manage risk, but it 

generally depends on the local climate, market conditions, technological conditions, and 

asset levels of households (Barnett et al., 2008).  

In Pakistan, many financial institutional reforms have been done in the last several years, and 

as a result, formal credit sources have been developed, which has replaced many other non-

institutional sources of credit. The formal credit sources include Zarai Taraqiati Bank 

Limited (ZTBL), Agricultural Development Bank of Pakistan (ADBP), Khushali Bank, 

Domestic Private Banks (DPB), and Punjab Cooperative Bank Limited (PPCBL). These 

sources have played an important and active role in the provision of agriculture credit to 

farmers for the last two decades (GOP, 2009); however, the religious factor, followed by a 

rate of return, are the most important barriers to the traditional formal credit markets in 

Pakistan (Hassan and Rashid, 2019). Thus, the farmers mostly rely on informal credit 

sources, including friends and families, commission agents, input providers, and fellow 

farmers. 

d) Crop Insurance: Crop insurance policy is available to farmers to protect themselves against 

either the loss or damage to their crops and livestock due to natural disasters like flood, hail, 

drought, etc., or loss of revenue due to a reduction in the prices of agricultural commodities. 

There are three major crop insurance types: multiple peril crop insurance (MPCI), crop-hail 

insurance, and crop-revenue insurance. The majority of farmers use MPCI (i.i.i, 2017).  In 

this type of risk management strategy, the farmer buys any desired insurance policy and pays 

a premium. When disaster strikes, the insurance companies adjust the losses and pay the 

farmers their fair indemnity (Zacharias, 2012).   

e) Hedging: In order to reduce the risk of adverse price changes before the anticipated sale and 

purchase price of the commodity, a risk management strategy called hedging is used. In this 

type of risk management strategy, people are insuring themselves against a negative event 

and offset the chance that their asset will lose value. Most of the farmers who hedge employ 

a commonly used derivative called option. It gives the farmers the right to buy or sell a 

commodity at a specific pre-determined price (strike price) within a time window (before 

expiration). Let’s say a farmer has a product and wants to protect himself against the loss if 

the price plummets. He would hedge that risk with a put option: The farmer will buy the right 
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to sell his commodity at the same price in the future for a small fee (premium). If the price 

falls, the farmer will exercise his put option and sell his commodity at a higher price than the 

market price, thus minimising the loss.  

Another type of derivative to hedge against the price risk used by farmers is called 

contracting, i.e. forward contracts and futures contracts. Both contracts allow buyers and 

sellers to lock in prices for physical transactions occurring at a specific future date to reduce 

the risk of price fluctuation for the given agricultural product through the date of delivery. 

However, the difference between forward contracts and futures contracts is that futures 

contracts are highly standardized, whereas the terms of each forward contract are privately 

negotiated. Futures are traded on an exchange, whereas forwards are traded over-the-counter. 

Moreover, in forward contracts, there is always involve counterparty risks, whereas, in 

futures, the exchange clearinghouse (intermediary between a buyer and seller) acts as the 

counterparty to both parties in the contract and eliminates the risk of default of either party. 

There is no additional cost involved during the whole transaction in forward contracts; on 

the other hand, the exchange clearinghouse charges both the buyers and seller by an amount 

called margins.  

f) Accumulated Assets: Accumulated assets is also known as precautionary savings or self-

insurance. It is the current spending response to future risk, conditional on current situations. 

It is an additional wealth that represents a consumer choice of optimization in which he 

allocates his current resources between the present and the future (Carroll and Kimball, 

2007). Accumulated assets include liquid and semi-liquid assets in the form of crop 

inventories, farm and household tools, cash, livestock, and other equipment. It is considered 

a private risk management tool that can stabilize farmers’ income and encourage them to 

manage risk. Those farmers who face higher income risk are more likely to accumulate assets 

(Mishra and Chang, 2009). 

In the above risk management strategies, reduced farm leverage and credit reserve are different 

aspects of the same issue; however, accumulated assets may be seen as similar or related to credit 

reserve/reduced farm leverage, but it is different from these strategies, especially in the context of 

this research study. 

Reduced farm leverage is a strategy used by farmers to protect themselves from going bankrupt 

when they obtain credit for farming activities such as buying seeds, fertilizers, and pesticides, rental 

farm machinery etc. It is based on the effective decision by utilizing the credit efficiently to generate 
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income that surpasses the credit amount along with its interest rate. Reduced farm leverage is a 

strategy used to protect from financial risks and are not used particularly during uncertain events 

like flood, drought etc.; however, it is related to credit reserve, which is specifically used during 

uncertain events. If a farmer has low leverage or a zero debt-to-asset ratio, he can obtain credit for 

managing risk in risky situations in the future (credit reserve). Reduced farm leverage and credit 

reserves are simply different aspects of the same issue. 

Accumulated assets are the precautionary savings that is considered as a private risk management 

tool that is usually liquid or semi-liquid assets such as gold, cash, bonds etc., which can easily be 

used/sold in the short term. Whereas, for credit reserve, non-liquid assets such as building, land, 

machinery, crops etc., are required as collateral. Unlike credit reserve, accumulated assets is not a 

liability. It is an extra saving for rainy days, which also makes it a different strategy from credit 

reserve. Therefore, accumulated assets is set as a separate risk management strategy. 

2.6 Risk Management Strategies Adopted by Farmers in Previous Studies  

For the risky business of agriculture, it is requisite to take certain actions in the form of risk 

management to keep oneself on the safer side. Risk management is important in the agricultural sector, 

mainly because of two basic reasons 𝑎) risk in agriculture is inevitable 𝑏) the outcome of risk is 

dependent on the farmers’ decision. Therefore, it becomes very important to take alternative risk 

management strategies to reduce the impact of uncontrollable adversity to some extent. Management 

of risk is also affected by a number of factors which are discussed in the following section.  

Different studies found that different types of risk management strategies are available to the farmer. 

For instance, Dadzie and Acquah (2012) found that farmers in Ghana, Africa are more likely to adopt 

on-farm and off-farm diversification to cope with risks. Boggess et al. (1985) found that farmers in 

Alabama and Florida, USA, consider diversification, market information, spreading sales, crop 

insurance, maintaining feed and financial reserves as important risk management strategies. Similarly, 

Meuwissen et al. (2000) examined that Dutch farmers adopt commercial and on-farm insurance to 

protect themselves from risks related to agricultural activities.  

Different studies show that almost the same risk management strategies (RMS) are usually available 

to the farmers operating in the same country; however, their adoption strategies vary. It can also be 

examined from the literature that most of the RMS is in common in the developed countries and 

different than that of developing countries—which also share common RMS available to the farmers. 

For instance, studies conducted in the USA found that farmers use hedging on future (Shapiro and 

Brorsen, 1988), futures and options (Makus et al., 1990), insurance, spreading sales (Boggess et al., 
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1985) to cope with agricultural risks. Similarly, a study conducted by Meuwissen et al. (2000) in the 

Netherlands found that farmers adopt commercial and on-farm insurance to cope with risks. Another 

study conducted by Martin (1996) in New Zealand found that cropping farmers adopt spreading sales, 

insurance, forward contracts to cope with risks.  

In a comparative study of farmers’ adoption decisions in risky situations in the European Union (EU) 

countries, Palinkas and Székely (2008) found that each country’s farmers have different adoption 

decisions to cope with risks. However, among EU countries, the availability of risk management 

strategies are mostly in common. German farmers prefer insurance, marketing contract, and off-farm 

employment as important risk management strategies. In the Netherlands, farmers consider livestock 

insurance as important an important strategy to mitigate risks. Similarly, Spanish farmers prefer crop 

and livestock insurance, whereas farmers in Poland and Hungary usually adopt marketing contracts 

as important risk management strategies. As discussed earlier, the same risk management tools are 

usually available to farmers in different localities of the same country. As Meuwissen et al. (2000) 

and Palinkas and Székely (2008) conducted different research studies in the Netherlands and found 

that farmers preferred livestock, commercial and on-farm insurance, to cope with risks.  

As described previously, risk management strategies are common in developing countries and may 

differ from developed countries. In most developed countries, like the USA, New Zealand, and other 

EU countries, the risk management strategies are in common, such as crop, livestock, property, 

commercial insurance, forward contracts, hedging, and futures and options. The risk management 

strategies adopted by farmers in developing countries like India are accumulated assets, on-farm and 

off-farm diversification, borrowing (Ramaswani et al., 2003); in Indonesia are crop diversification, 

assets accumulation, crop sharing, other advanced cropping techniques, adopt technologies, and 

perform best farm practices (RIMES, 2013); in African counters such as Sudan, Mali, Ethiopia, Kenya 

the RMS are diversification, and precautionary savings (Demeke et al., 2016).  

Dadzie and Acquah (2012) also found that farmers in Ghana adopt on-farm and off-farm 

diversification to cope with agricultural risks. Risk management strategies such as crop insurance, 

forward contract, hedging, and spreading sales are rare in the countries like India, Indonesia, Ghana, 

and other African countries such as Sudan, Mali, Ethiopia etc., (Demeke et al., 2016; Dadzie and 

Acquah 2012; UNDP 2013; Ramaswami et al. 2003). The risk management strategies adopted in these 

countries are mostly in common and different from those adopted in developed countries.  

The RMS described above are most commonly used by farmers around the world such as crop, 

livestock, property, and commercial insurance, forward contracts, hedging, futures and options, and 
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spreading sales are adopted commonly in countries such as the USA, New Zealand, and other EU 

countries (Boggess et al. 1985; Meuwissen et al. 2000; Palinkas and Székely 2008; Desmukes & 

Harwood 2000). Diversification, accumulated assets, credit reserve, are observed in other studies that 

are adopted commonly in different countries such as India (Ramaswani et al., 2003), Indonesia 

(RIMES, 2013), and some African countries, i.e. as Ghana (Dadzie and Acquah, 2012) Sudan, Mali, 

Ethiopia, and Kenya (Demeke et al., 2016).   

Pakistan is a developing country, and it is expected that the farmers may adopt risk management 

strategies like other developing countries. It is also expected that the strategies like crop insurance, 

spreading sales, hedging, and forward contact may not be available to the farmers in Pakistan. This 

may be due to the factors such as fragmented agricultural lands, subsistence farming, large family 

sizes, poor market structure, unaffordable inputs, lack of information, defensive toward innovation, 

and the conventional way of agricultural practices etc. that may hinder the way to adopt such strategies 

that commonly exists in the developed countries. For instance, futures are a complex risk management 

tool that requires a significant amount of technical know-how of the markets and 

regular information on daily price changes (CME, 2007). Farmers in Pakistan are mostly uneducated 

and may be unable to deal with the technicalities involved in adopting futures contracts; moreover, 

the information sources available to the farmers are very limited and less helpful—that could be used 

to comprehend the adoption of the futures contract. Similarly, for futures, there are well established 

future markets that are registered under the main body in charge of regulation of futures markets (i.e. 

Commodity Futures Trading Commission (CFTC) in the US). Whereas in Pakistan, such future 

markets fail to exist, and there is no centralized regularity body like CFTC in the country. Therefore, 

futures contracts as a risk management strategy is not available to the farmers in Pakistan.  

However, there are risk management strategies available to the farmers in Pakistan, nonetheless 

different from those in the developed countries, but here, I am interested in identifying what strategies 

are available to the farmers to cope with risks. In the crisis-affected areas of KP province of Pakistan, 

four different kinds of strategies were used to mitigate risks, including credit reserve, increase 

households’ labour supply (off-farm diversification), decrease in consumption, and use of assistance 

(World Bank, Emergency Project Paper on a Proposed Credit to the Islamic republic of Pakistan for 

a Recovery Project (Report No: 56481), 2010). Thus, it is expected that farmers in the study area may 

adopt the strategies stated by the World Bank report during uncertain events.  
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2.7 Factors Affecting Risk Management Strategies 

Risk management in agriculture is affected by a large number of factors. I chose a set of fundamental 

variables that I used in my analysis. This set represents the factors most often cited in the literature as 

important determinants of the adoption decision. These variables are farm characteristics, e.g. farm 

size and farm ownership, and socio-economic characteristics of the farmer like age, experience, 

education, access to credit, household size, and off-farm/total income that can affect the farmers’ 

decision to adopt alternative risk management strategies.  

Although gender is an important variable and may appear in other studies, I don’t have the gender 

variable because males lead the farming households due to a different cultural environment in 

Pakistan, especially in KP province3.   

Moreover, a plethora of similar studies conducted in Pakistan also omitted gender as a variable when 

it comes to farming business (Abdellah et al., 2009; Adnan et al., 2020; Ashfaq et al., 2008; Baloch 

& Thapa, 2016; Fahad et al., 2018; Ghazanfar et al., 2015; Iqbal et al., 2016; Jabbar et al., 2020; Saqib 

et al., 2016; Ullah et al., 2014; Zulfiqar et al., 2016). 

The psychological factors, i.e. farmers’ risk perception and risk attitude, are important drivers of the 

farmer’s behaviour in decision-making. It is important to accommodate it theoretically when 

describing and empirically when modelling farmers’ decision-making behaviour in risky prospects. 

Under random utility, the discrete choice models signify the decision-making process as an obscure 

black box, where perception, attitude, and knowledge were ignored. According to Daniel Kahneman, 

there is a significant difference between an economist who develops practical decision-making models 

and a behavioural scientist who focuses on understanding individual behaviour in depth. Although 

both have the same interest in understanding an individual’s behaviour, each uses different tools and 

assumptions (Balduc et al., 2010). McFadden (1986) pointed out to fill this gap by including attitudes 

and perceptions in choice models. As a result, a plethora of research has been conducted that include 

risk perception and risk attitude of the farmers as important indicators of influencing farmers’ 

behaviour under risky situations. Therefore, along with observable factors such as socioeconomic and 

farm characteristics of the farmer, the latent factors, i.e. psychological factors, will also be included 

in our research to find how it affects farmers’ choice to adopt risk management strategies.  

                                                 
3 The study was carried out in the KP province of Pakistan, which is more conservative than other parts of the country. It is 

highly unlikely a female head to operate farm in this society due to religious and cultural bounds. 
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2.7.1 Risk Perception 

Risk perception is defined as the judgement and evaluation of hazards by people to which they are 

exposed and is generally based on beliefs and experiences (Rohrmann, 2008). It is a psychological, 

primarily subjective concept that cannot be observed directly, and it is represented by a latent variable 

(Cano and Salzberger, 2017). Assessment of risk provides an understanding of how probable 

something is to go wrong and what would be the related impact (Wang and Roush, 2000). Therefore, 

understanding farmers’ risk perception and risk attitude are important in order to comprehend their 

risk behaviour (Flaten et al. 2005) and the decision they make under risky and uncertain situations 

(Lucas and Pabuayon, 2011).  

Risk perception is a factor affected by the socio-economic characteristics of the farmer (Lucas and 

Pabuayon, 2011; Mudombi, 2011) and, in turn, strongly affects the shaping of risk management 

strategies and risk communication (Renn, 1990), as described by van Raaij’s (1981) model of a firm’s 

decision-making environment. For instance, a study conducted by Pennings and Leuthold (2000) 

examined how Dutch hog farmers’ risk perception influences futures usage as a risk management 

strategy.  

Different farmers weigh and perceive risk differently based on their agricultural production activities 

and possess different levels of risk perceptions with respect to the same risk factor (Borges and 

Machado, 2012). Some other studies have been conducted and found that farmers strongly perceive 

and give more weight to those risks which they consider most important to their farming activities, 

such as personal risk, health risk, pest and disease (Boggess et al., 1985), drought (Greiner et al., 

2008), institutional risk (Flaten et al., 2005), production or yield risk and price risk (Blank and 

McDonald, 1995; Meuwissen et al., 2000) and weather-related risks (Palinkas and Székely, 2008).  

In their study, Boggess et al. (1985) found that farmers of South Alabama and North Florida perceive 

rainfall variability, pest and disease, price instability as extremely important risk sources and 

considered inflation, personal safety and health, cost of credit, operating inputs and capital equipment 

as relatively less important risk sources. This study found that 22 out of 38 alternative risk sources 

have no significant relationship with the six socio-economic variables that they used in their study, 

i.e. farm size, state of residence, the dominant crop grown, farm leverage ratio, education level and 

experience of the farmer. Farm size is positively related to pests and diseases, theft of farm equipment, 

government agricultural programs, and inflation. The reason may be that when farm size increases in 

acreage, control over a large farm decreases, and thus there are more chances of the presence of pests 

and diseases. Also, for a larger farm, more equipment is needed, and a marginal increase in input 
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prices has a greater impact on farmers’ total cost and, thus, they perceive changes in the input prices 

as the most important source of risk. Educational level is negatively related to leasing in crop 

production. Because more educated people sensibly utilize their resources regarding business 

expansion, they may demonstrate their new skills by leasing land before taking a big step of owning 

land. State of residence (Alabama and Florida) has a negative relation with the lease in crop 

production. This may be due to the farmers in these two states using acquired land as the best source 

of collateral for borrowing money. Whereas the experience is negatively related to changes in the crop 

production plan, which is consistent with the widely accepted view that experience helps farmers 

adapt to risk in farming. The leverage ratio is positively related to the risk of using leverage and 

negatively related to the risk of crop technology changes and state and federal regulations in livestock 

production. The farmer used minimum tillage, irrigation, subsoiling, and crop rotation to cope with 

the risk of rainfall variability, used chemical control, resistance variety, and early variety to cope with 

pest and disease risk, and used forward contracting and feed storage to deal with the risk of price 

variability.  

Greiner et al. (2008), in their study, analysed correlations between motivations and risk perception 

with the adoption of BMPs (Best Management Practices) and found severe drought as the most 

important risk source to the grazers of the Burdekin region in Australia. However, they identified only 

one BMP, i.e. permanent exclusion of cattle from riparian, as negatively related to severe drought. It 

indicates grazers who perceived drought as an important source of risk were reluctant to permanently 

exclude cattle from riparian zones, which tend to be of high grazing value, for the benefit of water 

quality. They also found a positive relationship between severe drought and all risk management 

strategies, i.e. productivity maximisation, human capacity and knowledge, price risk management, 

expansion, and diversification, family income diversification and insurance, expert advice, 

governmental assistance, best management practice. This indicates that grazers who are more 

concerned about drought considered all these risk management strategies to mitigate that risk. 

In a study conducted by Lucas and Pabuayon (2011), they analysed the risk perception and risk attitude 

of Philippian farmers. The two groups of farmers, i.e. resource-endowed and resource-poor, were 

found to have the same risk perception regarding the price and production risks. Risk perception of a 

farmer has been influenced by other socio-economic characteristics, such as age, education, farm size, 

tenure status, credit availability, and wealth. Wealth and farm size emerged as important and 

statistically significant variables affecting risk perception positively. This implies that farmers’ 

perception is directly influenced by their level of wealth and the size of landholding. Farmers perceive 
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high risk with a larger size of landholding since more time for crop management, and more inputs are 

required for the farm operation. In the same way, greater farm wealth indicates greater risk as 

perceived by Philippian farmers. These results were consistent with some of Binswanger’s (1980) 

findings, which showed that wealth and landholding were significant variables affecting risk 

perception. On the other hand, education and age were found negatively related to farmers’ risk 

perception, whereas availability of credit tenure status and total farm income has a positive impact on 

farmers’ risk perception. However, these variables were statistically insignificant. 

Flaten et al. (2005) conducted a study to explore conventional and organic dairy farmers’ risk 

management and risk perception and to examine the relationship between risk perception, socio-

economic characteristics and risk management strategies. They found that the risk factor ‘organic 

farming’ was perceived as the most important source of risk by organic farmers, whereas conventional 

farmers perceive institutional, production, and credit source of risk as significantly most important. 

This may be related to unpredictable changes in Norwegian farm policies and regulations, along with 

associated fear of farm support cuts and external pressure for deregulation. Socio-economic variables 

such as farming system, ownership, education, experience, off-farm work, and investment 

significantly affect risk perception and management response. Among the socio-economic 

characteristics, only off-farm investment and location (central location; no regional policy priority) 

were significantly related to the perception of sources of risk. Farmers who invested in off-farm 

perceived credit risk as least important, maybe because their credit obligations were small. Similarly, 

farmers with the central location were more concerned about production risk, especially animal 

diseases. This may be related to the more frequent outbreaks of diseases in central areas and, therefore, 

perceived these risk sources as more important. And also, more densely populated areas and greater 

frequency of livestock trade perhaps contribute to the greater disease concerns. However, both organic 

and conventional farmers perceived disease prevention, insurance and financial measures as the most 

important risk management strategies.  

Meuwissen et al. (2001) conducted a study and obtained empirical insight into Dutch farmers’ risk 

perception and risk management strategies and analysed socioeconomic factors related to these risk 

perceptions. In general, production risks and price risks were perceived as the most important sources 

of risk, and insurance was perceived as a relevant risk management strategy. This is probably because 

a major Classical Swine Fever epidemic erupted in the Netherlands, affecting several farms for many 

months. Their study found that the socioeconomic characteristics affecting risk perception include 

age, education, farm size, solvency, farm ownership, gross farm income, and successor. However, 
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considering the three types of farming (dairy-pig, dairy-mix, and mix-pig) separately, it shows that 

each type of farming has its own socioeconomic variables that are significant in explaining the 

importance of each risk source. For example, pig farmers perceive financial risk as less important than 

mix and crop farmers. The socioeconomic variables, gross farm income and solvency, are significantly 

and negatively related to financial risk perception. Significant and positive relationships were found 

between age and off-farm work with the risk factor ‘health of the farm family’. Similarly, the 

legislative risk is perceived as the least important by dairy farmers, and within this group of farmers, 

the availability of a successor was found significant in explaining the risk perception related to 

legislation. This implies that farmers with successors perceive risks related to legislation as more 

important to farmers without a successor. In the same manner, production risk was perceived as most 

important by pig farmers, and education was the only variable that had a significant and positive 

impact on the production risk. Farmers with a form of ownership were more concerned about the 

change in the farming situation than farmers with a sole proprietorship. However, solvency and size 

of the land were found to be negatively related to the risk factor ‘change in the farming situation’.   

Another study conducted by Blank and McDonald (1995) in California found that uncertainty in 

income level from year to year is the primary type of risk that all producers in California face. This 

risk is a function of variability in input and output prices, yield and production units such as acre, hen, 

cows, etc. Therefore they perceived output price and input cost as most important among their 

production and financial risks. Due to the inadequate availability of crop insurance, hedging and 

forward contracting, the farmers in California use diversification and off-farm income sources as the 

most common risk management tools. 

Palinkas and Székely (2008) explored risk perception and risk management strategies of farmers in 

selected European Union (EU) member states, i.e. Spain, the Netherlands, Germany, Poland and 

Hungary. In their study, they found that weather and natural disasters are perceived by farmers in EU 

member states as the most important source of risk, followed by price volatility. Although the source 

of risk has been perceived the same by all the EU member states, they adopted different risk 

management strategies. For instance, German farmers preferred property insurance as the most 

important risk management tool, followed by marketing contracts, crop insurance and off-farm 

employment. In Spain, crop insurance and livestock insurance are the only important tools for 

managing risk. Farmers in the Netherlands undertook livestock insurance as an important tool for 

managing risk. Similarly, in Poland and Hungary, farmers considered marketing contracts as an 

important tool for mitigating risk, followed by property insurance and holding financial reserves, 
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respectively. The difference in attitude toward adopting risk management strategies may be due to 

differences in economic, social and natural conditions of different EU countries. For example, in the 

study, it was shown that the farmers’ current debt status, participation in a professional educational 

program related to farming, application of quality assurance system, and access to credit are different 

for each EU member state.  

In a study, Kisaka-Lwayo and Obi (2012) found that farmers in South Africa perceive production, 

price, and financial risks as highly significant. The most important risk management strategies adopted 

by the farmers in the study area to cope with risks include diversification, precautionary savings, and 

participation in social networks. The factors that affect farmers’ risk perception include age, gender, 

education, location, access to information, and risk-taking ability. The results suggest that female 

farmers perceive input-output risk and crop production risk as more significant and relevant—older 

farmers in the study area highly perceive the availability of labour as a high risk. Farmers in different 

locations perceive risk differently. Farmers living in non-organic areas perceive financial, the 

incentive for production, and input availability risks as a high threat to their farming activities because 

these farmers have limited access to financial resources, whereas farmers residing in pioneer organic 

areas considered input-output risks as less important. Similarly, farmers with access to information 

highly perceive financial and incentive risks as more significant and relevant.    

Aditto et al. (2012) found that market risk, i.e. uncertainty of product prices, input prices, and 

production risk, i.e. pest and disease, natural calamities, heavy rainfall are major concerns for the Thai 

farmers. To cope with such risks, Thai farmers adopt storing feed/seed reserves, water reservoir for 

the dry season, cash reserve, liquid assets, off-farm diversification. Their study found that age and 

farm size have a negative and significant impact on the farmer perception of natural disaster risk. It 

implies that young farmers and the farmers who possess small farms highly perceive natural disasters 

as a threat to their farming activities. As inexperienced and smallholder farmers, they may be unable 

to manage their farm properly due to lack of resources and more experienced, and the previously 

severe occurred flood in 2008 in Thailand has brought devastation to their farms. Therefore, with the 

impression of devastation and the lack of capability to deal with the risk, young and small farm holders 

perceive natural disasters as a high threat. The impact of gender is negative and significant on the 

‘personal and farm business environment’ and ‘natural disaster’ risks on the farm. It means that female 

household heads perceive these risk sources significantly more than their male counterparts. The 

highest level of education has a positive and significant impact on personal and farm business 

environmental risk—which implies that more educated farmers perceive this risk more significantly 
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than less educated farmers. The reason might be that more educated farmers comprehend that changes 

in the farm business environment, i.e. high labour wages, relatively high prices of agricultural lands, 

and the family farm situation, may indirectly affect their farming activities.   

Similarly, the number of years in farming has a negative impact on the ‘economic and political’ risk 

perception of the farmer. In contrast, farm size and annual household income are positively related to 

the same risk. The results from the study suggest that less experienced farmers, farmers having a high 

income, and large farm operating farmers tend to perceive risks related to ‘economic and political’ as 

highly significant. The result may be due to the instability of the Thailand political situation since 

2006.  

The financial situation risk factor is positively and significantly affected by the farm business finance 

and natural disaster risk factors. It implies that Thai farmers who have borrowed money are more 

concerned about changes to their farm financial situations. The greater concern of the natural disaster 

risk factor may be due to this factor may damage their farm crops, consequently disrupting their farm 

income and debt repayment capacity.     

Regarding the farm location variable, the results suggest that it has a significant impact on all the risk 

sources except risk perception of input prices. Thai farmers in the central region perceive natural 

disasters, farm business environment, and financial situation as more significant risk factors compare 

to northeast farmers. It implies that farmers in the two different locations perceive risk differently. 

From these studies, it is concluded that different farmers have different perceptions regarding risk 

sources and adopt different strategies to mitigate these risks. In some cases, countries with similar 

economic, social, and natural conditions may show more features in common such as risk perception 

of farmers and adoption of risk management strategies, but sometimes surprising differences could be 

revealed (Palinkas and Székely, 2008). However, there is no adequate information on why the farmers’ 

risk perception varies or what determines differentiated perceptions in different farming systems and 

contexts (Legesse and Drake, 2005).  

In different studies, a number of factors are shown that affects farmers’ risk perception. However, 

some of the similar factors among these studies are age (Asravor, 2018; Meuwissen et al. 2001), 

education level (Meuwissen et al. 2001, Kisaka-Lwayo and Obi, 2012; Boggess et al. 1985), gender 

(Aditto et al. 2012; Kisaka-Lwayo and Obi, 2012), farm size (Boggess et al. 1985; Meuwissen, 2001, 

Grenier et al. 2008; Asravor, 2018; Aditto et al. 2012), experience (Aditto et al. 2012; Boggess et al. 

1985), location of the farm (Kisaka-Lwayo and Obi, 2012; Aditto et al. 2012; Legesse and Drake, 

2005; Flaten et al. 2005) that affect farmers’ risk perception in different parts of the world. These 
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factors affect farmers’ risk perception of varying risk sources differently; for instance, farm size in 

many studies discussed above is found to have a significant impact on farmers’ risk perception. 

However, the studies suggest that farm size affects farmers’ risk perception of natural disaster 

negatively in Thailand (Aditto et al., 2012), negatively affect the risk perception of change in the 

farming situation in the Netherlands (Meuwissen et al., 2001), positively affect the risk perception of 

the production risk in Alabama, USA (Boggess et al., 1985), positively affect risk perception of the 

drought of the farmers in Australia (Greiner et al., 2008), and negatively affect the risk perception of 

the labour availability in South Africa. Moreover, the results from the study of Aditto et al. (2012) 

and Kisaka-Lwayo and Obi (2012) suggest that farmers in the same country but in different locations 

perceive risk differently. Thus, from the studies discussed above, it can be concluded that risk 

perception varies significantly, and we cannot trace a common factor that has the same impact on a 

common risk source in different research areas. However, we can obtain factors in common in 

different study areas that have a significant impact on farmers’ risk perception. Therefore, it can be 

argued that the factors commonly found in many studies should be taken into consideration while 

assessing farmers’ risk perception. 

2.7.2 Risk Attitude 

Risk attitude is defined as the chosen state of mind in connection to uncertainties that produces 

positive and negative effects on objectives, or it can be defined as the preferred response to the 

perception of significant uncertainty. The same uncertain events elicit different preferred attitudes 

from different groups or individuals. Since attitude affects behaviour, different people will respond 

differently to the same uncertain situation because of their different underlying risk attitudes. It is 

sometimes called perceptual dissonance, i.e. a situation considered too risky by one individual is 

seen as acceptable by another (Hillson and Murray-Webster, 2005). The risk attitude of individuals 

is categorized generally into three different groups according to their risk preference and attitudes 

toward risk (Concina, 2014; Kahn, 2008). These groups are as under: 

 Risk-Averse – The risk-averse farmers are more cautious and prefer less risky sources of 

income. They usually tend to avoid taking risks.   

 Risk-Neutral – Risk-neutral farmers lies between the risk-taking and risk-averse positions. 

These individuals are indifferent to risk when making a decision at the farm level.  

 Risk Loving – Risk-loving farmers are more open to risky business options. They usually 

choose the alternative that provides some chance of a higher income, even though they may 
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have to accept a lower income. Risk-taking farmers prefer to take the chance to make gains 

instead of protecting themselves from potential losses.  

Like risk perception, it is essential to know the risk attitude to better understand the decision-maker's 

behaviour (Pennings et al., 2002). Knowledge about farmers’ attitudes toward risk is not only 

important to the farmers but also plays a pivotal role for other institutions. For instance, it would be 

central to the interest of policymakers to know about how much the farmer is willing to take a risk 

when assessing risk related programs for farmers. Similarly, other organization participants like 

insurance companies, financial institutions, and agricultural companies take advantage of gaining 

knowledge about farmers’ attitudes toward risk while taking into consideration the decisions they 

made about insurance policies, lending money, marketing of new seed varieties, distribution of 

fertilizers etc. (Brad and Barry, 2001).  

Risk attitude, like risk perception, has an impact on risk management strategies, and different factors 

affect the risk attitude of an individual. Analysis of risk attitude is important, and according to 

Pennings and Leuthold (2000), it is a fundamental driver of risk management and an important 

determinant of futures usage as a risk management strategy. Some factors affect farmers’ attitudes 

toward risk that range from individual personality to cultural background (Hamal and Anderson, 

1982). However, different studies have concluded that risk attitude is significantly affected by 

income, age, education, experience, farm size, land ownership, and family size (Mutarais, 1981; 

Dadzie and Acquah, 2012; Moscardi and Janvry 1977; Lucas and Pabuayon, 2011), which, in turn, 

affects farmers’ choice to adopt alternative risk management strategies. 

Like risk perception, risk attitude is also a highly farmer-specific attribute and vary from farmer to 

farmer even in the same locality, facing the same risks, and in the presence of similar resources 

available to them. It can be shown in the following section, which describes various studies from 

the past that explains how different factors affect farmers risk attitude differently and, in turn, affects 

farmers’ choice to adopt risk management strategies.  

Dadzie and Acquah (2012) conducted a research study to examine farmers’ attitude and to analyse 

risk coping strategies adopted by food crop farmers in Ghana. They found that age, household size, 

education, and access to microcredit are inversely related to the risk attitude of the farmer. This 

implies that older farmers are more risk-averse than younger farmers because they are more likely 

to have accumulated more wealth than younger farmers (Aye and Oji, 2007) and, thus, are more 

stable financially. Also, older farmers are more likely to have greater social capital and support, 

which can act as a form of traditional insurance. Regarding the size of the household, the larger the 
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size of the household, the greater will be the consumption of the family, and thus, the more risk-

averse the farmer will be. The reason might be that the majority of the households provide their 

family labour to assist on the farm, especially in critical periods, i.e. harvest and weeding times. 

Therefore, a sufficient amount of labour makes the farmer less risk-averse.  

Similarly, the negative impact of education on the risk-averse attitude of the farmer implies that 

more educated farmers are more willing to take a risk as compared to less educated farmers. This 

result is consistent with a study conducted by Moscardi and Janvry (1977), in which he found that 

education has a positive impact on the risk-seeking attitude of the farmer. The negative impact of 

access to microcredit on the risk-averse attitude of the farmer implies that financial support will help 

farmers in enhancing technological learning and will improve production inputs that will lead to 

improved productivity. Thus, farmers deprived of access to microcredit will be susceptible to being 

more risk-averse. The income status of a food crop farmer exhibits a statistically significant and 

positive relationship with a risk-averse attitude. It implies that the lower the household income, the 

more risk-averse it will be. This result is consistent with the findings of Mosley & Verschoor (2007), 

that poor people are more risk-averse than wealthy people and usually avoid those prospects where 

the probability of failure is greater.  In a study Almadani, (2014) found that education level was 

positively related to the attitudes toward the risk of both pistachio and wheat-cotton producers in 

Syria, which implies that more educated farmers tend to exhibit more risk-seeking behaviour. 

Farmland size was inversely related to the farmers’ risk-averse attitude. Risk accepting farmers 

operate small farms because farmers had large farms are expected to avoid high-risk decisions due 

to the complication of decision-making on such larger farms. The average age of the pistachio tree 

was significantly and negatively related to the risk-averse attitude of the pistachio producer. It 

indicates that the farmer gives more attention to the young trees during farm operation and avoid 

taking risky decisions during this period. At the beginning of farming, the farmers start with a lower 

willingness to take the risk and may become risk-seeking when the farm business consolidates. 

Similarly, the contribution of family members to the labour force of the farm was significantly and 

negatively related to the risk attitude of wheat-cotton producers of Syria. An increase in the number 

of households in the farm labour force indicates that the farmers are not engaged in off-farm work. 

Therefore, there is no substitute available in the time of risky period, and thus, the farmers become 

risk-averse in decision making. 

Lucas & Pabuayon (2011) analysed the risk attitude and risk perception of Philippine farmers 

employing different rice-based cropping systems. In their study, they found that tenure status was 
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associated with risk aversion, and this is consistent with the findings of Moscardi and de Janvry 

(1977). Landowners take decisions on their own without restrictions; they are more free and 

determined to take risks than tenants.  

Similarly, a study conducted by Mutarais (1981) found that as the net farm income and education 

level of the farmer increases, the farmer becomes more risk-averse, whereas an increase in the 

number of dependents makes the farmer less risk-averse. The contribution and combined efforts of 

more household members on the farm may over-weight the dilemma of more people to feed, and 

thus, the farmer is less concerned about a risky prospect. With the increase of the farm income, the 

farmer may exhibit decreasing relative risk-averse behaviour, i.e. with the increase of the income, 

the farmer decreases the relative amount of investment in risky prospects. The negative impact of 

education level on the farmers’ risk-averse attitude is consistent with the findings of Harrison et al. 

(2007) and Senapati (2020). According to Knight et al. (2003), literacy and numeracy increase the 

farmers’ ability to receive, decode and comprehend information. Education can also stimulate 

openness to innovation and modern practices. Moreover, Perry and Johnson (2000) concluded that 

education in supplies skills enhance farmers’ ability to mitigate risk.  

Similarly, in a recent study in India, Senapati (2020) found that age, education, and farm size has a 

positive and significant impact on the farmers’ risk-averse attitude. The positive impact of age on 

risk-averse attitude is consistent with the findings of Almadani (2014) but are inconsistent with the 

findings of Dadzie and Acquah (2012) and Moscardi and Janvry (1977). The positive impact of farm 

size on the risk-averse attitude of his finding is in line with the findings of Wik et al. (2004) and in 

contrast with the findings of Almadani (2014).  

From the studies above, it is clear that there are important factors in different localities that affect 

the risk-averse attitude of the farmer likewise. The education level and tenure status of the farmer 

are found common in the study (Dadzie and Acquah, 2012; Mutarais, 1981) and (Lucas and 

Pabuayon, 2011; Moscardi and de Janvry, 1977) respectively, that influence farmer’s risk-averse 

attitude negatively and significantly. Farm size is positively related to the risk-averse attitude of the 

farmer (Senapati, 2020 and Wik et al., 2004), family size is positively related to the risk attitude of 

the farmer (Wik et al., 2004; Mutarais, 1981), farm income negatively related to the risk attitude of 

the farmer (Wik et al., 2004; Mutarais, 1981). However, some factors have impacted the risk attitude 

of the farmers differently in different studies, such as education level has a positive impact on risk 

attitude (Almadani, 2014; Senapati, 2020), whereas it has a negative impact on the risk attitude of 

the farmer (Dadzie and Acquah, 2012; Mutarais, 1981). Household size has a positive impact on the 
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farmers’ risk-averse attitude (Dadzie and Acquah, 2012), whereas it is negatively related to the risk-

averse attitude in the study of Wik et al. (2004) and Mutarais (1981). Age of the farmer has a 

negative impact on farmers’ risk-averse attitude in the study of Dadzie and Acquah (2012), whereas 

it has a positive impact on farmers’ risk-averse attitude in the study conducted by Senapati (2020).  

Moreover, some other studies show some of the factors are important that affect farmer’s risk 

averse-attitude, which, on the other hand, has an insignificant effect on farmers’ risk-averse attitudes 

in other studies. For example, Senapati (2020) found the farmer's age has a positive and significant 

impact on the risk-averse attitude of the farmer, whereas, in the study of Maart‐Noelck and Musshoff 

(2013), the insignificant impact of the age of the farmer on his risk attitude. Almadani (2014) and 

Senapati (2020) found education level has a positive and significant impact on farmers’ risk-averse 

attitude. In contrast, Reynaud and Couture (2012) found that there is no such significant impact of 

education on farmers' risk attitudes. Similalry, Mosley and Verschoor (2007) found that poor people 

are more risk-averse than wealthy people, whereas Tanaka et al. (2010) found no such significant 

impact of income or wealth on risk attitudes of the farmers in the study area. 

From the literature, I found that the majority of the farmers are risk-averse—and this attitude of the 

farmer is affected by a number of factors observed in different studies. Some of the factors have a 

similar impact on the risk attitude of the farmer, some are in contrast, and others have no impact at 

all. Thus, we cannot explicitly claim that some fixed factors influence the farmers’ risk attitude in 

decision-making. However, some factors are most common in different studies that influence the 

farmers’ risk-averse attitude, and therefore, should be at least considered while investigating 

farmers’ risk-averse attitude. 

Several studies discussed above, such as Lucas & Pabuayon (2011), Moscardi and Janvry (1977), 

Dadzie and Acquah (2012), Palinkas and Székely (2008), Meuwissen et al. (2001) etc. have 

identified factors that affect the psychological factors of the farmer, i.e. risk attitude an risk 

perception—which in turn affects farmers’ behaviour of decision making. However, some studies 

(Shapiro and Brorsen, 1988; Flaten et al., 2005; Ahsan, 2011) have examined the direct effect of 

risk attitude and risk perception of farmers along with socioeconomic characteristics for the farmer 

and analysed its impact on farmers’ behaviour, particularly under risky situations. It is, in general, 

not evident to elucidate and quantify the complex relations between farmers’ characteristics and 

their risk attitude and risk perception (Bard and Barry 2000). 

Risk perception and attitude are influenced by both farmer-specific and outside factors, which is 

usually common to the farmers. Some of the farmer-specific factors that affect his risk perception 
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and risk attitude are observable, such as age, education level, experience in farming, farm size, 

number of family members, household income, wealth etc., whereas other factors are highly-

individualistic and may not be directly observable such as cognitive ability, patience, financial 

strain, depression, perceived economic hardship, receptiveness to advice etc. Other factors that are 

usually common to the farmers and affect their risk perception and risk attitude include climate, 

geographic location, social and economic conditions, government policies related to agriculture, 

form and types of risk management strategies, etc.  

Identifying farmers’ individualistic factors such as the unobserved farmers-specific factors may not 

be straightforward, like his obtaining data on age and education level, and therefore, would require 

more resources in terms of time, money, and other resources necessary for experiments. Identifying 

all such factors for each farmer when there is a large sample size particularly become more hectic 

and cumbersome. Moreover, you cannot make a farmer wait for hours and hours to obtain all such 

measures, specifically farmer-specific unobserved variables. Even if willing to wait and participate, 

the process may be so exhaustive that the researcher may not get the respondent's desired answers. 

Also, due to the individualistic nature, some factors may be highly specific to the farmers, which 

the researcher may not be able to identify and that factors may play an important role in shaping 

farmers’ behaviour. It becomes practically challenging to obtain all such variables in one study, and 

obtaining results while assessing farmers’ risk perception and risk attitude with a handful of 

observable variables may not be as desirable. It can be seen by the studies discussed in section 5.3 

by looking into the low adjusted R-squared values. Therefore, it can be argued that assessing 

farmers’ psychological factors only by the farmer's socioeconomic characteristics may not be 

satisfactory. Consequently, the variation in the farmers’ risk attitude and risk perception may not be 

adequately described.  

We aim to examine farmers’ behaviour under a risky prospect, which can be obtained without 

investigating factors affecting the farmer's risk perception and risk attitude, and then the impact of 

these factors on farmers’ choice to adopt RMS. Moreover, suppose we have to analyse factors 

affecting the psychological factors of the farmer. In that case, we must obtain a measurement for all 

the important factors, such as farmer-specific (observable and unobservable) and common factors, 

which, as described earlier, is challenging and requires more resources. However, suppose I want to 

analyse risk perception and risk attitude with some available variables and ignore others due to 

convenience and feasibility. In that case, the results may not be desirable, like previous studies 

conducted. Therefore, instead of finding factors affecting the psychological factors of farmers, I 
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would analyse the impact of such psychological factors along with other factors, i.e. farm and 

socioeconomic characteristics, farm characteristics etc., on farmers’ decisions under risky prospects. 

2.7.2.1 Expected Utility Theory and Risk Attitude 

In earlier theories of human behaviour, it was assumed that when an individual chooses among 

alternatives with no uncertainty or risk, he tries only to maximize his utility. In order to analyse the 

farmers’ choices under uncertainty, we examine how the farmer maximizes his expected utility. 

According to expected utility theory4, a decision-maker decides without knowing the outcomes that 

may result from his decision, i.e. making a decision under uncertain situations. Based on 

completeness, transitivity, continuity, and independence axioms, the decision-maker will choose the 

option with the highest expected utility—meaning the summing up of utility values from all 

outcomes multiplied by their respective probabilities (Mongin, 1997). For discrete outcomes, the 

expected utility model (EUM) can be described mathematically as (Smidts, 1990):  

U (Ai) =∑ 𝑝𝑖(𝑥𝑗 ) × 𝑢 (𝑥𝑗
𝐽
𝑗=1 ) 

where 

Ai = Alternative chosen from a set of different alternatives A; (i = 1, 2, 3 …I) 

xj = Outcome from a number of outcomes X; j = (j = 1, 2,3,…J) 

pi (xj) = Probability from a set of probabilities P 

U (Ai) = Expected utility from alternative Ai 

u (xj) = Utility of outcome xj 

For continuous probability, the EUM can be written as: 

U (Ai) = ∫𝑓𝑖  (𝑥) × 𝑢 (𝑥)𝑑𝑥 

Where fi(x) is the probability distribution of outcomes “x” that result from choosing alternative 

“𝐴𝑖”.  

The basic characteristic of the utility function is that of an increasing function—an individual 

would value more money to less, or non-satiation, i.e. 𝑈’ (𝑊)  >  0; however, as the wealth 

increases, the individual experiences diminishing marginal utility. The consequence of decreasing 

marginal utility is risk aversion—which is the central behavioural concept in the expected utility 

theory (Quiggin, 1993). It is obtained when the second derivative of the utility function for wealth 

yield a negative number, i.e. 𝑈’’ (𝑊) <  0 (Johnson, 2007). In terms of the second derivative w.r.t 

                                                 
4 The theoretical foundations for the EUM were specified by (a) Daniel Bernoulli (1738), (b) Frank Ramsey (1931), and (c) John 

von Neumann and Oscar Morgenstern (1944). A detailed history of this model can be found in Schoemaker (1980 and 1982).  
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wealth, the attitude of the decision-maker can be categorized as risk-seeker and risk-neutral 

depending on the curvature of the utility function (Hardaker et al., 2015). For instance, for risk-

seeker, 𝑈’’ (𝑊)  > 0, and for risk-neutral, 𝑈’’ (𝑊)  = 0. The curvature of the utility function for a 

risk-seeker will be convex in shape, for risk-averse is concave, and that of risk-neutral is linear, 

and shown in figure 1. 
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Figure 8: Different Risk Attitudes of an Individual 

 

The utility function of a risk-averse individual is concave in shape, which shows that the marginal 

utility decreases for an increase in money income, i.e. it exhibits diminishing marginal utility, e.g. 

 𝑈(𝑊) = ln(𝑊). This individual derives higher utility from a certain outcome than a risky 

prospect with the same expected value. The utility function of a risk seeker is convex in shape, 

meaning that when the wealth of the individual increases, his marginal utility increases as well. 

The individual exhibits increasing marginal utility, i.e.[ 𝑈(𝑊) =  𝑊2]. For a risk-seeking 

individual, the utility he derives from the risky prospect is higher than the utility he gets from a 

certain prospect with the same expected value. Similarly, the utility function of a risk seeker is 

convex in shape, meaning that when the wealth of the individual increases, his marginal utility 

increases as well. The individual exhibits increasing marginal utility, i.e.[ 𝑈(𝑊) =  𝑊2]. For a 

risk-seeking individual, the utility he derives from the risky prospect is higher than the utility he 

gets from a certain prospect with the same expected value.  

2.7.2.2 Measuring Risk-Aversion: 

The majority of the people are risk-averse (O’Donoghue and Somerville, 2018). The degree of 

risk-aversion an individual shows would be related to the curvature of their utility function. The 

curvature of the utility function—the way the marginal utility changes, is important since it 

determines how an individual acts when facing uncertainty (Johnson, 2007). There are two ways 

to measure the level of risk aversion, i.e. 

i) Arrow-Pratt Absolute Risk Aversion, 𝐴 (𝑊) = −
𝑈′′(𝑊)

𝑈′(𝑊)
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ii) Arrow-Pratt Relative Risk Aversion, 𝑅 (𝑊) = 
−𝑊.𝑈′′(𝑊)

𝑈′(𝑊)
 

Where,   𝑊   = Level of wealth 

     𝑈′(𝑊)  = First derivative of utility to wealth 

     𝑈′′(𝑊)  = Second derivative of utility to wealth 

 

The coefficient of absolute and relative risk aversion function is classified based on how it changes 

w.r.t. increasing wealth (Hardaker et al., 2015). By using different utility functions of absolute and 

relative risk aversion functions, the first derivatives w.r.t wealth, i.e. 𝐴’ (𝑊), and 𝑅’(𝑊), will tell 

us how the agent behaves with respect to changes in his wealth. 𝐴’ (𝑊)  >  0 indicates that the 

agent exhibits increasing absolute risk aversion. This implies that the agent holds less amount of 

money in a risky asset as wealth increases. 𝐴’ (𝑊) =  0 means that the agent has constant absolute 

risk aversion. It indicates that the agent holds the same amount of monetary value in risky assets 

as wealth increases. Similarly,  𝐴’ (𝑊) <  0 represents that the agent exhibits decreasing absolute 

risk aversion, which simply means that he holds more amount of money in risky prospects as 

wealth increases.  The same result applies to relative risk aversion, which is closely related to 

𝐴′(𝑊). The only difference is that 𝐴′(𝑊) refers to a change in the absolute amount held in a risky 

business as wealth changes whereas, 𝑅′(𝑊) refers to a change in the percentage of investment in 

a risky business as wealth changes.  

The quadratic utility function, 𝑈 (𝑊)  =  𝑊 −  𝑏𝑊2 exhibits increasing absolute risk aversion 

and increasing relative risk aversion, i.e.  𝐴’(𝑊) > 0, and 𝑅’(𝑊) > 0. Whereas, the log utility 

function, 𝑈 (𝑊)  = ln(𝑊) and power utility function, 𝑈(𝑊) = 𝑊1−𝑟exhibits decreasing absolute 

risk aversion and constant relative risk aversion, respectively, i.e. 𝑅’(𝑊) = 0, 𝑎𝑛𝑑 𝐴’ (𝑊) <

0 (Trigeorgis, 1995).  

There is generally an agreement in the literature that most investors exhibit decreasing absolute 

risk aversion (Pratt, 1964; Arrow, 1965; Feinerman & Finkelshtain, 1996), which is generally 

accepted that ARA decreases with an increase in ′𝑊' since people afford to take risks as getting 

wealthier. Although there is ambiguity regarding relative risk aversion, it is generally assumed that 

the agent exhibit constant relative risk aversion (Hardaker et al., 2015), and it seems conceivable 

that its usage could reasonably be approximated to the real-world behaviour (Janeček, 2004). 

Because of the appealing implications and tractability of the CRRA utility function, it is, therefore, 

widely used in applied theory and empirical work (Gandelman & Hernández-Murillo, 2014). Thus, 
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the power utility function that exhibits CRRA will be considered in our study for eliciting the 

farmers’ risk preferences because it is expected that farmers in the study area invest the same 

proportion of income in the risky agricultural business, irrespective of the increase in the level of 

wealth by a certain proportion. The farmers in the study area are of a subsistence nature; thus, with 

the increase of their income, the farmers may not increase the proportion of their investment in the 

risky business but instead may use to protect themselves by adopting risk management strategies 

such as accumulated assets, credit reserve etc. The same result was obtained by Pålsson (1996), 

who found that Swedish farmers’ risk attitudes are constant with respect to wealth indicators. 

However, a rough classification of decision-makers based on relative risk aversion, 𝑅 (𝑊), has 

been developed by Anderson and Dillon (1992). According to this classification, for a risk-averse 

individual, relative risk aversion value varies from 0.5-4.0, with the following meanings: 𝑅 (𝑊) =

 0.5, hardly risk-averse; 𝑅 (𝑊) = 1.0, somewhat (normal) risk-averse; 𝑅 (𝑊) = 2.0, rather risk-

averse; 𝑅 (𝑊), = 3.0, very risk-averse; 𝑅 (𝑊) = 4.0, almost paranoid about risk (Ogurtsov et al., 

2008).  

2.7.2.3 Elicitation of Risk Preferences 

The risk attitude of farmers has been studied and presented using different theories such as 

expected utility theory, prospect theory, and safety first theory (Bard and Barry, 2000). There are 

three basic techniques of measuring agricultural producers’ attitudes to risk, such as direct 

elicitation of the utility function, experimental methods, and observed economic behaviour 

(Young, 1979; Lins et al., 1981; Robison et al., 1984). The direct elicitation of the utility function 

involves direct interaction with farmers, who express their preferences over a range of different 

alternatives. The experimental method is similar to the previous method, but in this method, real 

bets are used instead of hypothetical losses or gains. In the observed economic behaviour method, 

the difference between observed and estimated behaviour is analysed by using empirical models 

(Gomez-Limon et al., 2003).  

However, in the experimental method (Binswanger, 1980), two techniques have been used for 

eliciting risk preferences, i.e. elicitation method and the multiple price list method (Charness et 

al., 2013). Elicitation methods are: 

a) The Balloon Analogue Risk Task (BART)  by Lejuez et al.  (2002):  

In this method, risk preferences are measured by a computerized experiment in which the 

participants have the chance to earn money by pumping balloons up by clicking the button. 

Each pump brings greater risk and adds more money to the participant’s counter. 
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Participants are not informed about the breakpoints of the balloons, and the participant may 

prefer to cash out before the balloon explodes and collect their money or balloons may 

overinflate and explode, in which case the participant’s earnings are lost.  

b) The Gneezy and Potters Method by Gneezy and Potters (1997):  

In this method, the participant receives an endowment "$𝑋" and then is asked to choose 

what part of his endowment, “$𝑥”, would he prefer to invest in a risky asset and how much 

would he prefer to keep. There is a probability “𝑝” that he will receive $𝑘𝑥 (𝑘 > 1) and a 

probability (1 − 𝑝) that he will lose $𝑥. The expected value of investing is greater than the 

expected value of not investing. Not invested money $(𝑋 − 𝑥) is kept by the investor. The 

total pay-off is now $(𝑋 − 𝑥 + 𝑘𝑥) with probability “𝑝” and $(𝑋 − 𝑥) with 

probability (1 − 𝑝). The invested amount is then used for risk preference measurement. 

c) The Eckel and Grossman Method by Eckel and Grossman (2002):   

In this method, a table of 6 cash gambles with 0.5 probabilities each are presented to 

participants with a single choice only. The risk aversion coefficient is measured by 

choosing any of the six gambles that he/she most prefer to play. The participants then play 

the gamble by rolling a dice. 

Table 2.1: Eckel and Grossman Measure of Risk Attitude  
Choice(0.5 

Probability) 

Low Payoff High Payoff Expected 

return 

Standard 

Deviation 

    CRRA Choice(0.5 

Probability) 

Gamble 1 28 28 28 0          r>3.46 Gamble 1 

Gamble 2 24 36 30 6 1.16<r<3.46 Gamble 2 

Gamble 3 20 44 32 12 0.71<r<1.16 Gamble 3 

Gamble 4 16 52 34 18 0.50<r<0.71 Gamble 4 

Gamble 5 12 60 36 24      0<r<0.50 Gamble 5 

Gamble 6  2 70 36 34          r<0 Gamble 6 

 

The table shows that as the gamble increases from 1-6, both risk (standard deviation) and expected 

return increase as well. The risk-averse individual will choose a gamble from 1-4, a risk-neutral 

will choose gamble 5, whereas a risk-seeker will select gamble 6. To each chosen gamble, a range 

of risk aversion coefficients,“𝑟”, under the assumption of constant risk aversion coefficient 

(CRRA), is given. The risk aversion coefficients are classified as risk-seeker, 𝑟 < 0, risk-

neutral, 𝑟 = 0 and risk-averse, 𝑟 > 0.   

d) The multiple price-list of the Holt and Laury Method by Holt and Laury (2005): 

This method will be used in our research study for measuring the risk attitude of the 

farmers. Holt and Laury’s experimental method is a different and more complex measure 
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of the risk aversion coefficient. It consists of ten decision making gambles with a range of 

probabilities from 0.1 to 1.0, and the decision-makers are categorized into ten risk 

categories. The following table also shows that the two options have different probabilities 

but the same payoffs, making it easy to compare.   

Table 2.2: Holt and Laury method of Risk Attitude  
Option A         Option B A               B        𝐄𝐕𝐀     𝐄𝐕𝐁    Difference           CRRA 

1/10 of $2, 9/10 of $1.60  1/10 of $3.85, 9/10 of $0.10  □                            □ $1.64 $0.48 $1.17     r < -1.71  

2/10 of $2, 8/10 of $1.60  2/10 of $3.85, 8/10 of $0.10 □                                 □ $1.68 $0.85 $0.83 -1.71 < r < -0.95  

3/10 of $2, 7/10 of $1.60  3/10 of $3.85, 7/10 of $0.10  □                                  □ $1.72 $1.23 $0.49 -0.95 < r < -0.49  

4/10 of $2, 6/10 of $1.60  4/10 of $3.85, 6/10 of $0.10  □                                  □ $1.76 $1.60 $0.16 -0.49 < r < -0.14  

5/10 of $2, 5/10 of $1.60  5/10 of $3.85, 5/10 of $0.10  □                         □ $1.80 $1.98 -$0.17 -0.14 < r < 0.15  

6/10 of $2, 4/10 of $1.60  6/10 of $3.85, 4/10 of $0.10 □                                   □ $1.84 $2.35 -$0.51  0.15 < r < 0.41  

7/10 of $2, 3/10 of $1.60  7/10 of $3.85, 3/10 of $0.10  □                               □ $1.88 $2.73 -$0.84  0.41 < r < 0.68  

8/10 of $2, 2/10 of $1.60  8/10 of $3.85, 2/10 of $0.10  □                                □ $1.92 $3.10 -$1.18  0.68 < r < 0.97  

9/10 of $2, 1/10 of $1.60  9/10 of $3.85, 1/10 of $0.10  □                                □ $1.96 $3.45 -$1.52  0.97 < r < 1.37  

10/10 of $2, 0/10 of $1.60 10/10 of $3.85, 0/10 of $0.10  □                    □ $2.00 $3.85 -$3.85       1.37 < r 

From Holt and Laury (2005) 

In this method, the risk aversion coefficient is estimated under the assumption of constant relative 

risk aversion coefficient (CRRA) implied by each possible choice, represented as “𝑟” in the table. 

The participant has to choose between the two gambles, “A” and “B”, from the start and continue 

to choose until the end of the gambles. In the course of choosing, if the participant switches from 

option A to option B, this switching point can be used to provide an estimated interval for “𝑟” which 

generates the same utility with the payoffs associated with the adjacent gambles. For example, a 

person who switches from A to B in option four would have a risk aversion coefficient in the range 

-0.49 to -0.14, which means that a person with r = -0.49 is indifferent between option 3 and 4, and 

a person with r = -0.14, is indifferent between gamble 4 and 5. The switch point indicates safe 

choice, and in turn, the risk aversion parameter range. The expected value (EV) of gamble A in 

the first four choices is greater than gamble B, and the EV of gamble B in the last five choices is 

greater than that of gamble A. An individual choosing the first four choices in option A and the 

rest in option B, making four safe decisions, would be regarded as risk-neutral. In that case, the 

expected value of both the lotteries is almost the same. Similarly, switching before gamble four is 

considered as risk seeker and after four is considered as risk-averse (Dave et al., 2007).  

This method is selected among the other elicitation techniques because of the following reasons. 

The BART method requires computer work which is difficult for farmers to operate and to 

understand. Besides, BART includes multiple trails, which are time-consuming in practice. In 

Gneezy and Potters experiment, the main disadvantage is that it cannot distinguish between risk-
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neutral and risk-seeking preferences because, according to this method, the risk-seeker and risk-

neutral will invest all their endowment into a risky asset. The Eckel and Grossman method cannot 

differentiate between different degrees of risk-seeking behaviour. The Holt and Laury method is 

easy to understand and implement and is not a time-consuming technique (Charness and Imas, 

2013). The estimates from the Holt and Laury method is commonly used and is one of the most 

cited methods (Csermely and Rabas, 2017) and have higher predictive accuracy (Dave et al., 2007). 

However, there is also a chance that the participant may make inconsistent choices, i.e. by going 

back and forth while choosing options A and B. It would indicate that the participant did not 

understand the question properly and can be repeated in simplifying the choices to him.  

2.7.3 Socioeconomic Characteristics and exogenous factors 

As discussed in the previous sections, socio-economic characteristics impact on farmers’ 

behaviour is twofold, 𝑖) it affects the psychological factors of the farmer, i.e. risk perception and 

risk attitude, which in turn affect their choice to adopt risk management strategies, 𝑖𝑖) socio-

economic characteristics alongside these psychological factors directly affect the farmers’ choice 

to adopt risk management strategies. As farmers’ risk perception and risk attitude are highly 

individual-specific, it is expected that socio-economic characteristics may have little impact on 

these farmers’ psychological factors. The farmer-specific unobserved factors and those not known 

to the researcher may also influence farmers’ risk perception and risk attitude behaviour. For 

instance, the elements of the theory of planned behaviour, i.e. subjective norms, perceived control 

behaviour, and attitude toward behaviour, may impact farmers’ risk attitude and risk perception. 

Similarly, based on the prospect theory, the farmers’ psychological factors may be affected by the 

way the alternatives are framed. Moreover, the behaviour that the farmer over-react to small 

probability events and under-react to the events with high probabilities may also impact their risk 

attitude and risk perception behaviour. These behavioural constructs have not been considered 

while assessing farmers’ risk perception and risk attitude behaviour in the studies described in 

sections 5.1 and 5.2; they mainly focus on socio-economic characteristics and farm characteristics 

of the farmer. 

In different studies, the risk perception and risk attitude of the farmers are regressed on the socio-

economic and farm characteristics and obtained a low value of the Adjusted R-squared. For 

instance, for the risk-averse attitude of the farmer, the Adjusted R-squared value obtained 

by Aditto (2011) was 0.05 and 0.06 for studied farmer groups in Thailand. Almadani (2014), in 

his study, obtained the Adjusted R-Squared value of 0.26 for wheat-cotton producers and 0.24 for 
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pistachio farmers. Similarly, the variance in the risk attitude of the farmers contributed by the 

socio-economic characteristics in the Spanish rice producers was about 13% (Picazo‐Tadeo and 

Wall, 2011), and was 1% for the Sweden farmers (Pålsson, 1996). The low Adjusted R-squared 

values arise because of the farmers’ specificity of risk attitude (Almadani, 2014), and it is 

challenging to construct a methodological relationship between the farmers’ risk attitude and 

socioeconomic characteristics (Bard and Barry, 2000).  

Similarly, analyzing the impact of the socio-economic characteristics on the farmers’ risk 

perception, Flaten et al. (2005), Størdal et al. (2007), and Aditto (2011) found a low Adjusted R-

squared value. It implies that the impact of socio-economic characteristics has low explanatory 

power in terms of farmers’ cognitions of risk perception of different sources and the individualistic 

nature of these perceptions (Flaten et al., 2005; Aditto, 2011). Therefore, in my study, instead of 

analyzing the impact of socio-economic characteristics on the risk attitude and risk perception of 

the farmer, and then analyzing the impact of these psychological factors on the farmers’ choice to 

adopt risk management strategies, I would prefer to analyze the impact of socio-economic 

characteristics alongside the psychological factors on farmers’ choice to adopt risk management 

strategies. Furthermore, a test for multicollinearity will also be conducted to check whether the 

covariates, specifically the risk perception and risk attitude with other socio-economic 

characteristics, are highly linearly related to each other or not.  

The socio-economic characteristics have a great influence on the farmers’ decision on adopting 

risk management strategies such as crop insurance for reduction of the loss incurred by natural 

calamities (Kumar et al., 2011). There is a significant relationship between socio-economic 

characteristics, risk attitude, risk perception, risk sources and risk management strategies adopted 

by farmers to mitigate the loss (Meuwissen et al., 2001). Socio-economic characteristics that affect 

farmers’ choice of alternative risk management strategies include age, education, rented/leased 

land, debt management, farming experience, off-farm employment, farm size, family size, and 

farm ownership (Mishra and El-Osta, 2002; Sherrick et al., 2004; Velandia et al., 2009; Kouamé, 

2010).  

In their study, Mishra and El-Osta (2002) found that crop insurance and hedging are two risk 

management strategies used by farmers to mitigate risk. They concluded that these two risk 

management strategies are affected by a number of socio-economic characteristics.  In the case of 

hedging, results indicated that education, income, forward contracting sales of livestock and crops, 

off-farm income and use of computers have a positive impact on the farmers’ decision to use 
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hedging as a risk management strategy. Whereas, for crop insurance, results suggest that education 

level, debt management, and participating in other risk management strategies have a positive and 

significant impact on the farmers’ decision to buy crop insurance. The positive and significant 

impact of education on the adoption of crop insurance stands in conflict with human capital 

theories developed by Welch and Schultz. According to them, farmers become less risk-averse as 

their experience and education level increase (Shapiro and Brorsen, 1988). According to Mishra 

and El-Osta, this positive relation between hedging and education is due to the low average of 13 

years of schooling of the sample.  At this low average schooling, it is convincing that farmers with 

a high level of education and potentially low level of risk aversion may continue to adopt crop 

insurance from among other risk management tools as an important tool to mitigate risk.  

Furthermore, farmers with a high level of education have high off-farm income and thus spend 

less time on their farms and rely more on crop insurance to protect themselves against risk. The 

positive impact of debt management on crop insurance is consistent with the findings of Atwood 

et al. (1996), who found that the availability of crop insurance gives the producers the ability to 

service a higher level of debts with no increase in risk. Moreover, lenders usually require highly 

leveraged borrowers to take out crop insurance. Similarly, the positive impact of the level of 

education on the adoption of hedging is consistent with the findings of Makus et al. (1990), in 

which they found that farmers who had a higher level of education were more likely to adopt 

futures and options as risk management tools. This result is in line with the theoretical expectation 

that the rate at which the individual increases human capital stock determines the ultimate size of 

the stock (Ben-Porath, 1967). The positive relation of rented land with the adoption of hedging 

and crop insurance implies that farmers who rent or lease land are more likely to adopt hedging 

and crop insurance. This is because farmers with a high level of leverage face a higher risk of 

bankruptcy if the price of the commodity falls sharply. In order to reduce the yield risk and the 

likelihood of bankruptcy, farmers are more inclined to adopt crop insurance or hedging as risk 

management tools.  

Velandia et al. (2009) found that farmers who have more owned land and a higher level of income 

are less likely to adopt crop insurance and forward contracting. The result also suggests that older 

farmers do not use forward contracting, which is consistent with the notion that more experienced 

farmers do not tend to use risk management tools to mitigate risk. Farmers with larger farm sizes 

have a positive and significant impact on adopting forward contracting. It suggests that larger sizes 

reflect increased managerial efficiencies and perhaps economies of size in the utilization of 
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different risk management tools (Sherrick et al., 2004). In their study, Sherrick et al. (2004) found 

a negative impact of the off-farm income on the adoption of crop insurance as a risk management 

tool. Off-farm income represents a form of diversification and contributes to the stability of the 

overall income of the farmer, thus, minimizing the demand for using crop insurance as a risk 

management tool. They also found a positive impact of age on the use of insurance. This implies 

that insurance users are expected to be more educated and highly experienced, indicating greater 

responsiveness of insurance used to modern, more sophisticated approaches to risk management.  

Kouame (2010), in his study, found a positive and significant impact of farmers’ family size, off-

farm employment, and a negative impact of the farming experience on the adoption of risk 

management strategies. This implies that more farming experience tends to decrease the likelihood 

of adopting risk management strategies. This finding may be explained by the fact that less 

experienced farmers possess less farming skills and thus, increase the fear of risk intrinsic in 

agricultural production. Therefore, they rely on risk management strategies to cope with risk. This 

fact is in contrast with high experienced farmers. The positive relation of family size with risk 

coping tools implies that large families need more care more food and thus are at an increased 

level of vulnerability. Therefore, taking into account the uncertainty regarding the future, it 

becomes indispensable for large households to plan their present consumption in order to secure 

the welfare of the future. Off-farm employment was found in favour of adopting risk management 

tools because farmers who were engaged in some off-farm activities were more likely to be risk-

averse and thus, secured themselves by adopting risk management tools to cope with risk. 

As shown in the previous studies, the farm and socioeconomic characteristics of the farmer play 

an important role in influencing his choice to adopt risk management strategies. These factors are 

observable and are easy to obtain and will be included in my research to identify farmers’ 

behaviour in risky situations. Socioeconomic and farm characteristics are most common in 

different studies; however, some are different depending on the location of the farm, type of 

farming, government policies/programs related to agriculture in that particular area. For instance, 

Kouame (2010) study is based on farmers in Côte d’Ivoire, Africa, and he used family size as an 

indicator that affects farmers’ choice to adopt RMS. It is specific to that particular area because 

Côte d’Ivoire is a developing country with people living in a joint family system. This factor is 

influential and does affect farmers’ choice to adopt precautionary savings and social networks as 

RMS. Whereas, in the study conducted by Velandia et al. (2009), Sherrick et al. (2004), and Makus 

et al. (1990), did not use such variable as an indicator of affecting farmers’ adoption of RMS 
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because these studies are based on farmers in the USA, where family member hardly live joint 

family system. Mishra and El-Osta (2002), a research study based on farmers in the USA, used 

computerized bookkeeping/financial analysis to determine its impact on farmers’ choice to adopt 

RMS. The reason is that in the USA, farmers operate the immense size of farms; the average size 

of the farm in the US is about 444 acres (Data, 2017) compared to the average size of the farm in 

Côte d’Ivoire or another developing country is around 7 acres on average (Bymolt, 2018). Thus, 

operating such a large farm requires a proper system of maintenance such as computerized 

bookkeeping or financial analysis and is an important determinant of influencing farmers’ choice 

to adopt RMS. It is shown that computerized bookkeeping affect positively and significantly the 

US farmers’ choice to adopt hedging/future.  

Similarly, Velandia et al. (2009) conducted a study in the US and used the variable ‘probability 

that the farmer will get 85% coverage of their crop through Actual Production History (APH) 

scheme’—a government insurance scheme that protects producers against yield losses due to 

natural causes. This is specific to that country and may not be available to another country. 

However, some factors are common in different studies irrespective of the locality of farming and 

the types of risk management strategies adopted by the farmers. These factors are the education 

level of farmers and farm size. In the study of Velandia et al. (2009), education level has a positive 

and highly significant impact on the adoption of spreading sale and forward contract, whereas farm 

size was found to have a positive impact on the adoption of the forward contract. Similarly, 

Sherrick et al. (2004) found education level has a positive and significant impact on the adoption 

of yield and revenue insurance, and farmers who operate larger acreages are engaged more 

extensively in insurance and are more likely to choose revenue protection versus more specific 

yield and hail protection. Makus et al. (1990) found that education level and farm size positively 

and significantly impact farmers’ choice to adopt futures and options as a risk coping strategy.  

From the studies discussed above, it can be concluded that age and education level are important 

factors, irrespective of the geographic location and the type of RMS adopted by the farmer, and 

should be taken into consideration while designing a questionnaire. Moreover, it should also be 

noted that there may be some socioeconomic and farm characteristics that may be specific to the 

study area, as indicated by the studies discussed above, and should be taken into consideration 

when assessing farmers’ choice to adopt risk management strategies. 
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2.7.4 Access to Information and Credit 

Access to credit and information play an important role in the production, marketing, and 

distribution of farm and farm-related enterprises. Its important role as an efficient management 

strategy was realized with time because agriculture deals with increasing instabilities and changes 

(Jones et al., 1989).  At all stages of production, information is the key component that reduces 

uncertainty because it enables the farmer to measure, assess, and intensify the performance of his 

agricultural business (Barry et al., 1988).  

The importance of information is measured with respect to its impact on business profitability. The 

use of information can be productive and effective only if it is utilized for decision making (Frick 

and Groenewald, 2001). It implies that the more appropriate information is, the better a farmer can 

take business strategy. Access and use of local information and knowledge are also crucial for 

understanding agricultural risk in a particular area (WB, 2011). For instance, climate-related 

information can revamp preparedness and prevention only if it is timely available and 

understandable by those farmers who require it. According to Ortmann et al. (1993), an increase 

in market instability, complex production technologies, and the need for financial planning and 

control has increased the farmers’ demand for more and better information. In fact, information 

plays a pivotal role in the decision-making process, and the demand for it depends on the cost and 

benefit of acquiring this information. The farmer has to decide whether the marginal benefit he 

gets from using information increases the cost of acquiring it. It implies that the farmer should 

choose among the alternative information from which he can obtain the highest marginal benefit 

(Jones et al., 1990). As different types of businesses deal with different types of risk; therefore, the 

demand for information is also different for different businesses. Schnitkey et al. (1992) 

investigated that farm type is also an important element that describes the differences in 

information preferences. A greater number of information required has come from universities and 

research extensions. Nonetheless, a lot of innovative commercial information has emerged to 

provide greater assistance to the agricultural sector in recent years.  

Studies show that different information sources significantly affect farmers’ behaviour in decision-

making. Ali (2011) found that different socio-demographic factors affect the adoption of mass 

media information systems, such as TV, Radio, and Newspapers. Parvizian and Lashgarara (2011) 

found that TV and radio programs influence farmer behaviour in the decision-making process in 

India. Similarly, Philips et al. (2018) found that farmers use social media for knowledge exchange 

to support on-farm decisions. Apata (2010) also showed in his study that newspapers as a source 
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of information could play a significant role in farmers’ decision-making. The role of information, 

thus, cannot be ignored and should be taken into consideration when accessing the farmer’s 

decision-making behaviour.  

Moreover, from the previous studies, it is found that the opinions of friends, family members, 

peers, and trusted advisors are very effective on farmers’ decision-making behaviour. For instance, 

Al-Zahrani et al. (2016) found in their study that farmers’ in Saudi Arabia needed enhanced quality 

information from the extension service to make sound and timely decisions. In another study, Al-

Zahrani et al. (2021) found that both the educational status and the agricultural information sources 

are important factors that increase farmers benefit from extension activities. Bell et al. (2016) 

found that farmers’ behaviour in Cambodia is significantly affected by the social pressure on the 

pest management decision-making. They found that the impact of social pressure was much more 

than the impact of farmers’ attitude on farmers’ decision-making behaviour. Another study 

conducted by Kuhfuss et al. (2016) found that the winegrowers in France would be more willing 

to register for a management scheme if they believed that a significant number of their peers would 

enrol as well. In a study of dairy farmers in The Netherlands, Bruijnis et al. (2013) found that 

decision-making behaviour regarding animal husbandry was heavily influenced by feed and health 

advisors. There are many other studies available in the literature that shows similar conclusions—

therefore, they suggest that farmers’ behaviour is not only affected by personal traits but is also 

affected significantly by friends, family members, peers, extension worker, and other advisors. 

From the literature study, it can be concluded that information is not obtained from a single source 

but from a variety of sources that affect farmers’ decision-making behaviour. The sources of 

information affect different farmers’ behaviour differently depending on the analytic capacity and 

training of the decision-maker. In order to understand the impact of information on farmers’ 

behaviour, it is necessary to incorporate all the essential sources of information into accounts—

such as mass and printed media and other sources such as friends, family, peers, and advisors.  

Similarly, agricultural credit also plays an important role in the process of modernizing the 

agricultural sector and in commercializing the rural economy of the country (Abedullah et al., 

(2009). It can also help in the provision of such opportunities to the farmers through which they 

can increase their income, improve the standard of living, enhance food security, use more efficient 

technologies, and allocate resources more efficiently to reduce poverty (WB 2008).  Investment in 

extension services, agricultural research, and access to credit show particularly high returns (Hong 

and Hanson, 2016); for instance, according to Akinkunmi (2017) 1% increase in access to credit, 
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the agricultural output of that region increase by 17%. A lack of access to credit is commonly 

considered as a major hindrance in the adoption of technology and development (WB, 2011). 

According to Feder et al. (1985), limited access to credit, along with limited access to information 

and the risk aversion attitude of farmers, are the main reasons for the failure of diffusion of new 

technologies. Credit constraints are also problematic particular to those farmers who face a time 

lag between income spent on raising livestock and crop cultivation and the income generated from 

livestock sales and post-harvest (FAOSTAT, 2017) because the farmer might be compelled to sell 

any of his crop surpluses soon after the harvest when the prices of the produce are at a seasonal 

low. It implies that access to credit is an important tool for smoothing consumption and enhancing 

production, particularly for poor households (Hong and Hanson, 2016).  

2.8 Literature Gap 

Different studies have been conducted that showed the adoption of a single risk management 

strategy to cope with risk, ignoring multiple risk management strategies and their potential 

correlation among them. The studies that showed a single risk management strategy are Makus et 

al. (1990) for hedging with futures and options; Davis et al. (2005), Goodwin and Schroeder (1994) 

for forward contracting; Makki and Somwaru (2001) and Sherrick et al., (2004) for crop insurance; 

and Saqib et al., (2016) for agricultural credit. Some other studies regarding risk management, 

such as Knight et al. (1989), analysed the factors affecting the adoption of crop insurance and 

forward contracting, and Mishra and El-Osta (2002) examined factors that determine hedging and 

crop insurance as risk management tools. In both studies, two discrete choice models, i.e. logit 

models, were estimated separately to analyse factors affecting the adoption of crop insurance, 

forward contracting, and hedging as risk management tools. Their studies, in fact, assumed that 

the adoption of those two risk management strategies is independent of each other and, therefore, 

ignores the important factor of analysing the correlation among them. However, the use of multiple 

risk management strategies to mitigate risk instead of using a single strategy is a common practice 

among farming communities (Velandia et al., 2009).  

Therefore, a study conducted by Velandia et al. (2009) analysed factors affecting simultaneous 

adoption of multiple risk management strategies, i.e. spreading sales, forward contracting, and 

crop insurance, and found a correlation among these management strategies by using multivariate 

probit models. However, in the study of Valendia et al. (2009), the MVP model is used without 

outlining the behaviour of the farmer in the study area. Their study did not specify the recursive 



76 

 

impact of the risk management strategy on the adoption of the proceeding risk management 

strategy while describing farmers’ behaviour of simultaneous adoption via the MVP model.  

Thus, this study is designed to examine the impact of different factors affecting the adoption of 

risk management strategies from different perspectives. In the current study, I will analyse factors 

affecting farmers’ choice marginally and simultaneously—in which I will also examine the 

recursive impact of endogenous variables on farmers’ choice to adopt risk management strategy.   
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3 Chapter 3 
Data Collection and Summary Statistics 

 

3.1 Study Design and Sampling  

The research study is designed to analyze the impact of different socio-economic characteristics 

and psychological factors on the adoption of alternative risk management strategies of farmers in 

the Khyber-Pakhtunkhwa province of Pakistan. This study also aims to explore any relationship 

between those alternative risk management strategies and the farmers' risk perception and risk 

attitude. The required sample farmer's household was selected by using a multistage sampling 

technique. In the first stage, Khyber Pakhtunkhwa (KP) Province was selected because it was 

severely affected by floods several times and most severely in 2010. In the second stage, four 

districts, namely Mardan, Nowshera, Lower Dir, and Buner, were selected randomly out of the 35 

districts of the province. In the third stage, eight union councils5 (UC) were selected randomly 

from a total of 170 UCs. In the final stage, from each union council, one village was selected 

randomly for data collection. Data were then collected from sample farmer households in each 

village. The multistage sampling technique is further elaborated in the following section. 

3.2 Characteristics of the Study Area 

The total population of the KP province is greater than 20 million, out of which around 83% reside 

in rural areas. The economy of the province is agrarian, and the agricultural sector contributes 

around 22% to the total GDP of the province and employs around 44% of the total labour force 

(Bureau of Statistics K. P., 2013). KP has a total land of 10.17 million hectares, out of which only 

2.75 million hectares are cultivable. Out of total cultivable land, only 1.8 million hectares are 

cultivated, whereas the remaining around 1.08 million hectares are culturable waste6. Around 49 

% of the total cultivable land is rain-fed. In KP, about 94% of farms are below the range of 5 

hectares, representing subsistence farming. There are three categories of tenure systems in KP, i.e. 

owners who operate about 58% of the total farm area, owner-cum tenants7 operate around 27% of 

                                                 
5 Union Council is elected local government body which is headed by Nazim (Mayor) and Naib Nazim (Deputy Mayor) who are 

elected by the people. 
6 The land available for cultivation which may or may not be cultivated once, but not cultivated during the last five years in 

succession. Such land is not put to any use. 
7 Farmers who have their own land, and also hire some additional land either on a percentage of output or on a fixed rent. Owner 

cum tenants have limited decision making to his land but operate fully in it. 
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farm area, and tenants8 who operate about 15% of the total cultivable farm area. There is diversity 

in KP climate and soil; therefore, it grows more than 42 crops, among which wheat, rice, maize, 

barley, sugarcane, tobacco, pulses, groundnuts, rape and mustard, vegetables, and fruits are the 

major ones. The major crops constitute about 90% of the total cultivated area and play a pivotal 

role in supporting the living of the rural population of the province. Livestock farming is also one 

of the important occupations of the farming community of KP.  It has more than 22 million poultry 

birds and about 15 million animal heads in total. However, this occupation is secondary only to 

supplement nutrition to the family and for cash requirements (Department of Agriculture, 2014).  

KP has been struck many times by natural disasters over the past several years. It is highly expected 

that the recurrence of such harsh weather events may also continue in the future. Furthermore, 

temperatures are also expected to rise due to global warming, and as a result, the glaciers in the 

Himalayas and the western Karakorum are melting, which would ultimately increase the flow of 

rivers. In addition, rainfall during the monsoon season may also increase up to 20 to 30%, along 

with high-intensity storm events. KP province can be classified as a risk-prone area due to its 

experience with past disastrous events and its vulnerability to upcoming natural calamities 

(Ministry for Agriculture, 2015). Therefore, the farmers of this area are expected to have a high 

perception regarding natural calamities and are expected to adopt risk management strategies to 

secure their incomes and livelihoods.  

KP province was selected because it is prone to weather-related risks like flood, hail, storm, pest 

and disease outbreaks etc. and also due to its accessibility, resources, time and budget constraints. 

                                                 
8 Farmers who don’t have their own land. They took land on rent from other farmers and share the inputs and outputs with the 

owners. 
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Figure 9: Study area map showing the selected districts of the Khyber-Pakhtunkhwa Province. 

 

KP has seven divisions in total. In each division, there are several districts, as shown in table 3.1: 

Table 3.1: Divisions and Name of Districts of KP Province 

Divisions No. of 

Districts 

Name of Districts 

Malakand Division 9 Lower Chitral, Upper Dir, Lower Dir, Swat, Shangla, Buner, Malakand, 

Bajaur, Upper Chitral  

Hazara Division 8 Lower Kohistan, Mansehra, Battagram, Abbottabad, Haripur, Tor Ghar, 

Kolai Pallas, Upper Kohistan,   

Kohat Division 5 Kohat, Hangu, Karak, Kurram, Orakzai  

Peshawar Division 5 Charssadda, Nowshera, Peshawar, Mohmand, Khyber  

Mardan Division 2 Mardan, Swabi 

Bannu Division 3 Bannu, Lakki Marwat, North Waziristan  
Dera Ismail Khan 

Division 
3 Dera Ismail Khan, Tank, South Waziristan  

(Tribune, 2011) 
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3.3 Selection Procedure—Multistage Sampling Technique 

3.3.1 Selection of Districts 

The total number of districts in the KP province of Pakistan is 35 (KPEZDMC, 2019). I obtained 

a total of 3.5 districts by taking 10% of the total population size, i.e. 35 districts. However, to make 

it convenient, 3.5 is rounded off to 4 districts. These four districts, namely, Mardan, Nowshera, 

Buner, Lower Dir, were selected randomly via the Goldfish bowl method from the total 35 districts 

for data collection. In these districts, Mardan and Nowshera are mostly plain areas and the other 

two, i.e. Buner and Lower Dir, are mostly hilly areas. Mardan and Nowshera have developed 

districts whereas, Buner and Lower Dir are less developed. Good infrastructure, transportation and 

communication are important components of the economy and play an important role in the 

developmental process of a country (Rodrigue, 2016).  

After the Taliban's occupation of Buner and Lower Dir districts in 2009, the basic infrastructure, 

including roads, electric lines, phone lines, bridges, schools and hospitals, were severely damaged 

(Corps, 2009). However, afterwards, with the help of international and national non-government 

organisations, reconstruction and other developmental programs started in these districts. The 

flood of 2010 and the earthquake of 2005 also severely damaged the public and private 

infrastructure of Buner and Lower Dir districts (Shahbaz et al., 2012). These crises have lagged 

Buner and Lower Dir districts behind the rest of the districts in the province. Currently, there more 

degree colleges, universities, hospitals, post offices in Mardan and Nowshera than in Lower Dir 

and Buner. There are no railway tracks in Buner and Lower Districts, whereas, in Mardan and 

Nowshera districts, their total length is 50.93 km and 71.88 km, respectively. The total length of 

roads in district Buner, Lower Dir, Mardan and Nowshera is 413.95 km, 742.81 km, 655.48 km, 

and 484 km, respectively. Besides, the farmers in the developed districts have relatively more 

access to credit, information, education, public services, new technologies and other facilities. 

They have plain agricultural areas and are mostly irrigated by canal and tube well irrigation 

systems. Whereas in Buner is Lower Dir, agricultural land is mostly rain-fed. The literacy rate in 

the Mardan district (52%) and Nowshera districts (56%) is higher than that of Lower Dir (42%) 

and Buner (38%). Moreover, the farmers of Lower Dir and Buner have limited access to markets 

and other agricultural services. Production of major crops such as wheat, maize, and other fruits 

and vegetables are produced more in Mardan and Nowshera districts than in Buner and Lower Dir 

districts (Bureau of Statistics K. P., 2016). These contrast characteristics of the two sets of districts 



81 

 

are expected to capture a true and more precise description of the population. Details of the 

sampled districts are given in the following section.  

3.3.1.1 District Mardan: 

Mardan is the second largest city of KP, with a total population of 2.3 million and consists of 51 

union councils. It has a largely agricultural area. It has total agricultural land of 1,62,100 hectares, 

of which 99,977 is cultivated (Bureau of Statistics K. P., 2014). Different kinds of crops and fruits 

are grown here throughout the year which, includes wheat, tobacco, maize, sugarcane, sugar beet, 

rice, mustard, rapeseed, and other vegetable crops. Important fruits are plums, peaches, pears, 

apricots, apples, mangoes and oranges. The main source of irrigation is the canal system, 

consisting of the upper and lower Swat canal. The Upper Swat canal irrigates the Mardan district 

whereas, the lower Swat canal irrigates the southwestern parts of the district. Tube wells and lift 

irrigation are also used for irrigation purposes (Gul et al., 2014).  Mardan is a growing industrial 

centre. There are different industries in Mardan, including marble, soap, and brick factories, 

tobacco leaf processing factories, and flour mills.  These units are a good source of income for the 

local people of Mardan. Being the largest producer of sugar cane and sugar beet, it also has the 

country's largest sugar mill, i.e. Premium Sugar Mill Mardan, and one sugar crops research 

institute (SCRI) (Tribune, 2011). There is also one agricultural university in Mardan and one 

district agriculture office—The Directorate of Agricultural Extension.  

3.3.1.2 District Nowshera: 

Nowshera has 48 union councils with a total population of 1.3 million. It has a total reported land 

of 1,69,470 hectares and total cultivated land of 55,528 hectares (Bureau of Statistics K. P., 2014). 

The major crop includes wheat, maize, barley, gram, rice, tobacco, sugarcane, and mustard. 

However, only 21.8% of the total population rely on agriculture and livestock, while the majority 

of the people are engaged in government services and other professions. There are over 200 

industrial units in the district which constitute about 9% of the total of about 2300 industrial units 

of the province. These industrial units include marble and chips factories, flour mills, tobacco 

companies, cement factories, pharmacy companies, food and beverage industries etc. These units 

provide the local community with an alternative source of income besides farming (Nowshera, 

2014). There is also one research institute in Nowshera, i.e. Cereal Crops Research Institute 

(CCRI) Pirsabak, and an agricultural extension office, i.e. District Director Agriculture Nowshera.  
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3.3.1.3 District Buner: 

Buner district is surrounded by towering hills covered with pine trees, and its natural resources are 

marble mines, forests, and agriculture. Buner district lies on the border with Peshawar district and 

consists of 37 union councils. It has a total population of about 0.9 million people, the majority of 

which lives in rural areas and mostly depend on agriculture for their livelihood. The total reported 

area is 1,72,734 hectares, and only 55 978 hectares are under cultivation (Bureau of Statistics K. 

P., 2014). Major crops include wheat, maize, sugarcane, barley and tobacco, and major fruits 

grown in the district are citrus, plums, pomegranates, apricots and peaches. However, vegetables 

are grown on a very small scale. Most of the area of the district is rain-fed; however, tube wells, 

wells, and lift pumps are also used for irrigation purposes. District Buner has one research station, 

i.e. Agricultural Research Station, Amnawar, Buner (Tribune, 2011).  

3.3.1.4 District Lower Dir: 

The Dir district was formed in 1966 which was then divided into two districts, i.e. district of Lower 

Dir and the district of Upper Dir. Its rugged and mountainous area shares borders with Swat 

district, Afghanistan, Chitral, Bajur Agency and Malakand. It is one of the wettest places in the 

country (Khan, 2012). Lower Dir has a total population of 1.2 million and comprises 34 union 

councils. The total reported area of Lower Dir is 1,42,638 hectares, out of which 41,643 hectares 

are under cultivation. Almost 95% of the population resides in rural areas and mostly depend on 

agriculture and livestock for their livelihood. Major crops of the district are wheat, maize, rice, and 

canola. Vegetables are grown in a limited area whereas, citrus among fruits is an attractive farm 

income for the local farmers. Natural resources are forests and minerals such as granite and 

limestone, which are considered alternative income sources for the local community. The land of 

Lower Dir is irrigated by different sources such as rain, canals, tube wells, wells, lift pumps, and 

tanks.  There is also one agricultural extension department in district Lower Dir for the 

improvement of the living standard of the farming community (AASA, 2015). 

3.3.2 Selection of the Union Councils and Villages 

After selecting four districts, the total sample population of union councils, i.e. 170, were identified 

with the help of the Local Administration Office—presented in Table 3.2. By taking 5% of the 

total sample population, I obtained a sample size of approximately eight. So, eight union councils 
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were obtained randomly via the Goldfish Bowl method9, namely Toru Mayar, Lal Qila, Pir Sabaq, 

Par Hoti, Gul Bandi, Bishgram, Batura, and Chowki Town. From each union council, from the 

total number of villages, one village was randomly selected again by the Goldfish Bowl method: 

Nawi Kaly, Bishgram, Khato Khel, Samarkand Kaly, Tangora Kaly, Kando Machala, Budal, and 

Khato Khel, respectively.  

Table 3.2: Sampled Population in Selected Districts, And Sample Size from the Sampled Population 

District No. of UC’s 
 

Union Council Sample Size 

 

Mardan 
51 

 

By taking 5 % of the total sampled population (170), I get around 8 

sample size of union councils. By using the Goldfish Bowl method, I 

select 8 union councils at random. 

 

Nowshera 
48 

 

Buner 
37 

 

Lower Dir 
34 

Total              170 

 

3.3.3 Selection of Farming households 

A formal meeting was arranged with the Nazims/Naib Nazims of each union council to identify 

total farming households in each village through personal communication which are given in Table 

3.3. 

Table 3.3: Selection of Villages from each UC, and Total Number of Farming HH in each Village 
(Union councils) selected via 

the Goldfish Bowl method 

Villages in Each UC One Village Selected via 

Gold Fish Bowl Method 
Farming HH 

Toru Mayar 15 Nawi Kaly 1521 

Par Hoti 10 Samarkand Kaly 1200 

Pir Sabak 13 Kuza Khel 1110 

Chowki Town 6 Khato Khel 1200 

Gul Bandi 8 Tangora Kaly 1188 

Batora 9 Budal 900 

Bishgram 7 Kando Machala 750 

Lal Qila 5 Kumbar 600 

                8946 

                                                 
9 Goldfish bowl is a method of selection of samples randomly in which each observation has an equal probability of being selected. In this method, 

the name of each of the units of the (small) population is written down on a folded slip of paper so that the number is not visible. These slips are 

put in a bowl and drawn randomly from it. This is called the Fishbowl draw method. 
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HH =Households  

After obtaining the data of total farming households, sample households were selected through 

Yamane's formula (1967:886) i.e.  

𝑛 =
𝑁

1 + 𝑁(𝑒)2
 

Where, 

𝑛 = Total sampled farming households 

 𝑁 = Total number of farming households in all selected villages 

 𝑒 = precision level 5% (0.05)10:  

By using Yamane's formula, a total sample of 382 farming households were selected randomly for 

data collection from a total of 8946 farming households. Once the total sample size has been 

decided, the proportional allocation technique is further used to determine the total number of 

farmers taken from each village, based on total farming households. The proportional sampling 

allocation technique used for villages and farming households is given as: 

𝑛𝑖 =  
𝑁𝑖

𝑁
 × 𝑛 

 Where: 

  𝑛𝑖  = Number of Sampled farming HH in each village 

   i = Village index 

  n = Total Sample Size (farming HH) 

  N = Total Number of farming HH in the Research Area 

  𝑁𝑖  = Total Number of farming HH in 𝑖𝑡ℎvillage 

Through the proportional allocation technique, the number of farming households from each 

village is identified, which is given in Table 3.4. 

                                                 
10

The ‘e’ is used in Yamane’s formula, represents the margin of error or the level of precision at a 95% confidence level (Sarmah et al., 2018). It 

is the difference between the sample estimate and the population value due to measuring a sample instead of the whole population. Conventionally 
the value of ‘e’ is set at 0.05 where the confidence interval is defined as 0.95 (Yamane, 1973). The margin of error is the range in which the true 

value of the population is estimated to be. 

There is no standard margin of error ‘e’ to use when planning a survey (ALNAP, 2012); however, it usually ranges from 0.01 to 0.10 (Divinwac, 
2008), and is mostly taken at 0.01, 0.05, and 0.10 levels (Israel, 1992; Nanjundeswaraswamy and Divakar, 2021; Singh and Masuku, 2014). In my 

work, I used a 0.05 margin of error because obtaining a sample size at 0.10 would bring a smaller sample size, and at 0.01 would decide a huge 

sample size that would be extremely difficult to collect given the available resources, time, and budget. Reasonable sample size is provided by 
using the significance level at 0.05. Moreover, in many research studies, the margin of error of 0.05 is also used (Israel, 1992; Tessema, 2015; Ullah 

and Shivakoti, 2014; Agrasuta, 2013). 
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Table 3.4: Sampled Respondents of Each Selected Village 

Village Sampled Farming Household from Each Village 

Nawi Kaly 69 

Samarkand Kaly 54 

Kuza Khel 50 

Khato Khel 54 

Tangora Kaly 54 

Budal 40 

Kando Machala 34 

Kumbar 27 

                        Total = 382 

 

A sample of 382 farmers was selected in this study; however, I had decided to collect at least 500 

observations. In the study area, I found it difficult to collect a large sample size because of time 

and budget constraints and security issues.   

 

3.3.4 Sampling Weights:  

For meetings, the farmers were either contacted and recruited with the help of local Nazims/Naib 

Nazims at their Hujras11 or interviewed in face-to-face meetings in their fields. The farmers were 

interviewed in isolation to avoid interruptions from fellow farmers and to obtain more precise 

answers. Contacting farmers at random in their homes and fields would be time-consuming and 

costly, therefore the farmers were contacted by Nazims/Naib Nazims for an interview and were 

mostly located in Hujras for their interview, while others were interviewed either at home or in 

their fields. The farmers chose to participate in the interviews, so the sampling of farmers at the 

village level is considered non-random. Thus, the sample in this study is not likely to be 

representative of the local population.  

This study examined factors that affect farmers’ choice to adopt risk management strategies. In 

this case, given a random sample, maximum likelihood estimation would be performed using 

probit/logit models for the binary choices between different risk management strategies. If the 

sample is not drawn at random and is choice-based, the resulting sample would over-represents 

one choice and under-represents relative to the population distribution of choices, maximizing the 

conventional log-likelihood that would generally result in inconsistent parameter estimation 

(Manski and Lemer 1977). However, if we maximize the quasi-log likelihood estimate, also known 

                                                 
11 Hujras are an integral part of the Pashtun culture. They are placed like a drawing room where guests are entertained by the 

host. 
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as a pseudo-likelihood estimate that weights each observations’ contribution to the conventional 

log-likelihood by the inverse probability of selection, consistent parameter estimators will be 

obtained (Solon et al., 2013).  

To take into account the unequal probability selection of units during the multistage sampling (for 

both stratified and cluster), the inverse of the probability weight is applied at each stage 

(Aneshensel, 2013; Hahs-Vaughn, 2010; OECD, 2009; Walker & Young, 2003). The probability 

weight is obtained at each stage and is combined to create a final weight: the raw weight. The sum 

of raw weights is the population size (West & Rathburn, 2004); therefore, estimates derived using 

raw weights to the data will be done on the population size rather than the actual sample size 

(Kaplan & Ferguson, 1999; Pfeffermann et al., 1998). Thus, normalised weights are obtained by 

dividing the raw weight by its mean, thereby preserving the sample size (Thomas & Heck, 2001; 

Peng, 2000). Normalised weights sum to the actual sample size  (Kaplan & Ferguson, 1999). These 

normalised weights will be used in the estimation on consistency grounds that will also provide us 

with robust standard errors for model misspecification. The sampling weights obtained are 

presented in the table below. 
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       Table 3.5: Distribution of sample UCs, villages, and farming households in the multistage-sampling method 
Total Union 

Councils 

(UC's): 

(Nuc) 

Selected 

UC's: 

(nuc) 

UC's 

Probability: 

Puc = 

(nuc/ Nuc) 

Total 

Villages 

in each 

UC: (NVg) 

Villages 

selected: 

(nVg) 

Probability of 

each Village: 

PVg = (1/nVg) 

Farming 

HH in each 

Village: 

(NFr) 

Selected 

Farming HH: 

(nFr) 

Probability of 

selected Farming 

HH:PFr= 

(nFr/ NFr) 

Total Probability 

TProb = (Puc ×  

PVg × PFr)  

Total (Raw) 

Weight, wi = 

(1/TProb) 

Normalized 

Weights 

 

 

 

170 

Taking 5% of 

170, total of 8 

UC's are 

selected 

 

1 0.0471 15 1 0.0667 1521 69 0.0454 0.000142321 7026.36 1.534759 

1 0.0471 10 1 0.1000 1200 54 0.0450 
0.000211765 

4722.22 1.031469 

1 0.0471 13 1 0.0769 1110 50 0.0450 
0.000163059 

6132.75 1.339569 

1 0.0471 6 1 0.1667 1200 54 0.0450 
0.000352941 

2833.33 0.618881 

1 0.0471 8 1 0.1250 1188 54 0.0455 
0.00026738 

3740.00 0.816924 

1 0.0471 9 1 0.1111 900 40 0.0444 
0.000232389 

4303.12 0.939925 

1 0.0471 7 1 0.1429 750 34 0.0453 
0.000304762 

3281.26 0.716722 

1 0.0471 5 1 0.2000 600 27 0.0450 
0.000423529 

2361.11 0.515734 

Total  8 
  

8 
 

8946 382 
  

  

�̅�=4578.151 
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3.4 Data Analysis 

With the help of STATA and MS-Excel, descriptive analysis was used to find out the frequencies, 

means, standard deviations, and minimum and maximum values for all the variables of interest from 

the study. 

3.5 Summary Statistics 

Summary statistics of different groups of variables are provided in their respective tables. 

3.5.1 Socio-economic Characteristics 

Table 3.6 presents summary statistics of socio-economic characteristics of the farmers in the study area 

after adjusting the sample for weights.   

Table 3.6: Distribution of Socio-economic Characteristics of the Respondents Adjusted for Sampling Weights 

Variable           Mean  St. Dev. Min.            Max. 

Age     46.9  1.29         19            80 

(In years) 

Education     4.01  5.32  0   16 

(Years of schooling) 

 

Income                   21.45  18.53          15         108 

(In 000 PKR)     

 

Farming Experience   24.4  1.33   3   65   

(In years)    

Family members    8.4        19   2   2.7 

No. of children    5.1        12   0   2.3  

Farm size (In Acres)             7.26  6.64  0.40  34.4 

Distance from river   0.51        0.499   0   1 

(< 500m)    

_____________________________________________________________________________________________ 

__Total Sample Size: ___________                       382___________________________________________  

Source: Survey Data, 2017-2018 
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Figure 10: Frequency distribution of farmers’ age group and education level 

 

From Figure 10, it is clear that the majority of the farmers in the study area were uneducated 

(approximately 60%). Age was grouped into different categories – the first up to 30 years of age, and 

the subsequent age groups were 10 years apart. The last group was above 70 years of age. The figure 

shows that most of the farmers were in the age range of between 41 and 50 years, followed by the age 

group 31–40. The maximum age was 80 years, and the minimum was 19 years.  

 

 Figure 11: Frequency distribution of farmers’ credit received, experience, and income groups 

Annual income was also categorised, in which the first group was farmers with an annual income of 

up to PKR 100,000, and the last group was farmers with annual income above PKR 700,000. The 

middle groups were categorised from PKR 10,001 to PKR 300,000, from PKR 300,001 to 500,000, 
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and so on. It was found that most farmers in the study area had annual income levels between PKR 

100,000 and PKR 300,000, with a maximum of PKR 108,000 and a minimum of PKR 15,000. The 

majority of the farmers with the highest experience had 16–30 years’ experience, with a maximum 

experience of 65 years and a minimum of 3 years. The majority of the farmers in the study area did not 

receive any credit for farm operations and were, thus, more likely to receive credit in the future in case 

of any risks. This was followed by farmers who received credit amounts between PKR 100,000 and 

300,000.  

 

Figure 12: Frequency distribution of farmers’ family members, children, and farm size 

 

As can be seen from Figure 12, the majority of the farmers had between six and 12 family members 

living together. The households tended to be large in size, and most of them were living in joint family 

systems. Most families were found to have around eight members in total within a single household. 

The maximum size of a household was 19, and the minimum was two. The majority of the sample 

respondents were also found to be small farmers with a land size of 2–10 acres, followed by farmers 

with a land size of less than two acres. The majority of the farmers in the study area were found to 

have farms within a range of less than 500 meters from the river, and the rest had farms within a range 

greater than 500 meters.  
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Figure 13: Frequency distribution of the maximum amount of credit, and number of farmers obtaining credit 

obtained from different credit sources 
 

Figure 13 shows that the maximum amount of credit the farmers obtained came from formal 

institutions, i.e., banks, totaling PKR 300,000. This was followed by local lenders, an informal source 

of credit, with the maximum amount obtained being PKR 150,000. The farmers mostly visited friends 

and family to obtain credit for farming operations; however, the amount they received from friends 

and family was smaller than from formal and informal lending bodies. Banks were visited the least 

often for obtaining credit.  

Figure 14: Frequency distribution of obtaining total credit from each credit source in the study area 

Figure 14 illustrates that the majority of the farmers in the study area obtained a greater amount of 

credit from local lenders, followed by friends and family.  
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Figure 15: Frequency Distribution of the Duration of Credit obtained by farmers from Different Sources 

 

Figure 15 shows that farmers obtained credit for a maximum duration of two years from banks, one 

year from local lenders, and six months from friends/family and fellow farmers.   

From the discussion of Figures 13, 14, and 15, we can say that the majority of the farmers relied on 

informal sources of credit and tended to avoid obtaining loans from banks. Some farmers needed a 

greater amount of credit – as can be seen from the amount obtained from local lenders and banks – but 

mostly visited friends and family to obtain credit. The reason for this avoidance of credit from banks 

may be due to institutional constraints (Aleem, 1990; Jabbar et al., 2002; World Bank, 2008), such as 

complicated and lengthy documentation procedures, high interest rates, the short-term nature of the 

credit, collateral requirements (Hussain & Thapa, 2012; Khan et al. 2015), being debt-averse (Chandio 

et al., 2017), and also for religious reasons, e.g., because of the involvement of interest rates, which 

are forbidden according to Islamic law (Amanullah et al., 2020). Therefore, most of the farmers felt 

more comfortable approaching informal groups such as friends, family members, local lenders, and 

relatives when they needed credit (Khandker & Faruqee, 2003). To facilitate the provision of credit to 

farmers, a farmer needs an institution, or a policy that makes modifications to the existing formal 

lending institutions, that provides farmers with a larger amount for a longer period, as well as dealing 

with the issue of interest rates and reducing the obstacles faced by farmers when seeking credit from 

formal institutions. To deal with such issues, Islamic banking has been introduced; however, it has not 

fully emerged or been popularised and fully utilised in the country (Asrar et al., 2018). The full 

development of formal saving devices offered by Islamic banking can potentially meet all of the small 

and large farmers’ needs, and thus can play a significant role in agricultural development as well as 

helping farmers to smoothen their consumption during uncertainty.  
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3.5.2 Psychological Factors 

3.5.2.1 Risk Perception 

These variables include risk attitude and risk perception of the farmers in the study area. These are the 

important factors that contribute to affecting farmers' decisions to mitigate risks. According to prospect 

theory, farmers perceive highly risky prospects with low probabilities and perceives low risks events 

with high probabilities. Moreover, they are risk-averse in the domain of gain and become risk-seeker 

in the gains' domain. Thus, it is important to understand farmers' risk perception and attitude and 

analyse how they affect their choice to adopt a risk management strategy, which is one of my research 

objectives.  

Each risk source described in the study is a separate potential threat to farmers in the study area. These 

sources vary in terms of severity, occurrence, and damage, and thus, are perceived differently by 

farmers.  

Flood is different from heavy rains in the context that floods are the overflow of rivers and other water 

streams, which is a major threat to those farmers living close to the river streams. In contrast, heavy 

rains are a threat to the farms that mostly live away from rivers, especially in the monsoon season. 

Thus, the farmers living close to rivers perceives the risk of flood differently than the farmers living 

away from it.  

Similarly, storms in this context are strong winds/windstorms between 62 and 116 km per hour (Haider, 

2006). Pakistan experienced five windstorms individually from 2000 to 2015 that has severely affected 

property, crops, and livestock (ADB, 2017). Whereas hail has separately damaged the agricultural 

sector on different occasions (Dawn, 2014; Jamal, 2019; Dawn, 2020; Irfan, 2021). The frequency of 

windstorms and hail-storm has increased due to climate change and has caused severe damage to the 

crops in different parts of the country (Suleri et al., 2018). Thus, these two risk sources are considered 

separate causes affecting agricultural business in Pakistan.   

The windstorms that occur at different months are at their peak, mostly from May till June and then 

from September till October. Whereas, heavy rains occur mostly in the monsoon season that falls 

between the months of June and September (GoP, 2010) and causes devastation to the farming business 

at different times (Shaikh & Tunio, 2015; Davies, 2014; Zaidi, 2019).  

Moreover, different studies conducted in Pakistan and has identified each source of risk, i.e. flood, 

heavy rain, hail-storms, wind-storms, droughts and pests and diseases as a major threat to the 

agricultural sector of Pakistan (Suleri et al. 2018; Fatima and Khan, 2018; FAO, 2021; Qasim, 2012; 

Ullah et al., 2016). In other studies conducted in Pakistan, researchers have used the impact of different 
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risk sources on farmers’ adoption behaviour. They found a significant impact of these sources on the 

farmers’ decision-making behaviour. Some of the studies that have used risk sources individually are 

(Faisal and Abdulai, 2020) floods, droughts, windstorms, and pest and disease; (Iqbal et al., 2020) 

pests and diseases and heavy rainfalls; (Sarwar and Saeed, 2013) pests and disease; (Ullah and 

Shivakoti, 2014) floods, heavy rains, droughts, pests and diseases; (Jabbar et al., 2020); flood, heavy 

rains, pest and disease; and (Afzal and Luqman, 2020) storms, hails, floods, droughts. Therefore, each 

risk source is considered a separate variable in terms of occurrence, severity, and damage that has a 

different impact on agricultural business. Consequently, the farmer may perceive each source 

differently. Thus, in this study, each source is used as a separate variable that may have a different 

impact on farmers’ decision-making behaviour in the study area.  

The assessment of risk provides an intuition of the likelihood of a negative outcome and its 

consequences (Wang and Roush, 2000). Combining the likelihood of an event (P) and its consequences 

(C) provides us with the risk factor (RF), i.e. RF = P + C (Cooper et al., 2005; Murray et al., 2011; 

Peace, 2017). In this study, the weather-related risks are categorized into (i) risk of floods, (ii) risk of 

heavy rains, (iii) risk of pest and diseases and (iv) risk of storm and (v) risk of hail (vi) risk of drought. 

To obtain scores for the incidence of the weather-related risks, farmers in the study area were asked to 

reveal the number of years out of the following 10 years, do they expect that there will be 

flood/hail/storm/drought/heavy rains that can affect their income from farming. The number of years 

was grouped into five categories, i.e. 0-2, 3-4, 5-6, 7-8, and 9-10. The answers of the respondents were 

circled/ticked in the appropriate box provided in the table. The five categories of 10 years likelihood 

were given a scale of 5—ranging from a very low likelihood to a very high likelihood, i.e. from 0-2 

was given a scale of 1(very low), from 3-4 was given a scale of 2 (low), from 5-6 was scaled 3 

(medium), 7-8 was scaled 4 (high), and from 9-10 was scaled 5 (very high). Similarly, the score for 

severity of each weather-related risk was recorded by asking the respondent to show the severity of 

each weather-related risk that can affect their farming activities, from a scale 1 (very low) to 5 (very 

high). The scale from incidence (1-5) and severity (1-5) was combined in a risk matrix and was 

categorized as low if the matrix score was between 2-5 and considered high if it was from 6 to 10 as 

shown in the figure-10. The risk perception for each calamity is taken as a dummy independent variable 

with a value 0 if the matrix score is from 1 to 5, i.e. farmers perceive low risk, and 1 if the matrix score 

is from 6-10, i.e. farmers perceive high risk. The risk matrix is given in figure 10.    
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  1 2 3 4 5 

  Severity  

                   Figure 16: Risk Matrix 

 

The assessment of risk perception in the above section is based on the likelihood of occurrence of an 

event. Based on the probability of occurrence, the farmer decides what sort of strategy need to be 

adopted to cope with a particular risk with some probability of occurrence. For instance, according to 

World Bank (2016), in an uncertain event with low severity and high probability, the farmers tend to 

adopt risk mitigation (ex-ante) strategies such as diversification, crop rotation etc. For events with a 

low probability of occurrence and medium severity, farmers usually adopt risk transfer (ex-ante) 

strategies such as hedging. Similarly, for events with a low probability of occurrence and high severity, 

farmers adopt risk copings (ex-post) strategies, such as credit reserve and precautionary savings.  

However, the possibility to assess risk perception could also be based on the reason whether a 

respondent has suffered from a shock in the past/recently that would drive one’s perception of risk or 

risk-averse behaviour of the farmer and would induce them to adopt a risk management strategy. It 

was also expected that the likelihood of occurrence of a particular event is based on personal judgement 

or own past experience. Thus, the experience of past shocks is subsumed in response to the likelihood 

of occurrence of a risky event. The previous shocks drive the farmers’ risk perception in the future 

(Gawith & Hodge, 2018; Rondhi et al., 2019) due to the long-lasting effect of a calamity on the 

farmers’ minds. Furthermore, in the literature, many studies (World Bank, 2016; Huet et al. 2020; 

Wauters et al. 2014; Ahsan & Roth, 2010; Meraner & Finger, 2017) have assessed farmers’ risk 

perception by asking the respondent to identify the occurrence and the severity of a risky event in 

coming years. In other studies, researchers have assessed the farmers’ risk perception of different risky 

events without including the impact of the past shock/experience on the probability of adopting risk 

management strategies (Adnan et al. 2020; Flaten et al. 2005; Saqib et al. 2016; Rehman et al. 2015).  

Therefore, the risk perception of future events was only included as a driving force of inducing farmers 

to adopt insurance. The influence of any past shocks is masked in the risk perception of future events, 

and thus, was taken as one independent variable.  

 

Table 3.7: Distribution of Psychological Factors of the Sampled Respondents Adjusted for Sampling Weights 

Variables                          Mean              St. Dev.      Min.          Max.        Sample size  

Risk Perception (RF Score) 

Low 

Low 
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---------------------- 

Flood         0.59   0.490     0  1 

Heavy Rain   0.57   0.493     0  1 

Storm    0.47   0.499     0  1         382 

Pest and disease   0.54   0.498     0  1 

Hail    0.50   0.500     0  1 

Drought   0.01   0.124     0  1  

----------------------  

Risk Attitude 

----------------------  

Risk Averse   0.73   0.441    0  1 

Risk Seeker   0.15   0.359    0  1          382 

Risk Neutral   0.11   0.318    0  1 

Source: Derived from Survey Data, 2017-2018 

 

Table 3.7 depicts that the majority of the farmers, i.e. about 60%, perceived flood as a major risk to 

their income and livelihood. The reason may be that majority of the farmers have farms within the 

range of 500m from the river, and the impact of the 2010 flood has left strong and negative impressions 

on their minds. Heavy rains are the second most important risk to the farmers, whereas drought is the 

least perceived risk to them. Similarly, the majority of the farmers are risk-averse, i.e. 73%, 11% are 

risk-neutral, and about 15% of them are risk-seekers. The high percentage of risk-seeking behaviour 

may be due to the reason described by the prospect theory that individuals become risk-seeking in risky 

prospects. The farmers in the study area are vulnerable to and overwhelmed by different kinds of 

weather-related risks, and, therefore, they consider them as imminent threats to their farming. Hence, 

they considered themselves a risky prospect.  

 

 

Regarding risk perception of the weather-related risk, farmers were asked to identify each source of 

weather-related risk that they expect may occur in the following next ten years and could adversely 

affect their farming income. A higher percentage of the farmers, i.e. about 53%, expect that floods may 

occur in the next two years, harming their farming activities. Regarding the pest and disease, about 

Table 3.8: Percentages of the Farmer's Risk Perception of Weather-related Risks in the Following Ten Years 

 
Flood Pest & Disease Storm Drought Heavy Rain Hail 

Zero-Two Years 53.20 7.13 5.82 0.62 26.43 6.51 

Three-Four Years 34.41 39.56 39.30 3.53 44.57 33.49 

Five-Six Years 10.72 39.67 45.41 4.18 25.97 46.29 

Seven-Eight Years 1.17 12.17 8.70 21.92 2.48 12.22 

Nine-Ten Years 0.49 1.18 0.75 73.93 0.56 1.48 

Total Sample Size = 382 
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40% of the farmers expect that it may occur in the following 3 to 4 that may damage their farming 

livelihood. Similarly, for the other weather-related risks, such as storm, drought, heavy rain, and hail, 

the highest percentage of the farmers are respectively, 45%, 73%, 45%, and 46%, that may occur in 

the next 5 to 6, 9 to 10, 3 to 4, and 5 to 6 years respectively that may negatively affect their farming 

income. From the result, it is clear that farmers' perceives flood as an imminent threat to their farming 

activities relative to other weather-related risks, and drought is the least perceived risk by the farmers 

in the study area. This result is similar to the risk factor (the combination of incidence and severity 

score), which also shows that farmers highly perceive flood as a threat to their livelihood followed by 

heavy rains, storms, pests and diseases, hail, and drought, respectively.  

From the description, I can say that while identifying farmers’ risk perception by asking the question 

about their perception regarding each risk source, they provide the answer that includes the severity of 

the risk source by default. Because when I asked a separate question about the severity of each risk 

source and then combined it to the risk perception (as did by the previous researchers via using risk 

matrix and obtaining a score for farmers’ risk perception), I obtained the same results. However, the 

general question regarding risk perception of farmers can provide more explanation as compared to 

the risk matrix, i.e. the succeeding years in which each risk source may expect to occur and affect the 

farmers’ livelihood. Nevertheless, in the literature risk matrix is used to obtain the risk perception score 

of the farmers; I will, therefore, follow the same procedure. 

Such information regarding the perception of risk sources and their expected occurrence is important 

for government agencies when charting out policies to support farmers on the subject of managing 

risks. For instance, a number of risk sources come under weather-related risks; consequently, the 

policymakers may outline generic strategies from which farmers may get little help. On the other hand, 

knowing a specific threat faced by farmers and knowing the subjective probability of its occurrence, 

the government institution may design such policies and other related strategies that are specific to that 

particular threat. For example, in our case, the flood is the major concern for the farmers in the study 

area relative to other weather-related risks. The government institution may establish a long-term 

strategic plan for flood and coastal risk management. They should establish/improve flood warning 

systems to alert the farmers in advance in taking precautionary measures to cope with such risks. 

Moreover, the government agencies should also construct dams to store the excess water that can be 

used later for other suitable operations such as irrigations and generation of electricity;  the construction 

of dams, most importantly, prevent the occurrence of flood and protect the livelihood of the farmers. 

Similarly, the government agencies shouldn’t be too much worried about the risk of drought in the 

study relative to other prevailing weather-related risks in the study area because the study shows that 

majority of the farmers are less concerned about the drought in the next ten years.  
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3.5.2.2 Risk Attitude 

In this study, the Holt and Laury (2005)12 method was used to understand the farmer's risk attitude. 

The farmers were asked to choose between the described two gambles, i.e. gamble "A" and gamble 

"B", provided with different outcomes with their respective probabilities. The farmers who chose the 

first four options were categorized in risk-seeking attitude, those who picked option four was put in 

the risk-neutral category, and those who picked from option ‘5’ to ‘10’ were categorized in risk-averse 

attitude. As most of the farmers were illiterate in the study area, it was difficult for them to understand 

the percentages or probabilities. However, the question was demonstrated practically or by drawing in 

order to have a full understanding of the question and to get the answer that best describes their attitude. 

To check whether they have an understanding of the question or not, in the end, each farmer was asked 

the last option, which shows a certain outcome of $2 in gamble "A" and a sure outcome of $3.85 in 

gamble "B". A rational individual will certainly opt for gamble "B". If a farmer opts for option "A", it 

would mean that he has not got the question and was repeated with a different method.  

In this study, the Holt and Laury method was translated into local language as simple as possible and 

with the help of a diagram13. For this question, I emphasised its technical aspects and importance to 

farmers. I gave them a break before they answered that particular question. I specifically elaborated to 

focus completely before choosing an option. This approach helped farmers understand the question, 

and I did not encounter any problem with farmers choosing irrational choices in the last option of Holt 

and Laury, which was used for a rationality check. 

It should also be noted that the payoff amount was described in PKR (Pakistani rupees) to the farmers 

to avoid confusion and to keep the question as simple as possible14. From the Holt and Laury method, 

I found that the majority of the farmers in the study area, i.e. about 70%, are risk-averse, around 14% 

are risk-seekers, and about 12% are risk-neutral in attitude, which is presented in Table 3.6. 

3.5.3 Risk Management Strategies  

To cope with risks, farmers have to find ways to protect themselves from the decision taken today 

without knowing what may happen tomorrow. The farmers use risk management strategies to mitigate 

the chance of a "bad" outcome occurring (Kahan, 2008). The farmers were asked an open-ended 

question to identify the risk management strategies adopted to cope with risks in the study area. Table 

3.9 provides a summary of these risk management strategies. Diversification, credit reserve, and 

accumulated assets were highly used risk management strategies in the study area.  

                                                 
12 The table is provided in section 5 of the literature review chapter. The table is modified based on the understanding of 

farmers in Pakistan. The amount was changed from dollar to Pakistani rupee (PKR) in order to keep the questions simple 

and easy for farmers.   
13 Graphical presentation of the Holt and Laury method used in the study area is attached in the Appendix of this chapter.  
14 See part 4 of the questionnaire in appendix 1 
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In the study area, farmers adopt credit reserve, diversification and accumulated assets as risk 

management strategies were used dummy dependent variables and has assigned the value ‘1’ if the 

farmer adopts a particular risk management strategy and ‘0’ otherwise. The credit used in this context 

is exclusively for coping risks and is different from the credit taken for farming operations. The amount 

of credit used for coping risk is not included in the study.     

Table 3.9: Distribution of Risk Management Strategies Adopted by Sampled Respondents adjusted for weights  

Variables                          Mean              St. Dev.    Min.         Max.         Sample Size 

Diversification   0.56   0.49     0          1  382  

Accumulated Assets  0.41   0.49     0          1  382 

Credit Reserve   0.43   0.49     0          1  382 

Crop Insurance   0.007   0.08     0          1  382 

Future Contracts  0.002   0.05     0          1  382 

Source: Derived from Survey Data, 2017-2018 

According to World Bank—as described in the literature review section, in KP during the crisis, four 

risk management strategies were used by farmers, i.e. diversification, credit reserve, reduced 

consumption, and use of assistance.  

The diversification and credit reserve are adopted by the farmers in the study area and are included in 

the study; however, reducing consumption is not really a strategy that can be used to mitigate the risk 

and is not adopted by farmers in the study area. It was more a response (to income loss) than a strategy 

to mitigate risk. Regarding the use of assistance, a question is included in the questionnaire (1b (d)), 

whether you trust other people (friends, relatives, other farmers, etc.) who you believe can help you in 

any uncertainty related to farming? About 94% of farmers answer yes to this question. Using this as a 

strategy (dependent variable) can lead to a perfect prediction problem in the analysis. As suggested by 

the World Bank and the adoption pattern of strategies in the study area, crop insurance and the futures 

contract have rarely been used strategies. The inclusion of future market and crop insurance as a 

strategy would be removed from the desertion because of its irrelevancy in the current study context. 

However, a brief description will be provided in the case of crop insurance as a strategy because crop 

insurance is a government-supported program and encourages farmers of Pakistan to adopt it for 

mitigating risks. This strategy is not very popular among the farming community due to illiteracy and 

the use of conventional way of practices; however, the government is trying to familiarize the farmers 

in Pakistan. 

3.5.4 Exogenous Factors 

These variables include (1) farmers' access to credit when they need it for activities like purchasing 

fertilisers, pesticides, or raising livestock, etc., (2) access to information regarding agricultural 

activities. In our study, access to credit is defined as ‘0’ if the farmer has not received credit from any 
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credit source and ‘1’ if he has received credit from any of the available credit sources (Mussema et al., 

2013; Awotide et al., 2015; Ehiakpor et al., 2016). In this research, the farmers were asked if they have 

access to credit from any of the available sources, i.e. banks, local lenders, friends, and family 

members. If yes, the variable access to credit has a value 1; if no, it has a value of 0, i.e. it is used as a 

dummy independent variable. It is different from the credit reserve, which identifies the ability of the 

farmer to take credit in future when specifically for mitigating risk as an ex-post risk management 

strategy.  

Furthermore, the questionnaire's question 5 (c) is not for insurance purposes. This amount is the loan 

received by a farmer in the past for farm operations only.  

The economic rationale for the farmers’ access to information is to facilitate them to cope with risks 

and uncertainties related to production and marketing. The better the farmers manage such risks and 

uncertainties, the more profitable their agricultural business becomes (Parmar et al., 2019).  

Obtaining information via different sources prepares the farmers to cope with imminent risks that they 

perceive could be a high threat to their farming activities in the future. For instance, crop insurance is 

a new, government-supported (and not widely used) risk management strategy in Pakistan. The 

adoption of this strategy is more technical in nature, but is considered more beneficial than other 

conventional strategies. This strategy can protect farmers mostly against weather-related risks 

collectively. However, the majority of farmers are unaware of this strategy –as we see in the study 

area, a negligible number of farmers have adopted it. In this case, access to information plays a vital 

role in encouraging the farmers to adopt this new strategy if they receive such information on the TV, 

radio, newspapers, and other social networks. Thus, information being shared not only makes farmers 

aware of the natural calamities that may have a devastating effect on their farming activities, but also 

helps farmers to upgrade their existing position in mitigating risks.   

The agricultural business has increasingly become an information-dependent sector requiring a wide 

range of scientific and technical information for effective decision-making at the farm level (Ali, 

2011). Sources of information such as watching TV, reading the newspaper, listening to the radio, and 

using other social media networks to influence farmers’ decision-making behaviour (Ali, 2011; 

Parvizian and Lashgarara, 2011; Phillips et al., 2018; Apata, 2010). According to TBP, subjective 

norms, i.e. an important person or group of people, will approve and support a particular behaviour—

which in our case are the farmers’ friends, family, neighbours, extension workers, and fellow farmers 

that may influence farmers’ choice to adopt risk management strategies. Therefore, access to 

information is made a composite of the external sources of information and the subjective norms that 

affect farmers’ choice to adopt risk management strategies. A composite index is used to measure 

access to information by sample households that include the number of extension worker visits, 
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watching TV, reading the newspaper, listening to the radio, using other social media networks, contact 

with fellow farmers and friends/relatives for taking information related to their farming activities. The 

farmers were asked to indicate the number of contacts they made with each information source in a 

one-month period. The value of each information source was then transformed using the following 

equation: 

Transformed Value (TV) =  
Xi−Min

Max−Min
                                                                        

The composite index score for each sample household was calculated by summing up transformed 

values (TV) for all information sources and was used in the model as an independent variable. The 

summary statistics for access to credit and information is given in Table 3.8. 

Table 3.10: Distribution of Access to Credit and Information by the Sampled Respondents Adjusted for 

Sampling Weights   

Variables                   Mean      Max. Min.            St. Dev.  

   Access to Information/Month 

 

Extension worker Visits   0.42       4   0  0.69 

Watch TV     0.29       5   0  0.79 

Listen to Radio    0.28       8   0  1.00  

Read newspaper    0.33       6   0  0.96   

Other Social Media Networks   0.22       5   0  0.62 

Contact with Farm Organizations  0.36       7   0  0.96   

Contact With friends and   2.71      10   0  2.47   

Relatives 

Contact with fellow Farmer   1.48       9   0  2.15 

        ___________________________ 
              Access to Credit  

 

Bank      0.07      1    0  0.26 

Local Lenders     0.27      1    0  0.44 

Friends and Relatives    0.26      1   0  0.43 

Fellow Farmers    0.05      1   0  0.22 

Don’t Need Credit    0.25      1   0   0.43  

 

        ___________________________ 
              Amount of Credit  

 

Bank      5430      30,00,00  0  27385 

Local Lenders     10853      30,00,00  0  25552 

Friends and Relatives    7879      10,00,00  0  16434 

Fellow Farmers    725      50,000  0  4014 

   

Total Sample Size:                                                            382___________________________________________ 

Source: Survey Data, 2017-2018 
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Figure 17: The number of times a farmer used/contacted information sources per month 

 

Figure 17 indicates that farmers have little access to or contact with information sources regarding 

their farming activities. Zero is the highest frequency for each information source, which indicates that 

most farmers have no access to information that can be used to improve their farming business. Figure 

17 also shows that the farmers mostly contacted their friends/relatives and local lenders for information 

regarding their farm operations (27% and 25%, respectively).  

The economic rationale for the farmers’ access to information is to facilitate them to cope with risks 

and uncertainties related to production and marketing. The better the farmers manage such risks and 

uncertainties, the more profitable their agricultural business becomes (Parmar et al., 2019). Obtaining 

information via different sources prepares the farmers to cope with imminent risks that they perceive 

could be a high threat to their farming activities in the future. For instance, crop insurance is a new, 

government-supported (and not widely used) risk management strategy in Pakistan. The adoption of 

this strategy is more technical in nature, but is considered more beneficial than other conventional 

strategies. This strategy can protect farmers mostly against weather-related risks collectively. 

However, the majority of farmers are unaware of this strategy –as we see in the study area (Table 3.9), 

a negligible number of farmers have adopted it. In this case, access to information plays a vital role in 

encouraging the farmers to adopt this new strategy if they receive such information on the TV, radio, 

newspapers, and other social networks. Thus, information being shared not only makes farmers aware 

of the natural calamities that may have a devastating effect on their farming activities, but also helps 

farmers to upgrade their existing position in mitigating risks.   
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Figure 18: The number of times farmers accessed credit from different credit sources  

 

Banks are well-organised and formal institutes for credit, but only 6% of farmers had access to banks. 

This is because the majority of the farmers in the study area were uneducated and were unable to 

understand the procedure and technicalities associated with borrowing from banks. Another reason for 

farmers’ reluctance to take loans from banks or not wanting credit at all is due to the presence of 

interest rates in the banking sector, which is prohibited in Islam, and also due to the debt-averse attitude 

of the farmers. The majority of the farmers in the study area had access to local lenders and 

friends/family to obtain credit instead.  

3.6 Relationship between farmers' risk attitude and their adoption decision 

The weighted tables are created by multiplying each subject by their assigned weight and then 

summing the total weights for each cell in the table.  The weighted table is produced in order to present 

the correct percentage of the distribution of the adoption of RMS with respect to their risk attitude.  

Table 3.11: Observed and Estimated Expected (in Parentheses) Counts (adjusted for weights) 
 Farmer’s Risk Attitude  

Farmers’ 

Adoption 

Decision 

 Risk Averse Risk Seeker Risk Neutral Row Totals 

0 Strategy 12  (39.44) 29  (8.76) 13  (5.80) 54 

1 Strategy 102  (104.44) 23  (23.21) 18  (15.35) 143 

2 Strategies 112  (92.76) 8  (20.61) 7  (13.63) 127 

3 Strategies  53  (42.36) 2  (9.41) 3  (6.23) 58 

 
Column Totals 279 62 41 382 

Farmer's risk attitude * Farmer's risk adoption decision Crosstabulation   

 

The table depicts that risk-averse farmers are more likely to adopt risk management strategies to cope 

with risk, and risk-seekers are less likely to adopt risk management strategies. In the table, it is evident 

that the majority of the risk-averse farmers have adopted 'any one' and 'combination of any two risk 

management strategies' respectively. The least adopted strategies are 'all three RMS simultaneously' 

and 'adopt no any strategy’ respectively. The reason for the least adoption of all the three risk 
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management strategies simultaneously might be because the farmers in the study area were engaged 

in subsistence farming, and it would become difficult and costly to adopt all three risk management 

strategies simultaneously. Moreover, farmers in the study area also adopted credit reserve as a risk 

management strategy, adoption of which also increases financial risk. Therefore, the adoption of credit 

reserve with other risk strategies seems unfeasible to the farmers and thus, mostly adopts two risk 

management strategies.  

Similarly, in our study, the majority of risk-seeker farmers adopt '0 strategies' and least adopt the 

'combination of three risk management strategies' simultaneously. As shown in the table, it is unusual 

that risk-seeker farmers adopt more strategies in total than risk-neutral farmers. It may be because the 

number of risk-neutral and risk-seeker are very small to draw a robust conclusion.   

I can also describe from the crosstabulation the conditional distribution of risk attitude for the adoption 

of risk management strategies. For instance, 3.14% of risk-averse farmers have not adopted any risk 

management strategy, whereas about 29% of risk-averse farmers have adopted two risk management 

strategies simultaneously. Similarly, we can also describe the marginal distribution of a farmers’ 

adoption decisions from the table. For example, the least amount of strategies adopted by farmers is 

the simultaneous adoption of 3 risk management strategies which comprised 15% in total. Whereas 

about 37% of a single risk management strategy is adopted by the farmer, which makes a higher 

percentage of adoption followed by adoption of two RMS which constituent about 33% of the total 

farmers.  

Given information about the risk attitude of farmers and the adoption of risk management strategies, it 

is plausible to infer whether there is a significant correlation between the farmers' risk attitude and 

their adoption behaviour. A weighted chi-square test is intended to test how likely it is that the 

distribution of risk management strategies based on farmers' risk attitude is purely by chance. The 

statistical question is, do the weighted observed frequencies different from the weighted expected 

frequencies by more than chance alone? Or another way to describe the χ2 test (weighted) is to test the 

null hypothesis that there is a significant difference between these variables.  

The chi-squared value calculated is titled as weighted chi-squared test and is denoted by 𝜒2
𝑤. 

The null and alternative hypotheses I want to test are: 

𝑯𝟎: The farmers' risk attitude is uncorrelated to the number of risk management strategies they adopt 

𝑯𝑨: Farmer's risk attitude is correlated on their choice of the risk adoption decision  

I now use the weighted chi-square test to compare the weighted observed and weighted expected 

(estimated counts in each contingency table cell).  
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    𝜒2
𝑤 = ∑ ∑

(𝑤𝑂𝑖𝑗− 𝑤𝐸𝑖𝑗)
2

𝑤𝐸𝑖𝑗

3
𝑖=1

4
𝑖=1   

Where, 𝑤𝑜𝑖𝑗 = weighted observed frequencies of 𝑖𝑡ℎ row and 𝑗𝑡ℎ column 

𝑤𝐸𝑖𝑗= weighted expected frequencies of 𝑖𝑡ℎ row and 𝑗𝑡ℎ column, whereas, 𝑤𝐸𝑖𝑗 = 
𝑤𝑅𝑖𝑤𝐶𝑗

𝑤𝑛
, 

𝑤𝑅𝑖 is weighted row total, 𝑤𝐶𝑗 is weighted column total, and wn is total weighted sample size.  

In this case, the degree of freedom for the chi-square test would be (𝑟 − 1)(𝑐 − 1), which is(4 −

1)(3 − 1)  =  6. Then for the significance level, ∝ = 0.05, I reject the null hypothesis of independence 

when: 

     𝜒2
𝑤 > 𝜒2

0.05 

The chi-square statistic is 100.40. The p-value is < 0.00001. The result is significant at p < 0.05. 

Since I computed 𝜒2
𝑤  = 100.40, which is greater than 𝜒2

0.05
= 12.59, I conclude that farmers' 

adoption decision is correlated to the farmers' risk attitude behaviour, which implies that it is unlikely 

to have occurred by chance.  

Cramér's V- It is used to find the effect size, i.e. the association between risk attitude and risk adoption 

decision. Cramér's V has a value between ‘0 and 1' where 0 means no association and 1 indicate perfect 

association. Suppose at least one nominal variable is involved. In that case, we usually use Cramér's 

V. If both variables had been ordinal, Kendall's tau or a Spearman correlation would have been suitable 

as well (Cramér, 1946). 

Formula for Cramér’s V: 

    ∅𝑐 = √
 𝜒2

𝑤 

𝑁 (𝑘−1)
 

∅𝑐 = 𝐶𝑟𝑎𝑚é𝑟′ 𝑠 𝑉 

𝜒2
𝑤
  = 𝐶ℎ𝑖 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 𝑣𝑎𝑙𝑢𝑒  

N = 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 

k  = 𝑙𝑒𝑠𝑠𝑒𝑟 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑒𝑠 𝑜𝑓 𝑒𝑖𝑡ℎ𝑒𝑟 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 

 

    ∅𝑐=√
100.40

382 (3−1)
 

     ∅𝑐 = 0.36 

The chi-squared test identified that there is an association between the farmer's risk attitude and their 

risk management decisions. Cramér's V provides the magnitude of that association between risk 
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attitude and adoption decisions, which is 0.36—considered a moderate association between the two 

groups.  

3.7 Relationship between farmers' risk perception of different sources and their adoption 

decision 

In the data collection process, I identified that farmers who highly perceive weather-related risks such 

as flood, hail, storm, heavy rain, and pest and disease as an imminent threat to their farmer activities 

are most likely to adopt any of the available risk management strategies to secure themselves from 

adverse shocks. In order to investigate whether this relationship between farmers' risk perception and 

adoption strategies are actual or just by chance, I would perform a chi-square test whether each of the 

risk sources perceived by the farmer is correlated to their adoption decision or not. I will set our null 

and alternative hypotheses for each risk source individually to identify this fact. 

Also, the number of observations that have perceived each source of weather-related risks and have 

adopted risk management strategies are multiplied by their respective probability sampling weights. 

Thus, the weighted tables produced are to present the correct percentage of the distribution of the 

adoption of RMS with respect to their risk perception of weather-related risk. The chi-squared value 

calculated is titled as weighted chi-squared test and is denoted by 𝜒2
𝑤
.  

𝑯𝟎: The farmers' risk perception of each risk source is uncorrelated to the adoption of risk coping 

strategies 

𝑯𝑨: Farmer's risk perception of each risk source is correlated on the adoption to risk management 

strategies  

The general formulation of the weighted chi-square test is given below; however, I would use a chi-

square test for each risk source. 

    𝜒2
𝑤
= ∑

(𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑𝑖− 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑𝑖)
2

𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑𝑖
   

In this case, the degree of freedom for the chi-square test would be 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑒𝑠 −  1, 

which is (2 − 1)  =  1. Then for the significance level, ∝ = 0.05, I reject the null hypothesis of not-

correlation when: 

     𝜒2
𝑤
 > 𝜒2

0.05 

Given the observed frequencies, I calculate expected frequencies assuming that the null hypothesis is 

true, i.e. farmers' risk perception of each risk source is uncorrelated to the adoption of risk coping 

strategies. If I found greater differences between observed and expected frequencies, i.e. greater  𝜒2
𝑤

 

value, I will reject the null hypothesis of ‘uncorrelated’. Expected frequencies for each risk source, i.e. 



108 

 

flood, heavy rain, hail, storm, and pest and disease, corresponding to adoption of diversification, credit 

reserve and accumulated assets as risk coping strategies are provided in Table 3.11 and Table 3.12. 

These expected frequencies are calculated as: 

     𝑤𝐸𝑖𝑗 = 
𝑤𝑅𝑖𝑤𝐶𝑗

𝑤𝑛
 

𝑤𝐸𝑖𝑗   = Expected (weighted) Frequencies of 𝑖𝑡ℎ row and 𝑗𝑡ℎ column 

𝑤𝑅𝑖 = Weighted Marginal Column Frequency  

𝑤𝐶𝑗 = Weighted Marginal Row Frequency  

𝑤𝑛 = Total weighted Sample Size  

 

Rejecting the null hypothesis of ‘uncorrelated’ means that the particular risk source is not un-correlated 

to the adoption risk management strategy.  It implies that farmer that perceives any particular source 

of risk as a high threat to their farming activity are more likely to adopt a risk management strategy to 

mitigate risk.  

Weighted Chi-square table, which represents the actual and estimated values of a particular risk source 

in the study area, and chi-square test is conducted for each risk source, are described below.  
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Table 3.12: Weighted Observed and Estimated Expected (in Parentheses) Counts for farmer's risk perception of flood 

and their choice to adopt diversification as a risk management strategy 

Risk Perception of Flood 

  Flood 1 Flood 0 Row Totals 

Diversification 1 165  (129.52) 52  (87.48) 217 

Diversification 0 63  (98.48) 102 (66.52) 165 

Column Totals 228 154 382 

 

Since I computed 𝜒2
𝑤

 = 55.82, which is greater than 𝜒2
0.05

= 3.84, I can conclude that there are 

significant differences between expected values under the null hypothesis and the observed values. It 

implies that farmers' perception of the flood as a risk source is correlated to the farmers' choice to adopt 

diversification as a risk coping strategy. The results suggest that it is unlikely that the adoption of 

diversification and farmers' high perception of the flood has occurred by chance. 

Similarly, I can also find individually whether the adoption of diversification, accumulated assets, and 

credit reserve is associated with weather-related risks such as flood, heavy rain, storm, hail, and pest 

and disease. If I found, for each risk source with each risk management strategy, the computed 𝜒2
𝑤

 

value > tabulated 𝜒2 value, I will reject our null hypothesis of non-correlation. I will conclude that 

farmers adopt a risk management strategy when they perceive weather-related risks as a high threat to 

their farming activities. However, on the other hand, if I found tabulated 𝜒2
𝑤

 > calculated 𝜒2, it would 

indicate that adopting that particular risk management strategy in correspondence to farmers' high 

perception of weather-related risk has occurred by chance. Or in other words, if the p-value from the 

chi-squared test is less than the critical value p-value (0.05), it would mean that the deviation between 

the expected values and observed values is significant and not due to chance, and you will reject your 

null hypothesis.  

Table 3.13: Weighted Observed and Estimated Expected (in Parentheses) Counts for farmer's risk perception of flood 

and their choice to adopt diversification as a risk management strategy 

  Risk Perception of Flood  

Accumulated 

Assets 

Calculated 𝜒2
𝑤 = 56.60 > Tabulated 𝜒2

0.05= 3.84 

Result: Reject 𝑯𝟎 

Credit Reserve 
Calculated 𝜒2

𝑤 = 45.79 > Tabulated 𝜒2
0.05= 3.84 

Result: Reject 𝑯𝟎 

  Risk Perception of Heavy Rain  

Diversification 
Calculated, 𝜒2

𝑤 = 50.98 > Tabulated, 𝜒2
0.05= 3.84 

Result: Reject 𝑯𝟎 

Accumulated 

Assets 

Calculated, 𝜒2
𝑤 = 34.31 > Tabulated, 𝜒2

0.05= 3.84. 

Result: Reject 𝑯𝟎 
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Credit Reserve 
Calculated 𝜒2

𝑤 = 16.72 > Tabulated, 𝜒2
0.05= 3.84. 

Result: Reject 𝑯𝟎 

  Risk Perception of Hail  

Diversification 
Calculated 𝜒2

𝑤 = 64.68 > Tabulated 𝜒2
0.05= 3.84. 

Result: Reject 𝑯𝟎 

Accumulated 

Assets 

Calculated 𝜒2
𝑤 = 44.62 > Tabulated 𝜒2

0.05= 3.84. 

Result: Reject 𝑯𝟎 

Credit Reserve 
Calculated 𝜒2

𝑤 = 27.01 > Tabulated 𝜒2
0.05= 3.84 

Result: Reject 𝑯𝟎 

  Risk Perception of Storm  

Diversification 
Calculated 𝜒2

𝑤 = 52.65 > Tabulated 𝜒2
0.05= 3.84 

Result: Reject 𝑯𝟎 

Accumulated 

Assets 

Calculated 𝜒2
𝑤 = 29.92 > Tabulated 𝜒2

0.05= 3.84. 

Result: Reject 𝑯𝟎 

Credit Reserve 
Calculated 𝜒2

𝑤 = 35.52 > Tabulated 𝜒2
0.05= 3.84. 

Result: Reject 𝑯𝟎 

  Risk Perception of Pest and Disease   

Diversification 
Calculated 𝜒2

𝑤 = 55.38 > Tabulated 𝜒2
0.05= 3.84 

Result: Reject 𝑯𝟎 

Accumulated 

Assets 

Calculated 𝜒2
𝑤 = 60.09 > Tabulated 𝜒2

0.05= 3.84. 

Result: Reject 𝑯𝟎 

Credit Reserve 
Calculated 𝜒2

𝑤 = 44.86 > Tabulated 𝜒2
0.05= 3.84. 

Result: Reject 𝑯𝟎 

 

 

From the above statistical results, I found that all the calculated chi-squared results for each risk source 

were greater than their respective tabulated results. It can be concluded that farmers who highly 

perceive flood, hail, heavy rains, storm, and pest and disease risks are more likely to adopt 

diversification, credit reserve, and accumulated assets as risk coping strategies. The result implies that 

the observed association between high perception of a risk source and the adoption of risk management 

strategies are not by chance; instead, it induces the farmer to adopt risk management strategies to cope 

with risk.  
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3.8       Appendix-I 

 

 

 

Factors Affecting Farmers’ Choice to Adopt Risk Management 

Strategies at Farm Level 

 

All the information collected through this questionnaire are highly confidential and purely for 

academic purpose. Respondents’ comments, suggestions, and personal information will not be used 

beyond this study's academic use. So kindly do not hesitate to express your real situation and personal 

opinion. 

 

 

Respondent’s Name: ……………………………  Date: ………………………….. 

Village: ………………………………………… Union Council: ………………… 

District………………………….......................... 

 

 

University of Dundee, Scotland, 

 United Kingdom  

 

 

 

 

 

Ethical Committee Approved Application No. SRECPhD-015 

 

Questionnaire No.---------------- 
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Questionnaire  

1(a). Farm and farm household characteristics:  

a. What is your age in years? _________ 

b. How many years of formal education have you obtained? __________________________ 

c.  What is your highest qualification? 

0 = Uneducated  1-5 = Primary       6-8 = Middle                   8-10 = Matriculation 

10-12 = Intermediate     13-16 = Bachelor’s Degree  16-18 = Master’s Degree   19-21 = 

Doctoral Degree 

d. How many years of experience in farming do you have? _________ 

1(b).  Questions about the household of the farmer. By household, we mean the total number of 

members living together in a house.  

a. What is the total number of family members in your household living together? ___________ 

b. How many members in your household are involved in agriculture? ___________ 

c. How many children do you have in your household? ______________________ 

d. Do you trust other people (friends, relatives, other farmers, etc.) who you believe can help you 

in any uncertainty related to farming?  

 Yes   No 

e. Farm size:  i) Owned area :________________( hectares) 

        ii) Rented area out _____________ (hectares) 

        iii) Rented area in _______________ (hectares) 

f. What is the total number of successors to farming in your household? __________  

g. What is the distance of your farm from river? a) <500m b) 500m-1000m   c) 

>1000m 

h. How much area of your total land:         

 i) Irrigated _____________     ii) Rain fed _______________ 

          2. Risk source and Risk Management Strategies: 

2.1  What are the most important weather-related risks to you? 

 a. ________________   b. __________________ c. _______________ 

d. ________________  e. __________________ f. _______________ 
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2.3 What strategies do you adopt to manage weather-related risks? 

a. Diversification 

b. Crop insurance  

c. Credit Reserve 

d. Accumulated assets  

e. Future contracts  

f. Other (Specify) _______________ 

3.  Risk Perception 

Q 3.1: In how many years out of the following 10 years, do you expect that there will be 

flood/hail/storm/drought/heavy rains that can affect your income from farming? (Incidence) 

Q 3.2: How would you grade the severity of the flood/pest and disease/storm/heavy rains/drought 

that could affect your income from farming on a scale from 1-5? (1 = very low, 5 = very high) 

(Severity) 

                    Flood 

 Very low low medium high very high  

Incidence 0-2 3-4 5-6 7-8 9-10  

Severity 1 2 3 4 5 

       

                                                               Pest and disease 

 Very low low medium high very high  

Incidence 0-2 3-4 5-6 7-8 9-10  

Severity 1 2 3 4 5 

       

                                                                 Storm 

 Very low low medium high very high  

Incidence 0-2 3-4 5-6 7-8 9-10  

Severity 1 2 3 4 5 

 

                                                                  Drought  

 Very low low medium high very high  

Incidence 0-2 3-4 5-6 7-8 9-10  

Severity 1 2 3 4 5 

       

                                                            Heavy rain 

 Very low low medium high very high  

Incidence 0-2 3-4 5-6 7-8 9-10  

Severity 1 2 3 4 5 

       

                                                              Hail 

 Very low low medium high very high  

Incidence 0-2 3-4 5-6 7-8 9-10  

Severity 1 2 3 4 5 

  

                                                             Other  

 Very low low medium high very high  

Incidence 0-2 3-4 5-6 7-8 9-10  

Severity 1 2 3 4 5  
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4. Risk Attitude:  

Q 4.1: Choose any one gamble between option A and option B in each table which you would prefer 

to play and continue to choose between these two options till the end of the gambles.  

Option A         Option B A                 B  

1/10 of Pkr 200, 9/10 of Pkr 150  1/10 of Pkr 400, 9/10 of Pkr 50  □                            □           

2/10 of Pkr 200, 8/10 of Pkr 150  2/10 of Pkr 400, 8/10 of Pkr 50 □                                 □                            

3/10 of Pkr 200, 7/10 of Pkr 150  3/10 of Pkr 400, 7/10 of Pkr 50 □                                  □                                   

4/10 of Pkr 200, 6/10 of Pkr 150  4/10 of Pkr 400, 6/10 of Pkr 50 □                                  □                                  

5/10 of Pkr 200, 5/10 of Pkr 150  5/10 of Pkr 400, 5/10 of Pkr 50 □                         □                         

6/10 of Pkr 200, 4/10 of Pkr 150  6/10 of Pkr 400, 4/10 of Pkr 50 □                                   □                                    

7/10 of Pkr 200, 3/10 of Pkr 150  7/10 of Pkr 400, 3/10 of Pkr 50 □                               □                                    

8/10 of Pkr 200, 2/10 of Pkr 150  8/10 of Pkr 400, 2/10 of Pkr 50 □                                □                                  

9/10 of Pkr 200, 1/10 of Pkr 150  9/10 of Pkr 400, 1/10 of Pkr 50 □                                □                               

10/10 of Pkr 200, 0/10 of Pkr 150 10/10 of Pkr 400, 0/10 of Pkr 50 □                    □                     

 

5(a). Values for "Composite Index"  

a. What is the total number of extension worker visits per month to your farm? __________ 

b. How many times do you watch TV per month for information related to your farm/agriculture? 

___________ 

c. How many times do you listen to radio per month for information related to your 

farm/agriculture? ____________ 

d. How many times do you use other social media/internet per month for information related to 

your farm/agriculture? ____________ 

e. How many times do you read the newspaper per month for information related to your 

farm/agriculture? _____________ 

f. What is your total number of contact with farm organizations per month for information 

related to your farm/agriculture? ______________ 

g. How many times do you contact your relatives/friends per month for information related to 

your farm/agriculture? _______________ 

h. How many times do you contact your fellow farmers per month for information related to 

your farm/agriculture? _______________  

 5(b). Which of the following is your accessible source(s) of credit when you need it?  

a. Banks 

b. Local lenders 

c. Friends / family  

d. Fellow farmers 

e.  I do not need credit  

f. Other _____________ 
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5(c). Total credit received from different sources.  

                               Agricultural Credit 

Amount of credit Duration of credit Purpose of credit 

Credit source    

Banks:    

Local lenders:    

Friend/relatives:    

Fellow farmers:    

Other:     

Note: This amount of credit is used for farm operations and not for risk management.  

 

 6. Monthly income of household: 

6.1. What is your total farm income per year (main /diversify)? 

6.2. What is your total off-farm income per month? 

 6.3. Sources of off-farm income of the household:     

a) 

        b) 

       c) 

        d) 
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Gamble A Gamble B 

Option 1 Option 2 Option 1 Option 2 
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4 Chapter-4 

Factors Affecting the Adoption of Risk Management Strategies 

 

4.1 Introduction 

In this chapter, the focus of my study will be to provide an answer to one of my research questions, 

i.e., examining factors affecting farmers’ choice to adopt risk management strategies—in isolation. As 

I am trying to capture farmers’ behaviour from different perspectives, in this chapter, I aim to analyze 

the impact of different variables on the marginal probability of farmers’ choice to adopt a risk 

management strategy with respect to the adoption of any other strategy. It indicates how the farmer 

responds to a single risk management strategy irrespective of adopting any other alternatives.  

The factors that affect farmers’ choice to adopt risk management strategies—as explained in the 

literature review chapter include socioeconomic characteristics, psychological factors, and exogenous 

factors of the farmer. For this purpose, binary models are used in this chapter to analyze the impact of 

different factors, such as farm and farm household characteristics, risk perception, risk attitude, and 

farmers’ access to information and credit sources, on farmers’ decision of adopting single risk 

management strategy which will cover one section of the objectives of my research.  

The importance and justification of the explanatory variables in relation to their impact on the 

dependent variables are also provided in this chapter. For the dependent variables, farmers were asked 

to identify the strategies that they adopt to cope with weather-related risks. The results from the study 

area showed that the majority of the farmers adopted diversification, accumulated assets, and credit 

reserve individually or in different combinations to cope with risk. However, a negligible number of 

farmers adopted crop insurance and futures contracts, and these two strategies were excluded from the 

analysis. For the impact of all the explanatory variables on the adoption of any particular risk 

management strategy, i.e. diversification, accumulated assets, or credit reserve individually, I 

hypothesized a causal relationship between explanatory variables and the farmers’ choice under risky 

prospects, based on literature and related theories.  

The linear probability and probit/logit models in this chapter are in two forms. In the first case, I will 

examine the factors that affect the farmers’ choice to adopt any of the available risk management 

strategies, i.e. at least one strategy. Therefore, one model will be constructed and will be used for 

analysis. In the other case, the factors affecting each risk management strategy will be examined 

separately. In that case, I will have three different models, one for each risk management strategy: 
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diversification, accumulated assets, and reserved credit. This chapter also aims to check the 

consistency of my data from the preliminary results by the binary models in both cases. Besides, this 

chapter will also describe the performance and choice between the LPM and the logit/probit model.  

4.2 Methodology  

This study is based on the theoretical framework of the random utility theory15, which is based on 

utility maximization. Based on the random utility theory, the binary choice models or dichotomous 

dummy dependent variable models, i.e. probit and logit models, have been set and will be used for 

describing the farmers’ choice to adopt a risk management strategy or not. Consistent with maximum 

utility theory, the utility of farmer ‘𝑖′ choosing a risk management strategy is greater than not-adopting, 

i.e. 𝑈∗
𝑖1 > 𝑈∗

𝑖0. As discussed in the literature chapter, in general, the utility function is comprised of 

a deterministic component and an error component, i.e. 𝑈∗
𝑖 =  𝑉𝑖  +  휀𝑖. Where, 𝑉𝑖 is defined as 𝑉𝑖 

(𝒛𝒋,𝒔𝑖); it means that the deterministic component depends on the attributes of the decision choice, 

𝒛𝒋 𝑎nd characteristics of the farmer, 𝒔𝒊. The two vectors, 𝒛𝒋 and 𝒔𝒊, are combined to describe 𝑉𝑖, defined 

by a new vector 𝒙𝒊 = 𝑔 (𝒛𝒋,𝒔𝒊), where 𝑔 is some vector-valued function. The functional form for 𝑉𝑖 is 

assumed to be linear in the parameters: 

       𝑉𝑖 = 𝒙𝒊β 

The utility that the farmer obtained from adopting the strategy can be expressed as: 

𝑈∗
𝑖1 > 𝑈∗

𝑖0 =  𝑉𝑖1  +  휀𝑖1 > 𝑉𝑖0  +  휀𝑖0 

Or  𝑈∗
𝑖1  −  𝑈∗

𝑖0 = 𝑦∗
𝑖
= (𝒙𝒊𝜷𝟏 + 휀𝑖1) −(𝒙𝒊𝜷𝟎 + 휀𝑖0) 

Or  𝑦∗
𝑖
= 𝒙𝒊(𝜷𝟏 − 𝜷𝟎) + (휀𝑖1 - 휀𝑖0) 

In the above equation, only (𝜷𝟏 − 𝜷𝟎) would be identified. The equation can, therefore, be written as: 

𝑦𝑖* = 𝒙𝒊𝜷 + 휀𝑖, where, 𝜷 = (𝜷𝟏 − 𝜷𝟎) and  휀𝑖 = (휀𝑖1 - 휀𝑖0). The 𝑦𝑖* represents the difference in utilities 

and is unobservable or latent, and what is observed is the 𝑦𝑖 such that:  

  𝑦 𝑖= {
1         (𝑎 𝑓𝑎𝑟𝑚𝑒𝑟 𝑎𝑑𝑜𝑝𝑡𝑠 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦)          𝑖𝑓    𝑈∗

𝑖1  ≥  𝑈∗
𝑖0    

0      (𝑎 𝑓𝑎𝑟𝑚𝑒𝑟 𝑑𝑜𝑒𝑠𝑛′𝑡 𝑎𝑑𝑜𝑝𝑡 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦)  𝑖𝑓 𝑈∗
𝑖1 <  𝑈∗

𝑖0     
 

Then the latent model is equal to the binary choice model, i.e. 𝑦𝑖 = 𝒙𝒊𝜷 + 휀𝑖. Where 𝑦𝑖 is the predicted 

probability of having (𝑦𝑖 = 1). That is, the expected value of the binary variable 𝑦𝑖 = E(𝑦𝑖| 𝒙𝒊) = 𝑃𝑟𝑜𝑏 

(𝑦𝑖 = 1| 𝒙𝒊). The above binary choice model can be written as 𝑃𝑟𝑜𝑏 (𝑦𝑖 = 1| 𝒙𝒊) = 𝒙𝒊𝜷 + 휀𝑖.  

The farmer adopts the strategy, i.e. (𝑦 𝑖=1), if 𝑈∗
𝑖1 − 𝑈∗

𝑖0 ≥ 0 or 𝑦∗
𝑖
≥ 0. The probability of adopting 

a risk management strategy by a farmer is given as: 

                                                 
15 Described in more detail in section 6 of the literature review chapter  
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𝑃𝑟𝑜𝑏 (𝑦 𝑖 = 1) =  𝑃𝑟𝑜𝑏 (𝑦∗
𝑖
≥ 0) 

      𝑃𝑟𝑜𝑏 (𝑦 𝑖 = 1) = 𝑃𝑟𝑜𝑏 [𝒙𝒊(𝜷𝟏 − 𝜷𝟎) + (휀𝑖1 - 휀𝑖0)] ≥ 0 

      𝑃𝑟𝑜𝑏 (𝑦 𝑖 = 1) = 𝑃𝑟𝑜𝑏 (𝒙𝒊𝜷 + 휀𝑖) ≥ 0 

        =  𝑃𝑟𝑜𝑏 (휀𝑖 ≤ 𝒙𝒊𝜷  ) 

  = 𝐹 (𝒙𝒊𝜷 ) 

where, 𝐹 (𝒙𝒊𝜷 ) is an increasing function from -∞ to +∞ with range on the unit interval. 𝐹(. ) is the 

cumulative density function (CDF) specified for the error term. This model can be estimated by probit 

or logit depending on the assumption of the error term. 

In logit models, 𝐹 (𝒙𝒊𝜷 ) is the CDF of the standard logistic distribution, whereas, in probit models 

𝐹 (𝒙𝒊𝜷 ) is the CDF of the standard normal distribution. In probit and logit models, 𝜷 can be estimated 

by using maximum likelihood.  

The logistic cumulative distribution function is given as:  

      𝐹 (𝒙𝒊𝜷  ) =  Λ (𝒙𝒊𝜷) = 
1

 1+𝑒−𝒙𝒊𝜷
     

Similarly, the cumulative standard normal distribution function can be written as:  

𝐹 (𝒙𝒊𝜷 ) =  Φ(𝒙𝒊𝜷) =
1

√2𝜋
 ∫ 𝑒

−(𝒙𝒊𝜷)2

2

𝒙𝒊𝜷

−∞

 𝑑𝒙𝒊𝜷 

A linear probability model (LPM), fitted by ordinary least squares (OLS), is estimated in which case,  

𝑃𝑟𝑜𝑏 (𝑦 𝑖 = 1) = 𝐹 (𝒙𝒊𝜷  ) =  𝒙𝒊𝜷.  

Using probit/logit and LPM models in this chapter, I will analyze the impact of all the independent 

variables described in Table 4.1 on the farmer’s decision to adopt a risk management strategy. In this 

case, I take any single or multiple strategies adopted by a farmer in one category and not adopt any 

strategy in another category as a dummy dependent variable. I denote it with a value of 1 if at least one 

strategy is adopted by the farmer and 0 if no strategy is adopted at all. The empirical model, in this 

case, will be in the form: 

𝑦𝑖
∗=  𝑥𝑖𝛽 + 휀𝑖 

Where, 𝑦𝑖
∗ is the latent variable for which we observe ‘𝑦𝑖’ which takes the value of 1 if the farmer 

adopts any single or multiple risk management strategies and 0 if he does not choose any of the 

strategies. I give the name to this model as “Model-I”.  

Unlike Model-I, another way to find out the impact of all these independent variables on farmers’ 

choice to adopt a risk management strategy is to split the model into three independent binary choice 

models and estimate the three models separately. In my study area majority of the farmers adopted 

diversification, accumulated assets, and reserved credit as risk management strategies; therefore, I will 

https://en.wikipedia.org/wiki/Cumulative_distribution_function
https://en.wikipedia.org/wiki/Cumulative_distribution_function
https://en.wikipedia.org/wiki/Normal_distribution
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have three binary dependent variables, for which I will construct three separate binary choice models 

i.e.  

    𝑦1𝑖
∗ =  𝑥𝑖𝛽1  + 휀1𝑖 such that 𝑦1𝑖= 1 if 𝑦1𝑖

∗  > 0; 0 otherwise 

    𝑦2𝑖
∗  =  𝑥𝑖𝛽2 + 휀2𝑖 such that 𝑦2𝑖 =1 if 𝑦2𝑖

∗  > 0; 0 otherwise 

    𝑦3𝑖
∗  =  𝑥𝑖𝛽3 + 휀3𝑖 such that 𝑦3𝑖= 1 if 𝑦3𝑖

∗  > 0; 0 otherwise 

In each equation 𝑥𝑖 is a 1 × 𝐾  vector of independent variables, 𝛽 is a 𝐾 × 1 column vector of unknown 

parameters to be estimated. I give the name to this whole structure of equations as “Model-II”.  

We can also estimate the marginal effects in the probit/logit models for a continuous variable as:  

𝜕 𝑃𝑟𝑜𝑏 (𝑦=1)

𝜕 𝑥𝑖
 = 𝑓 (𝒙𝒊𝜷) 𝛽 

For the probit model, 𝑓(𝒙𝒊𝜷) = 𝜑 (𝒙𝒊𝜷) = 
1

√2𝜋
 𝑒− 

(𝒙𝒊𝜷)2

2 , and for logit model, 𝑓(𝒙𝒊𝜷) = 𝜆 (𝒙𝒊𝜷) = Λ 

(𝒙𝒊𝜷)(1− Λ (𝒙𝒊𝜷)). The marginal effects depend on the value of ‘x’, which are taken at their mean 

value when calculating the marginal effects of a particular covariate. For LPM, the marginal effects 

are only 𝜷𝒋.   

For a binary independent variable ‘𝑥′, i.e. 𝑥 ∈ {0, 1}, the marginal effects are calculated by setting 

other covariates at their mean values and then finding the difference in 𝑃𝑟𝑜𝑏 (𝑦 𝑖 = 1) when ′𝑥′ 

increases from 0 to1. This difference is the marginal effect for the discrete variable. Probit and logit 

models are similar, and results produced by both the models are nearly identical (Greene, 2010); 

therefore, I can pick any one model arbitrary in comparison with the linear probability model.  

4.3 Application of Probit/Logit and Linear probability Models  

Researchers have conducted several studies using probit/logit and linear probability models (LPM) in 

different contexts to find the impact of different factors that affect their probability of choosing an 

alternative. Until the availability of readily accessible computer packages to estimate the logit and 

probit models, the LPM was used quite extensively because of its simplicity (Gujarati & Porter, 2009). 

Some of the applications of the LPM are used in the studies of Cappelleri (1969), Cohen et al. (1970), 

and Luca et al. (2015), and more recently in studies by Gana and Vasudevan (2019) and Chatla and 

Shmueli (2016). The non-linear binary choice models such as logit/probit are widely used for the same 

purpose. Probit/logit models are widely used in a number of different studies (see, for e.g., Alabi et al., 

2014; Bagi, 1983; Banerjee & Martin, 2009; Carrer et al., 2013; Jordan and Grové, 2007; Makus et al., 

1990; Mussema et al., 2013; Sebopetji et al., 2009). The linear probability model is also estimated 

when the regression model has a dichotomous dependent variable; however, the LPM poses several 

problems: non-normality distribution of error terms, heteroscedasticity, and unbounded probability 

predictions (Gujarati & Porter, 2009; Maddala, 1983).  
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Despite the flaws discussed by Maddala (1983) and Gujarati and Porter (2009), the linear probability 

model is one of the most applied statistical models in social sciences due to its easy interpretation and 

computation speed. The introduction of the logistic regression model in the late 1960s/early 1970s 

addresses the criticisms discussed by Maddala (1983) and Gujarati and Porter (2009). Moreover, with 

the improvement of computer technology, the linear probability model lost favour; however, LPM can 

be used as the first step in the binary dependent variable analysis (Vele, 2019). 

The issues related to the LPM can be corrected by applying suitable measures, such as weighted least 

squares, to deal with heteroscedasticity, and an increase sample size can deal with the issue of the 

normality assumption.  The use of a logistic regression model becomes necessary if it fits the data 

better than the LPM. Nevertheless, in many cases, the LPM fits just as well as the logistic regression 

model – they are almost alike, except that the estimates from the logit model are difficult to interpret 

(Hellevik, 2009). For the logistic regression model, the relationship between the log odds and the 

probability must itself be non-linear. How much the relationship is non-linear depends on the 

probability. If the probability is between 0.20 and 0.80, then the log odds are almost a linear function 

of the probability; however, the linear approximation completely breaks down for a wider range of 

probabilities, i.e., between 0.01 and 0.99 (Long, 1997). Thus, when the probabilities we are modelling 

are extreme, the linear model provides predicted probabilities outside the range of 0 and 1 – in which 

case, we need to use a logistic regression model. However, if the probabilities are moderate, i.e., 

between 0.20 and 0.80, then the linear probability model and the logistic model fit equally well. In that 

case, the linear model should be chosen because of its ease of interpretation.   

Since the studies conducted previously have either chosen LPM or logistic regression/probit 

regression, no comparison has been made between these models, especially in the context of farmers 

choosing alternatives in risky situations. Thus, the objective of this chapter is to analyse the factors 

affecting farmers’ choice to adopt risk management strategies marginally, keeping in view the 

suitability of the model when comparing between the LPM and logit/probit model.  

4.4 Explanatory Variables and their Expected Signs 

It is important to note that farmers are always concerned about their ultimate consumption, which 

depends on their decisions at the farm level during risky situations. There is always a risk in the 

production and prices, which makes the farm income risky. However, such income uncertainty may 

not necessarily translate into consumption risk because savings (accumulated assets), borrowing (credit 

reserve) and income from other activities (diversification) may be used to smoothen consumption over 

time (Moschini and Hennessy, 2001). In my study, the choice of the farmer to adopt a risk management 
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strategy are diversification, credit reserved, and accumulated assets which are affected by farmer and 

farm characteristics, psychological factors and exogenous factors.  

4.5 Factors Affecting the Adoption of Diversification and their Expected Signs 

Factors found in the literature that show a significant impact on farmers’ choice to adopt certain risk 

management strategies are described below. The expected impact of such variables on the farmers’ 

choice to adopt alternative risk management strategies in the study area and their justifications are 

provided in this section.  

4.5.1 Age of the Farmer:  

Previous studies have found mixed results in the context of age that affect the adoption of a risk 

management strategy (Mishra & El‐Osta, 2002). Mussema et al. (2013), Deressa et al. (2010), Ajewole 

(2013), and Ellis (2017) found a positive relationship between age and adoption of diversification as a 

risk management tool. In contrast, Ashfaq et al. (2008) and Tesfaye et al. (2011) found that age has a 

negative impact on the adoption of diversification. However, I hypothesized that age has a negative 

impact on the adoption of diversification as a risk management tool. Old farmers are less likely to 

adopt diversification as compared to younger ones because older farmers become physically less 

efficient in their farming activities, and therefore, they cannot easily utilize other farm practices 

efficiently and properly relative to their younger counterparts. Furthermore, older farmers are getting 

close to their retirement and would try to avoid credit and, thus, financial risks for diversifying their 

income; the farmer would prefer to stick to the main crop production only.  

4.5.2 Education: 

Education plays an important role in farm production efficiency because more educated farmers grow 

in a better way than uneducated farmers (Kouamé, 2010). Harrison et al. (2007) found that the higher 

the level of education of the farmer, the more risk-averse he is, and thus more likely to adopt a risk 

management strategy. I expect more educated people are more likely to adopt farm diversification 

because educated people comprehensively assess the merits of farm diversification in risky situations. 

A similar study conducted by Ullah et al. (2015) and Iqbal et al. (2016) found the education level of 

the farmer has a positive and significant impact on the adoption of diversification.  

4.5.3 Income: 

Farmer’s income is expected to have a positive relationship with the adoption of diversification. As 

the farm income of the farmer increases, he is more likely to adopt diversification in order to offset 

any negative shock of the risk from their farming enterprise because the farmer would prefer to invest 

a portion of his high earnings in diversifying his income in order to secure himself in case of natural 

calamity hits his farm severely. It also implies that higher income drives higher investment, as 
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examined by Yang (2013). Mussema et al. (2013) and Deressa et al. (2010) found a positive impact of 

the farmers’ off-farm income on their choice to adopt diversification. In contrast, Ashfaq et al. (2008) 

found that the off-farm income of farmers has a negative impact on farmers’ choice to adopt 

diversification.  

4.5.4 Farming Experience:  

The farming experience of the farmer is expected to have a positive impact on the adoption of 

diversification. As the experience of the farmer increases, he becomes more aware of his farming 

activities and thus, can easily practice farm diversification by growing other crops simultaneously. In 

contrast, less experienced farmers will find it difficult to grow other crops or produce livestock along 

with the main growing crops because they may be unable to manage it properly due to a lack of proper 

knowledge of farming and will end up in losses. It is contrary to the findings of Goodwin & Schroeder 

(1994), Iqbal et al. (2016), Ellis (2017) and Mesfin et al. (2011); they found a negative impact on 

farming experience on the adoption of diversification. However, Ashfaq et al. (2008) found a positive 

impact of farming experience on the adoption of diversification.  

4.5.5 Farm Size: 

Farmers having large farm sizes are expected to have a lesser need to adopt diversification. Large farm 

size is related to more wealth, a larger asset base, and more capacity to bear the risk. It is in accordance 

with the findings of Mussema et al. (2013), Kouamé (2010), Ashfaq et al. (2008), Deressa et al. (2010), 

Ashfaq et al. (2008) and Velandia (2009) who found a positive impact of farm size on the adoption of 

diversification. In contrast, Mesfin (2011) and Ellis (2017) found a negative impact of farm size on the 

adoption of diversification.  

4.5.6 The Distance of Land from the River: 

It is expected that the farm's distance from the river would induce farmers not to adopt farm 

diversification if there had been frequent floods in the past. However, those areas which are rarely hit 

by a flood in the past would induce farmers to adopt farm diversification because of the accessibility 

of the water that would irrigate the crops more instantly. With off-farm diversification, farmers are 

expected to adopt diversification because off-farm diversified enterprises such as a retail shop in a 

distant area or a job could be safe from the flood’s impact and is an extra source of income if any other 

natural calamity hits the farm.  

4.5.7 Risk Perception and Risk Attitude:  

The psychological factors, i.e. risk perception and risk attitude of the farmer, are expected to have a 

positive impact on the adoption of diversification. The majority of farmers are risk-averse 

(Binswanger, 1980; Anderson et al., 1977), which induce them to adopt diversification. The farmers 

also overweight the low probability of occurrence of risk (Plous, 1993) and thus highly perceive risk 
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related to their farming activity. Therefore, they consider weather-related risks as an imminent threat 

to their livelihood, which can negatively affect their income and thus induce them to diversify their 

income sources. Kouamé (2010) found a positive impact of the risk-averse attitude of a farmer on the 

adoption of diversification as a risk management tool. A similar study conducted by Ashfaq et al. 

(2008) and Ullah et al. (2015) found that the farmer's risk-averse attitude and risk perception has a 

positive and significant impact on farmers’ choice to adopt diversification as a risk management tool. 

Any natural calamities, i.e. flood, storm, drought, hail, or storms, may be a single year event, but their 

consequences are enduring. It is the reason that the impression of a natural disaster on farmers’ minds 

is long-lasting, and therefore, they feel insecure with the closer distance of river to their farmland if 

they have been hit by a flood in the past from that river.  

In my study area, the majority of the farmers perceive flood as a major source of risk, therefore, the 

closer the farmer agricultural land to the river, the more they perceive flood as an imminent threat to 

his farming activity, and thus he will adopt diversification as a risk management tool to cover himself 

from the adverse effect of flood. The farmer may perceive that flood can distort his income anytime 

due to the closeness of the river to their farm, and therefore, in order to smoothen consumption, it is 

necessary to diversify their income, e.g. rearing livestock, open retail shop, and labour work etc.  

4.5.8 Access to Credit and Information: 

Access to credit and information is expected to have a positive impact on the adoption of 

diversification. Because of the non-satiation behaviour of the farmer, he would prefer to protect his 

income from declining as a result of natural calamity. For this purpose, he would demand credit to 

enhance his farming operation through diversification to protect his earnings from contraction due to 

a natural disaster. Adoption of farm diversification is more feasible for the farmers because they 

already have experience in farming and, thus, can utilize the same land under different crops efficiently.  

Likewise, access to information provides a better understanding of farmers regarding the operation on 

the farm. With better knowledge and information, the farmer can better utilize the same proportion of 

land for maximum yield. For better utilization of the same portion of land, farm diversification is used. 

Therefore, with more knowledge and information, the farmer is expected to adopt diversification. In 

addition, the farmer with better knowledge and understanding is more likely to adopt off-farm 

diversification as well. The farmer with better knowledge and understanding can use it outside the farm 

activity in a proper way and utilize this information in such a way where he can get maximum benefit 

and, thus, more income. This non-farm operation, also called off-farm diversification, can provide 

extra earnings to the farmer along with farming income which can assist the farmer livelihood in a hard 

time.  
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4.6 Factors Affecting the Adoption of Accumulated Assets and their Expected Signs 

Accumulated assets or precautionary savings can stabilize the income of farmers and encourage them 

to manage risk by making deposits in high-income years and withdrawals in low-income years. 

Therefore, accumulated assets is considered a risk management tool (Mishra and Chang, 2009). In my 

study area, farmers were found to adopt this strategy to cope with risk. Researchers have found 

different factors that affect farmers’ choice to adopt accumulated assets as a risk coping strategy. 

Therefore, I have incorporated this strategy in my research to analyze important factors that affect 

farmers’ choice to adopt this strategy and to examine my results with other similar research work.  

4.6.1 Age of the Farmer:  

The age, I expect, has a positive impact on the farmers’ choice to adopt accumulated assets as a risk 

management strategy. As the age of the farmer increases, he becomes more efficient to operate farm 

activities and thus, the productivity of his farm increases (Tauer and Lordkipanidze, 2000), which 

ultimately generate more income for the farmer. The experienced farmer better understands the 

peculiarities associated with the farming business and can efficiently utilise his extra generated income 

to cover up himself from the adverse shocks of nature that can affect their farming business. Therefore, 

in order to secure from adverse shocks, the farmer will perform wisely to utilise his extra savings into 

liquid and semi-liquid assets that can readily be used as a buffer to cope with risk. Jensen and Pope 

(2004), Murata (2003), and Ullah et al. (2015) found a negative impact of age with accumulated assets. 

It may be because old farmers have more experience in conducting farm operation and, therefore, 

knows well how to utilise surplus income from farm to enhance the size and capacity of their farming 

enterprise instead of saving them. In contrast, Mishra and El‐Osta (2002), Dedah and Mishra (2009), 

Mishra et al. (2012) found a positive impact of age with accumulated assets.  

4.6.2 Education Level:  

It is hypothesized that farmers with a high level of education are more likely to adopt accumulated 

assets as a risk management tool. It is because educated farmers can efficiently utilise their extra 

income, i.e. convert into liquid asset/semi-liquid, which can be used immediately for mitigating the 

impact of risk. Kouamé (2010) and Ullah et al. (2015) found a negative impact of the education level 

of a farmer on the adoption of accumulated assets, whereas Mishra & Chang (2009), Deressa et al. 

(2010), and Bunyasiri (2017) found, on the contrary, positive impact of educational level on the 

adoption of accumulated assets. 

4.6.3 Farming Experience:  

Similarly, farmer with less experience lacks farming skills and thus, the fear of risk induce them to 

adopt precautionary saving as a risk management tool. They can easily use liquid assets immediately 

if their farm is affected by natural calamity. Therefore, we may observe a negative impact of farming 
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experience on the adoption of accumulated assets. Kouamé (2010) found a negative relationship 

between farmers’ experience and the adoption of precautionary savings as a risk management tool. In 

contrast, Ullah et al. (2015) found a positive impact of farming experience on the adoption of 

precautionary savings. With an increase in the size of the farm, more income is generated from a larger 

farm thus, enabling the farmer to save more extra money for rainy days. Therefore, larger farm size is 

hypothesized to have a positive impact on the adoption of accumulated assets as a risk management 

tool.  

4.6.4 Income:  

Similarly, more income to the farmer encourage him to make savings or to accumulate assets in order 

to cope with weather-related risks; therefore, it is expected that income has a positive impact on the 

adoption of accumulated assets as a risk management tool. Bunyasiri (2017) and Ullah et al. (2015) 

found a positive and significant impact of farm size on the adoption of precautionary savings as a risk 

management strategy. Whereas, Deressa et al. (2010) found a positive but insignificant impact on farm 

size and total income of the Ethiopian farmers by selling their livestock in risky situations. However, 

Mishra and Chang (2009), Deressa et al. (2010), and Ullah et al. (2015) found a positive and significant 

impact of farmers’ off-farm income with the adoption of accumulated assets as a risk management 

tool.  

4.6.5 The Distance of Land from the River:  

It is hypothesized that for farmers who have agricultural land close to the river, the probability of 

adopting accumulated assets will be higher. It may be due to the fact that flood may also affect farm 

diversification as well, and therefore, to cope with risk, the farmer may opt for accumulated assets, 

which is a good source of liquidity. Accumulated assets may hardly be affected by the flood, and 

therefore, he would consider it as the best option to mitigate the risk of flood.   

4.6.6 Risk Perception and Risk Attitude:  

Risk perception and risk attitude are important factors that affect the farmer’s choice to adopt a risk 

management strategy. Risk perception and risk attitude are hypothesized to have a positive impact on 

the adoption of accumulated assets as a risk management tool. The decision of farmers under risky 

prospects can be best judged by understanding their risk perception and risk attitude (Ortmann et al., 

1992). Farmers who highly perceived risk would be more likely to adopt precautionary savings as a 

risk management strategy in order to prepare themselves for any adverse shock of weather-related risk. 

This highly perceived risk compel the farmer to secure himself from risk in advance, which they 

believe can affect their livelihood. Since the majority of the farmers in Pakistan are engaged in 

subsistence farming, therefore, for smoothening their consumptions, they will invest in liquid assets 

that can be used as a buffer stock to protect their farming enterprise in hard times.  
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Similarly, farmers with a risk-averse attitude are more likely to adopt accumulated assets as a 

management tool for any catastrophic risk. A risk-averse farmer prefers a certain outcome to a risky 

outcome with the same expected value. However, agriculture is a risky business, and risks are involved 

one way or another; therefore, risk-averse farmers would prefer to secure themselves by adopting 

precautionary savings—an instant measure, instead of taking a risk by not adopting this strategy. By 

adopting the strategy, the farmer makes a sure choice by keeping liquid assets that can be used during 

a risky prospect. Ullah et al. (2015) found a positive impact of risk perception and risk attitude on the 

farmers’ choice to adopt precautionary savings as a risk management tool. 

4.6.7 Access to Credit and Information:  

A farmer always requires better information which enables him to manipulate the factors of production 

in a productive and meaningful way (Camble, 1992) and for taking effective decisions to cope with 

complex risks (Kahan, 2008). The farmer who has more access to information regarding his 

agricultural business may probably adopt accumulated assets as a risk management tool because, as 

discussed earlier, information enables the farmer to understand the risk and its consequences, and 

therefore, takes precautionary steps to cope with risk. Having better information regarding the farming 

business will prepare, and aware the farmer keep liquid assets to cope with risks in future. Hence, the 

more information with the farmer, the better he plans for the future to deal with risks. Deressa et al. 

(2010) found a positive relation of access to information through extension workers and visits with the 

adoption of accumulated assets, i.e. selling off livestock to cope with risk.  

Access to credit also plays an important role in farmers’ decisions of managing farm risk. It also 

increases the profit and productivity of farm households (Diagne and Zeller, 2001). It is hypothesized 

that access to credit has a negative impact on the adoption of accumulated assets as a risk management 

tool because taking credit and remaining in debt is also a form of risk as opposed to saving money to 

cope with risk. A farmer who has accumulated assets already has liquid assets, and it doesn’t make 

sense that he will also take credit for the same purpose. By doing this, he will increase his increase in 

chances of risk.  

4.7 Factors Affecting the Adoption of Credit Reserve and their Expected Signs 

Before the emergence of Islamic banking in Pakistan, the major formal source of credit was 

conventional Banks. Conventional banks generate income in the shape of fixed interest. The interest 

rate in Islam is known as Riba or debt usury, which means an unjustified increase or increment on-

lend or borrowed money, paid in cash or in-kind above the amount of loan. Riba is against Islamic law 

and is prohibited by religion (Ahmad et al., 2011). It is the main reason that majority of the people are 
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reluctant to take credit that deals with interest rates. Instead, they prefer to take credit in time of need 

from relatives or another informal source without interest rate or Riba.  

Islamic banking is different from conventional banking based on risk-sharing and Riba. Islamic 

banking creates their income in the shape of profit, whereas the conventional, on the other hand, 

generate their income in the shape of the fixed interest rate. Also, the Islamic banking system is known 

as the “trade-oriented business”, whereas conventional banks act as a pure financial intermediary. The 

system of Islamic banking came into existence based on the philosophy of Islamic law, which promotes 

all financial transactions to be interest-free (Najaf and Najaf, 2016). Islamic banking emerged at the 

beginning of the 20th century, whereas, in Pakistan, it was officially started in 2000 by the State Bank 

of Pakistan (SBP) and is getting popularity and success. According to a report published by Arif (2018), 

in one year, i.e. from September 2016-September 2017, the total assets of Islamic banking were 

increased from Rs. 1.78 trillion to Rs. 2.08 trillion (16.5%), and total deposits increased from Rs. 1.47 

trillion to Rs. 1.72 trillion (17.1%). In Pakistan, about 76% of people prefer Islamic finance, whereas 

the remaining 13 to 14 % prefer conventional banks (Hanif, 2018). 

Agricultural credit plays an important role in increasing farm productivity farmers’ income and brings 

improvements in their livelihood (Hussain and Thapa, 2012). Farmers in some parts of the world use 

credit reserve—the ability of the farmers to borrow money in future, as a risk management strategy. 

There are certain factors, i.e. age, education, farming experience, farm size, access to information and 

credit, family income, risk attitude, risk perception, etc., that significantly affect the choice of a farmer 

to use credit as a risk management tool.  

Credit plays a vital role in mitigating risk, as Jodha (1978) described the role of agricultural credit in 

mitigating the risk in ex-ante and ex-post events. He found that in 3 out of 4 areas, the use of credit 

increased after drought hit those areas. Some researchers found a different impact of socioeconomic 

characteristics on farmers’ choice to adopt credit as a risk management tool. For instance, Deressa et 

al. (2010) found a positive and significant impact of the farmer to farmer information and extension 

services on credit reserve as a risk management strategy. Similarly, Saqib et al. (2016) found age, 

education, farming experience, family size, off-farm income, risk perception, risk attitude, access to 

credit and information have a positive and significant impact on the farmer’s choice to adopt credit 

reserve as a risk management tool, whereas, landholding size was found to have a negative and 

significant impact on the adoption of credit. 

4.7.1 Age and Experience of the Farmer: 

As the age and experience of the farmer increase, the likelihood to adopt credit reserve as a risk-

mitigating tool increases as well. Older farmers are physically less efficient than younger ones and, 

therefore, would prefer to adopt a strategy in order to mitigate the risk that requires less hard work. 
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Therefore, credit reserve becomes the best option for instant use without putting themselves into other 

hard work like diversification, hedging etc. The experienced farmer knows better how to utilize 

available resources effectively and thus, can increase their farm productivity. Increasing farm 

productivity will reduce the farm leverage and thus, would make the farmer obtain credit in future in 

case of emergency.  

4.7.2 Education Level of the Farmer: 

It is expected that farmers’ level of education has a positive impact on the adoption of credit reserve 

as a risk management strategy. The more educated the farmer is, the more he would understand the 

technicalities associated with the adoption of that strategy and the financial risk involved with it. 

Therefore, he would be confident in adopting the strategy relative to his uneducated counterpart.  

4.7.3 The Distance of Land from the River: 

The farmer with agricultural land close to the river is more likely to adopt credit as a risk management 

strategy. Because they would know that adopting other strategies such as diversification or 

accumulated assets may also be affected by flood and therefore, the best way to keep themselves safe 

is to take credit which cannot be directly affected by the flood. Large farm sizes are expected to have 

a positive impact on the adoption of credit reserve as a risk management tool because large farms need 

more capital to restore their potential when a negative shock hits the farm; therefore, it is necessary to 

use credit as an ex-post risk management strategy to cope with it.  

4.7.4 Risk Attitude and Risk Perception: 

Risk perception of farmers regarding risk source also induces the farmer to use credit to overcome the 

negative shocks of the inimical weather conditions. Taking credit itself involves financial risk and is 

also considered an instant remedial measure for managing risk. Based on prospect theory, farmers 

overweight low probability risks and thus perceive risk with greater intensity. They also become more 

risk-seeker when facing loss. During catastrophic events, they perceive risk relatively more and 

consider themselves in a loss situation; therefore, they are willing to take the financial risk on the one 

hand and seek to manage risk instantly on the other hand.  

Similarly, risk-averse farmers will tend to adopt credit as a risk management tool. Based on the theory 

of planned behaviour, the risk-averse farmer may have a positive behavioural attitude toward taking 

credit or maybe as a result of subjective norms, i.e. told by the fellow farmer that how it can benefit 

him, to take credit in order to offset the adverse impact of weather-related risks. Due to the reason for 

positive behavioural attitude or subjective norms, the farmer intended to perform the act and ultimately 

adopt reserved credit as a risk management strategy.  
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4.7.5 Access to Credit and Information:  

Access to credit—borrowed money in the past for farm operations also has a foremost impact on 

adopting credit as a risk management tool. A farmer who can easily get credit to cope with risk, i.e. 

has a good credit history, will be more likely to adopt reserved credit because, in hard times, a farmer 

would seek help that is easily and instantly available instead of waiting for it long. Information is the 

key to successful risk management (OECD, 2011). Saqib et al. (2016) also find a positive and 

significant relationship between access to credit and the farmer’s choice to adopt credit as a risk 

management tool. 

Effective and proper information regarding farming activities and risk can expand the farmers’ 

knowledge about the use of available resources to mitigate risk. If a farmer has more knowledge and 

information, he would know how to use credit efficiently without fear of putting himself at any 

financial risk, and therefore, the more information the farmer has, the more likely he would adopt credit 

reserve as a risk management tool. Our expectation is in line with the findings of Saqib et al. (2016), 

who also found a positive and significant relationship between access to information and farmers’ 

choice to adopt reserve credit as a risk management tool.  

4.7.6 Income:  

High income is hypothesized to have a negative impact on farmers’ choice on the adoption of credit as 

a risk management tool. The higher income of a farmer indicates a higher capacity to bear risks because 

of a stable financial position, and therefore instead of getting additional risk, the farmer would prefer 

to avoid it.  

A description of the important factors that affect the adoption of diversification, accumulated assets, 

or reserved credit as a risk management tool is presented in Appendix II of this chapter.  

4.8 Analysis and Results 

Probit/logit and LP models are used for the analysis of data for both models. From the analysis, any 

similarities or differences will be identified in the results provided by both models via the logit/probit 

and LPM approach. The results will also be compared with previously conducted work.  

The results from the probit and logit models are the same in their variables’ respective signs and 

significance levels. The only difference is in the coefficient estimates from both models: if one 

multiplies a probit estimate by a factor, one gets an approximate value of the corresponding logit 

estimate. This slight difference is due to the difference in their distribution functions (Liao, 1994). 

Since the cumulative normal distribution for probit and the logistic distribution for logit are very close 

to each other except at the tails, the results provided by both models are also very close to each other. 
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Aldrich and Nelson (1984) suggest that if the estimates from the probit model are multiplied by 1.814, 

the results from both the models become approximately equal to each other.  

However, we cannot interpret the coefficients of the probit and logit models because directly 

interpreting these coefficients is difficult and misleading. Therefore, it is important to interpret the 

marginal effects of the regressor. The marginal effects obtained from logit and probit for Model-II are 

similar, and therefore, the probit model is arbitrarily chosen for further discussion, comparison, and 

interpretation. The marginal effects obtained from the probit model and the LPM in Model-I are given 

in Table 4.1.  
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Table 4.1: Marginal Effects from LPM and Probit in Model-I, Adjusted for Sampling Weight 
                                                                                   Dependent Variable 

                                                                                (Adoption of any single or multiple strategies) 

Independent Variables                                        Linear Probability Model                 Probit Model 

Mean Value of Dependent Variables:   0.568   0.434   0.418 
 

Socioeconomic Characteristics 

Age         0.118      0.087   

      (0.107)       (0.125)     

Age2        -0.013      -0.009   

      (0.011)       (0.012) 

Education     -0.001       -0.009      

      (0.013)    (0.016)     

Education2     -0.001        0.001      

      (0.001)    (0.001)     

Experience      -0.068       -0.034    

      (0.065)        (0.073)     

Experience2       0.013       -0.007    

      (0.011)        (0.011) 

Farm Size       0.005       -0.006    

      (0.007)        (0.009)    

Farm Size2       0.0002      0.0003   

      (0.0002)       (0.0003) 

Income      -0.001      0.001    

      (0.002)        (0.003)      

Income2     0.001       -0.001    

      (0.002)        (0.002) 

Distance  (<500m)     0.042       0.036    

      (0.046)        (0.048)  

Perception of Risk Source 
 

Flood       0.137***   0.129**    

      (0.051)    (0.052)    

Heavy Rain     0.154***      0.140***    

      (0.047)        (0.050) 

Pests and Diseases     0.041       0.048 

      (0.053)        (0.053) 

Storm         0.023      0.008   

      (0.051)        (0.055)      

Hail         0.075      0.097 

      (0.056)        (0.059)    

Risk Attitude 
 

Risk Aversion      0.134**     0.107*      

      (0.051)    (0.058)  

Exogenous Factors 

 

Access to Information    0.008    0.003       

      (0.030)    (0.045) 

Access to Credit         0.028    0.011    

      (0.048)    (0.046)  

Log pseudo-likelihood        -    -157.77    

F (19, 362)      5.78    -35.61    

Wald Chi2 (19)         -     66.96    
Prob > Chi2     0.0000    0.0000  

Pseudo R2         -    0.24 

R-Squared       0.25       -   

Total Number of Observations       382    382 

Notes: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, and 

1% levels, respectively. 
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I will analyze Model-II for both LPM and probit model to examine factors affecting farmers’ choice 

to adopt risk management strategy marginally.   

The marginal effects obtained for probit and LPM in Model-II are shown in Table 4.2 and 4.3, 

respectively. Once analyzed both the models, I will (𝑖) choose the correct approach between the probit 

and the LPM model in terms of in line with the assumptions of the underlying structural model. (𝑖𝑖) 

Pick between Model-I and Model-II, the one that is the best fit.  

Table 4.2: Marginal Effects from Probit Model-II, Adjusted for Sampling Weights  
    

 

Independent Variables                     Diversification      Accumulated Assets             Credit 

Mean Value of Dependent Variables:     0.568   0.434   0.418 

 

Socioeconomic Characteristics 

Age        -0.306*      0.109   -0.044   

      (0.175)      (0.186)   (0.158)  

Age2         0.038**   -0.016     -0.001 

      (0.017)      (0.020)   (0.016) 

Education     -0.019      -0.015      0.048** 

      (0.026)   (0.028)     (0.021)  

Education2     -0.001       -0.004      -0.002 

      (0.001)   (0.002)    (0.002) 

Experience      -0.068      -0.061      0.284*** 

      (0.065)       (0.097)     (0.095) 

Experience2       0.011      -0.014      -0.039** 

      (0.014)       (0.017)   (0.016) 

Farm Size       0.018      -0.014       0.024 

      (0.017)       (0.015)     (0.015) 

Farm Size2      -0.0003     0.001     -0.0012* 

      (0.0001)      (0.001)   (0.0007) 

Income       0.024***  -0.010***   -0.005      

      (0.004)       (0.004)     (0.004) 

Income2     0.004      -0.008***      -0.012** 

      (0.003)       (0.003)    (0.005) 

Distance  (<500m)     0.160**    0.081       -0.029 

      (0.068)       (0.071)    (0.065)  

Perception of Risk Source 

Flood       0.202***  0.152**    0.172**    

      (0.074)   (0.069)    (0.069) 

Heavy Rain     0.123*      0.186***   -0.018     

      (0.071)      (0.069)    (0.070) 

Pests and Diseases     0.190**   0.107    0.086 

      (0.077)       (0.068)    (0.071) 

Storm         0.091     0.064    0.110   

      (0.074)       (0.072)        (0.075) 

Hail         0.149**    0.069    0.057 

      (0.076)       (0.075)    (0.073) 

Risk Attitude 
Risk Aversion      -0.113    0.334***      0.254***

      (0.078)   (0.069)     (0.074) 

Exogenous Factors 

Access to Information    0.189***  0.149***         0.186*** 

      (0.056)   (0.052)    (0.054) 

Access to Credit         0.192**   -0.057       0.129* 
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      (0.081)   (0.078)    (0.076) 

Log pseudo-likelihood    -141.86   -177.54   -176.23 

Wald Chi2 (19)      156.62   132.47   98.42 

Prob > Chi2/F     0.0000   0.0000   0.0000 

Pseudo R2     0.45   0.33   0.32 

Total Number of Observations   382   382   382 

Notes: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, and 

1% levels, respectively. 

 

Table 4.3: Marginal Effects from Linear Probability Model-II, Adjusted for Sampling Weights 
 

Independent Variables                Diversification     Accumulated Assets   Credit     

 

Mean Value of Dependent Variables:   0.568   0.434   0.418 

 

Socioeconomic Characteristics 

Age        -0.055      0.061   -0.069   

      (0.113)      (0.137)   (0.117)  

Age2         0.010   -0.012      0.003 

      (0.011)      (0.014)   (0.011) 

Education     -0.001      -0.003      0.025* 

      (0.014)   (0.017)     (0.015)  

Education2     -0.001      -0.002      -0.0008 

      (0.001)   (0.001)    (0.0011) 

Experience      -0.060      -0.034      0.186*** 

      (0.064)       (0.072)     (0.066) 

Experience2       0.013      -0.010      -0.024** 

      (0.009)       (0.012)   (0.010) 

Farm Size       0.014*     -0.013       0.011 

      (0.008)       (0.010)     (0.009) 

Farm Size2      -0.0004     0.0006*    -0.0006* 

      (0.0002)      (0.0003)   (0.0003) 

Income       0.013***  -0.006***   -0.003      

      (0.002)       (0.002)     (0.002) 

Income2     0.002**    0.004***      -0.007** 

      (0.001)       (0.001)    (0.001) 

Distance  (<500m)     0.133**     0.048       -0.015 

      (0.051)       (0.057)    (0.052)  

Perception of Risk Source 

Flood       0.142**   0.114*    0.144**    

      (0.056)   (0.060)    (0.060) 

Heavy Rain     0.099*      0.122**    -0.004     

      (0.053)      (0.057)    (0.056) 

Pests and Diseases     0.129**   0.090    0.087 

      (0.060)       (0.062)    (0.061) 

Storm         0.085     0.048    0.071   

      (0.055)       (0.056)        (0.061) 

Hail         0.090    0.054    0.038 

      (0.060)       (0.063)    (0.063) 

Risk Attitude 
Risk Aversion      -0.069    0.223***      0.176***   

      (0.051)   (0.060)     (0.059) 

Exogenous Factors 

Access to Information    0.047*   0.096***         0.105*** 

      (0.025)   (0.032)    (0.028) 

Access to Credit         0.108**   -0.046       0.079 

      (0.048)   (0.055)    (0.057) 

F (19, 362)      39.74   28.48    26.48 

Prob > F      0.0000   0.0000    0.0000 
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R-Squared     0.47   0.36    0.36 

Total Number of Observations   382   382    382  

Notes: Figures in parenthesis are standard errors. *, ** and *** represent statistical significance at 10%, 5%, and 1% levels, 

respectively. 

 

The results obtained from the LPM and probit model in Model-I and Model-II are mostly qualitatively 

similar. In Model-I and Model-II, the LPM robust standard errors are obtained to deal with the 

heteroscedasticity problem. However, the predicted probabilities obtained from the LPM are 

unbounded, i.e., outside the range of 0 and 1. In our estimation, there were 34 total unbounded 

predicted probabilities for diversification in Model-II, 36 for accumulated assets, and 61 for credit 

reserve. Similarly, from Model-I, 42 unbounded predicted probabilities were encountered. Thus, the 

marginal effects obtained from the LPM are biased and inconsistent. Since the linear probability model 

violates the probability boundaries and thus results in rather meaningless predictions, the probit model 

results are focused on for interpretation and discussion.  

As discussed earlier, two models (Model-I and Model-II) were obtained to represent factors affecting 

farmers’ decisions to adopt risk management strategies. The statistical tests used to select the good fit 

model are chosen for further discussion.  

4.9 Hosmer-Lemeshow (HL) test 

The Hosmer-Lemeshow (HL) test is used in logistic regression to estimate how well the model fits the 

data. It is important to identify that the model we assume is correctly specified before relying upon it 

to draw conclusions or predict future outcomes. For binary outcomes (logistic regression model) 

Hosmer-Lemeshow goodness of fit test is used. 

HL is a statistical test for goodness of fit for grouped data, which divides the data into 10 equal 

subgroups according to their predicted probabilities. The first group consists of the observations with 

the lowest 10% predicted probabilities; the second group consists of the next smallest 10% predicted 

probabilities, and so on.  I have the actual observed value for each group for each predicted value. The 

closer the observed value to the predicted value in each group, the lower the Hosmer-Lemeshow test 

value would be, and less significant it would become, suggesting that the model doesn’t differ 

significantly than would be theoretically expected. It is evaluated by using the following formula: 

    𝐻𝐿𝑡𝑒𝑠𝑡 = ∑
𝑂𝑖−𝑛𝑖𝑝 𝑖

𝑛𝑖𝑝𝑖(1−𝑛𝑖�̂�𝑖)

𝑗
𝑖=1  ~ 𝜒2

(𝐽−2)(α = .05) 

Where, 𝑂𝑖 is the number of observed events/outcomes, in 𝑖𝑡ℎ group, 𝑛𝑖 is the number of observations 

in 𝑖𝑡ℎ group, 𝑝 
𝑖
 is the average expected predicted probabilities in 𝑖𝑡ℎ group and 𝐽 is the number of 

groups. The equation referred to as Hosmer-Lemeshow test statistics with 𝐽 − 2 degree of freedom and 
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significant level at 0.05. A significant test indicates that the model we are observing is not a good fit 

and vice versa.  

In my research, I have used both probit and logit models, which deliver the same results, and therefore, 

the goodness of fit could be generalized to both models. In my research work, I have used probit/logit 

models to identify the factors affecting farmers’ choice to adopt risk management strategies. For that 

purpose, I used two different approaches represented by Model-I and Model-II. The purpose here is to 

check the goodness of fit of each model and then select it for further discussion and interpretation.   

𝑯𝟎-Model-I: There is no significant difference between observed values and predicted values (Model is a good 

fit) 

𝑯𝑨-Model-I: There is a significant difference between observed values and predicted values (Model is not a 

good fit) 

Similarly, for model-II16 

𝑯𝟎-Model-II: There is no significant difference between observed values and predicted values (Model 

is a good fit) 

𝑯𝑨-Model-II: There is a significant difference between observed values and predicted values (Model 

is not a good fit) 

I will use Stata to obtain the results to indicate whether the model is a good fit or not. The comparison 

table of expected values and the observed values obtained for both models are given in the appendix.   

 

Table 4.4: Hosmer and Lemeshow Test for Model-I 

Chi-square df Sig. 

32.33 8 0.000 

 

From the table in Model-I, in the HL-test table, the significance level is less than 0.05, which indicates 

that I reject H0. It implies that there is a significant difference between the observed value and predicted 

probabilities, which means that the model is not a good fit. The contingency table of model-I shows 

the difference in observed values from the predicted ones.  

However, the HL test tables in model-II for each dependent variable, i.e. credit reserve, accumulated 

assets and diversification, are given, indicating a significant level greater than 0.05, which implies that 

I do not have enough evidence to reject the null hypothesis. It means that model-II is a good fit and 

can be used for interpretation and further discussion.   

 

                                                 
16 For model-II, I will obtain three HL tests and contingency tables because in my research I am using 3 dependent variables which will 

be estimated in three separate probit/logit models. Whereas, for model-I, all 3 dependent variables are brought together in one dependent 

variable.  
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Table 4.5: Hosmer and Lemeshow Test for Model-II  

RMS Chi-square Group Size df Sig. Sample Size 

Accumulated Assets 7.30 10 8 0.5043 382 

Credit Reserve 13.25 10 8 0.1037 382 

Diversification 5.67 10 8 0.6839 382 

 

According to the H–L test, we found that Model-II is a good fit; however, the H–L test has some 

serious problems, specifically when the group sizes increase or decrease; it also changes the p-value. 

Changing the p-value can mean that the null hypothesis is accepted instead of rejected, and vice versa 

(Allison, 2014). Allison (2014) proposed a similar test for the ungrouped data called the standardised 

Pearson test that can be easily and routinely implemented. Moreover, other statistical tests for the best 

model fit will also be used for comparison between Model-I and Model-II, such as McFadden R-

squared, AIC/BIC, and PRE. 

Table 4.6: Tests in Comparison between Model-I and Model-II 

 

Tests 

 

Model-I 

Model-II 

Diversification Credit Reserve Accumulated Assets 

 

Standardized 

Pearson Test 

Pearson chi2(343) =       

441.66 

Prob > chi2 =  0.000 

Pearson chi2(343) =       

331.19 

Prob > chi2 =  0.666 

Pearson chi2(343) =       

365.73 

Prob > chi2 =  0.2013 

Pearson chi2(343) =       

344.51 

Prob > chi2 = 0.4669 

McFadden R-

squared Test 
0.23 0.38 0.25 0.25 

AIC/BIC 
356/435 324/403 392/471 395/474 

Proportional 

Reduction in 

Error (PRE) 

41.67% 57.58% 50.00% 46.99% 

Total Sample 

Size 

382 382 382 382 

 

From the table, it is clear that Model-II is a good fit relative to Model-I as we see the lower AIC/BIC 

values for Model-II compared to Model-I. In addition, the relatively greater McFadden R-squared 

value for Model-II indicates that the greater variation in the dependent variable is caused by the (same) 

independent variables as in Model-I. Lastly, we see that in the standardised Pearson test, the significant 

p-value indicates rejection of the null hypothesis, which indicates that the model is a good fit. In Model-

II, where each equation has a separate dependent variable, the Pearson test is insignificant; thus, there 

is no evidence to reject the null hypothesis that the model is a good fit. The Proportional Reduction in 
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Error (PRE) for each equation in Model-II is also greater than that of Model-I. Similarly, the AIC/BIC 

values for Model-II are lower than Model-I, which means less information losses in Model-II relative 

to Model-I. Based on these tests, I would consider Model-II a good fit and will further use it for 

interpretation and discussions. It is also worthy of note that these tests were obtained after estimating 

the probit model for both Model-I and Model-II, which were adjusted for sampling weights. 

4.10 Predicted Power of the Selected Model 

After selecting the model of a good fit, i.e. Model-II, I need to test the prediction power of that model. 

As for model-II, I have three separate models for each risk management strategy taken as a dependent 

variable. The Table shows the prediction power of the model when I take diversification as the 

dependent variable. It shows that about 81% of the predictions are correct, and only 19% is incorrect. 

This result makes it possible to accept the hypothesis according to which the model has high predictive 

power. The percentage of incorrect predictions (27%) is low compared to that of correct predictions 

(73%) when credit is used as a dependent variable, which makes it possible to say that the model has 

a high power of prediction. The same applies to the model when accumulated assets is taken as a 

dependent variable with a prediction power of 72%. For this model, correct predictions are larger than 

incorrect predictions (28%) and thus are considered as a high predicted power model. These results are 

obtained using sampling weights.  

Table 4.7: Prediction Power of the Model when Diversification is taken as a Dependent Variable 

                      True/Observed value  

 Predicted Value Diversification=1 Diversification=0 Total 

 Diversification=1 125 40 165 

 Diversification=0 31 186 217 

 Total 156 226 382 

--------------------------------------------------------------------------------------------------------------------------- 

Correctly classified                        81.01% 

--------------------------------------------------------------------------------------------------------------------------- 

 

Table 4.8: Prediction Power of the Model when Credit is taken as a Dependent Variable 

                      True/Observed value  

 Predicted Value Credit=1 Credit=0 Total 

 Credit=1 179 43 222 

 Credit=0 57 103 160 

 Total 236 146 382 

--------------------------------------------------------------------------------------------------------------------------- 

Correctly classified                        73.00% 

--------------------------------------------------------------------------------------------------------------------------- 
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Table 4.9: Prediction Power of the Model when Accumulated Assets is taken as a Dependent Variable 

                      True/Observed value  

 Predicted Value Accum. Assets=1 Accum. Assets=0 Total 

 Accum. Assets=1 158 58 216 

 Accum. Assets=0 48 118 166 

 Total 206 176 382 

--------------------------------------------------------------------------------------------------------------------------- 

Correctly classified                        72.10% 

--------------------------------------------------------------------------------------------------------------------------- 

 

4.11 Receiver Operating Characteristics (ROC) Analysis:  

The receiver operating characteristics (ROC) curve is a graphical way to show the trade-off between 

specificity and sensitivity for every possible threshold or cut-off point (Hart, 2016). The best cut-off 

has the highest true positive rate (TPR), together with the lowest false positive rate (FPR). The ROC 

curve is drawn by plotting TPR against FPR17.   

The ROC curve presents the relationship between sensitivity and specificity at different cut-off points. 

The area under the curve (AUC) is used to measure the model’s usefulness, where a greater area under 

the curve means a good prediction model. In simple terms, it tells us how much the model can 

distinguish between classes. The greater the AUC, the better the model predicts 1s as 1s and 0s as 0s. 

It implies that the model has good discriminatory power, which can assess the model to discriminate 

the adoption of risk management strategy and no-adoption with more accuracy.  

The ROC curve is generally plotted with a true positive rate on the y-axis against the false positive rate 

on the x-axis. The diagonal line in the ROC curve, also known as the line of no-discrimination, includes 

the points with 50% specificity and 50% sensitivity, thus representing a very weak model. The closer 

the curve to the diagonal line, the less accurate the model will be. The further the curve from the 

diagonal line, the better the model’s discriminating power, and can be considered an accurate model. 

The curve close to 1 on the top right corner would be an ideal measure of differentiation ability. It 

perfectly distinguishes between positive and negative classes (Streiner & Cairney, 2007).  

                                                 
17 TPR is the proportion of observations that are correctly predicted to be positive out of the total positive observations at a particular 

cut-off point. It is represented by TPR = [TP/(FN+TP)]. In the same way, FPR is the proportion of observations that are not correctly 

predicted to be positive out of the total negative observations at the same cut-off point as that of TRP. It is represented as FPR = 

[FP/(FP+TN)]. For instance, the TPR is the rate at which farmers are correctly identified to have adopted a risk management strategy. 

The TPR is also known as sensitivity, whereas FPR is called specificity.   
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The graphs given below are the ROC curves for three models, where diversification, credit reserve, 

and accumulated assets are taken as dependent variables separately in each model. Table 1 shows the 

model in which credit is taken as a dependent variable, where the AUC is about 0.83, which means 

that there is an 83% chance that the model will distinguish between the adoption choice and non-

adoption choice of a risk management strategy by a farmer. Similarly, Table 2 and Table 3 show AUCs 

of 0.84 and 0.90, respectively, indicating that the models have discriminating power of 84% and 90%. 

As a rule of thumb, the classification of the quality/accuracy of the model is described as follows 

(D’Agostino et al., 2018; Fischer et al., 2003): 

> 0.80 = high classification accuracy 

0.75 - 0.85 = moderate accuracy  

< 0.75 = low accuracy. 

Based on this classification, our models for each dependent variable (Figures 19, 20, and 21) have 

good discriminating power or high accuracy, i.e., 0.83, 0.84, and 0.91, respectively. This implies that 

the ability of the model to correctly classify those farmers who have adopted a strategy from those who 

have not is 83%, 84%, and 91% accurate, respectively, for each model. 

 

 

 

                  Figure 19: Represents the model when credit reserve is taken as a dependent variable  
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Figure 20: Represents the model when credit is taken as a dependent variable 

 

 

 

 

 
Figure 21: Represents the model when credit is taken as a dependent variable 
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4.12 Interpretation of the Results 

From Model-II, we see that risk perception of weather-related risks significantly and positively affects 

farmers’ choice to adopt the three risk management strategies. Fear of the potential loss by natural 

calamities such as flood, heavy rain, hail, and pest and disease induces the farmer to secure themselves 

by adopting risk management strategy. From the literature, we see that farmers in the past have 

experienced several shocks that have brought devastation to their farming business and severely 

affected their livelihood. These past shocks experienced by farmers are reflected in their perception of 

risks in the following years, which they believe can affect their livelihood. These past experiences and 

perceptions of risk have affected farmers’ behaviour at the farm level during uncertainty by adopting 

certain risk management strategies to secure themselves against these potential risks and to smoothen 

their consumptions if the natural calamity hits their farms again.  

The risk-averse attitude of the farmer, access to information and access to credit also positively and 

significantly affect farmers’ choice to adopt risk management strategy marginally. These results are 

according to our expectations and are supported by other studies. The more risk-averse farmer is, the 

more he would try to secure himself from the adverse shocks in future by adopting certain risk 

management strategies. Other studies that supported this statement are Ashfaq et al. (2008), Ullah et 

al. (2015), Flaten et al. (2005) and Ahsan (2011). Access to information and access to credit are 

considered important factors that induce farmers to secure themselves by adopting risk management 

strategies (Saqib et al. 2016; Kahan, 2008; Deressa et al. 2010; Ullah et al. 2015). The more the farmer 

is aware of his surroundings and is up-to-date in relation to their farming business, the better he would 

take a decision at the farm level during uncertainty. Similarly, the easy and more access of farmer to 

obtain the credit—if he has the ability to borrow in future, i.e. zero leverage, the more likely he would 

obtain credit in case of emergency. Any hurdles to obtaining credit, even with low leverage, would 

reduce the likelihood of obtaining credit during uncertainty, thus, would affect farmers’ livelihood.  

An educated farmer can understand and may keep track of farmer records to monitor performance and 

cash position accurately. He would utilize all his resources (and borrowed money for farm operations 

specifically) effectively to minimize the farm leverage and, thus, would be more likely to obtain credit 

in future in case of any emergency. This impact can be seen in the results, which shows the level of 

education has a positive and significant impact on the adoption of credit reserve and is supported by 

other studies (Ahsan 2011; Ullah et al. 2015; Saqib et al. 2016). 

The inclusion of the quadratic terms indeed provides an explicit view of the impact of the variables 

when we obtain more units of these variables. It is used to understand the effect of age, education level, 

farm size, and income changes when the farmer has more of these variables. The results show that the 

farmers’ probability of adopting diversification decreases by 30% for an additional year increase in 
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age. Each additional year increases this probability by 3.8%. In this case, the coefficient of the square 

term is negative. We can also identify the turning point of the curve by using  
 −𝛽(𝑎𝑔𝑒)

 2× 𝛽(𝑎𝑔𝑒2)
 . It shows that 

the turning point is 4.2, i.e., 42 years. It means that when the age of the farmer increases, the probability 

of adopting diversification decreases, but this probability increases and even becomes positive after 42 

years of age. The younger farmers are physically more active than their older counterparts. Thus, it 

was expected that younger farmers tend to adopt diversification and as they get older, they are less 

likely to adopt diversification because diversification requires more hardship relative to other 

conventional risk management strategies. This result is contrary to our expectations  

 

Figure 22: The shape of the quadratic relationship between age^2 and the probability of adopting 

diversification 

  

                 

(a)        (b) 

Figure 23: The shape of the quadratic relationship between income^2 (a) and experience^2 (b) and the 

probability of adopting accumulated assets and credit reserve, respectively 
                   

The turning point for experience is also calculated by the same formula, i.e. 
 −𝛽(𝑒𝑥𝑝𝑒)

 2× 𝛽(𝑒𝑥𝑝𝑒2)
, which is 46 

years. The probability of adopting credit reserve increases along with an additional increase in the 
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experience of the farmer (in years) at the start, decreasing and becoming negative when the farmer’s 

experience reaches 46 years. As the experience of the farmer increases, so does their expertise in their 

field, and thus the farmer is more able to manage their farming activities utilise resources appropriately. 

This will help the farmer increase their productivity and reduce the tendency to borrow money, 

subsequently being less likely to adopt credit reserve.  

Similarly, the probability of adopting accumulated assets decreases as the income of the farmer 

decreases, by an increase in the additional unit of income (PKR 1000). An increase in income depicts 

that the farmer has an opportunity to save an extra portion of their income in liquid and semi-liquid 

assets that can be further used in coping with risk by smoothening their consumption. The negative 

impact of income on the adoption of accumulated assets is contrary to our expectations.  .   

4.13 Conclusion 

Despite the risky nature of the agricultural business, farmers always try to smoothen their consumption 

by adopting several risk management strategies. The adoption of risk management strategies purely 

depends on farmers’ decisions on the farm, which is affected by several other important factors such 

as socio-economic characteristics of the farmer, farm characteristics, psychological factors, and other 

exogenous factors. Thus, the chapter's main objective was to analyze factors affecting the probability 

of farmers adopting a single risk management strategy marginally with respect to the adoption of any 

other strategy. When a farmer adopts any of the available strategies in isolation—where I do not take 

into account the adoption of other strategies, the LPM and probit/logit model is employed for such 

estimation. However, I selected model-2 for further discussion because I found this model as a good 

fit via HL-test and some other recommended tests. I also use the probit model over LMP because of 

the issue of unbounded predicted probabilities while estimating LMP.   

From the results of the probit model (Model-II), we found that risk perception of weather-related risks, 

the risk-averse attitude of the farmer, access to credit and information are important determinants of 

the farmer probability to adopt risk management strategies marginally. We also found the impact of 

covariates in the quadratic form on the adoption of risk management strategies. These results provide 

an explicit view of the impact of variables when we get more units of these variables, which give us 

more insight into the farmers’ behaviour.  
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4.14 Appendix-II 

Table 4.10: Descriptive statistics of study variables 

Variables         Description and forms of expression            

Dependent Variables for Model 1: 

Adopt    Adoption of at least one risk management strategy 

    𝑌𝑖=1 (Adoption), 0 otherwise 

Dependent Variables for Model 2: 

Diversification   Diversification used as a risk management strategy 

    𝑌1𝑖=1 (Adoption), 0 otherwise  

Accumulated Assets  Accumulated Assets used as a risk management strategy 

    𝑌2𝑖=1 (Adoption), 0 otherwise 

Credit Reserve    Credit Reserve as a risk management strategy 

    𝑌3𝑖=1 (Adoption), 0 otherwise 

 

Independent Variables 

 

1) Socioeconomic Characteristics 

 

Age,    Age of the farmer in decades 

Education,   Education of the farmer in years 

Experience,   Farming experience of the farmer in decades  

Farm Size,   Total operated land (owned + rented) 

Distance, Distance of land from the river. Dummy=1 if Land is ≤ 500m from river, 0 

otherwise, i.e. > 500m 

Income,    Household primary farm income in thousand Pakistani rupees 

 

2) Psychological Factors 

 

a) Risk Perception 

High-Risk Perception 1, if a farmer perceives a source of weather-related risks as a high-risk, 0 

otherwise 

 

b) Risk Attitude 

Risk Aversion, 1, if a farmer is risk-averse, 0 if risk neutral or risk seeker 

 

3) Exogenous Factors 

 

Access to Information, Value of composite index 

Access to Credit,  1, if a farmer has borrowed in the past, 0 otherwise 

 
 

 

Source: Survey Data, 2017-18 
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For Model-I: 

Table 4.11: Contingency Table for Hosmer and Lemeshow Test 

Group Adopt = 1 Adopt = 0 Total 

 Observed Expected Observed Expected 

1 6 12.2 33 26.8 39 

2 18 19.5 20 18.5 38 

3 32 25.4 6 12.6 38 

4 34 29.0 4 9.0 38 

5 36 31.4 2 6.6 38 

6 35 34.3 4 4.7 38 

7 34 34.9 4 3.1 38 

8 34 35.8 4 2.2 38 

9 32 36.5 6 1.5 38 

10 37 37.3 1 0.7 38 

 Total Sample Size = 382 

 

For Model-II:  (When Accumulated Assets is taken as dependent variable) 

Table 4.12: Contingency Table for Hosmer and Lemeshow Test 

Group Accumulated Assets = 0 Accumulated Assets = 1 Total 

 Observed Expected Observed Expected 

1 39 38.4 0 0.6 39 

2 36 35.6 2 2.4 38 

3 29 31.5 9 6.5 38 

4 27 28.2 11 9.8 38 

5 25 23.6 13 14.4 38 

6 24 20.3 15 18.7 39 

7 17 16.2 21 21.8 38 

8 8 12.0 30 26 38 

9 8 7.1 30 30.9 38 

10 3 3.2 35 34.8 38 

Total Sample Size =382 

 

For Model-II (When Credit is taken as dependent variable) 

Table 4.13: Contingency Table for Hosmer and Lemeshow Test 

Group Credit = 0 Credit = 1 Total 

 Observed Expected Observed Expected 

1 38 38.1 1 0.9 39 

2 34 35.0 4 3.0 38 

3 33 32.5 5 5.5 38 

4 33 28.8 5 9.2 38 

5 22 24.2 16 13.8 38 

6 26 21.0 13 18.0 39 

7 17 16.8 21 21.2 38 

8 10 13.1 28 24.8 38 

9 7 8.8 31 29.2 38 

10 2 2.7 36 35.3 38 

Sample Size =382 
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For Model-II: (When Diversification is taken as dependent variable) 

 

Table 4.14: Contingency Table for Hosmer and Lemeshow Test 

 

Groups 

Diversification = 0 Diversification = 1  

Total Observed Expected Observed Expected 

1 40 38.9 0 1.1 40 

2 30 32.7 7 4.3 37 

3 29 29.3 9 8.7 38 

4 25 23.3 13 14.7 38 

5 20 17.1 28 20.9 38 

6 13 12.1 26 26.9 39 

7 3 7.0 35 31.0 38 

8 3 3.5 35 34.5 38 

9 2 0.8 36 37.2 38 

10 0 0.1 38 37.9 38 

Total Sample Size = 382 

 

 

 

 

  



150 

 

5 Chapter-5 

Factors affecting the adoption of multiple risk management strategies 

 

5.1 Introduction 

In the previous chapter, I discussed factors that affect the probability of farmers’ choice to adopt a risk 

management strategy marginally with respect to the adoption of any other strategy. The binary probit 

and logit models were used that provide the results based on a single choice of risk management 

strategy. However, in practice adopting a single risk management strategy or analyzing the probability 

of adopting a single strategy irrespective of the adoption of other strategies is not always the case, i.e. 

farmers, most of the time, adopt more than one risk management strategy simultaneously to offset the 

adverse effect of any risk. The farmers’ choice to adopt one strategy may be affected by the adoption 

of another strategy. It is an important aspect that needs to be identified in order to precisely understand 

the farmers’ behaviour and to examine the impact of factors on the farmer’s choice to adopt a risk 

management strategy. If we ignore the association between the adoptions of any two (or more) risk 

management strategies, the inference about a population from the sample would be misleading because 

it will give us inefficient estimators, and also the correlated data provide a more reliable estimation of 

the population parameters (Fiering, 1991). Therefore, a more extended model is required, which can 

capture this association. For that purpose, a generalized form of the probit model is used in order to 

estimate several correlated binary outcomes together. In this class of models, the response is discrete, 

correlated and multivariate.  

A further extension of the multivariate probit (MVP) model is used for analysis, i.e. recursive 

multivariate probit (RMVP) model, in order to capture more information of farmers’ behaviour along 

with simultaneous adoption and correlated error terms. The new extended version of the MVP model 

is expected to provide better and more realistic estimates by capturing the impact of the dependent 

variable as endogenous variables. It is expected that the dependent variables, i.e. adoption of risk 

management strategies, also have an impact on each other while coping with risk, and thus could 

provide us with a richer interpretation. A model with the best fit will be selected by comparing these 

two models in this chapter for further discussion and interpretation.  

In the study area, the farmers reported that they have access to multiple risk management tools to cope 

with natural calamities. It is assumed that farmers used these multiple risk management strategies 

simultaneously for the same cause. The choice among risk management strategies, unlike multinomial 

models, are not mutually exclusive because farmers are coping with risks by adopting more than one 

strategy at the same time and, therefore, may be correlated. For instance, if a farmer adopts 
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diversification and he generates extra income from it, he may utilize these earnings by converting them 

into liquid assets or by savings, thus simultaneously adopting diversification and accumulated assets 

having a positive relationship between these two strategies. The extended form of the probit model, 

therefore, will allow us to show the association between simultaneous adoptions of multiple risk 

management strategies.  

The use of the multivariate probit model will provide us with the results that will also cover one of my 

objectives of the study, i.e. to examine factors affecting the adoption of a risk management strategy 

given that the farmer already adopts the remaining strategies. In my research, the three dependent 

binary response variables include the adoption of diversification, credit reserve, and accumulated 

assets. The covariates that affect the choice of the farmer to adopt risk management strategies are risk 

perception, risk attitude, access to credit and information, and other farm and farmer characteristics, 

i.e. age, education, experience, farm size, the distance of river from the farm, and farm income. 

5.2 Methodology 

Multivariate probit model has been used widely in different fields of studies in order to estimate several 

correlated binary outcomes jointly, such as in medical (Gibbons and Wilcox-Gök, 1998; Ieva et al., 

2014; Lesaffre & Molenberghs, 1991), transportation (Milioti, Karlaftis, & Akkogiounoglou, 2015; 

Golob & Regan, 2002; Choo and Mokhtarian, 2008), finance (Candelon et al., 2012), and in agriculture 

(Temesgen et al., 2017; Mittal and Mehar, 2015; Abay et al., 2016; Hassen, 2015; Yirga et al., 2015). 

More specifically, in agriculture, this model is also used by some researchers in determining factors 

affecting farmers’ risk behaviour (Lefebvre et al., 2014; Kouamé, 2010; Mulwa et al., 2017; Velandia 

et al., 2009). This study is designed for the same purpose as discussed above by using a standard 

multivariate probit model and a more extended version of it known as the recursive multivariate probit 

model, which is discussed in detail in the following section.  

5.3 Theoretical Framework  

The multivariate probit model, which is an extended form of the binary probit model, is also based on 

random utility theory. In our case, the farmer has more than one option, and the options available to 

the farmer are finite. The farmers’ choice to adopt and not-adopt single or multiple risk management 

strategies as a package can be modelled using the random utility framework.  

This extended version of the binary probit model consists of more than one binary dependent variable, 

i.e. in our case, there are three outcome dependent variables and their corresponding random errors, 

which are multivariate normally distributed. However, in the MVP model, we allow the error terms to 

be correlated, which makes the MVP model different from multiple binary probit models, which also 

comprise more than one binary dependent variable, but there is no correlation between them. The 
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marginal probabilities I obtained from multiple binary probit models are, thus, different from the 

correlated marginal probabilities obtained via the MVP model. Moreover, in the MVP model, the 

farmers are allowed to adopt or not to adopt a single or multiple risk management strategies to cope 

with risk, unlike the MNL/P model in which the dependent variable of interest is the unique choice 

made by a farmer from a set of distinct alternatives. 

This section of the chapter describes the econometric approach for obtaining the estimates of the effects 

of different variables on risk management strategies adopted by farmers in the study area. To assess 

the adoption decision behaviour of the farmers and the possibility of simultaneous adoption of multiple 

risk management strategies, MVP and its extended version, RMVP is also used for analysis. 

The specifications of the standard multivariate probit model (MVP) are given as: 

     𝒚∗
𝒊
  = 𝒙𝒊𝜷 + 𝜇𝑖    (1) 

Where, 𝒚∗
𝒊
 is M × 1 vector of latent variables faced by the 𝑖𝑡ℎ farmer in the study area (i = 1, 2…n),  

𝒙𝒊 is M × (K .M) matrix of independent variables which affect the 𝑖𝑡ℎ farmers’ adoption decision (i=1, 

2, 3…n), 𝜷  is (K . M) ×1 vector of unknown parameters to be estimated, and 휀𝑖 is M × 1 vector of the 

unobserved random error term.  

Model (1) also become a system of m equations (m=1, 2, 3) i.e.   

 

   𝑦1𝑖
∗  =  𝑥𝑖𝛽1 + 𝜇1𝑖 where, 𝑦1𝑖 = 1 if 𝑦1𝑖

∗  > 0; 0 otherwise 

       𝑦2𝑖
∗   =  𝑥𝑖𝛽2 +𝜇2𝑖 where, 𝑦2𝑖= 1 if 𝑦2𝑖

∗  > 0;  0 otherwise 

         𝑦3𝑖
∗  =  𝑥𝑖𝛽3 + 𝜇3𝑖 where, 𝑦3𝑖= 1 if 𝑦3𝑖

∗  > 0;  0 otherwise 

[𝜇1, 𝜇2, 𝜇3 ] ~ Φ3 [(0, 1), 𝛿12, 𝛿13, 𝛿23], where 𝛿12, 𝛿13, 𝛿23  [-1, 1]. Whereas, Φ3 is a multivariate 

standard normal distribution with correlation, 𝛿12, 𝛿13, 𝛿23 is the correlation between 𝜇1, 𝜇2, 𝑎𝑛𝑑 𝜇3. 

In many cases, an endogenous influence takes place in the context of binary choice. The bivariate or 

multivariate probit model provides a specification for analyzing such case where the probit model 

includes an endogenous binary variable (Greene, 2012) which is a specific case of multivariate probit 

model, described by Greene (2003) as a recursive model of simultaneous equations (RMSE) in which 

endogenous variables 𝑦1 and 𝑦2 appears on the right-hand side of the second and third equations, 

respectively, while the other endogenous variable 𝑦3 does not appear on the right-hand side of any of 

the equations. In this case, a recursive multivariate probit model (RMVP) of the following form will 

be used for analysis.   

𝒚∗
𝒊
 = 𝒙𝒊𝜷  + 𝜞𝒚𝒊 + 휀𝑖     (2) 
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In the model, 𝜞 is M × K matrix of the coefficients on the M endogenous variables (in our case m=1, 

2, 3), and 𝒚𝒊 is M × 1 vector of observed endogenous variables. Whereas,  𝜞 is given as: 

𝜞 =  

[
 
 
 
 

0 0 0

𝛾1 0 0

𝛾2 𝛾3 0]
 
 
 
 

 

In model (1) 𝒙𝒊 is M × (K .M) vector of independent variables which affect the 𝑖𝑡ℎ farmers’ adoption 

decision (i=1, 2, 3…n), 𝜷  is (M . K) ×1 vector of unknown parameters to be estimated, and 휀𝑖 is M × 

1 vector of the unobserved random error term. MVP model is different than that of recursive model 

because it has no endogenous variables appearing on the RHS in the subsequent equations. 

In this specification, the vector 𝒚𝑖
∗ represents M latent variables, and thus, equation (1) becomes a 

system of three equations to be estimated simultaneously, which is given as:   

𝑦1𝑖
∗  =  𝑥𝑖𝛽1 + 휀1𝑖   (2a) 

     𝑦2𝑖
∗   = 𝑥𝑖𝛽2 + 𝑦1𝑖𝛾1 + 휀2𝑖 

     𝑦3𝑖
∗  = 𝑥𝑖𝛽3 + 𝑦1𝑖𝛾2 + 𝑦2𝑖𝛾3+ 휀3𝑖 

[휀1, 휀2, 휀3 ] ~ Φ3 [(0, 1), 𝜌12, 𝜌13, 𝜌23] 18, where 𝜌12, 𝜌13, 𝜌23  [-1, 1] 

In that case, equation (1) has three latent dependent variables for which we observe: 

𝑦𝑖𝑚 = {
1           𝑖𝑓 𝑦𝑖𝑚

∗ > 0

0         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

In this model, I want to find the impact of one of the endogenous variables 𝑦1, which appears in the 

second equation on the adoption of farmers’ choice to adopt 𝑦2 strategy. Similarly, the appearance of 

another endogenous variable in the third equation, i.e. 𝑦1 and 𝑦2 shows its impact on the farmers’ 

choice to adopt 𝑦3 as a risk management strategy after controlling for farm and farmer characteristics—

which is the main purpose of using this model and of answering one of our research questions.  

In the recursive and standard MVP, the error terms, 휀𝑖𝑚 (m=1, 2, 3), are assumed to have multivariate 

normal (MN) distributions, with mean vector equal to 0, and a variance-covariance matrix Σ with 

diagonal elements normalized to 1 for parametric identification. [휀𝑖 ~𝑀𝑉𝑁 (0, 𝛴)].  

                                                 
18 Where, Φ3 is a multivariate standard normal distribution with correlation 𝜌12, 𝜌13, 𝜌23 is the correlation between 휀1, 휀2, and 휀3.  
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In our case, for the three risk management strategies, i.e. diversification (D), accumulated assets (A), 

and reserved credit (R), the variance-covariance matrix Σ is given as:  

 

Σ = 

[
 
 
 
 

1 𝜌𝐷𝐴 𝜌𝐷𝑅

𝜌𝐴𝐷 1 𝜌𝐴𝑅

𝜌𝑅𝐷 𝜌𝑅𝐴 1 ]
 
 
 
 

   

  

Where, 𝜌𝐷𝐴 = 𝜌𝐴𝐷, 𝜌𝐷𝑅 = 𝜌𝑅𝐷, and 𝜌𝐴𝑅 = 𝜌𝑅𝐴, are error correlation between diversification and 

accumulated assets, diversification and reserved credit, and accumulated assets and reserved credit, 

respectively. The interdependence of the error terms of these risk management strategies can be tested 

by considering the sign and significance of the off-diagonal elements of the Σ. The above multivariate 

models state that the reasons why we might observe 𝑦1 and 𝑦2 to be correlated, are: (a) when there is 

a causal relationship due to the impact of 𝑦1 on 𝑦2 through a parameter, i.e. in our case 𝛾1 (b) 𝑦1 and 

𝑦2 may depend on correlated unobserved variables, i.e. the error terms, 휀’𝑠, as described in the Σ 

(Arendt and Holm, 2006). Here the association of error terms of these three risk management strategies 

in Σ depicts that all the unobserved variables left behind affect one strategy in the same way as the 

other strategy if there is a positive and significant relationship between these two variables and vice 

versa. 

According to random utility theory, the utility that a farmer derives from the adoption or not the 

adoption of single or multiple strategies simultaneously from a set of alternatives is maximum, which 

reflects the farmers’ choice. In our case, the three choices of strategies, i.e. diversification, accumulated 

assets, and reserved credit, construct eight possible combinations of simultaneous adoption and not-

adoption, 𝑠 =1, 2 …8. In this trivariate case, each combination of dependent variables 𝑦im has eight 

potential outcomes. The joint probability of these eight outcomes is modelled with the marginal 

probability of each success outcome, i.e. 𝑃𝑟𝑜𝑏 (𝑦1 = 1), 𝑃𝑟𝑜𝑏 (𝑦2 = 1) and 𝑃𝑟𝑜𝑏 (𝑦3 = 1) and the 

correlation parameters, i.e. 𝜌12, 𝜌13, 𝜌23 for the three marginal distributions (Cappellari and Jenkins, 

2003). 

The model described in equations (1) and (2) can also be implemented empirically by using a series of 

three independent logit or probit models for each risk management strategy. However, as discussed 

above, there is a possibility that the farmer might have adopted two or more risk management strategies 

simultaneously or the adoption of one risk management tool may be conditioned on the adoption of 

another risk management strategy, either because they are complements or substitutes. Thus, these 

adoption decisions may be correlated. The elements of unobserved factors probably will experience 
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stochastic dependence. Ignoring such dependency may lead to inefficient estimates. Therefore, MVP 

and RMVP models are used to assess decisions that involve interdependent choices. 

The unknown parameters in equations (1) and (2), with the assumption of MV normality, can be 

estimated using the simulated maximum likelihood (SML) method, which uses the Geweke-

Hajivassiliour-Keane (GHK) smooth recursive conditioning simulator procedure to evaluate the 

multivariate normal distribution. I will estimate the model using LIMDEP (version 4.0) software. 

5.4 Estimation Method  

To analyze the data, I have two different types of estimation approaches, which includes the standard 

multivariate probit approach and the recursive multivariate probit approach. I will pick the model with 

the minimum information loss using AIC/BIC19and a model with better prediction power.  

5.4.1 Akaike Information and Bayesian Information Criteria 

To select the best model, I use the AIC formula described by Akaike (1974) as: 

  𝐴𝐼𝐶𝑖 = −2 (𝐿𝑜𝑔. 𝐿𝑖)  +  2 (𝑝𝑖)  (𝑖 = 1, 2) 𝑓𝑜𝑟 𝑡𝑤𝑜 𝑑𝑖𝑓𝑒𝑟𝑒𝑛𝑡 𝑚𝑜𝑑𝑒𝑙𝑠 

Where (𝐿𝑜𝑔. 𝐿𝑖) is the maximized log-likelihood, and (𝑝𝑖)  is the number of parameters fitted for 

models.  

The AIC/BIC values obtained after estimating MVP model and RMVP model. In this chapter MVP 

model and RMVP models are compared specifically for selecting a model for further discussion.  

In both models, i.e. RMVP and MVP, the dependent variables remained the same i.e. 𝑦1 is 

diversification, 𝑦2 is credit reserve, and 𝑦3 is accumulated assets. The data and covariates were also 

the same in the three models; however, in the RMVP model, endogenous variables were also used as 

covariates.  

 

Table 5.1: Comparison of the AIC/BIC Values for MVP and RMVP Models 
Models Log-likelihood df AIC value BIC value Total Sample Size 

MVP Model -477.270 48 1050.541 1239.921 382 

RMVP Model -445.024 51 992.0484 1193.265 382 

 

                                                 
19 Akaike’s Information Criterion (AIC) and Bayesian Information Criterion (BIC): These two information criteria used to compare models. For any 

two given models, the one with the smaller AIC/BIC value is selected because it shows less information loss compare to the one with greater value of 
AIC/BIC.  
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From the table, it is clear that the RMVP model is a relatively better model than the MVP in terms of 

minimum information loss. From the results, we can select the RMVP model for further discussion 

and interpretation.  

5.4.2 Predictive Power of the MVP and RMVP Model 

We can also compare the two models in terms of better prediction power. The predictive power of each 

equation for the MVP and RMVP models is provided in the tables below: 

Table 5.2: Predictive power of the MVP model for diversification, credit, and accumulated assets 

                      True/Observed value  

 Predicted Value Diversification=1 Diversification=0 Total 

 Diversification=1 125 40 165 

 Diversification=0 29 188 217 

 Total 154 288 382 

Correctly classified (Diversification)      82.01% 

 Predicted Value Credit=1 Credit=0 Total 

 Credit=1 172 44 216 

 Credit=0 51 115 166 

 Total 223 159 382 

Correctly classified (Credit)               75.02% 

 Predicted Value Accum. Assets=1 Accum. Assets=0 Total 

 Accum. Assets=1 169 53 222 

 Accum. Assets=0 50 110 160 

 Total 219 163 382 

Correctly classified (Accum. Assets)           72.38% 

 

Table 5.3: Predictive Power of the RMVP model for diversification, credit, and accumulated assets 

                      True/Observed value  

 Predicted Value Diversification=1 Diversification=0 Total 

 Diversification=1 127 38 165 

 Diversification=0 27 190 217 

 Total 154 228 382 
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Correctly classified (Diversification)     83.00% 

 Predicted Value Credit=1 Credit=0 Total 

 Credit=1 206 34 216 

 Credit=0 77 130 166 

 Total 283 164 382 

Correctly classified (Credit)          81.33%               

 Predicted Value Accum. Assets=1 Accum. Assets=0 Total 

 Accum. Assets=1 203 32 222 

 Accum. Assets=0 62 115 160 

 Total 265 147 382 

Correctly classified (Accum. Assets)    80.00%                   

 

Moreover, the proportional reduction in error (PRE) for the probit, MVP, and RMVP models is also 

calculated and is included in the table below: 

Table 5.4: Proportional reduction in error (PRE) for MVP and RMVP models 

Models Diversification  Accum. Assets Credit 

 MVP Model 
58.18% 43.37% 36.08% 

 RMVP Model 
61.00% 57.83% 51.88% 

Total Sample Size 
382 382 382 

 

From Tables 5.2 and 5.3 that show the predictive power of the models, it is clear that the predictive 

power of the RMVP model is greater than that of MVP. Further, the percentage of the reduction of 

error for RMP is greater than that of the MVP model. Thus, from the results of the AIC/BIC, predictive 

power, and PRE for the RMVP and MVP models, we can conclude that the RMVP outperforms the 

MVP model. As we move from simple binary probit to complex models, i.e., the MVP and RMVP 

models, we impose some restrictions on the models: in the MVP model, we allow the error terms to 

correlate with each other, and in RMVP, we allow error correlation along with the endogenous impact 

of the dependent variable in the subsequent equations.    
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5.5 Selection of the Model 

As we employ two models, i.e. MVP and RMVP model, we have to pick one model that better fits the 

data and outperforms the other by giving additional information from the data that the former model 

fails to produce. From different statistical tests, we found that RMVP is a better model than the MVP 

model because the AIC/BIC values for RMVP are smaller than the MVP model. Similarly, the RMVP 

has good predictive power in comparison to the MVP model. Moreover, the Proportional Reduction in 

Error (PRE) of RMVP is larger than MVP, and from the likelihood ratio test, we found that RMVP is 

a better fit. Based on the above tests, I am confident to select RMVP for further interpretations and 

discussions.  

The added value information that the RMVP model provides is the endogenous effect of the dependent 

variables that appears on the right-hand side of subsequent equations.  

5.5.1 The Recursive Multivariate Probit Model (RMVP) 

After the test, I obtained the best-fitted model, which is the recursive multivariate probit (RMVP) 

model. Nevertheless, this model represents sequential, i.e. one-way rather than a two-way relationship 

between endogenous variables. For instance, take the following combinations of endogenous variables 

and assume that the farmer has adopted all the three risk management strategies; therefore, I have: 

𝑦1
∗ =  𝑥𝛽1 + 휀1    

     𝑦2
∗  = 𝑥𝛽2 + 𝑦1𝛾1+ 휀2 

 𝑦3
∗ = 𝑥𝛽4 + 𝑦1𝛾2 + 𝑦2𝛾3+ 휀3 

 

Thus, in this case, 𝑦1 affects 𝑦2, but 𝑦2  does not affect 𝑦1 in return. Similarly, both 𝑦1 and 𝑦2  affects 

𝑦3 without affecting them in return. However, I also want to observe the impacts of other endogenous 

variables because, in our study, the adoption of a risk management strategy is not sequential. As the 

farmer adopts simultaneous risk management strategies, I can construct six different systems of 

equations in different combinations, and I do not know which combination I should select.  

From three dependent variables, six different sequences of simultaneous equations constructed are 

presented below. 

 

𝑦1
∗ =   𝑥𝛽1 + 휀1    𝑦2

∗ =   𝑥𝛽1 + 휀1    𝑦3
∗ =  𝑥𝛽1 + 휀1   

𝑦2
∗  =  𝑥𝛽2 + 𝑦1𝛾1+ 휀2   𝑦1

∗  =  𝑥𝛽2 + 𝑦1𝛾1+ 휀2   𝑦2
∗  = 𝑥𝛽2 + 𝑦1𝛾1+ 휀2 

𝑦3
∗ =  𝑥𝛽4 + 𝑦1𝛾2 + 𝑦2𝛾3+ 휀3  𝑦3

∗ =  𝑥𝛽4 + 𝑦1𝛾2 + 𝑦2𝛾3+ 휀3  𝑦1
∗ = 𝑥𝛽4 + 𝑦1𝛾2 + 𝑦2𝛾3+ 휀3 

 
𝑦2

∗ =   𝑥𝛽1 + 휀1    𝑦1
∗ =  𝑥𝛽1 + 휀1    𝑦3

∗ =  𝑥𝛽1 + 휀1 
𝑦3

∗  =  𝑥𝛽2 + 𝑦1𝛾1+ 휀2   𝑦3
∗  =  𝑥𝛽2 + 𝑦1𝛾1+ 휀2   𝑦1

∗  =  𝑥𝛽2 + 𝑦1𝛾1+ 휀2 
𝑦1

∗ =  𝑥𝛽4 + 𝑦1𝛾2 + 𝑦2𝛾3+ 휀3  𝑦2
∗ =  𝑥𝛽4 + 𝑦1𝛾2 + 𝑦2𝛾3+ 휀3  𝑦2

∗ =  𝑥𝛽4 + 𝑦1𝛾2 + 𝑦2𝛾3+ 휀3 

 

There is not much work done beyond the bivariate recursive probit model, which only represents two 

simultaneous models with a natural way of ordering (e.g., Greene, 1998; Kassouf & Hoffmann, 2006; 
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Farace & Mazzotta, 2011; Filippini et al., 2018; Oyekale & Adeyeye, 2012; Settineri, et al., 2014). 

Mokhtari et al. (2018) used a recursive multivariate probit model; however, they only showed the one-

way causal impact of the endogenous variables, and thus have no different combinations of the 

dependent variables. Therefore, in the literature, there is a gap in justifying the selection of a model 

based on the statistical ground from different order combinations of the recursive multivariate probit 

model when there is no proper ordering. In the studies mentioned above, the impact of the endogenous 

variable is only one way, which makes it different from my study, where there is no natural ordering 

of the equations. There is a possibility that each endogenous variable affects the others. Thus, I would 

provide the economic justification discussed below to choose ordering for the strategies.  

Diversification is a frequently used risk management strategy (Harwood et al., 1999), and as a risk 

management strategy, it is an important means of reducing rural vulnerability in developing countries. 

Apart from risk management, it can happen for other reasons, such as better utilisation of resources. 

For instance, in diversification, agricultural practices are used for each crop at different time periods, 

thus avoiding two peaks simultaneously, such as harvesting one crop before the other. In this case, 

resources are adequately used for each practice for each crop, and overcrowding of agricultural 

practices is avoided. Farmers adopt diversification as a risk management strategy, but it is used for 

multiple purposes and may have complementary effects. In the study area, I found that the majority of 

the farmers adopted diversification to cope with risks. Other studies also show that diversification as a 

risk management strategy is used in different parts of the country to cope with risks (Akhtar et al., 

2019; Rehman et al., 2015; Sarwar & Saeed, 2013; Ullah & Shivakoti, 2014). Thus, diversification is 

considered a core and foremost strategy in coping with risk, especially in the context of Pakistan.   

Moreover, diversification is a widely used strategy in the study area and is a broader, long-term strategy 

that maintains the farmers’ financial position in the long run; therefore, it is more likely that the farmer 

will adopt diversification as the first strategy. This strategy is easy to adopt because farmers already 

have expertise in farming, and adopting any on-farm diversification would be a soft option for farmers. 

Thus, on an economic basis, the ordering of strategies in my case is that diversification will be used in 

the first equation based on the above arguments, which conclude that diversification is a pre-eminent 

strategy when it comes to coping with catastrophic risks in Pakistan. If diversification is not available 

to the farmers, or it is not enough to secure them against the risks of natural calamities, they seek other 

strategies to secure themselves against such risks.  

If the farmer has to opt for another strategy, it is expected that they would adopt accumulated assets as 

a risk management approach. Accumulated assets are easy to adopt and can be instantly used for 

smoothening consumption. In addition, empirically, accumulated assets are the second most widely 

used strategy after diversification in this study. On the other hand, farmers usually avoid obtaining 



160 

 

credit due to being debt-averse (Chandio et al., 2017) and for religious reasons (Amanullah et al., 2020) 

because of the involvement of interest rates. Moreover, even if a farmer wanted to obtain credit, 

institutional constraints, such as complicated and lengthy documentation procedures, high interest 

rates, the short-term nature of the credit, and collateral requirements (Hussain & Thapa, 2012; Khan et 

al., 2015; Tagar & Panhwar, 2010) prevent farmers from obtaining it (Aleem, 1990; Jabbar et al., 2002; 

World Bank, 2008). Therefore, it is expected that credit as a risk management strategy would be the 

last option selected by farmers, and thus would be included in the last equation to approximate the real 

scenario.   

Apart from the economic approach, I can also use a statistical approach to justify or choose a particular 

ordering of risk management strategies. For the three equations, I have six different combinations of 

models with different ordering of the strategies. The likelihood ratio test cannot be used here, because 

the models are non-nested. We do not have a formal statistical procedure for ordering risk management 

strategies in the RMVP model; however, AIC and BIC can be used to test the model and the one with 

the lowest value can be selected. The AIC/BIC can be used here because the models are non-nested, 

but have exactly the same sample and the same response variables. In our case, in comparing the 

models, all of the assumptions of the AIC/BIC are met. Thus, the AIC/BIC will be used on the 

statistical ground to pick the model from six different combinations with the minimum information 

loss. This test will provide us with an answer to whether our economic justification is in line with the 

data or not. The following six combinations of risk management strategies for the recursive 

multivariate probit model are given as: 

(1) Diversification (2) Accumulated Assets (3) Credit  

(1) Diversification (2) Credit (3) Accumulated Assets 

(1) Accumulated Assets (2) Credit (3) Diversification 

(1) Accumulated Assets (2) Diversification (3) Credit 

(1) Credit (2) Diversification (3) Accumulated Assets 

(1) Credit (2) Accumulated Assets (3) Diversification. 

5.6 Selection of a Combination from Different Specification of RMVP Model 

As described above, I will select a model with a combination based on the statistical ground, i.e. I will 

perform the AIC/BIC test of all the specifications of the RMVP model and pick the one with a lower 

value of AIC/BIC. 
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Table 5.5: AIC/BIC values for different specifications of RMVP model 
Ordering of RMS Loglikelihood AIC BIC Total Sample Size 

1) Diversification 
2) Accumulates assets 
3) Credit Reserve 

-445.0242 992.0484 1193.265 
382 

1) Diversification 
2) Credit Reserve 
3) Accumulates assets 

-444.5523 991.1047 1192.321 
382 

1) Accumulates assets 
2) Diversification 
3) Credit Reserve 

-446.7411 995.4822 1196.699 
382 

1) Accumulates assets 
2) Credit Reserve 
3) Diversification 

-445.3189 992.6378 1193.854 
382 

1) Credit Reserve 
2) Accumulates assets 
3) Diversification 

-446.0584 994.1167 1195.333 
382 

1) Credit Reserve 
2) Diversification 
3) Accumulates assets 

-448.0961 998.1922 1199.409 
382 

 

Table 5.6: Predictive Power and PRE for Different Specifications of RMVP Model 
Ordering of RMS Predicitve Power PRE Total Sample Size 

D-C-A 81% - 80% - 82% 56% – 68% - 65% 382 

D-A-C 80% - 86% - 74% 56% - 75% – 57% 382 

A-D-C 87% - 71% - 78% 71% – 50% – 64% 382 

A-C-D 92% - 71% - 75% 83% – 50% – 60% 382 

C-A-D 81% - 80% - 72% 58% – 68% - 54% 382 

C-D-A 92% - 76% - 72% 82% – 58% – 54% 382 

 

From Table 5.5, we can see that the AIC/BIC values for the specification where we take diversification 

as the first strategy followed by credit reserve and accumulated assets is the lowest. From the test, we 

can say that the combination of RMS is a good fit. This specification of the model can be picked from 

the other remaining model specifications given with different combinations of RMS. The results are 

also consistent with our economic justification, where we concluded that diversification is considered 

our first adopted strategy. It can also be seen from the table that the model with a different specification, 

but diversification as a first strategy, has the second-lowest AIC/BIC value. From all of the 

specifications of the RMVP model when we take diversification as a first strategy, this gives us a better 

model fit. Our economic justification and statistical test reinforce each other, and thus, the model 

specification with diversification as a first strategy followed by credit reserve and accumulated assets 

will be taken as our model for further analysis, interpretations, and discussions.   

Our expectation is that accumulated assets will be followed by diversification, and the last strategy 

would be credit reserve contrasts with the statistical result. However, it makes sense that a farmer 
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cannot amass extra savings unless he has zero-farm leverage, i.e., he has cleared all of his debts before 

making savings. However, clearing debts also means that if the farmer wants to obtain credit in the 

future, he can do so in case of emergency. The farmer may have adopted accumulated assets as the 

second-highest adopted strategy, but they have made themselves ready to adopt credit reserve by 

reducing farm leverages before accumulating assets. Credit reserve could be a second important 

strategy for the farmers, but may be adopted after diversification because farmers may try to avoid 

taking on credit for the range of different reasons discussed in previous sections. In simple terms, after 

adopting diversification, farmers reduce farm leverage to enable them to adopt credit in future (credit 

reserve) in case of emergency, but avoid taking on credit and prefer to adopt accumulated assets unless 

an unavoidable situation occurs in which they must borrow money for coping with risks.  

The predictive power and PRE percentages for the specification where diversification is first, followed 

by credit reserve and accumulated assets (D-C-A), shows a well-balanced proportion for each equation 

in the model, as shown in table 5.6. 

5.7 Robustness of the Empirical Findings to the Ordering of the Strategies 

From the discussion above, we can conclude that we will choose the specification D–C–A from the 

rest of the specifications; however, we would also like to know the robustness of the empirical findings 

for the different ordering of strategies. Here, all of the model specifications are estimated – i.e., 

different ordering combinations – to ascertain whether the results are robust or not.   

After estimating all the six models, I compare the marginal effects of diversification from all the 

models in one table, marginal effects of accumulated assets in another table, and the marginal effects 

of credit reserve from all six models in an additional table. I will check the robustness of the results in 

different specifications whether there are substantive changes qualitatively by different specifications. 

A substantial change in variables as we move from one specification to another will fail to produce 

robust results and will then justify giving a particular specification of the model. If the findings from 

different specifications do not change drastically or remain similar, we will then conclude that our 

findings are robust and can pick the model based on economic and/or statistical ground.  

I will be using the marginal effects of the variables on the adoption choice of farmers. There are 

different types of conditional marginal effects to be estimated, for instance, the derivative of 

P(𝑦1=1⃒𝑦2 =1, 𝑦3 =1),  derivative of P(𝑦1=1⃒𝑦2 =1, 𝑦3 =0), derivative of  P(𝑦1=1⃒𝑦2 =0, 𝑦3 =1), and 

derivative of P(𝑦1=1⃒𝑦2 = 0, 𝑦3 =0). However, I chose the first type to estimate the marginal effects, 

i.e. the probability to adopt diversification given that accumulated assets and credit are already being 

used. Greene has also used it in his examples, i.e. the derivative of P (𝑦1=1⃒𝑦2 =1) and called it the 

natural first step among several marginal effects evaluated in a bivariate model. For the recursive 
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multivariate probit model, the marginal effects of the variables on farmers’ choice to adopt risk 

management strategies are obtained using LIMDEP (version 4) econometric software. The conditional 

marginal effects could be different than their corresponding parameter estimates because I am 

calculating marginal effects conditional on the remaining two dependent variables being positive; the 

calculation becomes different and more complex than the case of calculating marginal effects of each 

dependent variable marginally20. The conditional marginal effect formula is given below: 

𝜕 𝑃𝑟𝑜𝑏 (𝑦1|(𝑦2=1,𝑦3=1)

𝜕𝑥𝑘
= 

𝜕

𝜕𝑥𝑘
[
𝜕 𝑃𝑟𝑜𝑏(𝑦1

∗>0,𝑦2=1,𝑦3=1)

𝑃𝑟𝑜𝑏 (𝑦2=1,𝑦3=1)
]= 

 

𝜕 𝑃𝑟𝑜𝑏(𝑦1
∗ > 0, 𝑦2 = 1, 𝑦3 = 1)

𝜕𝑥𝑘
 𝑃𝑟𝑜𝑏 (𝑦2 = 1, 𝑦3 = 1) − 𝑃𝑟𝑜𝑏(𝑦1

∗ > 0, 𝑦2 = 1, 𝑦3 = 1)
𝜕 𝑃𝑟𝑜𝑏(𝑦2 = 1, 𝑦3 = 1)

𝜕𝑥𝑘

𝑃𝑟𝑜𝑏 (𝑦2 = 1, 𝑦3 = 1)2
 

Given the complexity of the formula, the alteration of the signs can happen as we see whether the sign 

of the marginal effect is positive or negative depending on the magnitude of the first and second term 

in the nominator of the last equation. If the magnitude of the second term in the nominator is greater 

than the first term in the nominator, we get negative marginal effects, and vice versa.  

The marginal effects conditional on the adoption of remaining risk management strategies are 

provided in tables 5.7-5.10 below.  

 

  

                                                 
20 The multivariate probit model assumes that the three latent variables are jointly followed a multivariate normal distribution. One of the multivariate 

normal distribution properties is that each of the three variables marginally with respect to others follows a univariate normal distribution. This means 

that we are going back to the univariate case. Suppose we calculate marginal effects on the m-th dependent variable marginally with respect to the other 

dependent variables. In that case, we should get the same signs as parameter estimates as we are reverting back to the univariate case in terms of 
calculations. The parameter estimates are calculated in this way.   
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Table 5.7: Marginal effects of diversification in different specifications of the RMVP model 
 Diversification   

 Mean value of Diversification = 0.568  
 D-A-C D-C-A A-D-C C-D-A A-C-D C-A-D 
Acum. Assets - - -0.587*** 

(0.023) 
- -0.071***      

(0.014)      
-0.360***      
(0.044)      

Credit Reserve - -   - -0.014 
(0.029) 

0.045***       
(0.009) 

0.136***       
(0.016) 

Age -0.049*** 
(0.011) 

 -0.011***       
(.0003)     

-0.044***       
(0.001)     

-0.068***       
(0.005)     

-0.079      
(0.065)  

-0.027***      
(0.001)  

Education  0.022*** 
(0.001) 

-0.024***       
(0.002)    

 0.015***       
(0.0008)    

-0.012***       
(0.0007)    

 0.028***       
(0.044)    

 0.011***       
(0.001)    

Experience   0.048*** 
(0.016) 

-0.027***       
(0.001)    

-0.029***       
(0.002)    

 0.070***       
(0.006)    

0.060***       
(0.005)    

0.031***       
(0.002)    

Farm Size  0.0007 
(0.001) 

 0.004***       
(0.0003)     

 0.003***       
(0.0003)     

-0.0002       
(0.0004)     

0.006       
(0.001)      

0.003***       
(0.001)      

Distance 0.069 
(0.048) 

 0.154***       
(0.009)     

 0.109***       
(0.007)     

-0.005       
(0.016)     

0.008***       
(0.002)      

0.060***       
(0.011)      

Flood  0.259** 
(0.080) 

 0.361***       
(0.017)     

 0.322***       
(0.016)     

 0.138***       
(0.027)     

0.123***       
(0.009)     

0.284***       
(0.031)     

Heavy Rain 0.041 
(0.067) 

0.220***       
(0.008)     

0.088***       
(0.011)     

-0.010       
(0.021)     

0.132***       
(0.002)     

0.044       
(0.030)     

Hail  0.133*** 
(0.042) 

0.200***       
(0.009)     

0.171***       
(0.007)     

0.076***       
(0.014)     

0.048       
(0.004)    

0.138***       
(0.012)    

Storm  0.194*** 
(0.031) 

0.109***       
(0.012)      

0.210***       
(0.005)      

0.113***       
(0.009)      

0.060***       
(0.004)     

0.141***       
(0.009)     

Pest & Disease 0.174** 
(0.070) 

0.294***      
(0.013)     

0.249***      
(0.012)     

0.085***      
(0.022)     

0.099***       
(0.006)    

0.192***       
(0.022)    

Risk Aversion  0.188*** 
(0.045) 

0.318***       
(0.011)   

0.292***       
(0.017)   

0.167***       
(0.013)   

0.375***       
(0.006)     

0.243***       
(0.032)     

Information  0.234*** 
(0.045) 

0.203***       
(0.014)     

0.287***       
(0.012)     

0.176***       
(0.014)     

0.135***      
(0.009)     

0.285***      
(0.025)     

Access to Cred. 0.233*** 
(0.018) 

0.061***       
(0.013)      

0.223***       
(0.003)      

0.149***       
(0.007)      

-0.047       
(0.036)    

-0.101       
(0.086)    

Income  0.109*** 
(0.015) 

0.099***       
(0.007)     

0.070***       
(0.004)     

0.085***       
(0.007)     

0.069      
(0.056)     

0.073**      
(0.035)     

Total Sample 
Size 

382 382 382 382 382 382 

 

Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, and 

1% levels, respectively 

Table 5.8: Marginal effects of accumulated assets in different specifications of the RMVP model 
 Accumulated Assets  
 Mean value of Accumulated Assets = 0.434  
 D-A-C C-A-D A-C-D A-D-C C-D-A D-C-A 
Diversification -0.213***       

(0.060) 
- - - -0.532**       

(0.229) 
-0.711***       
(0.210) 

Credit Reserve - -0.733*** 
(0.123) 

- - -0.010       
(0.137) 

-0.023       
(0.089) 

Age 0.092***        
(0.012) 

0.019***       
(0.080) 

-0.018*** 
(0.005) 

0.152***        
(0.016) 

-0.127***        
(0.022) 

-0.059       
(0.038) 

Education 0.007***       
(0.001) 

0.009      
(0.010) 

0.015*** 
(0.002) 

0.016***       
(0.005) 

0.005***       
(0.0006) 

0.021***       
(0.0007) 

Experience  0.079***        
(0.014) 

-0.025 
(0.073) 

0.009 
(0.007) 

-0.172***        
(0.017) 

0.128***        
(0.025) 

0.058***        
(0.013) 
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Farm Size 0.002*      
(0.0008) 

0.010    
(0.001) 

0.005*** 
(0.001) 

0.012***      
(0.0007) 

-0.0009      
(0.0023) 

 0.0008      
(0.001) 

Distance 0.099***        
(0.019) 

0.207***       
(0.027) 

0.103*** 
(0.022) 

0.271***        
(0.017) 

0.042        
(0.074) 

0.062        
(0.054) 

Flood 0.359*** 
(0.028) 

0.679*** 
(0.129) 

0.299*** 
(0.048) 

0.446*** 
(0.028) 

0.347** 
(0.150) 

0.272*** 
(0.099) 

Heavy Rain 0.106***        
(0.022) 

0.224***       
(0.074) 

0.075** 
(0.031) 

0.251***        
(0.018) 

0.119        
(0.089) 

0.034        
(0.067) 

Hail  0.199***        
(0.016) 

0.299*** 
(0.066) 

0.157*** 
(0.023) 

 0.213***        
(0.016) 

 0.200***        
(0.076) 

 0.138**        
(0.054) 

Storm 0.249*** 
(0.012) 

0.263***       
(0.082) 

0.169*** 
(0.015) 

0.163*** 
(0.010) 

0.202*** 
(0.056) 

0.201*** 
(0.039) 

Pest & Disease 0.287*** 
(0.023) 

0.470***       
(0.098) 

0.225*** 
(0.036) 

0.343*** 
(0.021) 

0.270** 
(0.117) 

0.181** 
(0.083) 

Risk Aversion  0.396***        
(0.020) 

0.465       
(0.291) 

0.244*** 
(0.048) 

 0.143***        
(0.044) 

 0.458***        
(0.101) 

 0.217***        
(0.059) 

Information  0.302***       
(0.017) 

0.582***       
(0.152) 

0.289*** 
(0.039) 

 0.278***       
(0.020) 

 0.311***       
(0.099) 

 0.248***       
(0.059) 

Access to Cred.  0.233***        
(0.011) 

0.334***       
(0.052) 

0.212*** 
(0.012) 

0.190***        
(0.012) 

0.198***        
(0.055) 

0.237***        
(0.027) 

Income -0.078***        
(0.013) 

-0.039***       
(0.004) 

-0.071*** 
(0.014) 

-0.038***        
(0.004) 

-0.049***        
(0.017) 

-0.110        
(0.093) 

Total Sample 
Size 

382 382 382 382 382 382 

Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, and 

1% levels, respectively 

Table 5.9: Marginal effects of Credit Reserve in different specifications of the RMVP model 
 Credit Reserve   

 Mean value of Credit Reserve = 0.418  

 D-A-C A-D-C D-C-A 
 

A-C-D C-D-A C-A-D 
 

Accum. Assets  -0.122** 
(0.055) 

-0.819*** 
(0.091) 

- -0.175*** 
(0.011) 

- - 

Diversification 0.134 
(0.70) 

-0.056 
(0.061) 

0.377**      
(0.142) 

- - - 

Age 0.136*** 
(0.007) 

0.160*** 
(0.029) 

0.036***       
(0.002) 

0.115*** 
(0.007) 

0.098***       
(.002) 

0.044*** 
(0.0011) 

Education  0.022*** 
(0.001) 

0.018*** 
(0.004) 

0.029***       
(0.008) 

0.012*** 
(0.001) 

0.030***       
(0.003) 

0.003***      
(0.001) 

Experience  -0.152*** 
(0.004) 

0.177*** 
(0.027) 

 0.032***       
(0.007) 

-0.116*** 
(0.006) 

-0.113***       
(0.002) 

 -0.044***      
(0.0012) 

Farm Size  0.010** 
(0.001) 

0.013*** 
(0.001) 

-0.001      
(0.002) 

0.013*** 
(0.001) 

0.011***     
(0.0004) 

0.007***     
(0.0004) 

Distance 0.196*** 
(0.023) 

0.279 
(0.021) 

0.125*** 
(0.041) 

0.237*** 
(0.002) 

0.256***      
(0.003) 

0.189***       
(0.0003) 

Flood  0.153** 
(0.070) 

0.459*** 
(0.057) 

 0.361***       
(0.070) 

0.584*** 
(0.011) 

0.383***       
(0.010) 

0.518***       
(0.003) 

Heavy Rain 0.162*** 
(0.031) 

0.235*** 
(0.030) 

0.241*** 
(0.029) 

0.193*** 
(0.006) 

0.238*** 
(0.004) 

 0.170***       
(0.0005) 

Hail  0.099*** 
(0.038) 

0.226*** 
(0.024) 

0.168*** 
(0.040) 

0.246*** 
(0.006) 

0.194*** 
(0.005) 

0.206*** 
(0.001) 

Storm  0.049 
(0.034) 

0.145*** 
(0.033) 

0.119**       
(0.048) 

0.177*** 
(0.007) 

0.170***       
(0.005) 

  0.227***      
(0.002) 

Pest & Disease 0.125** 
(0.055) 

0.355*** 
(0.045) 

0.311*** 
(0.053) 

0.402*** 
(0.008) 

0.294***       
(0.008)  

0.393***      
(0.003) 
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Risk Aversion -0.125 
(0.091) 

0.132 
(0.101) 

0.381***       
(0.030) 

 0.228*** 
(0.025) 

0.038*** 
(0.010) 

0.412*** 
(0.005) 

Information  0.093* 
(0.049) 

0.302*** 
(0.056) 

0.169***       
(0.064) 

0.445*** 
(0.013) 

0.282*** 
(0.007) 

 0.445***      
(0.004) 

Access to Cred. 0.074*** 
(0.027) 

0.208*** 
(0.018) 

-0.043       
(0.054) 

0.263*** 
(0.003) 

0.219***      
(0.004) 

0.318***      
(0.002) 

Income 0.022*** 
(0.003) 

0.036*** 
(0.002) 

0.096***      
(0.024) 

-0.002*** 
(0.0004) 

 -0.021***       
(0.0002) 

 -0.005***       
(0.0003) 

Total Sample 
Size 

382 382 382 382 382 382 

Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, and 

1% levels, respectively 

From the above table, we see that the variables do not change substantially at different specifications. 

The coloured rows show variables that change qualitatively at different specifications, i.e., at different 

ordering strategies. Moreover, Tables 5.14, 5.15, and 5.16 represent the corresponding parameter 

estimates (in the Appendix, section 5.11) of the same six different specifications of the RMVP model 

that are produced marginally with respect to other dependent variables. The results are almost identical 

in all specifications. The slight changes in the marginal effects table may be due to the complexity of 

the calculation involved in the estimation process of conditional marginal effects. From the results 

obtained from both the marginal effects and parameter estimates, the key variables such as risk 

perception of weather-related risks, risk aversion, the distance of the farm from the river, and access 

to credit and information are qualitatively similar in all the specifications of the RMVP model. 

However, some of the control variables, such as age, experience, and income, switch signs with 

different specifications in their marginal effects, which are still the same in the ordering D–A–C and 

D–C–A. Thus, the use of the signs with the preferred ordering, i.e., D–C–A (according to our economic 

and statistical justifications), will be used for interpretation and further discussion. 

5.8 Estimation of the Selected Model Specification 

The model obtained from the different specifications, consisting of diversification as a first strategy 

followed by credit reserve and accumulated assets, is estimated. The results are produced in the table 

below. 

Table 5.10: Marginal Effects of RMVP Model (D-C-A ordering), adjusted for Sampling weights 
  
 Diversification Credit Reserve Accumulated Assets 
Mean Values of Dep.Var. 0.568 0.418 0.434 

Diversification  - 0.377**      
 (0.142) 

-0.711***        
(0.210) 

Credit Reserve - - -0.023 
(0.089) 

Age  0.011***        
(.0003) 

 0.036***       
 (0.002) 

-0.059       
 (0.038) 

Education -0.024***       
 (0.002)    

 0.029***       
 (0.008) 

0.021***        
(0.0007) 



167 

 

Experience  -0.027***       
 (0.001)    

  0.032***       
 (0.007) 

 0.058***         
(0.013) 

Farm Size  0.004***        
(0.0003)     

-0.001 
 (0.002) 

 0.0008       
(0.001) 

Distance  0.154***        
(0.009)     

  0.125*** 
(0.041) 

0.062        
 (0.054) 

Flood  0.361***        
(0.017)     

 0.361***        
(0.070) 

  0.272*** 
(0.099) 

Heavy Rain 0.220***        
(0.008)     

 0.241*** 
(0.029) 

0.034        
 (0.067) 

Hail 0.200***        
(0.009)     

 0.168*** 
(0.040) 

 0.138**        
 (0.054) 

Storm 0.109***        
(0.012)      

0.119**        
(0.048) 

0.201*** 
(0.039) 

Pest & Disease 0.294***       
(0.013)     

 0.311*** 
(0.053) 

0.181** 
(0.083) 

Risk Aversion 0.318***        
(0.011)   

  0.381***       
 (0.030) 

 0.217***        
 (0.059) 

Information 0.203***        
(0.014)     

 0.169***       
 (0.064) 

 0.248***        
(0.059) 

Access to Cred. 0.061***        
(0.013)      

-0.043 
 (0.054) 

0.237***        
 (0.027) 

Income 0.099***        
(0.007)     

  0.096***      
 (0.024) 

                 -0.110         
(0.093) 

Log Liklihood Function  -435.7137   
No. of Obasservations 382 382 382 
Number of Parameters 51   

Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, and 

1% levels, respectively 

  

The table shows, as expected, that weather-related risks are considered an imminent threat to the 

farmers in the study area that can severely affect their livelihood. This higher perception of weather-

related risks induces farmers to adopt different risk management strategies to secure themselves from 

the adverse shocks of natural calamities. This finding is also consistent with the studies conducted by 

Pennings and Leuthold (2000), Meuwissen et al. (2001), and Palinkas and Székely (2008). Also, risk-

averse farmers tend to adopt all the available risk management strategies to cope with risks. It implies 

that risk-averse farmers would feel secure against risks if they adopt multiple risk management 

strategies. The more risk-averse the farmer is, the more he would worry about their potential loss due 

to natural calamity. Thus, he would consider adopting multiple strategies as a secure instrument against 

different risks related to agriculture.  

Moreover, access to credit and information positively and significantly impact farmers' probability of 

adopting the three risk management strategies simultaneously. Increasing access to information 

acquaints the farmers with the latest techniques and technologies that can enhance their productivity 

and make them aware of the potential risks related to agriculture, thus inducing the farmers to secure 

themselves by adopting risk management strategies. In developing countries like Pakistan, access to 

financial resources can help smallholder farmers improve agricultural productivity to better handle 
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risks associated with climate change and allow smallholders to participate in non-farm activities. The 

more the farmer has access to credit, the more likely would they adopt credit to cope with risks.   

A positive and significant impact of distance of river from the land was expected. The smaller the 

distance of the river from the land, the more the farmers tend to adopt risk management strategies. In 

the past consecutive occurrence of flood has brought devastation to the farming business of the country, 

and thus, the close proximity of farmers’ land to the river has feared farmers from the occurrence of 

flood at any time soon. This fear of farmers may induce them to secure their livelihood in case of 

emergency by adopting multiple risk management strategies simultaneously.  

From the table, we see that as the age of the farmer increases, the probability of adopting risk 

management strategies also increases. The impact of education and experience on the adoption of 

diversification is negative, whereas they have a positive impact on the adoption of credit reserve and 

accumulated assets. Farming experience has a negative impact on farmers’ choice to adopt 

diversification. This finding is in line with Velandia et al. (2009), Iqbal et al. (2016), and Mussema et 

al. (2013). Farmers with low experience generally lack some farming skills. The lack of skill then 

increases their fear of the risks inherent to agricultural production and consequently their need to resort 

to risk management strategies. The opposite is true for farmers with high experience. Moreover, the 

education level of the farmer has also a negative impact on farmers’ choice to adopt diversification. 

This result is in line with the findings of Ellis (2017) and Mesfin et al. (2011). Diversification is the 

most commonly adopted strategy in the study area. The more educated farmer obtain information and 

the potential benefits of other strategies, and thus, they are more likely to adopt risk management 

strategies other than diversification to acquaint to those strategies. It can be seen that educated farmers 

tend to adopt credit for managing risks because they know the complexity involved in obtaining credit 

compared to their uneducated counterparts.  

A positive and significant impact of farm size on the probability to adopt diversification indicates that 

as the farm size increases, the farmer has an opportunity to diversify their farm income by utilizing the 

extra land.  

Farmers with higher income tend to use off-farm diversification to offset any negative shock to their 

agricultural enterprise with earnings from other enterprises. Our result is in line with Rehima et al. 

(2013) and Deressa et al. (2010), who also reported a positive relation of the income with the use of 

diversification. Similarly, large farm income indicates zero-farm leverage and thus, has the ability to 

obtain the loan if they want to in the future in case of emergency. 

Similarly, we also examined whether the RMS are substitutes or complements by taking the 

endogenous impact of the dependent variable into account. From the RMVP results (Table 5.7; page 

164) and other specifications of the RMVP (Table 5.4, 5.5, and 5.6), we observe that credit reserve has 
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a positive and significant impact on the adoption of diversification and, thus, are complements. A 

farmer may need to diversify their income to generate more income to pay off the loan and make 

themselves available for future credit instantly in case of emergency. 

 In contrast, accumulated assets and diversification are substitutes. Subsistence farmers may allocate 

their limited resources in the adoption of one strategy over another strategy, and thus, may trade-off 

between the adoption of diversification and accumulated assets. The impact of accumulated assets on 

the adoption of credit reserve is insignificant in the model we selected; however, in the other 

specifications of the RMVP model, i.e. in table 5.5 and 5.6, we clearly see the negative impact of 

accumulated assets on the adoption of credit reserve and vice versa. It implies that the two strategies 

are also substituted. A farmer who wants to obtain a loan to deal with risks would probably have no 

precautionary savings. In the same manner, if farmers possess liquid/semi-liquid assets for risky 

situations, they may try to avoid obtaining a loan—which is a liability with a principal amount plus the 

interest rate. 

The recursive impact gives us a clearer idea about how the strategies relate to each other. This 

information may be useful to understand if we want to know, in particular, if a farmer adopts a strategy, 

how likely it will affect the adoption of another strategy in which we are interested. 

5.9 Correlation between Error terms of Risk Management Strategies 

After estimating the MVP model21, error terms were allowed to correlate to find the simultaneous effect 

of unobserved variables on the risk management strategies. The coefficients are the pairwise 

correlation between the error terms in the system of equations in the multivariate probit model given 

in table 5.8. This correlation of unobserved factors on risk management adoption decisions is 

statistically significant, affirming the MVP method rather than the two independent probit models. 

Table 5.11: Correlation Coefficients of Risk Management Adoption Decisions 

Risk Management Strategies    Correlation Coefficients  

Diversification and Credit Reserve (𝛿12)   -0.778*** 

(0.083) 

Diversification and Accumulated Assets (𝛿23)  -0.360*** 

        (0.104) 

Accumulated Assets and Credit Reserve (𝛿13)  -0.062 

        (0.121) 

Total Sample Size:                                                                            382_____________    _____________________ 

*** indicates significant at 1 % probability level. Figures in parenthesis are standard errors  

The correlation coefficient results obtained from the MVP model is presented in Table 5.3, which 

indicates that the unobserved factors affect each pairwise combination of risk management strategies 

                                                 
21 The Marginal Effects table is provided in the Appendix of this chapter 
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in different directions. The unobserved factors that affect farmers’ choice to adopt diversification affect 

their choice not to adopt credit reserve as a risk management tool. The same is true between 

diversification and accumulated assets. 

Similarly, after estimating the RMVP model, I also obtained the correlation coefficients of the error 

terms of the risk management strategies. Table 5.9 shows the association between error terms. 

Table 5.12: Correlation Coefficients of Risk Management Adoption Decisions 

Risk Management Strategies    Correlation Coefficients  

Diversification and Credit Reserve (𝜌12)   0.316 

        (0.314) 

Diversification and Accumulated Assets (𝜌23)  0.056 

        (0.411) 

Accumulated Assets and Credit Reserve (𝜌13)  0.383 

        (0.432) 

Total Sample Size:                                                                            382_______  ____________________________ 
*** indicates significant at 1 % probability level. Figures in parenthesis are standard errors 

 

In Table 5.4, the correlation coefficients are derived using the RMVP model, which is different in both 

signs and magnitude than that of the MVP model and is statistically insignificant.  

The correlation coefficients obtained from the RMVP model is positive, while that of the MVP model 

is negative. It is because, in the MVP model, the true recursive impact of risk management strategies 

is not controlled and is absorbed with the unobserved random factors in the error term, which implies 

that the correlation of the error terms in model (1) is mechanically determined by (𝜌12, 𝜌13, 𝜌23),  and 

𝜞 i.e. 𝛿12 ≡ 𝑐𝑜𝑟𝑟 (𝜇1, 𝜇2) = 𝑐𝑜𝑟𝑟 (𝜇1, 𝑦1𝛾1+ 휀2), 𝛿13 ≡ 𝑐𝑜𝑟𝑟 (𝜇1, 𝜇3) = (𝜇1, 𝑦1𝛾2+𝑦2𝛾3+휀3), and 𝛿23 

≡ 𝑐𝑜𝑟𝑟 (𝜇2, 𝜇3) = (𝑦1𝛾1+ 휀2, 𝑦1𝛾2  +  𝑦2𝛾3 + 휀3). In model (1), the error term of the first equation is 

the same as in model (2), but the endogenous effect is captured in the error terms of equation 2 and 

equation 3 of model (1). Thus, the correlation between the error term of equation (1) and equation (2) 

of model (1), i.e. 𝛿12, after considering the recursive impact, will become 𝑐𝑜𝑟𝑟 (𝜇1, 𝑦1𝛾1+ 휀2) because 

of the recursive impact of 𝑦1 is captured in 𝜇2, i.e. 𝜇2 = 𝑦1𝛾1+ 휀2. The correlation between equation 

(1) and equation (3) i.e. 𝛿13, will become (𝜇1, 𝑦1𝛾2+𝑦2𝛾3+휀3) because the recursive effect of 𝑦1 and 

𝑦2 is captured in 𝜇3, which after extracting the effect, 𝜇3 = 𝑦1𝛾2+𝑦2𝛾3+휀3. Similarly, the correlation 

between the error term of equation (2) and equation (3) i.e. 𝛿23 will become (𝑦1𝛾1+ 휀2, 𝑦1𝛾2  +

 𝑦2𝛾3 + 휀3) because the 𝜇2 = 𝑦1𝛾1+ 휀2, and, 𝜇3 = 𝑦1𝛾2+𝑦2𝛾3+휀3. Not surprisingly, if 𝜌12 = 𝜌13, =

𝜌23 = 0, then 𝜌12 = 𝛿12, 𝜌13 = 𝛿13, 𝜌23 = 𝛿23, i.e. in the absence of recursive structure, the RMVP 

model will collapse into the MVP model, and Tables 5.8 and 5.9 would have shown the same results. 

In the RMVP model, 𝜌12, 𝜌13, 𝜌23 captures the correlation between 휀1, 휀2 and 휀3, and does not reflect 

the correlation between 𝑦1, 𝑦2 and 𝑦3 (Filippini et al., 2018). 
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This fact is proved in Tables 5.8 and 5.9. In the MVP model where the error terms absorbed 

endogenous impact in the second and third equations and provided us with a negative and significant 

correlation coefficient of the error terms of the two risk management strategies. By controlling the 

endogenous impact via the RMVP model described above, the correlation coefficients become 

insignificant and positive. Thus, the negative association between the error terms of risk management 

strategies in the MVP model is due to the presence of uncontrolled recursive impact absorbed together 

with unobserved random factors. It can, therefore, be concluded that the RMVP model gives us richer 

interpretations and more meaningful results as compared to the MVP model. 

Many researchers obtained pairwise correlation coefficients for different dependent variables using 

only the MVP model, and their interpretation is unjustifiably different from ours. In their studies, 

Velandia et al. (2009), Kouamé (2010) and Ullah et al. (2015) used the multivariate model to find 

factors affecting simultaneous adoption of multiple risk management strategies. They found a potential 

correlation between the unobserved factors of these strategies. They, however, interpret the results, for 

instance, the positive association of unobserved factors of two risk management strategies, that farmers 

adopt one strategy may be more likely to adopt the other strategy as well—which is not quite 

convincing. 

Moreover, the correlation between the error terms of the RMS does not provide any information on 

whether these strategies are complements or substitutes by observing the positive or negative 

correlation between their error terms. For instance, the positive correlation between the error terms of 

two risk management strategies does not necessarily mean that farmers who adopt one strategy may 

be more likely to adopt the other strategy as well. It means that the unobserved factors affecting one 

strategy affect the farmers’ choice to adopt another risk management strategy in the same direction, 

but the farmer choice to adopt one risk management strategy may have a negative impact on his choice 

to adopt another alternative risk management strategy, i.e. the farmer choice to adopt one strategy may 

affect his choice less likely to adopt another strategy. This effect is captured by employing a recursive 

multivariate probit model. In table 5.11 (page 167), the correlation of error terms from MVP shows a 

negative correlation between diversification and credit reserve; however, table 5.10 (page 164) shows 

the credit reserve has a positive and significant impact on the adoption of diversification. 

From these findings, we found that taking into account the correlation of error terms gives us more 

information about the research question at hand. Allowing error terms to correlate between the 

strategies may also affect the probability to adopt a strategy, e.g. the unobserved factor, let’s say, the 

perception of subsidized inputs by the government in the future, may affect the farmers’ choice to 

adopt diversification. In this respect, the farmer is more likely to adopt this strategy because of the low 

cost of production; the farmer would expect more income and utilize a proportion of such income to 
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protect himself against natural calamities. Thus, the perception of the low cost of production induces 

the farmer to adopt diversification; the farmer protects himself by smoothening their consumption if 

hit by natural calamity. Now, for example, the unobserved factor associated with credit reserve is the 

ability to pay off the loan along with interest rate that may affect farmers’ choice of whether to adopt 

it or not. Perceiving low input prices in future, the farmer expects higher income from his produce, 

which may induce him to adopt credit reserve as a risk management strategy because he may now be 

able to pay off the liability. Thus, in this example, we observe that the unobserved factor of 

diversification is correlated to the unobserved factors of credit reserve and affect their choice to adopt 

the strategies simultaneously. If we found a highly significant correlation between the error terms of 

RMS, we can extract the unobserved variable from the error term as we did by taking endogenous 

variables into account. This extracted variable can be of significant importance in terms of its impact 

on the dependent variable.   

5.10 Summary and Conclusion 

Agricultural production of a farm household in developing countries like Pakistan is severely affected 

by a variety of weather-related risks such as flood, drought, heavy rain, pest and disease, hail, storms 

etc. In such countries, due to the absence of formal insurance, farmers adopt other informal options in 

managing risks, which are mostly utilized simultaneously. However, it was assumed that decision to 

adopt one risk management strategy is independent of the decision to adopt other strategies. In this 

chapter, I particularly examine the factors that affect farmers’ choice to adopt diversification, credit 

reserve, and accumulated assets while taking into account the potential correlation among all the 

adoption decisions by using the standard multivariate probit model and its extended version i.e. 

recursive multivariate probit model approaches.    

For the analysis, I run both the models, i.e. MVP and RMVP models and select the best fit model, i.e. 

RMVP, via AIC’s approach, predictive power, and proportional reduction of error. In the RMVP 

model, the use of an endogenous variable is of great interest because it allows us to find the impact of 

one risk management strategy on the adoption choice of the other, which was ignored in previous 

studies, such as Velandia et al.  (2009), Ullah et al. (2015), and Kouamé, (2010).  

The results from the MVP model shows that the decisions to adopt alternative risk management 

strategies are indeed correlated and thus justify the use of the MVP model instead of independent probit 

models. The possibility of the impact of endogenous variables is also taken into account by employing 

the RMVP model. The recursive state of the model produces six different combinations; however, a 

more viable combination is obtained through economic justification and a statistical test.   
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The results obtained from the RMVP model shows that there is a highly significant impact of the 

adoption of one strategy on the adoption choice of another strategy. Other important covariates such 

as high-risk perception of weather-related risks, the risk-averse attitude of the farmers, access to credit 

and information induce the farmer to adopt multiple risk management strategies simultaneously. We 

also found that diversification is a substitute to the adoption of accumulated assets but a complement 

to the adoption of credit reserve. 

With the help of these findings, the extension worker can introduce a more comprehensive training 

program for this target population which can cover all the aspects of the risk management strategies 

described in this chapter. Policymakers can also get a vivid idea to understand farmers’ behaviour 

under risk and to predict which types of farmers would adopt government-supported programs and 

how to persuade them to adopt these programs in the presence of conventional risk management 

strategies.  
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5.11 Appendix-III 

Table 5.13: Marginal Effects from MVP Model, Adjusted for sampling weights 
  
 Diversification Credit Reserve Accumulated Assets 
Mean Values of Dep.Var. 0.568 0.418 0.434 

Age  0.004***        
(.0003) 

 0.067***       
 (0.015) 

 0.073***        
 (0.027) 

Education                  -0.001 
 (0.004)    

 0.007**       
 (0.003) 

0.006 
(0.003) 

Experience  -0.018*** 
 (0.002)    

  -0.071***       
 (0.013) 

 -0.070**         
(0.028) 

Farm Size  0.004***        
(0.0009)     

   0.006*** 
 (0.0003) 

   0.006***       
(0.001) 

Distance  0.093***        
(0.019)     

  0.131*** 
(0.002) 

  0.119***        
 (0.006) 

Flood  0.266***        
(0.059)     

 0.274***        
(0.056) 

  0.226*** 
(0.070) 

Heavy Rain 0.121***        
(0.014)     

 0.118*** 
(0.003) 

  0.115***        
(0.019) 

Hail 0.120***        
(0.029)     

 0.107*** 
(0.022) 

  0.086***        
 (0.032) 

Storm 0.091***        
(0.031)      

0.094**        
(0.027) 

                  0.077* 
(0.041) 

Pest & Disease 0.157***       
(0.031)     

 0.158*** 
(0.019) 

 0.130*** 
(0.036) 

Risk Aversion 0.191***        
(0.024)   

  0.121***       
 (0.076) 

                  0.085        
 (0.114) 

Information 0.209***        
(0.050)     

  0.195***       
 (0.050) 

 0.134**        
(0.064) 

Access to Cred. 0.130***        
(0.049)      

  0.132*** 
 (0.024) 

0.091***        
 (0.024) 

Income                  0.013       
(0.016)     

  0.015***      
 (0.001) 

 0.029***         
(0.003) 

Log Liklihood Function  -467.0357        
No. of Obasservations 382 382 382 
Number of Parameters 48   

Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, 
and 1% levels, respectively 
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Table 5.14: Parameter estimates for Diversification in different specifications of the RMVP model, adjusted for sampling 

weights 
 Diversification   

 Mean value of Diversification = 0.568  

 D-A-C D-C-A A-D-C C-D-A A-C-D C-A-D 
Acum. Assets - - -2.340*** 

(0.454) 
- -3.689***      

(0.547)      
-4.310***      
(0.537)      

Credit Reserve - -   -  0.899** 
(0.362) 

 2.554***      
(0.552) 

2.317***       
(0.563) 

Age  0.306*** 
(0.105) 

  0.313***       
(0.068)     

 0.411***       
(0.118)     

 0.254**       
(0.105)     

 0.442***      
(0.144)  

 0.416***      
(0.144)  

Education  0.068*** 
(0.018) 

 0.068***       
(0.018)    

 0.035       
(0.023)    

 0.084***       
(0.019)    

 0.051*       
(0.027)    

 0.037       
(0.027)    

Experience   -0.351*** 
(0.096) 

-0.373***       
(0.095)    

-0.461***       
(0.113)    

 -0.280***       
(0.096)    

-0.436***       
(0.133)    

-0.426***       
(0.131)    

Farm Size  0.027 
(0.017) 

 0.026       
(0.017)     

 0.032       
(0.021)     

 0.025      
(0.018)     

0.044*       
(0.024)      

0.044*       
(0.025)      

Distance 0.543*** 
(0.178) 

 0.542***       
(0.178)     

 0.704***       
(0.223)     

 0.550***       
(0.181)     

0.844***       
(0.251)      

0.866***       
(0.247)      

Flood  0.543*** 
(0.201) 

 0.550***       
(0.203)     

 1.106***       
(0.248)     

 0.710***       
(0.216)     

2.021***       
(0.323)     

2.027***       
(0.344)     

Heavy Rain 0.456*** 
(0.175) 

0.447**       
(0.177)     

0.611**       
(0.251)     

 0.465*       
(0.179)     

0.658**       
(0.296)     

0.717**       
(0.280)     

Hail  0.319 
(0.204) 

0.307       
(0.205)     

0.524**       
(0.260)     

0.370*       
(0.209)     

0.855***       
(0.320)    

0.864***       
(0.325)    

Storm  0.232 
(0.194) 

0.220       
(0.196)      

0.319       
(0.234)      

0.346*       
(0.195)      

0.610**       
(0.270)     

0.613**       
(0.255)     

Pest & Disease 0.423** 
(0.207) 

0.425**      
(0.207)     

0.852***      
(0.296)     

0.547*      
(0.211)     

1.362***       
(0.343)    

1.439***       
(0.340)    

Risk Aversion  -0.204 
(0.211) 

-0.208       
(0.212)   

0.288       
(0.284)   

-0.109       
(0.213)   

0.697**       
(0.302)     

0.825**       
(0.322)     

Information  0.390*** 
(0.141) 

0.399***       
(0.145)     

0.668***       
(0.192)     

0.555***       
(0.162)     

1.506***      
(0.287)     

1.548***      
(0.315)     

Access to Cred. 0.317* 
(0.181) 

0.321*       
(0.180)      

0.452**       
(0.209)      

0.490***       
(0.187)      

 0.955***       
(0.233)    

 0.888***       
(0.250)    

Income  -0.0003 
(0.004) 

0.0001       
(0.004)     

0.013**       
(0.006)     

-0.008*       
(0.005)     

-0.003      
(0.008)     

0.004      
(0.007)     

Constant -2.484*** 
(0.490) 

-2.504***       
(0.488)     

-3.275 
(0.564) 

-2.421*** 
(0.491) 

-3.865*** 
(0.739) 

-3.845*** 
(0.748) 

Total Sample 
Size 

382 382 382 382 382 382 

Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, 
and 1% levels, respectively 

 

  



176 

 

 

Table 5.15: Parameter estimates for Accumulated Assets in different specifications of the RMVP model, adjusted for 

sampling weights 

 Accumulated Assets  
 Mean value of Accumulated Assets = 0.434  
 D-A-C C-A-D A-C-D A-D-C C-D-A D-C-A 
Diversification -2.511***       

(0.500) 
- - - -3.248***       

(0.581) 
-2.99***       
(0.647) 

Credit Reserve - -0.158 
(0.363) 

- - -0.956**       
(0.488) 

-1.381***       
(0.521) 

Age 0.030        
(0.115) 

-0.183*       
(0.080) 

-0.161 
(0.103) 

-0.161        
(0.103) 

-0.038        
(0.105) 

-0.076       
(0.105) 

Education -0.079***       
(0.021) 

-0.076***      
(0.017) 

-0.079*** 
(0.018) 

-0.079***       
(0.018) 

-0.062***       
(0.023) 

-0.060**       
(0.025) 

Experience  -0.075        
(0.104) 

 0.126 
(0.097) 

0.109 
(0.094) 

 0.110        
(0.094) 

-0.013        
(0.102) 

0.023        
(0.13) 

Farm Size 0.012      
(0.015) 

0.003    
(0.013) 

0.003 
(0.013) 

0.003      
(0.013) 

-0.009      
(0.017) 

 0.007      
(0.017) 

Distance 0.419*        
(0.253) 

0.071       
(0.181) 

0.067 
(0.182) 

0.066        
(0.182) 

0.537**        
(0.270) 

0.484*        
(0.280) 

Flood 1.082*** 
(0.237) 

0.405** 
(0.196) 

0.410** 
(0.181) 

0.411** 
(0.180) 

1.283*** 
(0.277) 

1.338*** 
(0.268) 

Heavy Rain 0.631***        
(0.229) 

0.402**       
(0.175) 

0.381** 
(0.175) 

0.384**        
(0.176) 

0.815***        
(0.253) 

0.771***        
(0.272) 

Hail  0.577**        
(0.266) 

0.163 
(0.191) 

0.163 
(0.190) 

 0.163        
(0.190) 

 0.681**        
(0.289) 

 0.644**        
(0.278) 

Storm 0.338 
(0.216) 

0.172       
(0.186) 

0.154 
(0.182) 

0.153 
(0.183) 

0.437* 
(0.245) 

0.441* 
(0.247) 

Pest & Disease 0.842*** 
(0.266) 

0.330*       
(0.180) 

0.311* 
(0.179) 

0.312* 
(0.179) 

1.075*** 
(0.305) 

1.062*** 
(0.311) 

Risk Aversion  0.981***        
(0.252) 

1.039***       
(0.227) 

0.976*** 
(0.212) 

 0.974***        
(0.212) 

 1.133***        
(0.255) 

 1.162***        
(0.311) 

Information  0.599***       
(0.134) 

0.411***       
(0.130) 

0.405*** 
(0.118) 

 0.403***       
(0.118) 

 0.728***       
(0.178) 

 0.767***       
(0.175) 

Access to Cred.  0.209        
(0.236) 

-0.123       
(0.202) 

-0.111 
(0.201) 

-0.115        
(0.200) 

0.222        
(0.256) 

0.272        
(0.260) 

Income  0.030***        
(0.005) 

 0.020***       
(0.005) 

 0.021*** 
(0.005) 

 0.021***        
(0.005) 

0.025***        
(0.006) 

 0.022***        
(0.006) 

Constant -2.664*** 
(0.573) 

-1.559*** 
(0.464) 

-1.615*** 
(0.465) 

-1.614*** 
(0.464) 

-2.299*** 
(0.536) 

-2.160*** 
(0.538) 

Total Sample 
Size 

382 382 382 382 382 382 

Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, 
and 1% levels, respectively 

 

  



177 

 

 

Table 5.16: Parameter estimates for Credit Reserve in different specifications of the RMVP model, adjusted for sampling 

weights 
 Credit Reserve   

 Mean value of Credit Reserve = 0.418  

 D-A-C A-D-C D-C-A 
 

A-C-D C-D-A C-A-D 
 

Accum. Assets  -0.535*** 
(0.434) 

-0.943** 
(0.418) 

- -0.341 
(0.320) 

- - 

Diversification  1.863*** 
(0.564) 

 1.350*** 
(0.438) 

-0.893      
(0.684) 

- - - 

Age -0.203** 
(0.103) 

-0.208** 
(0.103) 

-0.147       
(0.106) 

-0.263** 
(0.103) 

-0.233**       
(0.104) 

-0.232** 
(0.104) 

Education  0.022*** 
(0.001) 

0.034* 
(0.018) 

0.046***       
(0.017) 

0.020 
(0.017) 

0.027*       
(0.016) 

0.027*      
(0.016) 

Experience   0.161* 
(0.091) 

0.175** 
(0.091) 

 0.146       
(0.092) 

 0.267*** 
(0.092) 

 0.243***       
(0.093) 

  0.242***      
(0.093) 

Farm Size  0.006 
(0.014) 

0.003 
(0.013) 

 0.0001      
(0.013) 

-0.003 
(0.013) 

-0.003     
(0.012) 

-0.003     
(0.012) 

Distance 0.246 
(0.210) 

0.145 
(0.204) 

0.072 
(0.186) 

-0.058 
(0.170) 

-0.058      
(0.169) 

-0.060       
(0.169) 

Flood  0.847*** 
(0.240) 

0.642*** 
(0.240) 

 0.550       
(0.205) 

0.412** 
(0.193) 

0.367**       
(0.187) 

0.367*       
(0.188) 

Heavy Rain 0.254 
(0.220) 

0.178 
(0.196) 

0.004 
(0.183) 

-0.005 
(0.174) 

-0.046 
(0.194) 

 -0.049       
(0.172) 

Hail  0.449** 
(0.227) 

0.364* 
(0.216) 

0.296 
(0.203) 

0.232 
(0.196) 

0.212 
(0.194) 

0.215 
(0.194) 

Storm  0.591*** 
(0.213) 

0.542** 
(0.220) 

0.421**       
(0.205) 

0.330* 
(0.198) 

0.314       
(0.196) 

  0.311      
(0.196) 

Pest & Disease 0.651*** 
(0.266) 

0.513** 
(0.226) 

0.356* 
(0.198) 

0.296 
(0.192) 

0.232       
(0.185)  

0.229      
(0.184) 

Risk Aversion  0.897*** 
(0.235) 

0.796*** 
(0.225) 

0.493**       
(0.218) 

 0.639*** 
(0.228) 

0.548** 
(0.220) 

0.552** 
(0.221) 

Information  0.757*** 
(0.186) 

0.673*** 
(0.167) 

0.169***       
(0.064) 

0.517*** 
(0.139) 

0.485*** 
(0.130) 

 0.490***      
(0.130) 

Access to Cred. 0.568** 
(0.222) 

0.522** 
(0.220) 

0.528**       
(0.218) 

0.390* 
(0.208) 

0.339*      
(0.207) 

0.400*      
(0.207) 

Income -0.020*** 
(0.007) 

-0.023*** 
(0.006) 

-0.026***      
(0.006) 

-0.022*** 
(0.006) 

 -0.024***       
(0.006) 

 -0.024***       
(0.006) 

Constant -1.004** 
(0.472) 

-0.963 
(0.465) 

-1.105** 
(0.470) 

-0.848* 
(0.453) 

-0.897*** 
(0.452) 

-0.903** 
(0.454) 

Total Sample 
Size 

382 382 382 382 382 382 

Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, 
and 1% levels, respectively 
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Table 5.17: Parameter estimates from RMVP Model (D-C-A ordering), adjusted for sampling weights 
 Diversification Credit Reserve Accumulated Assets 
Mean Values of Dep.Var. 0.568 0.418 0.434 

Diversification  - - -2.99*** 
(0.647) 

Credit Reserve - -0.893 
 (0.684) 

-1.381*** 
(0.521) 

Age 0.313*** 
(0.068) 

-0.147 
(0.106) 

-0.076 
(0.105) 

Education 0.068*** 
(0.018) 

   0.046*** 
(0.017) 

-0.060** 
(0.025) 

Experience  -0.373*** 
(0.095) 

0.146 
(0.092) 

0.023 
(0.13) 

Farm Size 0.026 
(0.017) 

0.0001 
(0.013) 

0.007 
(0.017) 

Distance 0.542*** 
(0.178) 

0.072 
(0.186) 

0.484* 
(0.280) 

Flood 0.550*** 
(0.203) 

0.550 
(0.205) 

1.338*** 
(0.268) 

Heavy Rain 0.447** 
(0.177) 

0.004 
(0.183) 

0.771*** 
(0.272) 

Hail 0.307 
(0.205) 

0.296 
(0.203) 

0.644** 
(0.278) 

Storm 0.220 
(0.196) 

0.421** 
(0.205) 

0.441* 
(0.247) 

Pest & Disease 0.425** 
(0.207) 

0.356* 
(0.198) 

1.062*** 
(0.311) 

Risk Aversion -0.208 
(0.212) 

0.493** 
(0.218) 

1.162*** 
(0.311) 

Information  0.399*** 
(0.145) 

0.169*** 
(0.064) 

0.767*** 
(0.175) 

Access to Cred. 0.321* 
(0.180) 

0.528** 
(0.218) 

0.272 
(0.260) 

Income 0.0001 
(0.004) 

-0.026*** 
(0.006) 

 0.022*** 
(0.006) 

No. of Obasservations 382 382 382 
Log Likelihood Function -438.129 

Number of Parameters 51 

Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, 
and 1% levels, respectively 
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6 Chapter-6 

Comparing Discrete Choice Models Used in the Study 

 

6.1 Introduction 

The previous chapters discussed the factors that affect farmers’ decision to adopt alternative risk 

management strategies marginally, for which the individual probit model and the MVP and RMVP 

models were used for the simultaneous adoption of multiple risk management strategies. These 

different specifications of the discrete choice models are used to capture different aspects of farmers’ 

behaviour. The BPM is a simpler version of the discrete choice models. After imposing restrictions on 

the BPM, we get a more complex model, i.e., the MVP model; further imposition of restrictions on the 

MVP gives us the RMVP model. We have three dependent variables for which the binary probit model 

estimates three separate models for each dependent variable. In the MVP model, we estimate all three 

models simultaneously and allow their error terms to correlate with each other to obtain a clearer 

picture of the real-world scenario, where we want to observe whether the unobserved factors related 

to one strategy correlate to the unobserved factors of another strategy. This correlation can also affect 

the probability of adoption of that particular strategy, which is missing in the estimation of the BPM. 

Furthermore, we also expect that the adoption of one strategy also affects the adoption of another 

strategy. For that purpose, we put further restrictions on the MVP model by allowing the endogenous 

impact of one risk management strategy on the other in subsequent equations of the model.  

In this chapter, the complexity of the model when we move from a simpler model is tested via the 

likelihood ratio test. In addition, we will check whether the results obtained from each of the models, 

i.e., the BPM, MVP, and RMVP models, are robust and what added value we get from employing a 

more complex model. We would also like to understand what common factors, despite the restrictions 

of the model, are important in terms of affecting farmers’ behaviour in choosing strategies to cope with 

risks.  

6.2 Validity of the Restrictions Imposed on Complex Models 

We can test the validity of the restrictions by using likelihood ratio tests for each of the models in 

comparison. As we start from the binary probit model to the MVP model, we allow error terms to be 

correlated with each other in the MVP model and equate to zero in the binary probit model. In order 

to check which model best fit the data, I will perform the likelihood ratio test and compare the binary 

probit model and MVP model.  

LRT = −2 (𝐿𝑜𝑔𝐿𝑖𝑘𝑓𝑢𝑙𝑙)  +  2 (𝐿𝑜𝑔𝐿𝑖𝑘𝑛𝑒𝑠𝑡𝑒𝑑) 



180 

 

MVP vs Binary Probit Model: 

The BPM is nested in the MVP model. In the MVP model, the error terms are allowed to correlate, 

whereas, in the BPM model, the correlation between the error terms is restricted to zero, i.e. rho1 = 

rho2 = rho3 = 0.  

The null hypothesis is the restricted (nested) model is a good fit: The BPM is nested in the MVP model. 

Likelihood-ratio test                                  LR chi2(3)  =     91.51 

(Assumption: Restricted nested in Full)         Prob > chi2 =    0.0000 

Thus Reject Ho that the restricted model is valid.  

MVP vs RMVP Model: 

In this case, the MVP is (restricted) nested in the full (unrestricted) RMVP model. The RMVP model 

includes the dependent variables that appear as endogenous variables, whereas MVP doesn’t include 

these variables on the right-hand side of the equations in the model.  

The null hypothesis is the restricted (nested) model is a good fit: The MVP is nested in the RMVP 

model. 

Likelihood-ratio test                                  LR chi2(3)  =     75.39               

(Assumption: Restricted nested in Full)  Prob > chi2 =    0.0000 

Thus Reject Ho that the restricted model is valid: 

BPM vs RMVP Model: 

The BPM is nested in the RMVP model. The correlation of error terms are set to zero, i.e. rho1 = rho2 

= rho3 = 0, and there are no endogenous variables appearing on the right-hand side of the equations of 

the model.  

The null hypothesis is the restricted (nested) model is a good fit: The BPM is nested in the RMVP 

model. 

Likelihood-ratio test                                    LR chi2(6)  =    174.07 

(Assumption: Restricted nested in Full)           Prob > chi2 =    0.0000 

Thus Reject Ho that the restricted model is valid: 

Thus, from the statistical tests, we found that the additional complexity involves fitting the full model 

better than the restricted one, which leads to a greater improvement in performance than would have 

been obtained by chance alone. To put it simply, as we move from a simple model, i.e. BPM, to more 

complex models, i.e. MVP and RMVP model, we get models that significantly better fit the data than 

the preceding models. The RMVP fits the data significantly better than MVP and BPM, and also MVP 

model better fits the data than BPM. 
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6.3 Comparisons of Models 

This section presents the tables produced after estimating each model. We will discuss the robustness 

of these models and will provide an explanation of the importance of the variables from these models 

. 

Table 6.1: Impact of covariates on the adoption of diversification at different specifications 

 Diversification as a Risk Management Strategy 
Mean value of Diversification = 0.568 

Independent Variables BPM MVP Model RMVP Model 

Diversification -- -- -- 

Credit Reserve  -- -- -- 

Age  -0.306*  0.004*** 0.011*** 

Age^2     0.038** -- -- 

Education -0.019 -0.001 -0.024*** 

Education^2 -0.001 -- -- 

Experience -0.068 -0.018*** -0.027*** 

Experience^2  0.011 -- -- 

Farm Size 0.018 0.004*** 0.004*** 

Farm Size^2  -0.0003 -- -- 

Income 
      0.024***                  0.013 0.099*** 

Income^2 0.004 -- -- 

Distance     0.160** 0.093*** 0.154*** 

Flood       0.202*** 0.266*** 0.361*** 

Heavy Rain   0.123* 0.121*** 0.220*** 

Hail     0.149** 0.120*** 0.200*** 

Storm 0.091 0.091*** 0.109*** 

Pest & Disease     0.190** 0.157*** 0.294*** 

Risk Aversion -0.113 0.191*** 0.318*** 

Information        0.189*** 0.209*** 0.203*** 

Access to Cred.      0.192** 0.130*** 0.061*** 

Total Sample Size 382 382 382 

Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, 
and 1% levels, respectively 
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Table 6.2: Impact of covariates on the adoption of credit reserve at different specifications 

 Credit Reserve as a Risk Management Strategy 
Mean Value of Credit Reserve = 0.418 

Independent Variables BPM MVP Model  RMVP Model 

Diversification -- -- -- 

Credit Reserve  -- -- 0.377** 

Age -0.044 0.067*** 0.036*** 

Age^2 0.001 -- -- 

Education   0.048** 0.007** 0.029*** 

Education^2 -0.002 -- -- 

Experience     0.284*** -0.071*** 0.032*** 

Experience^2 -0.039** -- -- 

Farm Size 0.024 0.006*** -- 

Farm Size^2 -0.0012* -- -- 

Income 
-0.005 0.015*** 0.096*** 

Income^2  0.012** -- -- 

Distance -0.029 0.131*** 0.125*** 

Flood 0.172** 0.274*** 0.361*** 

Heavy Rain -0.018 0.118*** 0.241*** 

Hail 0.057 0.107*** 0.168*** 

Storm 0.110 0.094** 0.119** 

Pest & Disease 0.086 0.158*** 0.311*** 

Risk Aversion   0.254*** 0.121*** 0.381*** 

Information   0.186*** 0.195*** 0.169*** 

Access to Cred. 
               0.129* 0.132*** 

-0.043 
 

Total Sample Size 382 382 382 
Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, 
and 1% levels, respectively 
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Table 6.3: Impact of covariates on the adoption of accumulated assets at different specifications 

 Accumulated Assets as a Risk Management Strategy 
Mean Value of Accumulated Assets = 0.434 

Independent Variables 
BPM MVP Model RMVP Model 

Diversification -- --   -0.711*** 

Credit Reserve  -- --                   -0.023 

Age 0.109  0.073***                          -0.059 

Age^2 -0.016 -- -- 

Education -0.015                   0.006   0.021***        

Education^2 -0.004 -- -- 

Experience  -0.061 -0.070**          0.058***         

Experience^2 -0.014 -- -- 

Farm Size -0.014    0.006***       0.0008       

Farm Size^2 0.001 -- -- 

Income      -0.010***    0.029***         -0.110 

Income^2       -0.008*** -- -- 

Distance 0.081   0.119***        0.062        

Flood     0.152**   0.226***      0.272*** 

Heavy Rain       0.186***   0.115***        0.034        

Hail 0.069   0.086***         0.138**        

Storm 0.064                   0.077*   0.201*** 

Pest & Disease 
0.107 

 0.130*** 
 

0.181** 

Risk Aversion 
     0.334*** 

                  0.085        
 

 0.217***        

Information 
     0.149*** 

 0.134**        
 

 0.248***      

Access to Cred. -0.057  0.091***        0.237***        

Total Sample Size 382 382 382 

Note: Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, 
and 1% levels, respectively 

 

The results from the estimation of each specification for each risk management strategy are presented 

in separate tables (6.1–6.3). When diversification is taken as a strategy, the impact of all covariates is 

compared across different specifications, i.e., the BPM, MVP, and RMVP models, and this is presented 

in Table 6.1. Similarly, for credit reserve and accumulated assets, the impact of covariates from 

different model specifications is provided in Tables 6.2 and 6.3, respectively.  
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In each table, the qualitative changes in a covariate across different model specifications are 

highlighted in yellow. As can be seen, the changes are almost negligible, and thus, we can say that our 

results in each model specification are robust. However, the significance level of the covariates in the 

BPM is much smaller than in the MVP and RMVP models. Moreover, in the previous chapters, we 

found the following results from the BPM, MVP, and RMVP models, as illustrated in Tables 6.4 and 

6.5.  

Table 6.4: Comparison of the predictive power of BPM, MVP, and RMVP models 

Models 
Correct Prediction of 

Diversification 
Correct Prediction of Credit 

Reserve 
Correct Prediction of 
Accumulated Assets 

BPM 81% 73% 72.10% 

MVP 82% 75% 72.38% 

RMVP 83% 81.33% 80% 

Sample Size 382 382 382 

 

Table 6.5: Comparison of proportional reduction of errors (PRE) in BMP, MVP, and RMVP models 

Models PRE for Diversification PRE for Accum. Assets PRE for Credit 

 BPM 57.58% 50.00% 46.99% 

 MVP Model 58.18% 43.37% 36.08% 

 RMVP Model 61.00% 57.83% 51.88% 

Total Sample Size 382 382 382 

 

The comparisons of the BPM, MVP, and RMVP models in the above tables show that the MVP model 

has a better predictive power and proportional reduction of error than that of BPM.  Similarly, the 

RMVP performance is even better than that of the MVP, and shows greater predictive power and 

proportional reduction of error than that of the BPM and MVP models. Moreover, the RMVP is a good 

fit relative to the BPM and MVP models, based on the LR test performed in Chapter 5, section 5.4.1. 

From the LR test, we found that we could reject our null hypothesis that the BPM is a good fit in 

comparison to the MVP and RMVP models. Similarly, we also found that the RMVP model was a 

good fit when we nested the MVP in the RMVP model.   

Thus, as we moved from a simpler model to a more complex model, it not only provided us with 

additional information of the real-world scenario from the same dataset, but also the performance of 

the model improved in terms of significance, good fit, predictive power, and proportional reduction of 

errors. The validity of the complexity of the model when we moved from a simpler model was tested 

via a likelihood ratio test, and found that the complex models are the best fit relative to their simpler 

model counterparts.  
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6.4 Transition from Simpler to Complex Models 

Using the probit model provides us with the impact of a variable on the probability to adopt a risk 

management strategy marginally. In this case, we did not take into account the impact of covariates 

when a farmer adopted multiple strategies together. Rather, we employed a model that considers the 

simultaneity of adoption and allows the error terms to correlate with each other by using the MVP 

model. This model showed us that the error terms of simultaneously adopted risk management 

strategies are, indeed, correlated with each other, affecting the probability of adopting a strategy. The 

use of this model gave us added value in terms of the information about the correlation of the error 

terms of different risk management strategies, which the BMP failed to provide. Similarly, as we were 

dealing with the adoption of multiple risk management strategies simultaneously, there was a 

possibility that the adoption of one strategy also affected the adoption of another strategy. To deal with 

this advancement, we used a more sophisticated model, the RMVP model that gave us the results on 

the correlated error terms and the endogenous impact of one strategy on the other. From the results, 

we found that the adoption of one strategy also affects the adoption of another strategy significantly. 

This finding was not apparent in the case of the MVP model, as the recursive impact was not obvious 

and was embedded in the error terms of the model. The RMVP model explicitly provided us with the 

variables that had a significant impact on farmers’ behaviour in risky situations and were embedded in 

the MVP model case. 

Another development from the results obtained via the RMVP is that we can understand whether the 

RMS are complements or substitutes. The negative impact of accumulated assets on the adoption of 

diversification implies that these two strategies are substitutes. The adoption of one strategy reduces 

the probability of adopting another, whereas the credit reserve and diversification strategies are found 

to be complements. Subsistence farmers may allocate their limited resources in the adoption of one 

strategy over another, and thus may make a trade-off between the adoption of diversification and 

accumulated assets. A farmer may need to diversify their income to generate more income to pay off 

the loan and make themselves instantly available for future credit in case of emergency. Thus, by 

adopting credit reserves, farmers are more likely to adopt diversification. The recursive impact gives 

us a clearer idea about how the strategies relate to each other. This information may be useful to 

understand if we want to know, in particular, if a farmer adopts a strategy, how likely it will affect the 

adoption of another strategy in which we are interested. 

The use of advanced models was also tested in terms of their performance, and we found that MVP 

performs better than BPM, and RMVP – a more sophisticated model – performs better than the BPM 
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and MVP models. We also demonstrated that the more complex model statistically fit the data better 

than the preceding model counterparts.  

From this discussion, it is concluded that as we move from a simpler model to advance models, it gives 

us a better idea of the farmers’ behaviour and provides added value to the information in the study. 

Moreover, the variables that encourage farmers to adopt risk management strategies, irrespective of 

the specifications of the model, include the perception of weather-related risks, the distance of the farm 

from the river, the risk-averse attitude of the farmer, and access to credit and information.  

6.5 Interpretation of the Results 

From the different model specifications, we see that the impact of the covariates is almost similar. In 

this study, we particularly wanted to observe the impact of weather-related risks, risk attitude, access 

to credit and information, and closeness of farmland to the river on the adoption of risk management 

strategies, and found a positive and significant impact on the adoption of all three risk management 

strategies. Thus, from these results, we can conclude that these variables are important indicators that 

affect farmers’ behaviour in a risky situation irrespective of the model specification. The overall 

interpretation of the covariates from all model specifications would be the same, i.e., farmers who 

perceived weather-related risks and are risk-averse are more likely to adopt multiple risk management 

strategies to secure themselves against natural disasters. Similarly, farmers with more access to credit 

and information and have farmland close to rivers are more likely to adopt multiple risk management 

strategies. Moreover, we also found credit reserve and diversification are complements, and 

accumulated assets and diversification are substitutes.  

The control variables, i.e., age, education, experience, farm size, and income, are mostly similar across 

all three model specifications, except the experience of a farmer on the adoption of credit reserve, and 

age, experience, and income on the adoption of accumulated assets, which changes according to the 

model specification. It is possible that the altering signs could be because in the MVP, the error term 

contains the endogenous effect of the dependent variables, which we found to have a significantly high 

correlation. These correlated error terms, along with the observed recursive impact, may together affect 

the probability of adopting a strategy; however, as we take out the endogenous variable and include it 

as an independent variable, and leave the error term as a white noise, this may affect the probability of 

the adoption of a strategy differently, as does the observed recursive impact, which provides us with a 

different sign. However, in the BPM, we do not take into account the correlated error terms and the 

endogenous impact of dependent variables, and thus, could provide us with a result with a different 

sign. Despite the different specifications, the impact of the variables we wanted to observe remained 

the same. 
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6.6 Conclusion 

This chapter concludes that irrespective of the different model specifications, the factors that 

significantly affect farmers’ decision to adopt risk management strategies are almost the same. High-

risk perception of weather-related risks, the risk-averse attitude of the farmer, access to credit and 

information, and the farm’s close proximity to rivers influence farmers to adopt multiple risk 

management strategies. The adoption of these multiple strategies may provide a sense of security if the 

farmers are risk-averse, highly perceive weather-related risks, have farms close to the river, and have 

more access to credit and information. As we employ a more complex model, the different model 

specifications improve performance, provide us with additional information, and improve the research 

study in a way that helps us understand the real-world scenario more clearly.  
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7 Chapter-7 
Summary Conclusion and Recommendations 

This chapter describes six main aspects of the study 𝑖) summarizing the main findings 𝑖𝑖) answers to 

the research objectives 𝑖𝑖𝑖) policy implications 𝑖𝑣) synthesis of findings 𝑣) future study and limitations 

of the study 𝑣𝑖) drawing recommendations and conclusions based on the findings. 

7.1 Summary  

Agriculture is the major source of income and revenue for developing countries, but it is always 

exposed to a variety of risks that immensely depend on the location and weather conditions of that 

area. The risk include production risk, financial risks, marketing risks, legal and environmental risks 

and human resources risks, but the most important risk, according to the available literature, is 

production risk. To elaborate further, production involves weather-related risk, pest and disease, 

genetics, machinery inefficiency, and quality of inputs. Weather-related risk includes natural 

calamities such as flood, storm, hail, earthquake, drought etc. Farmers are more concerned about 

production risks, and therefore, to cope with such risks, they adopt certain risk management strategies 

(RMS). There are a variety of risk management strategies available to farmers that depend on a large 

number of factors such as geographic location, types of farming activities, the behaviour of the farmers 

etc. These risk coping strategies include diversification, forward contracts, crop insurance, reduced 

farm leverage, hedging, etc.; however, in the study area, the most adopted strategies by farmers include 

diversification, accumulated assets and credit to cope with risk.  

In the literature, it has been found that farmers adopt different types of risk management strategies in 

different areas. It is due to differences in farmers’ behaviour in different locations around the globe, 

and also, what is available to the farmers to cope with risks is different in different locations. Farmer’s 

behaviour is affected by different factors that induced them to take certain actions such as, adopting 

any particular risk management strategy to reduce its impact. These factors are socioeconomic 

characteristics of the farmer, i.e. age, education level, farming experience, farm size, household 

income; farmers’ psychological attributes, i.e. risk perception, risk attitude; other exogenous variables 

such as access to credit and information. Farmers’ behaviour is important to understand because it is 

one of the major factors that affect businesses. For that purpose, several theories on human behaviour 

have been presented by psychologists. Before the analysis, it’s important to incorporate relevant 

theories that best describe farmers’ behaviour and can support this research work. In this research work 

prospect theory (PT), the theory of planned behaviour (TPB), expected utility theory (EUT), and 

random utility theory (RUT) are used to explore farmers’ behaviour, especially in the decision making 
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during risks and uncertainties. Prospect theory and theory of planned behaviour were used primarily 

to obtain important variables that reflect farmers’ behaviour and influences decision making. Whereas 

random utility theory provides a theoretical framework to discrete choice models and is the basis of 

estimating models in my analysis.  Moreover, PT and TPB are also used to provide justification for the 

behaviour of a farmer observed in the study area.  

This study was designed to examine the impact of different factors on the simultaneous adoption of 

risk management strategies and consider the potential correlation among the unobserved factors that 

affect the utility a farmer derives from adopting risk management strategies. This study also provides 

us with an understanding of the higher perceived risks to farmers, their risk attitudes, the types of risk 

management alternatives available to them, and their choices from the available strategies to cope with 

risk. A multistage sampling technique is used in this research study to obtain answers for all these 

questions in hand. A pre-test stage helped obtain a refined questionnaire, which was subsequently used 

to interview the farmers in the proposed area of research. Four districts historically affected by the 

flood were selected randomly in the first stage. In the second stage, union councils were randomly 

selected; and in the third stage, one village was selected randomly from the union councils. From all 

the villages selected, the number of farming households was identified, and the total sample size of 

farmers was obtained via Yamane’s formula. A proportional allocation technique was then used to 

identify farmers from each village. From the multistage sampling technique of the final stage, I 

obtained the total sample size of 382, who were then interviewed face to face with a comprehensive 

designed questionnaire. Sampling weights were used in the analysis through the thesis, and all the 

results obtained are sample weighted.  

After the collection of data, descriptive statistics were produced to summarize the overall 

characteristics of the sample variables. Descriptive statistics are provided for all variables that may 

have an impact on farmers’ choice to adopt risk management strategies. 

It was expected that the risk attitude of farmers, high-risk perception of risk sources, and access to 

information induced farmers to adopt risk management strategies. To verify whether adoption of risk 

management strategies and farmers’ risk attitude, risk perception, and access to information have any 

relation or it just occurred by chance, I conducted a chi-squared test. The chi-squared test was 

performed between 𝑖) risk attitudes of the farmers, i.e. risk-averse, risk-seeker, and risk-neutral and 

risk adoption decisions, 𝑖𝑖) farmers’ risk perception of the flood, heavy rain, hail, storm, and pest and 

disease and adoption of risk management strategies.  

In the empirical section of the research, the answer to one of the research questions is provided by 

employing probit/logit and linear probability models initially to check the consistency of my data from 

preliminary results. Then I used more complex models such as the multivariate probit model (MVP) 
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and its extension, i.e. recursive multivariate probit model (RMVP), to analyze the impact of different 

covariates on farmers’ choice to adopt alternative risk management strategies. 

7.2 Research Questions 

I started this thesis with one descriptive, one relational, and one causal research question repeated 

below. This section explains how I answer these research questions and why are they important. The 

research questions were as follows. 

1) Identify risk management strategies adopted by farmers in the study area to cope with the weather-

related risk. 

2) Identify farmers’ risk perception and risk attitude toward weather-related risks and their correlation 

with the risk management strategies adopted by the farmer in the study area. 

3) Identify factors affecting farmers’ choice to adopt risk management strategies. This research 

question could be stretched further into two different sections to identify farmers’ behaviour from 

different perspectives, as described in section 1.4:  

 To analyze factors that affect a single risk management strategy in isolation, i.e. to examine the 

factors that affect the marginal probability of adopting a risk management strategy irrespective 

of the adoption of other strategies.   

 To analyze factors that affect the risk management strategy adopted by the farmer 

simultaneously.  

7.2.1 Answer to Research Question 1: 

The information on the risk management strategies adopted by farmers in the study area was obtained 

from the respondents by asking what strategies they adopt to manage these risks. In the study area, 

56% of farmers have adopted diversification, 41% have adopted accumulated assets, and 43% have 

adopted credit. Crop insurance and futures contracts were the least chosen options among the farmers 

to mitigate risk and are adopted by 0.7% and 0.2%, respectively, by farmers; thus, these risk coping 

tools were dropped out from the analysis. The results obtained for this research objective are included 

in the descriptive statistics of chapter-3.  

7.2.2 Answer to Research Question 2: 

I expect that farmers’ risk attitude and high-risk perception of weather-related risks are associated with 

their decision to adopt RMS. A chi-squared test was performed to identify whether farmers’ risk 

perception of weather-related risk and their risk behaviour induces them to adopt RMS or not. The 

results provided from the test shows that farmers’ risk attitude is correlated with their choice to adopt 

risk management strategies. Risk-averse farmers are more likely to adopt anyone, any combination of 

two RMS, and all three risk management strategies simultaneously than their risk-neutral and risk-
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seeker counterparts, whereas they least adopt “no strategy/zero RMS” compare to risk-seeker and risk-

neutral farmers. To put it simply, the results indicate that farmers' risk attitude induces them to adopt 

RMS; however, risk-averse farmers are more likely to adopt RMS in different combinations and are 

less likely to adopt ‘no RMS’ relative to risk-seeker and risk-neutral counterparts. 

Similarly, a chi-squared test was also performed to identify whether or not the high-risk perception of 

weather-related risk induces the farmers in the study area to adopt risk management strategies. The 

results from the chi-squared test show that a high risk of weather-related risks such as flood, heavy 

rain, storm, hail, and pest and disease induces the farmer to adopt risk management strategies. The 

identification of risk perception and risk attitude of the farmers and the results obtained from the chi-

squared test to analyze the correlation between risk attitude and risk perception with the adoption of 

risk management strategies provides the answer to our second empirical question. It is included in 

Chapter-3 of this thesis. 

7.2.3 Answer to Research Question 3: 

In this study, I incorporated models with three different specifications, and each model describes 

farmers’ behaviour in a certain way. As I proceed with the models, I use complex and advanced 

econometric techniques to expect it will provide added value information to the study. Therefore, I 

split the last research objective into two parts, for which I will use three models to understand farmers’ 

behaviour in a risky prospect.  

a. In the beginning, I used the binary probit and LPM models in chapter-4 to identify factors that 

affect farmers’ choice to adopt RMS. I obtained marginal effects of those factors affecting the 

marginal probability of adopting a risk management strategy irrespective of the availability or 

adoption of other strategies. For example, I analyzed the impact of certain covariates on the 

farmer’s choice to adopt only diversification irrespective of the adoption of accumulated assets 

and credit reserved. Similarly, I separately assess the impact of the same covariates on farmers’ 

choice to adopt accumulated assets and credit reserve. I found that the psychological factors, 

i.e. high perception of weather-related risks such as flood, hail, storm, pest & disease, and heavy 

rain, and risk-averse attitude of the farmer have a significant and positive impact on their choice 

to adopt a particular risk management strategy. Moreover, access to credit and information and 

farmers with farmland close to water bodies also induce farmers to adopt risk management 

strategies.  

The use of the BMP model indeed provided us results that show factors affecting farmers’ 

choices to adopt risk management strategies during uncertainty. However, the marginal 

adoption of risk management strategy lacks the information of how farmers would behave if 
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they adopt all the RMS simultaneously and if the unobserved factor of those strategies is 

correlated. In that case, we need to employ a more advanced model that can capture that state.         

b. To capture this possibility that farmers in the study area may adopt more than one strategy and 

maximize their utility relative to other available alternatives, I incorporated an extended version 

of the BPM model, i.e. MVP model. The MVP model captures the simultaneous adoption of 

RMS and allow the correlation of the error terms of these RMS. Results obtained from MVP 

shows that there is a significant correlation between the error terms of the strategies that can 

also affect the probability of adoption of a strategy. The unobserved factors related to each 

strategy could also be correlated, affecting the probability of adopting a strategy. This value-

added information is provided by employing MVP, which the BPM failed to deliver. Thus, 

employing MVP provide us results that best describe the real scenario compared to the BMP.  

There is also a possibility that the adoption of one strategy also affects another strategy when 

adopting the RMS simultaneously. To capture this fact, I employed another advance and 

complex model, which is an extension of MVP, i.e. recursive MVP model.  

From the RMVP, I obtained marginal effects of the independent variables along with the 

endogenous impact of the dependent variables on farmers’ choice to adopt alternative RMS. 

Moreover, I also identified the correlation of the error terms of the simultaneously adopted risk 

management strategies. I found that the error terms association among RMS are negative and 

significant in the MVP model and become positive and insignificant when I considered the 

endogenous impact of the dependent variables via the RMVP model. It means that the 

endogenous impact of risk management strategies also has a greater impact on farmers’ choice 

to adopt the other available RMS, and it should not be simply ignored as the previous research 

studies did. The extracted endogenous variables from the error terms were used as dependent 

variables and were found to have a significant impact on farmers’ choice to adopt risk 

management strategies. I identified that credit reserve has a positive impact on the adoption of 

diversification and vice versa, implying that the two strategies are complements. In contrast, 

the accumulated assets and credit reserve are identified as substitutes. Thus, using RMVP 

provides further value-added information that the preceding models failed to provide.  

From the analysis, I found that the factors that affect farmers’ choice to adopt risk management 

strategies are most common when using different models, i.e. BPM, MVP, and RMVP model. 

These variables which induce the farmer to adopt risk management strategies simultaneously 

or in isolation are the high perception of weather-related risks, the risk-averse attitude, the 

closeness of the farm to the rivers, and access to credit and information.  
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7.3 Synthesis of the Study 

This section synthesizes the results of the thesis presented in chapter 4 to chapter 6. In each empirical 

chapter, a different model is used to provide an answer to the last research objective, which is split into 

three sections that represent the farmers’ behaviour from different perspectives. 

 I found that farmers usually adopt diversification, credit reserve, and accumulated assets to 

cope with weather-related risks in the study area. As discussed in the literature review, risk 

management strategies adopted by farmers in developed countries are mostly common among 

each other but different from the strategies adopted by farmers in developing countries—which 

among them are most common. However, there are country-specific strategies that are limited 

to that particular country (developing) but may not be available in another (developing) country. 

These strategies adopted by farmers could be useful to farmers but may not be available or 

adopted in other similar countries. For instance, there are other formal and informal insurance 

schemes besides diversification, credit reserve, precautionary savings that are country-specific 

such as informal credit (neighbour or money lenders) in Indonesia (Suryanto et al., 2020), jati-

based informal risk-sharing in India (Mobarak, 2012), and Iddir in Ethiopia (Aredo 2010; 

Berhane et al. 2015). Farmers in Pakistan approach friends and family members to obtain credit. 

Whereas, as far as formal groups are concerned, such as banks and other microfinance 

institutions, many farmers in developing countries have limited access to formal credit and may 

face usurious interest rates on informal credit (Hardaker et al., 2016).  

Farmers may have access to formal or informal credit sources but do not participate in the credit 

market due to risk on return of the loan, i.e. are debt-averse (Chandio et al., 2017) and for 

religious reasons (Amanullah et al., 2020). However, Islamic banking has recently been 

introduced in Pakistan to deal with interest rates and provide an appropriate amount of credit 

that fulfils farmers' needs. However, the majority of farmers in Pakistan are unaware of the 

system; therefore, they are not fully utilized in the country (Asrar et al., 2018). The full 

development of formal saving devices offered by Islamic Banking can potentially meet all the 

requirements of the small and large farmers’ needs and, thus, can play a significant role in 

agricultural development and help farmers smoothen their consumption during uncertainty. 

 In the study, I found risk perception of flood and farm distance close to the river are more likely 

to adopt all three risk management strategies. From the literature, I found that farmers in the 

study area are severely hit by the flood several times, and therefore, highly perceives the flood 

as a threat to their farming activities. The closeness of the water body to their farmland may 

also be regarded as a threat, which could overflow anytime and may affect their farmlands. 

Even though, the closeness of the river indicates better and timely availability of irrigation 
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water to the land and ultimately improve production, however, in Pakistan, due to poor water 

management, the country has experienced many severe floods in the last decade.  Therefore, 

the closeness of the river has become a threat to the farming community now, and in order to 

avoid such a threat, they focus on adopting all the available risk management strategies. The 

results obtained from MVP, and RMVP shows that farmers’ risk perception of flood 

significantly and positively affect farmers’ choice to adopt all the available risk management 

strategies.  

 Similarly, results from chapter 3 and chapter 4 show that access to information increases the 

likelihood to adopt credit reserve, accumulated assets, and diversification. Farmers need an 

efficient flow of information and knowledge to make better decisions and to meet the quality 

standards of consumers of high-value agricultural products (Ali and Kumar, 2011). Having 

access to timely agricultural information can bring smallholder farmers closer to their world 

competitors through increased production, effective marketing, and increased incomes (Drafor, 

2016). These results imply that when a farmer obtain more knowledge regarding agricultural 

activities, he becomes more aware of the cost and benefit of his decision and may evaluate all 

the activities he performs in the field properly. The farmer not only confidently adopts all the 

risk management strategies for securing himself against natural disasters but can generate more 

income by efficiently implementing his decision based on the information he obtains.  

In today's technological era, it would not be difficult to extend the information sources to the 

rural area—where the mostly rural population are deprived of resources such as the internet, 

mobile phone networks, electricity etc. However, the majority of the farmers in the study area 

are illiterate, and they mainly depend on other farmers/friends/relatives for information related 

to farming activities—as described by Theory of Planned Behaviour, subjective norms have an 

impact on farmers' intension and ultimate on their decisions. In Pakistani culture, people have 

close ties with each other. They give more value to societal gatherings, events, and functions. 

Subjective norms have an indeed greater impact on their behaviour of decision making.  

Similarly, the farming community also has close ties and bonds with each other and are 

dependent on each other for helping out on different matters. More access to information 

depicts more self-dependency and self-sufficiency; thus, loosening the ties with their 

community may be up to some extent. In simple terms, as farmers become more aware of their 

tasks and obtain sufficient information to fulfil their needs, their dependency on others reduces, 

and their social interaction also reduces. It implies that access to information has a positive 

impact on the farmers, i.e. improving their livelihood; however, on the other hand, it has an 
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opposite impact on the cultural norms and values. An increase in access to information, thus, 

also reduces the impact of subjective norms on farmers’ decision-making behaviour. 

 In chapters 4 and 5, it is found that access to credit has a positive and significant impact on 

farmers’ choice to adopt credit reserve and diversification. Improving access to credit is usually 

considered as one of the most important factors in increasing agricultural productivity and has 

been commonly perceived as an effective strategy to alleviate poverty and to enhance the 

productivity of the smallholders (Binswanger and Khandker, 1995). However, farmers who 

have access to credit but still do not take credit because of the involvement of the interest rate, 

which is forbidden in the religious context. Nevertheless, the government can perform their 

role via different approaches (extension workers, Imam in mosques, advertisements, general 

announcements etc.) to educate farmers on Islamic banking, which operates on non-interest 

techniques, i.e. Mudharabah, Murabahah, Musawamah, and Musharakah.  

 In chapter 5, while estimating RMVP model, some of the factors absorbed in the error term, 

were included in the model as an independent variable and can get the impact of these 

variable(s) on the risk adoption decision of farmers. The significance level and magnitude 

(marginal effect) of these endogenous variables depicts their importance. This effect has been 

ignored in previous research studies while modelling farmers’ behaviour using a multivariate 

probit model. The recursive impact is important to concede when understanding farmers’ 

decision-making behaviour. It tells us whether the strategies are substitutes or complements. 

For instance, a farmer may save a portion of their extra income that may be used to diversify 

their farm. A farmer's choice to invest extra income in on-farm diversification may be because 

of his expertise in this field. The farmer in this situation can secure himself up to a level by 

adopting only one feasible risk management strategy because he may not have much income 

to save in liquid or semi-liquid assets (to adopt accumulated assets). Thus, farmers’ choice to 

adopt accumulated assets may make farmers less likely to adopt (on-farm) diversification as a 

risk coping strategy, making the strategies substitute.  

Understanding such behaviour of farmers may also be important for some stakeholders. For 

example, the businesses operating in such particular locality can act accordingly, for instance, 

instead of having many agricultural banks that would encourage the farmers to save their 

incomes or to obtain loans, we may expect other businesses operating in such localities, such 

as seeds, fertilizers, weedicides, and herbicides companies. As discussed above, farmers are 

less likely to adopt accumulated assets and credit reserve; thus, fewer requirements for banks, 

and more likely to adopt diversification and, therefore, need such companies for farm 

operations. Therefore, it can be concluded that the endogenous impact makes us better 
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understand the farmer behaviour in making decisions in risky situations and thus, need to be 

addressed when understanding farmers’ decision under a risky prospect. 

7.4 Future Studies and Limitations 

 In countries with multiple-risks insurance schemes, government intervention or their support 

to agricultural insurance schemes is regarded as justifiable and indispensable (SBP, 2008). This 

study was designed to investigate factors affecting risk management strategies, including crop 

insurance. This study aimed to find factors that also affect the adoption of crop insurance as a 

risk management strategy that could provide a better understanding of farmers’ behaviour in 

the study area and could easily target their farmer population for introduction and 

implementation of their crop loan insurance scheme. The data on crop insurance adoption was 

also collected; however, the number of observations for crop insurance was almost negligible 

and was, therefore, dropped from the analysis. The crop insurance scheme is relatively new in 

Pakistan and was started by the government of Pakistan in 2006 to even out agricultural risks 

and blunt the consequences of natural disasters such as floods, hail storms, heavy rains, wind 

storms, drought, pests, frost etc. to make losses, especially to the marginalized farmers, more 

bearable (SBP, 2008). 

However, a study conducted by Ghazanfar et al. (2015) found that majority of the farmers were 

unaware of the crop insurance scheme, and those who knew the scheme did not know the 

benefits they could get by utilizing the crop insurance scheme. Their study also revealed that 

fellow farmers and informal loan institutions are the major sources of knowledge about crop 

insurance and that extension workers were the least source of information for them. For these 

reasons, crop insurance is the least adopted risk coping strategy in Pakistan and also the least 

observed in my study. With time crop insurance may become familiar to the farmers, and 

therefore, it is expected that researchers in future may get desirable data on the adoption of crop 

insurance. Thus, future studies should bring into consideration farmers’ decisions to adopt crop 

insurance in the presence of the available traditional risk management tools and assess the 

impact of farm size and land ownership status on these adoption decisions. These results will 

help policymakers to anticipate better which farmers will use government-supported risk 

management tools (crop insurance) in the presence of traditional tools and will help them in 

adapting the crop loan insurance scheme more attractive and more convenient for farmers 

(particularly small and/or landless farmers) to adopt.  

 In previous studies, researchers have identified and used important variables to assess farmers’ 

behaviour in a risky prospect. Based on the literature (Adnan et al., 2020; Ahsan, 2011; Dadzie 
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& Acquah, 2012; Flaten et al., 2005; Makus et al., 1990; Mishra & Chang, 2009; Saqib et al., 

2016; Sherrick et al., 2004; Ullah et al., 2015; Velandia et al., 2009), other important and 

relevant variables were also included in this research study. The impact of different crop 

growers on the probability of adopting different risk management strategies is not accounted 

for in all of these studies and was, thus, also overlooked in this study. Farmers are engaged in 

different types of farming, such as cultivating different crops, fruits, and vegetables. Types of 

farming make farmers less or more worried; for instance, rice growers will be less worried 

about more rain than cauliflower producers will. Types of farming also make farmers more or 

less susceptible to different risks. Thus, farming types in this context become an important 

variable that is not included, and is a limitation of this and other related studies. Therefore, 

future research studies should include types of farming as a variable when assessing farmers’ 

behaviour in a risky prospect to obtain more information about farmers’ behaviour during 

uncertainty and to avoid omitted variable bias in the study. 

 In this study risk perception of the farmer is assessed by the likelihood of occurrence of 

uncertain events that induce farmers’ to adopt risk management strategies. However, past 

experience or shocks may drive the farmers’ risk perception or risk-averse attitude that would 

induce the farmer to adopt risk management strategies. It implies that past experiences most 

likely drive the likelihood of adopting risk management strategies. Thus, analysing the impact 

of past shocks/experiences on farmers’ decision to adopt a risk management strategy becomes 

inevitable. In this study, past shocks could be of great importance when assessing farmers’ 

behaviour in risky situations, and therefore, they should also be included in the study. Past 

shocks’ impact on farmers’ behaviour would be considered as an omitted variable in this study 

and should be taken into account in future studies because of its importance and to avoid biased 

estimates due to the omission of relevant variables. 

 In literature, it is found that weather-related risks are considered the most imminent threats to 

the farmers. Identifying farmers’ risk perception of weather-related risk and their impact on 

risk adoption decisions was one of our research objectives, and therefore, the study was limited 

to only catastrophic sources of risks. However, a farmer also faces other risks related to their 

farm production and income, such as financial risk, legal risk, environmental risk, human 

resource risk etc. Including other sources of risk in the research would deviate from the focus 

of my study and would be time-consuming; therefore, my focus remains only on weather-

related risk in the study. Future research in this important field should also consider other 

sources of risks that affect farming activities and their impact on the risk adoption decision of 



198 

 

farmers. Risks in production can also be examined in combination with other types of risks in 

future research studies.   

 In this research, diversification includes both on-farm and off-farm. To avoid the complexity 

in estimations with many dependent variables when using more complex models such as 

multivariate probit model and especially when we do not have a large number of observations 

in hand, I squeezed the number of dependent variables by putting both on-farm and off-farm 

diversification in one dependent variable. However, in future research, on-farm and off-farm 

diversification can be taken separately and then analyze factors that affect both forms of 

diversification individually and explicitly.  

 In this study, one of the limitations is not having a sufficient number of observations (382), 

especially when analyzing complex models, i.e. MVP model. I had decided to collect at least 

500 observations. In the study area, I found it difficult to collect a large sample size because of 

time and budget constraints, and security issues; it is suggested to take these constraints into 

consideration and collect data at least 30% greater than the number of observations to obtained 

desirable results for such complex models. According to Long and Freese (2001), it is risky to 

use ML with samples smaller than 100, while samples over 500 seem adequate. 

 As not much work has been conducted previously on the recursive multivariate probit model, 

and literature is available mostly on the recursive bivariate probit model in which the impact is 

in one direction. I face the dilemma of ordering the equations when estimating the RMVP 

model in which the causal impact could be reversible among the dependent variables. In the 

recursive MVP model, there are six possible combinations of the three presented equations 

(one for each alternative RMS); however, I chose the first equation, based on economic 

justification and statistical test, in which diversification is used as the dependent variable in 

first-order because this strategy is mostly used, second equation contains credit reserve as the 

dependent variable, and in third equation consist of accumulated assets. Future research work 

can estimate such a model with other reasonable justifications and statistical tests when there 

is no natural ordering of the dependent variables.  

 A variety of research studies has been conducted in different business sectors, using either PT 

or EUT, to identify whether or not the risk preferences of decision-makers are stable over time. 

Malmendier and Nagel (2011) found using panel data (1960-2007) that macroeconomic shocks 

affect risk preferences decisions of U.S households to stock returns. On the other hand, 

Brunnermeier and Nagel (2008) found that wealth fluctuations hardly impact the investment of 

liquid assets in risky prospects; it implies that risk preferences are stable over time during 

uncertainty. Smidts (1997) found stability in Dutch farmers’ risk preferences one year apart. 
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The time interval for identifying stability in risk preferences is arbitrary to the researcher. 

Harrison et al. (2005) chose an interval period of 5-6 months, Andersen et al. (2005) used a 

time interval of 17 months, etc. Due to time and budget constraints, it was not possible to collect 

data from the same farmers and identify their risk preferences to complete the interval. 

Therefore, it is suggested for future studies to conduct a study on farmers’ risk preferences 

stability because most of the agricultural sector in Pakistan is risk-prone and has been hit by 

natural shocks several times. Therefore, it is expected that the risk preferences stability of 

farmers may change. It is, thus, important to identify risk preferences stability, in different 

periods, of farmers and can then investigate their impact on risk adoption decisions. This study 

can also help in understanding farmers’ real risk behaviour before and after adversity, whether 

it remain the same or varies.  

 The Holt–Laury method used in this study, with a set of questions that only captures farmers’ 

attitudes in small gains only, is adopted based on the previous work (Grüner, 2017; Grüner et 

al., 2018; Ihli et al., 2013; Lönnqvist et al., 2015). In the work of Holt and Laury, the risk 

attitude of individuals with only gains with smaller and larger amounts has been analysed. 

However, according to the prospect theory, a farmer is risk-averse in the domain of gain and is 

a risk seeker in the domain of loss. To be consistent with this approach, there was a need to 

examine the behaviour of farmers both in the domain of gains and losses. Moreover, the farmer 

is expected to react differently to gains and losses of smaller and larger amounts.  

This study is limited to one aspect of the prospect theory, i.e., the domain of gains with a smaller 

amount. Therefore, to capture the farmers’ behaviour more explicitly, a full set of questions 

was needed (for larger gains and smaller and larger losses). The exclusion of a fuller set of 

questions for assessing farmers’ risk behaviour is a limitation of this study and, therefore, 

should be considered for future research studies. Thus, this current study depicts the farmers’ 

risk attitude (whether the farmer is risk-averse, a risk seeker, or risk-neutral), using only one 

aspect of the prospect theory, i.e., small gains.  

 Although informal saving groups and informal insurance groups could play an important role 

for farmers in developing countries, such as Jati-based informal risk-sharing in India (Mobarak, 

2012) and Iddir in Ethiopia (Aredo, 2010; Berhane et al., 2015), this is not particularly relevant 

in the case of Pakistan. In Pakistan, formal institutions such as commercial banks and other 

microfinance institutions (MFI) provide credit to farmers (small, medium, and large amounts); 

however, the majority of the farmers in Pakistan are small landholders and are uneducated, and 

thus, have limited access to institutional credit, primarily due to institutional constraints 

(Aleem, 1990; Jabbar et al., 2002; World Bank, 2008), such as complicated and lengthy 
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documentation procedures, high interest rates, the short-term nature of the credit, and collateral 

requirements (Hussain & Thapa, 2012; Khan et al., 2015; Tagar & Panhwar, 2010). Therefore, 

most of the farmers approach informal groups such as friends, family members, local lenders, 

and relatives when they need credit (Khandker & Faruqee, 2003). Thus, relying on friends, 

family, and relatives in cases of emergency makes them informal insurance groups in Pakistan. 

The amount of credit obtained from informal sources is smaller than from formal sources; 

however, the process is faster and less complicated (Khan et al., 2015). Formal or informal, 

depending on convenience and the farmers’ needs, both credit sources play a vital role in 

promoting better risk management.  

The farmers in the study area obtained credit from both formal and informal sources for 

insurance purposes. However, the study is not able to present the explicit role of both formal 

and informal sources. In the study, I do not explore farmers’ use of insurance even though the 

thesis is about risk management strategies. Future studies can also obtain further information 

regarding the amount used for insurance purposes (from both formal and informal sources) in 

their study and how they affect farmers’ decision to adopt risk management strategies 

 During the last stage of the multistage sampling in this study, the farmers were interviewed on 

a convenience basis. The local mayors contacted farmers for interviews that made the sample 

non-random and, thus, non-representative of the farmers’ population. Therefore, in future 

studies, interviewing farmers should also be random to ensure that the sample is a true 

representation of the farming population and to avoid selection bias. 

7.5 Recommendations and Policy Implications  

 In the study, crop insurance was negligibly used as a risk coping strategy and thus, was 

excluded from the study. The government of Pakistan launched a crop loan insurance scheme 

in 2008 to overcome the widespread issues of agricultural risks and support farmers to continue 

earning their livelihoods from the agricultural sector. However, during the field visits, it was 

revealed that the majority of the farmers are unaware of the crop loan insurance scheme and 

are stick to the use of traditional risk management tools. Therefore, there is a need to improve 

farmers’ understanding of the crop loan insurance scheme through better extension services 

and the use of other information sources, including radio, TV, newspaper etc. 

 From the analysis, it was found that farmers’ access to information sources have a positive and 

significant impact on the farmers’ choice to adopt risk management strategies simultaneously. 

In the study, I found that the majority of farmers obtained information from fellow farmers, 

friends and relatives and not from sources like TV, radio, extension educators, newspapers, 
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social media etc. The rough topography of the region, combined with a lack of all-weather 

roads, also obstructed farmers’ visits to cities and extension workers visits to farmers (Baloch 

and Thapa, 2018). Combined with the lack of a proper public transportation system, 3 out of 

every 10 villages in Pakistan lack motorized access to markets physical, social and political 

opportunities (Essakali, 2005). Keeping in mind that the majority of farmers are uneducated, 

the government should responsibly improve farmers’ access to information such as providing 

better transportation system and communication infrastructure, skilled field staff, close contact 

with the local government body, and networks for providing useful information, etc. to help 

them improve their risk adoption decisions in mitigating risks.  

 In the research area, it was noticed that extension workers visits are limited and not as frequent, 

i.e. about 70% of farmers claim that there are no visits of extension workers per month, about 

22% revealed that they visit once a month and 8% claim that they visit twice a month. 

Consequently, the farmers are not up to date with new and latest information/methods that 

could improve their farming activities and risk adoption decisions. Therefore, it is the 

government responsibility to improve extension service in those areas to ensure the provision 

of the latest information and methods of risk adoption decisions and other agricultural activities. 

 In the study, I observed that in BPM, MVP and RMVP models, some of the variables, such as 

farmers’ risk perception, risk attitude, and access to credit, have a significant impact on farmers’ 

choice to adopt risk management strategies. Therefore, these factors need to be considered by 

future researchers to understand farmers’ behaviour under a risky prospect and also by 

government institutions when implementing policies that influence farmers’ choices in risky 

situations. For instance, the results also show that the farmer considered flood as the most 

important risk. Knowing this, the government can take protective measures such as creating 

run-off ponds or sediment traps and can organize a proper rehabilitation process for displaced 

farmers before the occurrence of flood in the near future to help the farming community in 

mitigating the harsh impact of the flood. Similarly, government awareness of farmers’ risk-

averse behaviour can make it easy for them to convince the farmers to adopt government-

supported risk management strategies such as crop insurance because risk-averse farmers are 

more sensitive to losses and would readily adopt any strategy that they might think can protect 

them from severe losses. 

 The first research objective tells us that farmers in the study area highly perceive weather-

related risks such as floods, heavy rains, storms, pests and diseases, and hails. For effective 

design and to enable government support related to risk management, it is important to 

understand farmers’ risk perception. For instance, I found that farmers in the study area highly 
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perceive weather-related risks as a threat to their livelihood and need governmental support to 

cope with such risks. The extension workers can provide assistance to encourage farmers to 

install windbreaks in identified farms where the risk of storms and winds is high.  

Suppose the government does not have information regarding the farmers' contemporary issues 

and instead focus on general issues such as introducing the latest technologies to the farmers, 

subsidized inputs, low-interest rates for agricultural credit, etc. In that case, the farmers may 

not be efficiently benefitted from such governmental actions. Knowing the risk perception of 

farmers, the government may take actions designed specifically to help farmers to select 

suitable measures. If the government institution is aware of the farmers’ risk perception, they 

may focus on more relevant measures such as crop insurance schemes in that case instead of 

focusing on other risks such as marketing risks, financial risks, personal risks etc. Such 

measures are target specific and can benefit farmers to a greater extent.   

Moreover, knowing the impact of risk perception of weather-related risks on the adoption of 

risk management strategies can also help the government implement crop insurance schemes 

among the target farmers that may help the farmers secure them against natural calamity more 

efficiently than the conventional way of RMS. Because of the close ties of farmers with friends, 

family, fellow farmers, the non-target farmers may also follow suit and opt for adopting the 

governmental support crop insurance scheme. Thus, the overall farming community could be 

benefitted eventually. Farmers in the study area have limited access to credit. The government 

should make the process short, clear, and simple for farmers to help them manage their farm 

practices. The lack of awareness regarding institutional lending is largely associated with 

farmers’ lower levels of education and lower access to information sources. To overcome this 

problem, agricultural departments should also arrange training programs for farmers, guiding 

them through the process of obtaining a loan from institutional sources and encouraging the 

positive use of the credit. Moreover, the majority of the farmers in the area are either landless 

or small farmers; lack of collateral refrain them from availing the opportunities of institutional 

credit. Therefore, the financial institutions need to accept both landholdings and livestock/crops 

as collateral for advancing loans to enhance farmers’ access to institutional credit, which in 

turn will enhance their capabilities to utilize the resources fully and properly to increase farm 

production.  

7.6 Conclusions  

From the above discussion, it can be concluded that farmers’ in the study area highly perceive weather-

related risks such as floods, heavy rains, storms, hails, and pests and diseases as a high threat to their 
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farming income. Flood is considered as the most important risk followed by heavy rain, storm, pest 

and disease, and hail subsequently. The majority of farmers in the study area are found risk-averse. 

High-risk perception of such risks and risk-averse attitude of farmers induce them to adopt alternative 

risk management strategies, which in the study were identified as diversification, accumulated assets, 

and credit reserve to reduce the harsh impact of weather-related risks and to smoothen their 

consumption. Other important factors that also affect farmers’ choice to adopt risk management 

strategies along with risk attitude and risk perception of farmers include age, education, farm income, 

experience, farm size, access to credit and information, and farm distance from the river. From the 

analysis, it was found that farmers’ risk-averse attitude, risk perception of the storm and heavy rain, 

and farmers’ access to credit were significantly impacting their choice to adopt alternative risk 

management strategies. These factors are obtained commonly by using BPM, MVP and RMVP models 

separately. Therefore, these factors should be considered important and should be taken into 

consideration by the stakeholders making policies that influence farmers’ risk management decisions.  
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