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Abstract: Climate change is a serious threat to agriculture in many developing countries including
Pakistan. Changing pattern of climate and its extreme conditions have already led to a decline in
crop productivity. However, farmers in developing countries experience risks beyond just climate
change, many of which are related to policy, strategy, and factor endowments. The impact of these
risks have serious implications for food security, rural livelihood, farm households’ wellbeing, and,
above all, their motive to adapt to these changes in the long-term. To have an in-depth knowledge
of farmers’ perceptions about the changing climate, this study investigates various aspects such as
the determinants of perception about various risk sources and the relevant mitigation and adaptation
options. To do so, 480 farmers from agriculture-dominated Punjab province were randomly selected in
order for us to evaluate their awareness levels, socioeconomic dynamics that influence their perceptions,
and various factors that influence their perceptions to achieve the desired findings. We applied the
principle factor analysis approach to ascertain major sources and strategies based on farmers’ perception
and planned/practiced options. Further, regression analysis was done to evaluate the factors influencing
the perception levels of farmers about risk sources. The results showed that majority of the farmers faced
various risks, and were trying to adapt crop husbandry practices towards these perceived risks. Change in
agricultural policies (3.96) was placed as the highest risk source, while the need for small dams/turbine
schemes was the top priority for risk management strategy (mean value of 4.39). By observing the effect
of farm and farmer’s characteristics on risk sources and risk management strategies, it was revealed that
these characteristics ominously provoked farmers’ perspectives about risk sources and management
strategies. The findings imply the need for coherent environmental policy that encompasses price
stability, community-led adaptation campaigns, and easy/uninterrupted flows of information that enables
the farming community to facilitate sustainable decision processes.
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1. Introduction

The real threat to agriculture emerges from abrupt changes in climatic conditions and high
variability that puts an immense (negative) pressure on farming decisions, thus compromising the
sustainability of farm incomes [1]. Such erratic changes, which are no doubt a great source of
risk for this sector, have far reaching consequences for rural livelihoods, especially in a developing
country like Pakistan, where more than 50% of the population lives in rural areas and predominantly
depends on farm income to meet their daily food and fiber needs. One of the major threats to rural
communities in Pakistan is increased flooding, droughts, and heat waves with severe and uneven
impacts. Rural Pakistani communities are poorly equipped and hesitant to apply modern tools to
counter the risk, and thus the brunt of the burden falls disproportionately on small farmers compared
with larger and influential ones [2]. However, decisions and practices have their roots in the nature of
risk, as well as the perceived impact when the risk is faced by the inhabitants of a particular locality [3].

Humans tend to do well when planning for risks. They consider and anticipate all likely events
but still every decision includes risk and uncertainty in this uncertain world. The Chinese maxim
“plans are men’s but the odds are Gods” summarizes this paradox. In the developing world, people’s
livelihood is mainly affected by different risks that ultimately negatively impact the economy [4].
Moreover, farming is much riskier than almost any other business. Hence, risk is supposed to be an
inexorable and unescapable component of life, especially for formers [5]. Nonetheless, [6] categorized
risks mainly into business risk and personal risks. Further business risk involves production, market,
and institutional risk.

To understand farmers’ risk behavior, it is necessary to know their risk perception and their
responses to these risks. As such, [7,8] conducted studies about agricultural household risks and their
perceptions about these risks. The two terms—i.e., risk and uncertainty—are used interchangeably,
yet risk can be predictable to a certain extent, while uncertainty is an unavoidable aspect of human
activity. Uncertainty includes the possibility of an event that could happen but decision makers do not
expect it to happen.

Risk in farming is not only relevant for individual farmers but also for society at large. For example,
risk averse farmers with the passage of time might not adopt modern technology to enhance production
due to the potential risks associated with it, so there will be less probability of achieving potential yields
as farmers find themselves reluctant to take risks [9]. This will ultimately affect the national production
and overall welfare of society. However, planning for risks solicits higher returns, which will are sustain
food production to meet the increased demand of Pakistan’s rapidly growing population. Therefore,
progress is dependent on planning for risks. Continuity of the farming business and welfare of the
farm family may depend upon risk management. Such an outcome partly corresponds to sustainability
in agriculture vis-a-vis ‘economic feasibility’, ‘economic viability’, and ‘temporal stability’ [10,11].
Farm advisors should also recognize that risk and risk aversion can affect farm management decisions
and outputs. Agricultural research workers, especially those working in farm development, need
to focus more on risk. For policy makers and planners, it is necessary to account for farmers’ risk
response when setting programs and policies directly related to risk [12].

Sustainable agriculture focuses on the stability of productivity per unit of inputs in order to
ensure food security and sustained living among rural communities. At the same time, it seeks to
develop and access technologies and practices to ensure minimal environment impacts and the health
of farmers [13]. This definition of sustainable agriculture warrants a range of steps and stimuli to
confront the rapid population growth in the developing world [10,14]. Other challenges to achieve
sustainability in farming come from farming communities” inability to anticipate risks and abrupt
variations in the sociopolitical and institutional setups, which may mar their ability to cope with
such disruptions [15,16]. With this background, contemplating risk sources and their management
along with various drivers of uptake and perception would help draw agriculture policy implications.
Herein, our hypothesis is that farmers possess different perceptions for different risk sources. Further,
their response to such risk stimuli varies considerably given a set of socio-demographic, geophysical,
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and institutional features. The particular research questions addressed by this work are narrated in
Section 3.

1.1. Risk Management in Agriculture: Literature Review

Risk management in agriculture is an innovative approach used to manage agricultural risks at
the farm level. It encourages farmers to be proactive so that they can enhance their ability to assess,
prepare, and adapt to risks. Many socioeconomic, progressive, and risk-avoiding factors play a role
when farmers develop their risk management tactics [17,18]. Similarly, risk assessment is the basic
element of risk management. Okinawa [19] describes three basis types of risk management strategies:
prevention, mitigation, and coping. Prevention includes training, education, extension services,
input provision, etc., while mitigation includes crop insurance, crop diversification, mixed farming.
Coping includes hedging, pulling children out of school, off-farm work, borrowing, and selling assets.
It is the responsibility of the farm operator to select an appropriate risk strategy considering their
financial situation. Moreover, Ayinde [20] acknowledged risk management as a method of playing
with uncertainty. A process of risk management can be categorized into risk identification, risk analysis,
risk evaluation, and risk treatment. These are the steps that can be accomplished in a routine and
cyclical way. Similarly, Holzmann and Jorgensen [21] proposed that a commonly used element for risk
management is risk mapping.

Similarly, Arshad et al. [22] and Mahmood et al. [23] showed that Pakistani agriculture has
survived severe shocks brought about by climate change, i.e., droughts and floods in both irrigated
and rainfed areas. They further showed that these risks were widespread in terms of frequency and
intensity, causing major crops yields, such as rice and wheat. However, farmers are sparingly aware of
the intensity of the onset of these extreme events, and they are typically slow to react.

In their work, Akcaoz and Ozkan [24] divided farmers into three types: risk averse, risk neutral,
and risk taker. Risk averse farmers perceive changing government policies as the most important source
of risk, while considering financial resources and adjustments as the most important factor for risk
management. Risk neutral farmers view changing input and output prices as the most important risk
source and, hence, they adopt the strategy of working outside the farm, investing in off-farm ventures
to cope with risk. In the recent past, many studies have looked at farmers’ risk perception and risk
management strategies in Europe and the USA alike [25-27]. These studies were very beneficial and
used as a data source for policy makers and risk management professionals. However, such studies
are hard to find for developing countries, especially Pakistan.

Managing risk in agriculture through integrated efforts and resilience building could pave
the way for creating more sustainable agricultural systems [3,28,29]. As noted by Wheeler [30],
risk identification and resultant adaptation can successfully reduce the adverse impacts of changing
climate change by enhancing the possibility of positive outcomes in crop productivity. Furthermore,
resource constraints and institutional lapses may lead to a compromised food security situation and
a low level of risk adaptation, thus making it hard to run agriculture on sustained footing [31-33].
In their work, Raymond et al. [34] and Wang et al. [35] showed the importance of having vibrant
institutional and policy support for effective adaptation risk sources, such as climate change, to ensure
sustainable rural living. These studies highlight the need to work on evaluating risk sources and
corresponding management options to promote food security, rural livelihoods, and effective adaptation
to climate change.

1.2. Risk Profile of Pakistan

Pakistan’s economy is agro-based. Currently, 38% of the total labor force is involved in agriculture
and its share in the country’s gross domestic product reached up to 18.5% [36]. The performance of
the agriculture sector fell in the last few years as a result of climate change. This situation presents
challenge to Pakistan’s agriculture by threatening water availability and environmental policy, while,
at the same time, posing implications for food security. Moreover, the agricultural industry is riskier
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than almost any other Pakistani industry. Environmental degradation, price instability, and lack of
information are the main reasons for the uncertainty of farm incomes in Pakistan (Bryan et al., 2013).
For Pakistani agriculture, all of these challenges add to injury caused by floods, pests, unusual rains,
and disease outbreaks, thus increasing risk level for farmers in the country. This is why the World
Bank included Pakistan in its 12 highly-exposed countries to climatic variability [37,38].

In the last couple of years, Pakistan, and especially the Punjab province, have been exposed to
numerous risks, such as floods and rainstorms. In the recent past (i.e., 2014, 2013, 2012, and 2010),
Punjab has experienced continuous flooding which upset the agricultural industry [39]. Similarly,
farmers using many inputs (agrochemicals) are also exposed to experience risks [40]. There are
many other factors such as climate variability, geographical location, demographic conditions,
price fluctuation, international market shocks, institutional structures, and government policies,
etc. that can cause uncertainty for farm income and affect farmers’ decision-making [41]. A lack of
information is also a reason for dwindling farm income and uncertainty in produce.

Farmers need to be equipped with the latest information on different risk sources and curative
strategies of these risks. Hence, there is a dire need for studies to address the risk sources and risk
management strategies implemented by agricultural households in Pakistan. The present study seeks
to fill this knowledge gap. Overall, the purpose of this study is to explore different risk sources and
risk management strategies used by agricultural households, their perception about risks, and their
relationship between farm and farmer’s characteristics and risk sources and risk management strategies.

2. Materials and Methods

2.1. Study Area

The study was carried out in the Punjab province, Pakistan. It is the most populous and second
largest province area-wise. It is the most fertile agricultural region in the country and has a main role in
the country’s economy. It is geographically located approximately at 30°00 N, 70°00 E in the semiarid
lowlands zone [42]. Overall, 56.2% of the total cultivated area accounts for the Punjab province and,
similarly, 53% of the total agricultural gross domestic product (PBS, 2011) [43]. It receives 50-75%
of its rainfall during the monsoon season [44]. Over the last few years, Punjab has suffered from
severe floods and abnormal weather conditions. As such, there is a need to educate farmers about
different risks.

2.2. Sampling Procedure and Data

Respondents were selected through a multi-stage random sampling technique. Data were
collected for the cropping year 2018-2019. A total of 480 farmers in Punjab were interviewed. Initially,
we selected the Punjab province purposively. Then, in the 2nd stage, 6 districts (i.e., Khanewal, Vehari,
Bahawalpur, Bahawalnagar, Muzaffar Garh, and Rajan Pur) were selected (see Figure 1). In the next
stage, from each selected district, 80 respondents were chosen for data collection through random
sampling. A well-structured questionnaire was used to collect data regarding farmer’s perception about
different risk sources, management strategies, detail of farm inputs and outputs, farmer’s knowledge
about climatic changes, their limitations about adaptation, and the socioeconomic characters of farmers.
Insights for constructing our questionnaire were taken from a similar work [45—47]. For accuracy,
we involved the opinions of educated and respected local leaders and representative from the
agricultural department. To avoid missing any important elements, we performed and trained a pretest
for the questionnaire.
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Figure 1. Study area selected for the present study.

3. Research Questions and Analytical Procedure

The present study sought to answer the following questions: (i) what is the risk profile in terms
of the nature and extent of risks (and their sources) faced by Punjabi farmers?; (ii) what are the
implemented or perceived strategies useful for coping with risks?; (iii) how is perception about various
risk sources affected by different socioeconomic, demographic, and geophysical features?; and (iv) how
are various risks mitigated coping strategies influenced by a range of socioeconomic, demographic,
geophysical, institutional, and information-related factors.

The SPSS statistical program package was used to undertake all computations. Initially, farmers
perceptions regarding risk sources and risk management strategies were analyzed using descriptive
statistical analysis. The technique of common factor analysis [41,48] was used to make the information
in a reduced number of factors. Factor analysis is a statistical method used to learn the dimensionality
of a set of variables. In this method, latent variables represent unobserved constructs and are referred to
as factors or dimensions. Confirmatory factor analysis (CFA) is a part of structural equation modelling
(SEM) but can also be used for a variety of purposes, such as psychometric evaluation, the detection
of method effects, construct validation, evaluation of measurement invariance, and convergent
validity [49].

Confirmatory factor analysis is a tool used to establish the validity and reliability of a scale [50].
For this purpose, we used CFA to make the study more scientific and accurate. The factor analysis
model shows variation and covariation in a set of observed continuous variables y (j = 1 to p) as a
function of factors n (k = 1 to m) and residuals ¢ (j = 1 to p). For person i,

7

Yin = Vi+ Auna + A+ ..+ Aunie+ - Amllim + €11
Yi]- =Vi+ /\]'11’]1'1 + Aj2T]i2 +... + Ajk’?ik +...+ A]-mmm + &ij
Yip = Vp+ A+ Appnia+ .o + Apetlie + -+ Apmllim + €ip

where V; is the intercept, Aj is the factor loading, n; are factor values, and ¢;; are residual values with
zero means and correlations of zero with the factors.
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The model in matrix form is
Yi=V+Ani+ ¢

Hence, V is the vector of intercept vj, A is the matrix of factor loading Aj, 1 is the matrix of factor
variances/covariance, and © is the matrix of residual variances/covariance.
With the population covariance matrix of observed variables %,

Y =AYA +0O

the factor pattern is A, the factor structure: is A*Y, the Heywood case is 0jj < 0, the factor score is 7,
the factor determinacy is the quality of factor scores with a correlation between n; and ;.

A criterion (eigenvalue > 1) was used as a guideline to decide how many factors needed to be
eliminated. Risk sources and risk management strategies were divided into different factors according
to a rotated component matrix table or orthogonal varimax rotation table. Standardized factor scores
for each farmer were also used in regression. The Kaiser-Mayer-Olkin (KMO) value, which is a
measure of sampling adequacy, was 0.864 for risk sources and 0.762 for risk management strategies.
Both values were more than 0.70, showing that the correlation arrangement was compact and the
factor analysis was suitable. In the factor analysis technique, loading values higher than 0.30 were
reflected as significant factors, while loading values more than 0.40 were judged as more significant.
Loading values greater than 0.50 were considered very significant [51]. In this study, a factor loading
value higher than 0.40 was used to illustrate an important factor.

The ordinary least square (OLS) regression model was applied for connotation among the farm
and farmers’ characteristics, as well as to risk sources and risk management strategies.

4. Results and Discussion

Respondents were divided with respect to age, years of education, farming experience, and total
farming area. These variables were indicative of farmers’ thinking about how to deal with different
risk sources for crop and how those risks can be managed. Our study shows that the average number
of years of education was 7 and average farming experience was 24 years. In addition, 195 farmers
had an income that was at last 40.6% dependent on farming. Different characteristics of farmers are
presented in Table 1.

Table 1. Socioeconomic characteristics of farm households.

Characteristics Total Respondents (n = 480)
Full-time farmers 285

Part time farmers 195

Age (average) 46.84

Family Size (average) 7.79

Average farm size (acre) 17.19

Farming Experience (years) 24.04

No. of years of education 7.33

Farm gross monthly income (PKR) 55438.92

4.1. Farmer’s Perception of Various Risk Sources

The response of farmers was considered for 19 risk sources. Table 2 shows the mean and standard
deviation for each risk source, which was calculated from the farmer’s perception for each of these.

The risk sources are given in descending order with regard to the importance rendered by the
farm households. Changes in agricultural policies was the highest risk source. The standard deviation
of changes in agricultural policies was less than 1, showing that agricultural households accepted this
to be true. Farmers’ perceptions were sound, because, unfortunately, public policy is inconsistent,
especially vis-a-vis enhancing agricultural productivity and improving the living standard of farmers.
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Akcaoz and Ozkan [24] also found that changes in government and agricultural policy was a prominent
risk source while considering the plight of the farming community.

Table 2. Risk sources reported in the study area (Mean scores and standard deviation (1 = strongly
disagree, 5 = strongly agree).

Risk Sources Mean Std. Deviation Ranking
Change in agricultural policies 3.96 0.55 1
Price of farm equipment 3.95 0.36 2
Lack of farmers’ cooperatives 3.94 0.57 3
Supply of private capital 3.91 0.42 4
Human health problem 3.91 0.90 5
Transportation issues 3.90 0.96 6
Supply of inputs 3.84 0.96 7
Difficulties in finding labor 3.80 0.93 8
Lack of information sources 3.69 1.24 9
Fluctuation in product prices 3.65 1.72 10
Prices of inputs 3.55 0.93 11
Severe weather conditions 3.40 0.72 12
Crop disease 3.39 1.16 13
Production uncertainty 3.32 1.20 14
Inadequate extension services 3.24 1.01 15
Lack of contract growing 3.23 0.97 16
Excessive rainfall 3.07 1.09 17
Insufficient family labor 2.90 1.47 18

The price of farm equipment was the second important risk source, with a mean value 3.95 by
farmers. Farm equipment is an input needed for crop production. The price of farm equipment was
studied as a risk source by Ahsan [48] and was reported as the second most important risk source by
Akcaoz and Ozkan [24].

The mean value for the lack of farmers’ cooperation was 3.94, which was ranked as the third
most important risk source. In the study area, there was a high need for farmers’ cooperation to
highlight problems. The next important risk source was the supply of private capital (mean of 3.91).
Furthermore, problems related to human health was risk source with a mean value of 3.91. Ahsan [48]
reported that the supply of private capital was an important risk source for Bangladeshi shrimp farmers,
while Bergfjord [49] indicated it as an important risk factor for fish farmers. Akcaoz and Ozkan [24]
reported the health problems were an important risk factor for farmers in Turkey. Lien et al. [26] noted
that family member’s health situations were a risk source for farmers in Norway. Changes in the
supply of private capital and human health problems caused a variation crop yield, as it is necessary
for farmers to have sulfficient capital to run different operations on a farm, especially if members of the
household are in poor health.

Transportation issues and supply of inputs were considered as the next most important risk
sources. Overall, farming in Pakistan is highly impacted by the transportation issues due to the
instability of petrol and diesel prices, as well as other relevant taxes. On the other hand, the availability
of different inputs at the required time is a big challenge for farmers. This is because there is shortage
of fertilizer, seeds, and other inputs, and farmers have to buy these inputs for high costs, causing a
financial burden. Bergfjord [49] indicated that transportation issues, prices of feed, and the supply of
production factors as risk sources for the aquaculture farmers in Norway. Other risk sources with mean
values included difficulties in finding labor (3.80), lack of information (3.69), fluctuation in product
prices (3.65), input prices (3.55), severe weather conditions (3.40), severe onsets of crop diseases (3.39),
production uncertainty (3.32), inadequate extension services (3.24), lack of contract growing (3.23),
excessive rainfall (3.07), and insufficient family labor (2.90).

Five factors were obtained through factor analysis for these 19 risk sources using principle
component extraction. These five factors had eigenvalues greater than 1 with a total variance of 64.88%
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(in the social sciences, a variance of >59.85 is considered satisfactory) [52]. Ahsan [48] calculated
a total variance of 59.85 for shrimp farmers in Bangladesh. Table 3 shows five factors and their
respective loading items (i.e., values of >0.40). The value of Bartlett’s test of sphericity was also highly
significant. Factors 1 to 5 were as follows: (i) labor and market information, (ii) production constraints,
(iii) institutional constraints, (iv) financial constraints, and (v) natural constraints. The labor and
market information factor had high loadings on difficulties in finding labor, insufficient family labor,
human health problems, excessive rainfall, input supply, product price fluctuation, transportation
issues, lack of information sources, and input price. Factor 2 had an association with production
uncertainty, cotton disease, lack of contract growing, and inadequate extension services. These variables
were related to production and were named as production constraints. Factor 3 consisted of changes in
agricultural policies and lack of farmer cooperation, and thus was entitled as institutional constraints.
Factor 4 belonged to the supply of private capital and price of farm equipment, and thus was named
financial constraints. The last factor (factor 5) had high loadings on severe weather conditions, so it
was called natural constraints.

Table 3. Factor loadings of risk sources.

Bartlett’s Test of Sphericity: Approx. Chi-Square = 4722.636
Risk Sources Means Factors

1 2 3 4 5
Changes in agricultural policies 3.96 -0.002 0.106 0.829 -0.209  -0.108
Price of farm equipment 3.95 -0.056  -0.028 0.226 0.693 0.06
Lack of farmers’ cooperatives 3.94 0.082 -0.073 0.775 0.31 0.075
Supply of private capital 3.91 0.002 —-0.02 —-0.169 0.774 —-0.075
Human health problem 391 0.876 0.062 0.031 -0.08 -0.009
Transportation issues 3.90 0.853 0.057 —-0.064 0.149 0.116
Supply of inputs 3.84 0.85 0.106 0.048 0.088 0.012
Difficulties in finding labor 3.80 0.934 0.076 0.003 0.069 0.085
Lack of information sources 3.69 0.766 -0.021 0.018 -0.051  -0.003
Fluctuation in product prices 3.65 -0.929 0.095 —-0.051 0.058 0.134
Prices of inputs 3.55 -0.637 0.186 0.14 0.166 0.27
Severe weather condition 3.40 0.053 -0.02 -0.099 0.083 0.874
Crop disease 3.39 0.113 0.702 -0.121 0.085 0.049
Production uncertainty 3.32 0.046 0.713 -0.03 0.079 -0.117
Inadequate extension services 3.24 0.187 0.449 0.074 -0.1 0.066
Lack of contract growing 323 -0.134 0.732 0.12 —-0.119 0.163
Excessive rainfall 3.07 0.802 0.371 -0.037  -0.138 0.175
Insufficient family labor 2.90 0.654 0.186 0.124 —-0.014 0.054
Eigenvalues 6.182 2.232 1.491 1.368 1.037
Percentage of the total variance 32.084 11.233 7.740 7.381 6.350
Cumulative percentage of total variance 32/084 43318  51.058 58438  64.788

Note: Factor loadings > 0.4 are shown in bold. The names of factors for 1, 2, 3, 4, and 5 are labor and market
information, production, institutional, financial, and natural constraints, respectively.

4.2. Perceived/Implemented Risk Management Strategies

Risk management strategies were arranged under 17 main variables like small dams, off-farm income
sources, and others, as shown in Table 4.

Farmers declared small dams/turbine schemes with a mean value of 4.39 as the greatest risk
management strategy. This is justifiable because, over the past several years, Pakistani farmers suffered
from drought and floods that were exacerbated by government and farm mismanagement. There is
a need to increase water storage capacity at the national and farm level. Many months throughout
the year, farmers suffer from water shortage, and sometimes to face excessive rainfall and flood-like
conditions. Due to the fact that there are no mini-dams in the vicinity of farms, as well as poor storage
capacity at the provincial level, the surplus water goes wasted. For this reason, they suffer water
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shortage during peak water season. In a recent study, Qasim and Rizwan et al. [18,53] reported small
dams/turbine schemes as one of the most important risk management strategies.

Table 4. Perceived/implemented management strategies to tackle risks faced by respondent farmers
(mean scores and standard deviation (1 = strongly disagree, 5 = strongly agree).

Risk Strategies Mean  Std. Deviation Ranking
Small dams/turbine scheme 4.39 0.93 1
Off-farm income sources 424 0.63 2
Production diversity 4.22 0.95 3
Up to date market information 4.04 0.39 4
Providing training/getting training ~ 4.02 0.38 5
Growing more than one crop 3.97 0.40 6
Adopt new technology 3.96 0.35 7
Assurance of bank loan 3.92 0.55 8
Contract farming 3.88 0.57 9
Preventing disease 3.80 0.64 10
Personal insurance 3.77 1.69 11
Maintaining feed/inputs reserves 3.76 0.61 12
Timely supply of inputs 3.53 0.97 13
M‘amtammg good relationship 3.49 0.72 14
with government

Stock of machinery 3.41 0.73 15
Security safeguarding 3.36 0.65 16
Growing more varieties 2.53 0.73 17

Off-farm income sources (4.24) were ranked as the second greatest risk management strategy.
Farmers in the study area, due to their low purchasing power, suffered from financial deficiency.
To fulfill the ongoing expense of farming, having off-farm sources of income is helpful to safeguard
financial hardships. Akcaoz and Ozkan [24] conducted a similar study among farmers in Turkey and
Lien et al. [20] stated that investing in off-farm incomes sources a key risk management strategy.

Production diversity (4.22) and up-to-date market information (4.04) were the highest next risk
management strategy. Aditto et al. [54] made a similar observation and found gaining/accessing
market information as an important risk management strategy for farmers in developing countries.
Qasim [53] also found that up-to-date market information and production diversity are considered
important risk management strategies by farmers.

Providing training (4.02) and growing more than one crop (3.97) were other risk management
strategies perceived and implemented by farmers. Ahsan [48] conducted a study on Bangladeshi
shrimp farmers and found that training provisions for farmers is an important strategy for managing
risk. Adopting new technologies (3.96) and ensuring bank loans (3.92) have been documented to be the
next most important risk management strategies. Ahsan and Roth [55] affirmed the adoption of new
technology as a significant risk management strategy among fish farmers in Denmark. Contract farming
and preventing diseases are other risk management strategies. The majority of farmers in the study area
rely on contract farming in the sense that they buy fertilizer, seed, and other inputs from middlemen or
commission agents on credit and are required to sell their produce to the same agent at harvest. In this
way, farmers can manage their expenses.

Other risk management strategies with their means values (in descending order) include personal
insurance (3.77), maintaining feed/input reserve (3.76), timely supply of inputs (3.53), maintaining good
relationships with the government (3.49), stock of machinery (3.41), security safeguarding (3.36),
and growing more varieties (2.53).

As shown in Table 5, a factor analysis was applied to these 17 risk management strategies.
Five factors were acquired with an eigenvalue above 1 and a total variance of 74.43%. This means
that these five factors explain 74.43% of the variance. These factors also had significant value of
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Bartlett’s test of sphericity. These factors were capital management, credit management, research and
development intervention, information management, and diversification.

Table 5. Factor loading for risk management strategies.

Bartlett’s Test of Sphericity: Approx. Chi-Square = 6083.718
Risk Management Strategies Means Factors

1 2 3 4 5
Small dams/turbine scheme 4.39 0.901 0.012 0.008 —-0.014 0.26
Off-farm income sources 4.24 0.712 0.117 0.062 0.037 0.175
Production diversity 4.22 0.694 0.26 -0.102  —0.062 0.546
Up to date market information 4.04 0.121 0.13 —0.033 0.897 0.003
Provide training 4.02 0.094 -0.282 0.813 0.055 -0.135
Growing more than 1 crop 3.97 -0.129 —-0.45 0.421 0.121 0.646
Adopt new technology 3.96 0.003 0.2 0.873 -0.018 0.067
Assurance of bank loan 3.92 0.042 0.696 0.072 0.311 -0.073
Contract farming 3.88 -0.104 0.611 -0.109 -0.157 0.182
Prevent disease 3.80 0.812 0.133 0.065 0.077 0.038
Personal insurance 3.77 0.875 0.016 —0.047 —0.143 0.334
Maintain feed/inputs reserves 3.76 0.783 -0.273 0.014 —0.062 -0.077
Timely supply of inputs 3.53 0.936 —-0.064 0.026 -0.093 0.126
Maintain Good relationship with govt 349 0394 -0.259 0.129 0.747 —0.281
Stock of spare parts 3.41 -0.525 0.516 0.031 -0.275  -0.083
Security safeguarding 3.36 -0.702 0.028 -0.09 —-0.052 -0.03
More Varieties 2.53 -0.31 -0.211 0.201 0.282 -0.778
Eigenvalues 6.15 2.381 1.616 1.425 1.081
Percentage of total variance 34.053 10.316 10.041 10.022 10.007
Cumulative percentage of total variance 34.053 44.369 54.410 64.432 74.439

Note: Factor loadings > 0.40 are shown in bold. The names of risk management strategies factors are capital
management, credit, research and development, information management, and diversification, which are named as
1,2, 3,4, and 5, respectively.

Factor 1 had higher loadings on timely supply of inputs, small dams/turbine scheme, personal insurance,
preventing disease, maintaining feed/input reserve, off-farm income, security safeguarding,
production diversity, and stock of machinery. Hence, it was named capital management.

Factor 2 was determined as credit management, which includes the variables related to assurance
of bank loan and contract farming. Factor 3 had high loadings on providing training and adopting
new technology, and this was named research and development. Factor 4 was related to up-to-date
market information and maintained good relations with government bodies; hence, it was titled
information management. Lastly, factor 5 was called diversification because it was associated with
more crop varieties.

4.3. Drivers of Perceived Risk Sources

To explore the relationship between farmers’ socioeconomic characteristics and perception of risk
source elements attained from factor analysis, the OLS multiple regression model was used. Overall,
all models were significant as f-value. Likewise, most variables entered in the models were significant
with any corresponding dependent variable. The regression coefficient and goodness of fit are given
in Table 6. Further, it was observed that the R? value and adjusted R? was low in some models.
These findings were confirmed in other studies related to risk perception [25,56]. These authors
reasoned that it was due to different perceptions of risk sources and risk management strategies from
respondent to respondent. Considering each model, labor and market information was significantly
influenced by the eight variables. Farmers located near the main city, farmers with a large farming
area, farmers with more cotton growing experience, and farmers who sold their produce to agents
or middlemen showed a positive relationship with this risk factor. Full-time farmers considered
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the labor and market information risk source to be more important. However, part-time farmers,
farmers with more overall monthly income, and farmers without a successor perceived this risk
source to be less important. Ahsan et al. [48] found farming experience to be a significant factor for
perceived risk source. For the risk source factor related to production constraints, eight variables were
determined to be significant. Among these, seven variables included education, age, total farming
area, cotton growing experience, family size, farmers having successor, and farmers who sell their
produce to agents considered production risk more important, whereas farmers located near a city
considered this factor to be less important. Dairy farmers in Norway considered production or yield as
an important risk source [25].

Table 6. Regression results between farm and farmer characteristics and risk source factors.

Labor and Market

Independent Variables I . Production Institutional Financial Natural
nformation
No. of years of education ***—0.041 ***0.046 -0.003 ***0.044 **0.033
Farming Experience -0.016 -0.038 -0.012 0.009 *-0.015
Age 0.008 **0.022 0.001 -0.001 0.010
Distance from main city **0.046 **—0.025 **%0.048 0.001 *** —0.032
Full-time farmer 2 *—0.205 0.005 -0.009 -0.103 0.048
Total farming area **%0.048 *0.020 —-0.008 0.000 **0.025
Cotton growing experience ***0.015 *0.010 ***0.030 0.004 0.001
Family size 0.014 ***0.078 ***—0.113 0.002 -0.003
Agriculture as primary source 0.010 0.031 0.096 *0.212 0.054
of income
Household monthly income #x 1726 x 107° -4474x107% 5051 x107® —4703x1077 —6.137 x 107°
Having successor ¢ **—0.191 **0.225 0.114 **+0.230 0.055
Sale to agent or middleman d **%0.272 ***0.263 0.089 0.084 —-0.003
Adjusted R? ***0.178 ***0.127 ***0.118 ***0.031 ***0.037

Variables are significant at * p < 0.10, ** p < 0.05, and *** p < 0.01. ® Measured as dummy variable where 1 indicates
full-time farmers and 0 denotes otherwise. ® Measured as dummy variable where farmer having primary source of
income as agriculture and 0 denotes otherwise. © Measured as dummy variable where 1 indicates farmers having
successor and 0 denotes otherwise. ¢ Measured as dummy variable where 1 indicates farmers who sell their product
to agents or middlemen and 0 denotes otherwise.

Institutional risk was professed to be more important for farmers near a main city with more
cotton growing experience. However, farmers with large families were inclined to consider risks
related to institutional constraints as less important. Similar findings were also observed by [26,48].
More educated farmers, farmers who considered agriculture as a primary source of income, and farmers
with successors, considered financial risk to be key risk factor. Meuwissen et al. [41] also reported
a tight financial situation as a risk factor more important for dairy farmers. Lastly, more educated
farmers with a large agricultural farming area considered natural risk as a strong risk source.

4.4. Drivers of Perceived/Implemented Risk Management Strategies

The last step was to use the linear regression between the farm, farmers’ characteristics, risk sources
perception factors, and management strategy responses. The regression coefficients are given in Table 7.
Most of the chosen variables were highly significant. These regression models illustrated the relation
among farmers’ personal characteristics and risk management strategies applied/perceived to be most
relevant at their farm. Farmers who perceived capital management as a vital risk management strategy
were more educated farmers, farmers with more cotton growing experience, farmers with large families,
farmers whose farms are their primary income source, and farmers who trained successors for their
farms. However, distance from the main city was negatively related to the capital management strategy.
More educated farmers perceived credit as an important risk management strategy. Nevertheless,
farmers with more income considered credit as less important mainly due to the fact that they already
had enough resources to run farm expenses. This behavior was similar to what was reported by
Aditto et al. [54] in the case of developing economies.
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Table 7. The effect of different variables on risk management strategies.

Capital Research and  Information

Independent Variables Management Credit Development Management Diversification
No. of years of education ***0.047 **0.032 **0.028 0.009 0.010
Farming Experience -0.005 0.010 -0.008 0.010 *-0.011
Age -0.002 -0.006 0.010 *-0.013 *0.013
Distance from main city *** —0.027 -0.012 0.015 *-0.018 **0.019
Full-time farmer ® -0.019 -0.166 **—0.251 **—0.291 0.004
Total farming area —-0.006 0.016 —0.006 0.011 0.011
Cotton growing experience ***0.007 -0.001 0.005 -0.008 **—0.011
Family size ***0.048 0.002 -0.013 -0.015 -0.011
Agriculture as primary source of income ° **0.150 0.040 **0.749 *0.191 0.145
Household monthly income 1.826x 107 *—-6.365x107® 3717 x107® -4.042x1077  -3.520x107°
Having successor © *0.140 0.098 —0.008 —0.059 0.064
Sale to agent or middleman 4 0.037 0.077 *-0.165 -0.097 -0.125
1-Labour and Market information *** —0.752 0.035 0.075 *0.403 **0.354
2-Production ***0.221 -0.054 —-0.073 0.015 ***0.160
3-Institutional 0.013 ***0.268 ***—0.130 ***0.157 ***0.160
4-Financial *** —0.087 ***0.185 ***(.242 **%-0.213 = —0.321
5-Natural ***0.135 =**—0.116 0.069 ***0.166 -0.005
Adjusted R? **0.829 ***0.121 ***0.178 %+ 0.264 ***0.34

Variables are significant at * p < 0.10, ** p < 0.05, and *** p < 0.01. ® Measured as dummy variable where 1 indicates
full-time farmers and 0 denotes otherwise. ® Measured as dummy variable where farmer having agriculture as
primary source of income and 0 denotes otherwise. ¢ Measured as dummy variable where 1 indicates farmers
having successor and 0 denotes otherwise. ¢ Measured as dummy variable where 1 indicates farmers who sell their
product to agents or middlemen and 0 denotes otherwise.

Farmers with more education and those who consider agriculture as their primary income source
labelled the research and development strategy as the most important factor when managing risk
sources for their farms. Full-time farmers and farmers who sell their produce to middlemen did
not think this strategy was important. The information management factor was professed to be a
key strategy to reduce risks by farmers who depended on agriculture for their income/livelihood.
Elderly people, farmers near the main city, and full-time farmers did consider this strategy important
because older farmers are not progressive in their thinking. They mostly prefer to use older methods
and neglect new information. Diversification was considered important by older farmers and farmers
located near the city. These types of farmers focus on growing a variety of crops to reduce risk factors.
However, farmers with more experience, especially in cotton growing, had a negative association with
diversification. This association was confirmed by Lien et al. [26].

The regression models also pointed out that farmers’ risk perception significantly swayed
their economic behavior. For example, farmers who perceived labor and market information risk
to be important risk sources showed a willingness to adopt strategies such as capital management,
information management, and diversification. Production risk was associated with capital management
and diversification strategies. Farmers who considered institutional risk factor a risk source focused
on adopting credit strategies, as well as information management and diversification strategies.
Financial risk source had a positive association with credit and research and development (R&D)
strategies. This was a comprehensive finding because when farmers do not have many resources to
continue farm practices, they need credit to buy different inputs. Farmers who suffered from the ‘natural’
risk factor preferred strategies like capital management and information management because when
farmers lose their production due to some natural factor, they need to adopt management strategies
to establish themselves. A natural factor is beyond the control of farmers but loss can be minimized
through proper management and obtaining prior information about the weather. From the literature
review, it is known that a risk source can be managed through multiple strategies. Previous studies
revealed that there is no 1:1 correspondence between risk source and management strategy [25,56].

4.5. Perceived Risk Sources, Mitigation Options, and Implications for Sustainable Agriculture

The current study presents valuable insights for Pakistani agriculture. Risk source perception—
specifically vis-a-vis the onset of any risky event and its impact—plays a significant role for
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farmers [57,58]. Such motivation is partly influenced by an economic motivation that safeguards
belongings, including physical assets, crops, and livestock. The findings of this study posit such an
intent among respondents who rightly pointed out various risk sources and their willingness to adapt to
them. They further highlighted the major impetus of attaining credit availability, capital management,
and the role of research and development in adopting risk management strategies. These findings
were in line with Rawlani and Sovacool [59] and Pearce [60], each of whom showed that community
participation in disaster (risk) mitigation involves an active link between institutions and communities
for an early and proactive intervention that could lead to sustainability of farmers’ livelihoods.

As a result, public and private institutions (such as community organization) develop the scope
and success of adaptation strategies, providing timely incentives for community uplift among rural
masses, boosting their confidence to mitigate risk, and instilling a sense of ownership among major
stakeholders (farmers) (Grothmann and Reusswig, 2006; Poustie et al., 2014). This, in turn, has many
ramification for nearby villagers who take the lead in adopting such mechanisms [61]. This study also
sheds light on the role of education and information provision to rural inhabitants who exploit their
potential to opt for a particular strategy to counter harmful risk source effects. Thus, they effectively
achieve sustainability in a highly vulnerable sector such as agriculture.

Our findings also imply that, with increased awareness about risk sources and various
socioeconomic influences, an informed policy intervention can play a key role in realizing sustainability,
at least for grain productivity to ensure food provision at reasonable prices within Pakistan. In addition,
new frameworks to achieve consistency in agricultural production at the local level and in regions with
similar socioeconomic conditions can be chalked out. As discussed by Javaid and Flak [62], up-to-date
information via effective institutional support would lead to increased input use efficiency (irrigation
water use efficiency in particular) among small-scale family farms. On the other hand, risk mitigation
through insurance, forward contracting, and spreading sales are shown to promote resilience of farm
families that indirectly affects sustainable agriculture [63].

At the local level, adopting multiple measures to a range of risk sources is effective in a developing
country like Pakistan that has exponential increases in population and urbanization despite a fledgling
economic performance in recent years needed to overcome food insecurity, rural unemployment,
and exorbitant inflation. Further, the country’s growth rate has been sub-optimal (0.38% for the
year 2019-2020) [64]. This economic plight can no doubt be attributed to COVID-19; nevertheless,
many other issues have contributed to marring this situation. However, agriculture has showed recent
vitality, as its contribution is one-fifth of the country’s GDP (around 19%). With this contribution to the
national economy, fostering the uptake of modern technology and building on the potential of the
sector with prudent measures against external vagaries—Dbe it institutional, natural, infrastructural,
or socio-demographic—can stimulate the growth and wellbeing of the rural masses. Moreover,
our findings imply that farming communities are well aware of past changes in the climate and other
stimuli, and understand that future changes could likely cast negative impacts on their industry. Such a
proactive implementation of farm management and adaptation strategies—most of which may have
been adopted for other climatic variations, with additional farm productivity benefits [65]—seem
highly promising in the context of the economy’s recent ordinary performance.

5. Summary and Conclusions

In summary, we identified the significant risk sources faced by Pakistani farmers as follows:
changes in agricultural policies, prices of farm equipment, lack of farmers’ cooperation, supply of
private capital, and human health problems. However, farmers perceived the following to be the most
important risk sources: construction of small dams/turbine scheme, off-farm income sources, production
diversity, updated market information, and trainings. Still, there was dissent among farmers with
weak socioeconomic backgrounds; farmers’ socioeconomic characteristics noticeably influenced their
perception of risk sources and corresponding risk management strategies. In conclusion, farmers had
no connection with processing units or a specific point to sell their produce without concerning agents.
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The trend of borrowing from middlemen and commission agents exploits farmers who need to survive
on credit. Farmers have inadequate resources to store their produce in order to charge a decent price for
their produce. Hence, it is suggested that there should be a standardized pricing system of agricultural
inputs and outputs. Accessibility of farm credits should be given on flexible terms. The delivery of
timely public and private extension services needs to be prioritized in view of this risky environment.
Market information should be disseminated through Information and Communication Technologies
(ICTs) to help farmers adopt preventive measures against various risks. The need to equip farmers
with early information has been shown as a topmost preference among farmers, and thus it warrants
dissemination of timely information to mitigate harmful effects of natural calamities.

In some developing countries like Pakistan, there is a need to streamline the role of the private
sector to facilitate loaning, technical help, timely input provisions, and the dispersal of information
by organizing farmer days or demonstration plots for the betterment of agricultural production.
Further market systems for both inputs and outputs are not transparent. At input and output
levels, farmers cannot obtain pricing information. Farm households do not have direct contact with
processing units.
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