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Abstract: Agriculture is a risky business, and risk persists in all management decisions taken by a
farmer at the farm level. Disrupting agricultural business severely affects the livelihood of individual
farmers and negatively affects the country’s economy. To cope with risks, farmers’ tend to mitigate
the harsh impact of risks by adopting risk management strategies. Such an adoption decision is
affected by several factors, most importantly, the psychological factors, i.e., risk perception and risk
attitude of the farmer. Therefore, the purpose of the study is to understand farmers’ risk perception
and risk attitude that affect their behaviour in making decisions at the farm level in a risky prospect.
The association is investigated by employing chi-squared tests and Cramér’s V. The indirect impact
of socioeconomic characteristics of the farmer via their psychological factors is conducted using
structural equation model (SEM) path analysis. Their direct impact, together with psychological
factors, are examined using the probit model. The two models are compared statistically for better
performance and interpretations of the results. From the results, we found that risk perception and
risk attitude are the key driving forces of farmers’ decisions during uncertainty which induce them to
adopt risk management strategies. Other key variables and their quadratic functions that significantly
affect farmers’ behaviour include education level, farming experience, off-farm income, and farm
size. Thus, it is vital to consider these factors while assessing farmers’ behaviour in a risky prospect.

Keywords: agriculture; risk perception; risk attitude; chi-squared test; risk management strategies;
probit model; SEM (path analysis)

1. Introduction

Agriculture is a risky business [1]. The risk persists in all management decisions
of an agricultural system that result from price, yield, and resource uncertainty [2]. 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 [3]. 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 [4]. 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 [5].

Pakistan has an agro-based economy, i.e., it contributes about 21% of the total country’s
GDP, and about 44% of the labour force is involved in agricultural businesses [6]. The major
agricultural crops include wheat, sugarcane, cotton, fruits and vegetables. Pakistan is one
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of the world’s largest rice exporters. It annually exports approximately two million tons
of rice which constitute 10% of the world’ trade. Pakistan is also the world’s largest raw
cotton producer. The ‘canal’ irrigation system of Pakistan is one of the largest systems in
the world to support the agricultural sector [7]. The majority of farmers in Pakistan are
uneducated and lack proper awareness regarding the latest advancements in the field of
agriculture. The majority of the farmers are held to the conventional way of agricultural
practices, and the diffusion of technology is rather slow. However, the farmers in Pakistan
are not resistant to adopting new technologies, but the latest technologies and support is
rarely provided to them [8].

A study conducted by [9] revealed that farmers in developing countries perceive
weather-related risks 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, droughts, earthquakes, epidemics, floods, landslides, pests and
diseases, and river erosion. The frequency of occurrence of floods in Pakistan has increased
over the past several years due to rapid climate change and global warming. That is the
reason Pakistan has faced consecutive flood events since 2010, indicating that floods are
now a regular incidence in the country [10].

Pakistan has been identified as one of the most vulnerable countries to climate risks and
broader hazards in Asia [1,11]. 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 [12], as shown in Figure 1.
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Managing risks by adopting risk management strategies (RMS) to reduce losses is a
common practice in the farming community [1]. The inappropriate adoption of RMS can
potentially lead to diminishing savings, selling of assets, and deterioration of livelihood
conditions [13]. To adopt appropriate strategies, farmers need an appropriate approach
toward the risks. In different studies, researchers have examined that farmers adopt differ-
ent RMS to cope with risks. They also analyzed the impact of important variables on the
adoption of these RMS. For instance, Ref. [14] conducted a study and found that Pakistani
farmers typically adopt precautionary savings, credit, and diversification for coping with
risks. Ref. [15] found that farmers in Indiana and Iowa use forward contracting, spreading
sales, and crop insurance as risk coping tools. Ref. [16] found that farmers in Ghana, Africa
are more likely to adopt on-farm and off-farm diversification to cope with risks. Ref. [17]
examined 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, Ref. [18] studied that Dutch farmers adopt
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commercial and on-farm insurance to protect themselves from risks related to agricultural
activities. Ref. [19] examined factors affecting farmers’ choices to adopt on-farm, off-farm,
on-farm agriculture, and on-farm non-agricultural diversification in the German region
North Rhine-Westphalia. In the above studies, researchers have analysed factors that affect
the adoption of these strategies, including age, education, risk-aversion, risk perception,
farm size and off-farm income, farm location, debt to equity ratio etc.

However, in several other studies, researchers have carried out studies in which
they found sociodemographic factors that affect farmers’ risk perception and risk attitude.
Refs. [20–24]. These studies found several sociodemographic factors significantly affect
farmers’ risk perception and risk attitude. Risk perception and risk attitude are impor-
tant determinants of farmers’ behaviour that could have a direct effect on the farmers’
decision, or indirect as a mediated factor between sociodemographic factors and farmers’
decision-making behaviour. Thus, it is important to consider both the approaches in which
psychological factors are involved in direct and indirect relation to understanding farmers’
risk behaviour [25] and the decision they make under risky and uncertain situations [26].

In this study, we take a methodical approach that entails three methods to assess the
relationship between farmers’ psychological factors, sociodemographic factors and the
choice to adopt risk management strategies. In the first method, we examine the association
between risk perception and risk attitude with the adoption of risk management strategies.
In the second method, we examine the direct and indirect impact on socioeconomic factors
affecting the adoption of risk management strategies mediated via farmers’ risk perception
and risk attitude. In the final method, we examine the impact of socioeconomic factors
together with farmers’ psychological factors on the adoption of risk management strategies.

2. Materials and Methods
2.1. Sampling Framework/Methodology

To investigate factors that affect farmers’ choice to adopt risk management strategies,
we collect primary data from farmers via face-to-face interviews. For that purpose, data
were collected from farmers from four districts of the Khyber-Pakhtunkhwa (KP) province
of Pakistan via a multistage sampling technique.

We randomly selected four districts in the first stage. In the second stage, union
councils were randomly selected. In the third stage, villages were again randomly selected.
A total number of farmer households were identified from each village, and then through
Yamane’s formula, a total sample size of farmers was selected, i.e., n = N

1+N(e)2 , that gives

us a total of 382 farmers.
A proportional number of farmers were selected from each village using the propor-

tional allocation method, and a total of eight villages were selected.

ni=
Ni
N
× n

where:
ni = Number of Sampled farming households (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 ith village
The proportional sampling allocation technique used for villages and farming house-

holds is given in Table 1:



Agriculture 2022, 12, 412 4 of 24

Table 1. Selection of villages, farming households, and proportional allocation of farmers in each village.

Villages Selected Farming HH ‘Ni’ Sampled Farming Household from Each Village ‘ni’

Nawi Kaly 1521 69
Samarkand Kaly 1200 54
Kuza Khel 1110 50
Khato Khel 1200 54
Tangora Kaly 1188 54
Budal 900 40
Kando Machala 750 34
Kumbar 600 27

N = 8946 Total = 382 (n)

For the data collection from sample households, a comprehensive questionnaire was
designed. A pilot study was carried out to detect any difficulties, ambiguities or misun-
derstandings that participants may encounter during the interview. After the pre-test, a
refined questionnaire was finalized and then used for interviewing the farmers.

2.2. Assessment of Farmers’ Risk Perception

The risk matrix used to obtain farmers’ risk perception regarding weather-related risks
is given in Figure 2. 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 ten 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 as high if it was from 6 to 10—as shown in Figure 1. 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., a farmer perceives very low risk, and 1 if the matrix score is from 6–10,
i.e., a farmer perceives very high risk.
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For instance, two farmers were asked to indicate the incidence of the flood in the
coming years and its severity (Table 2). Farmer ‘1’ mentioned 7–8 years, i.e., scored 4, and
for the severity of the flood, he scored ‘5’. Combining these two scores give us a total of
9 scores for farmer ‘1’. From the matrix, 9 is considered a perception with a high threat.
Similarly, for farmer ‘2’ total score is 3, which from the matrix is a low-risk perception of
the flood. The same procedure is adopted for each farmer for all the weather-related risks,
i.e., flood, heavy rain, hail, storm, pest and disease, and drought.

Table 2. Scores of farmers’ risk perception of each weather-related risk.

Flood

Very Low Low Medium High Very High Risk Perception of Flood

1

Incidence (0–2) 1 (3–4) 2 (5–6) 3
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not perceive any of the risk sources as a threat. The variable is indicated by weather-related
risks (WRR) in this study. For each risk source, farmer 1 perceives some high risks and his
score in WRR is ‘1’ and for farmer 2 do not perceive any risk source as high risk, and his
score for WRR is ‘0’. WRR is the explanatory dummy variable with a value of ‘1’ if the
farmer perceives at least one risk source as high risk and o otherwise (Table 3).

Table 3. Total scores of farmers’ risk perception of the weather-related risks.

Flood Heavy Rain Hail Storm Pest and Disease WRR

Farmer 1 1 1 0 0 1 1
Farmer 2 0 0 0 0 0 0

2.3. Assessment of Farmers’ Risk Attitude

Similarly, to obtain farmers’ risk attitude, Holt and Laury method [27] is used, given
in Table 4. In this method, 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 from 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 acquire 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. 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 possible. The Holt and Laury method was translated
into local language as simple as possible and with the help of a diagram—provided in the
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Supplementary Material section. With the help of the diagram and explanation in the local
language, 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.

Table 4. (A): Holt and Laury (2002) method of risk attitude. (B): Holt and Laury (2002) method of
classification of risk preferences.

(A)

Option A Option B A B EVA EVB

1/10 of $2, 9/10 of $1.60 1/10 of $3.85, 9/10 of $0.10 � � $1.64 $0.48
2/10 of $2, 8/10 of $1.60 2/10 of $3.85, 8/10 of $0.10 � � $1.68 $0.85
3/10 of $2, 7/10 of $1.60 3/10 of $3.85, 7/10 of $0.10 � � $1.72 $1.23
4/10 of $2, 6/10 of $1.60 4/10 of $3.85, 6/10 of $0.10 � � $1.76 $1.60
5/10 of $2, 5/10 of $1.60 5/10 of $3.85, 5/10 of $0.10 � � $1.80 $1.98
6/10 of $2, 4/10 of $1.60 6/10 of $3.85, 4/10 of $0.10 � � $1.84 $2.35
7/10 of $2, 3/10 of $1.60 7/10 of $3.85, 3/10 of $0.10 � � $1.88 $2.73
8/10 of $2, 2/10 of $1.60 8/10 of $3.85, 2/10 of $0.10 � � $1.92 $3.10
9/10 of $2, 1/10 of $1.60 9/10 of $3.85, 1/10 of $0.10 � � $1.96 $3.45
10/10 of $2, 0/10 of $1.60 10/10 of $3.85, 0/10 of $0.10 � � $2.00 $3.85

(B)

Number of Safe Choices Risk Preference Classification CRRA *

0–1 Very High-Risk Seeker r < −0.95
2 High Risk Seeker −0.95 < r < −0.49
3 Moderate Risk Seeker −0.49 < r < −0.15
4 Risk Neutral −0.15 < r < 0.15
5 Slightly Risk Averse 0.15 < r < 0.41
6 Moderate R Averse 0.41 < r < 0.68
7 High Risk Averse 0.68 < r < 0.97
8 Very high Risk Averse 0.97 < r < 1.37

9–10 Extreme Risk Averse 1.37 < r
(A) EVA and EVB are the expected values of Option A and Option B. For example, the expected vale EVA for
the first option in A is (0.1 × 2) + (0.9 × 1.60) = 1.64. (B) * CRRA ranges are calculated as the range of ‘r’ in the
utility function U(x) = x1−r

(1−r) for which each subject chooses each option (gamble) assuming constant relative risk
aversion (CRRA) utility.

2.4. Methods Used in the Study
Chi-Squared Tests

A chi-square test is intended to test how likely it is that the distribution of risk man-
agement strategies based on farmers’ risk attitude is purely by chance. Or another way
to describe the χ2 test is to test the null hypothesis that there is a significant difference
between these variables.

The null and alternative hypotheses we want to test are:

Hypothesis 0 (H0). The farmers’ risk attitude is correlated with the risk management strategies
they adopt.

Hypothesis A (HA). Farmers’ risk attitude is not correlated with their choices to adopt risk
management strategies.

The chi-square test is used to compare the observed and expected (estimated counts in
each cell of the contingency table.

χ2= ∑4
i=1 ∑3

i=1

(Oij − Eij)
2

Eij

where, oij = observed frequencies of ith row and jth column
Eij = Expected frequencies of ith row and jth column,
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Whereas, Eij =
RiCj

n , Ri is row total, Cj is column total, and n is the total sample size.
The degree of freedom for the chi-square test would be (r − 1)(c− 1). Where ‘r’ and ‘c’
indicates the number of rows and column in the crosstabulation, respectively.

Then for the significance level, ∝ = 0.05, we reject the null hypothesis of correlation when:

χ2 > χ2
0.05

Similarly, it is expected 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 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, we will set
our null and alternative hypotheses for each risk source individually.

Hypothesis 0 (H0). The farmers’ risk perception of each risk source is not associated with the
adoption of risk coping strategies.

Hypothesis A (HA). Farmers’ risk perception of each risk source is associated with the adoption of
risk management strategies.

In this case, the degree of freedom for the chi-squared test would be (r− 1)(c− 1).
Then for the significance level, ∝ = 0.05, we reject the null hypothesis of independence when:

χ2 > χ2
0.05

2.5. The Strength of Association: The Cramér’s V

If we found from the chis-squared tests that there is an association between farmers’
risk attitude and perception with the adoption of risk management strategies, we can then
examine the strength of this association by using Cramér’s V formula. Cramér’s V has a
value between ‘0 and 1’ where 0 means no association and 1 means perfect association.

If V < 0.25 = Association is weak; V > 0.75 = strong association; 0.25 < V < 0.75 = moderate
association [28].

Formula for Cramér’s V:

∅c=

√
χ2

N (k− 1)

∅c = Cramér’s V
χ2 = Chi squared value
N = Total number of observation
k = lesser number of categories of either variable.

2.6. SEM: The Path Analysis

Many research studies have been carried out to identify farmers’ risk perception and
attitude on farmers’ behaviour in risky situations. Ref. [23] used the PLS-SEM approach
to identify the impact of risk sources (namely low crop yields, fluctuating input prices,
and reduction in agricultural incomes) on farmers’ risk perception. He found that severity
and ability to prevent a risk are most important in forming risk perceptions. Ref. [29] used
PLS-SEM to examine how perceptions of risk and risk attitude can influence the intended
decision to implement risk management strategies. They also analysed the indirect of
socioeconomic characteristics of the farmers on the adoption of risk management strategies.
Their study found risk-perception and attitude significantly affect farmers’ choices to adopt
risk management strategies. From the indirect determinants they found age of the farmer
significantly affect farmers’ risk perception. A similar study conducted by [30] found that
risk management portfolio over the last five years is associated with higher risk perception.
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Similarly, Ref. [31] found that risk-aversion has a negative and significant impact on the
farmers’ adoption choice of crop insurance in Italy and Poland.

After investigating the association between the farmers’ psychological factors and the
adoption of risk management strategies, we will employ the SEM path model based on the
previous studies discussed above to further investigate the effects of farmers’ socioeconomic
characteristics on their risk perception and risk attitude and on the adoption of a risk
management strategies. Furthermore, this study also examines the effect of farmers’ risk
perception and attitude on the adoption of a risk management strategy. The conceptual
framework is given below in Figure 3.
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adoption of RMS.

Figure 3 shows the effect of socioeconomic characteristics on the adoption of risk
management strategies indicated by a solid line. The dashed lines present the effect of
socioeconomic and farm characteristics on the farmers’ psychological attributes. The
association of the error terms for the risk-aversion and risk perception will also be observed.
The construction of such effects via path analysis is based on literature. For instance,
Ref. [20] found that farmers’ characteristics and farm attributes have a significant impact
on farmers’ risk perception. Farm size has a positive association with perceived risks [26].
The level of education has a positive and significant impact on farmers’ risk perception.

Similarly, socioeconomic characteristics and farm attributes also have an influence
over farmers’ risk attitudes. Age has a negative impact on farmers’ risk attitudes [32]. The
education level of the farmer has a negative impact on farmers’ risk attitudes [33]. Ref. [34]
also has a positive impact on farmers’ risk attitudes [35]. Farm size also has a significant
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impact on farmers’ risk attitudes [36]. Ref. [37] examined the age of farmers has a positive
impact on their risk perception.

Thus, we also hypothesise that the control variables also have a significant impact
on the farmers’ risk attitude and risk perception of weather-related risks. In addition, we
expect a good fit model.

The path analysis is conducted to find how socioeconomic characteristics affect both
the adoption of risk management strategies and the farmers’ psychological constructs. The
significant impact of socioeconomic characteristics with the risk aversion, risk perception
and the adoption decision would imply that these factors are the vital determinants of the
farmers’ decision-making behaviour. Based on our path analysis we construct our three
hypotheses.

Hypothesis 1 (H1). The socioeconomic characteristics significantly affect farmers’ risk perception
and risk attitude.

Hypothesis 2 (H2). The socioeconomic characteristics significantly affect the adoption of risk
management strategies.

Hypothesis 3 (H3). The risk perception and risk attitude significantly and positively affect farmers’
choices to adopt risk management strategies.

Hypothesis 4 (H4). There is a significant association between farmers’ risk perception and risk-
averse attitude.

The socioeconomic characteristics and farm attributes could affect the farmers’ choices
to adopt risk management strategies indirectly via risk perception and risk attitude. In
that case, we would analyse the direct and indirect effects of socioeconomic characteristics
on the adoption of risk management strategies. Moreover, we would also be interested
in analysing the direct impact of farm and socioeconomic characteristics along with risk
perception and risk attitude on the probability to adopt risk management strategies. For
estimation, we use the probit model discussed in the following section.

2.7. Probit Model Estimation

Different studies have used the sociodemographic factors of the farmer as direct deter-
minants of their decision-making behaviour. These variables are age of the farmer [16–20];
farmers’ experience [38–40]; education level of the farmer [34,40]; farm size include the
studies of [41–43]; off-farm income [39,40,44]. These studies have found a significant im-
pact on the probability of farmers’ choices. Thus, in our study, we will use these variables
together with the risk perception and risk attitude of the farmer.

The dependent variable is categorical, and therefore we use binomial probit estimation.

g(E(y|x)) = Φ−1(E(y|x)) = α + xβ

where Φ−1 is the commutative distribution function of the standard normal distribution.
‘y’ is the dichotomous dependent variable, x is a vector of explanatory variables, and α and
β are the unknown parameters estimated by the maximum likelihood method.

Equivalently the above equation can also be written as:

P(y = 1|x) = Φ(α + xβ)

For three strategies, we construct three models in the form

P(y1 = 1|x) = Φ(α + xβ1) for diversification.
P(y2 = 1|x) = Φ(α + xβ2) for credit reserve.

P(y3 = 1|x) = Φ(α + xβ3) for accumulated assets.
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In each model, we will also include the endogenous variables as an explanatory
variable, i.e., we will examine the impact of one RMS on the adoption of another strategy.
It tells us whether the strategies are complements or substitutes to each other—additional
information that we would extract from the given data.

We can also estimate the marginal effects in the probit model for a continuous variable as:

∂ Prob (y = 1)
∂ x

= ϕ (xβ) β

ϕ is the standard normal density function.
For a binary independent variable ‘x’, i.e., x ∈ {0, 1}, the marginal effects are calcu-

lated by setting other covariates at their mean values and then finding the difference in
Prob (y i = 1) when ‘x’ increases from 0 to 1. This difference is the marginal effect for the
discrete variable.

3. Results and Discussion

Table 5 presents summary statistics of the socioeconomic characteristics of the farmers
in the study area.

Table 5. Distribution of socioeconomic characteristics of the respondents.

Variables Mean St. Dev. Min. Max.

Age 46.9 1.30 19 80
Education level 3.96 5.32 0 16
Farming Experience 24.6 1.40 30 65
Farm Size (In Acres) 6.91 6.56 0.40 34
Weather-related Risks * 0.85 0.36 0 1
Income (000 PKR) 20.0 17.5 15 108

* Cronbach’s alpha ‘α’ for weather-related risks = 0.725.

We can see in the last row of Tables 5 and 6 shows the Cronbach’s alpha ‘α’ for
the composite score of weather-related risks and risk attitude of farmers, respectively.
The alpha score of 0.725 for WRR and 0.786 for risk attitudes indicates, as a rule of
thumb, that the items used for measuring WRR and risk attitude have acceptable internal
consistency [45,46]; thus, we can support our findings based on these variables.

Table 6. Distribution of risk attitude of the sampled respondents.

Variable Sample Size Mean St. Dev. Min. Max.

Risk Attitude *

Risk-Averse 0.73 0.441 0 1
Risk-Seeker 0.15 0.359 0 1

Risk-Neutral 0.11 0.318 0 1
* Cronbach’s alpha ‘α’ for risk attitude = 0.786

Moreover, Table 4 shows that the majority of the farmers are risk-averse, as around
74% of them are risk-averse, 12% are risk-neutral, and about 14% of them are risk-seekers.
The distribution of the risk-aversion, based on the Holt and Laury method Table 4, is given
in Figure 4. The majority of the farmers in the study area are high-risk averse, followed by
moderate risk-averse and slightly risk-averse, respectively. Table 5 shows that, on average,
farmers in the study area have primary level education. The farmers with maximum
education level are master’s degree holders, and the minimum level is illiterate. Similarly,
farmers in the study area have on average approximately 25 years of farming experience,
with a maximum experience is 65 years and a minimum is 30 years.
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To cope with risks, farmers have to find ways to protect themselves from the decision
taken today without knowing what may happen tomorrow. Risk management strategies are
used by the farmers to mitigate the chance of “bad” outcomes occurring [47]. In the study
area, the farmers were asked an open-ended question to identify the risk management
strategies adopted to cope with risks.

In the study area, farmers who used credit reserve, diversification and accumulated
assets as risk management strategies were assigned the value ‘1’ if a farmer adopts a
particular risk management strategy and ‘0’ otherwise.

Summary statistics for the farmers’ choice to adopt risk management strategies are
provided in Table 7. The table shows that the majority of farmers, i.e., around 56%, have
adopted diversification as a risk management strategy. Similarly, 43% and 41% of farmers
in the study area have adopted credit reserve and accumulated assets, respectively. Crop
insurance and futures contracts were the least chosen options among the farmers to mitigate
risk. Crop insurance is a formal and government-supported program for farmers to cope
with risk, but the farmers in the study area were either unaware of the scheme or not
in favour of adopting it as a risk management tool. This is because most of the farmers
believed that crop insurance scheme also involved interest rates, which is not followed by
farmers due to religious reasons. As not followed by farmers, crop insurance and futures
contracts have been removed in the following analysis.

Table 7. Distribution of Risk Management Strategies Adopted by Sampled Respondents.

Variables Mean St. Dev. Min. Max.

Diversification 0.56 0.49 0 1
Accumulated Assets 0.41 0.49 0 1
Credit Reserve 0.43 0.49 0 1
Crop Insurance 0.007 0.08 0 1
Future Contracts 0.002 0.05 0 1

3.1. Results from the Chi-Squared Tests
3.1.1. Association between Farmers’ Risk Attitude and the Adoption Strategies

The Cross-tabulation method is used to quantitatively analyze the relationship be-
tween farmers’ risk attitude and their choice to adopt risk management strategies at the
farm level to cope with weather-related risks.

Since we computed χ2 = 111.55, [df (4− 1)(3− 1) = 6, and ∝ = 0.05], which is greater
than χ2

0.05 = 12.59, we conclude that farmers’ adoption decision is associated with the
farmers’ risk attitude behaviour, which implies that it is unlikely to have occurred by
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chance (Table 8). The result implies that there is a statistical association between farmers’
risk attitude and their choices to adopt risk management strategies.

Table 8. Observed and Estimated Expected (in Parentheses) Counts.

Farmers’ Risk Attitude

Risk Averse Risk Neutral Risk Seeker Totals

Farmers’ Adoption
Decisions

0 Strategies 10
(38.65)

16
(5.85)

26
(7.48) 52

1 Strategy 111
(112.26)

18
(16.99)

22
(21.74) 151

2 Strategies 117
(96.64)

7
(14.63)

6
(18.71) 130

3 Strategies 46
(36.42)

2
(5.51)

1
(7.05) 49

Totals 284 43 55 382
Farmer’s risk attitude and Farmer’s adoption decision Crosstabulation.

The size of the association between farmers’ risk attitude and the adoption of risk
management strategies, V value is given as:

∅c =
√

111.55
382 (3−1)

∅c = 0.38

3.1.2. Association between Farmers’ Risk Attitude and Their Adoption Decision

The Chi-squared tables, which represents the actual and estimated values of a weather-
related risk (WRR) with respect to each risk management strategy, are described in Tables 9–11.

Table 9. Observed and Estimated Expected (in Parentheses) Counts for farmers risk perception of
flood and their choice to adopt diversification as a risk management strategy.

Risk Perception of WRR

Highly Perceive 1 Less Perceive 0 Total

Diversification
Adopted 1 216

(183.48)
1

(33.51) 217

Not-Adopted 0 107
(139.51)

58
(25.48) 165

Total 323 59 382

Table 10. Observed and Estimated Expected (in Parentheses) Counts for farmers’ risk perception of
WRR and their choice to adopt credit reserve as a risk management strategy.

Risk Perception of WRR

Highly Perceive 1 Less Perceive 0 Total

Credit Reserve
Adopted 1 154

(50.73)
6

(9.26) 60

Not-Adopted 0 169
(187.71)

53
(34.28) 222

Total 323 59 382
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Table 11. Observed and Estimated Expected (in Parentheses) Counts for farmers’ risk perception of
WRR and their choice to adopt accum. assets as a risk management strategy.

Risk Perception of WRR

Highly Perceive 1 Less Perceive 0 Total

Accum. Assets
Adopted 1 162

(182.63)
4

(33.36) 216

Not-Adopted 0 161
(140.36)

55
(25.63) 166

Total 323 59 382

Since we computed χ2
(1) = 86.37 for diversification, χ2

(1) = 28.83 for credit reserve, and
χ2

(1) = 38.19 for accumulated assets, which are greater than χ2
0.05 = 3.84, we can conclude

that there are significant differences between expected values under the null hypothesis
and the observed values. It implies that farmers’ perception of weather-related risks is
associated with the farmers’ choice to adopt the three risk management strategies. The
results suggest that it is unlikely that the adoption of risk management strategies and
farmers’ high perception of the WRR has occurred by chance.

The V values for the association between risk perception of weather-related risks and
the adoption of diversification, credit reserve, and accumulated assets are given as:

∅c =
√

86.37
382 (1) = ∅c = 0.47 Diversification and WRR

∅c =
√

28.83
382 (1) = ∅c = 0.27 Credit reserve and WRR

∅c =
√

38.19
382 (1) = ∅c = 0.31 Accumulated assets and WRR

The association between farmers’ risk attitude and perception with their adoption
decisions is moderate. The moderate association is according to our expectations because
psychological factors are important determinants of farmers’ decision-making behaviour.
The absence of a very strong association may be due to the fact that farmers’ risk adoption
decision is not only being affected by risk perception and risk attitude, but there must also
be some other variables that could contribute to the magnitude of effect on the adoption
decisions. These variables could be the socioeconomic and other farm characteristics of
the farmer that may also well contribute to the effect on farmers’ choice to adopt risk
management strategies.

In the following section, results from path analysis are provided to examine the effect
of socioeconomic characteristics and farm attributes on the adoption of risk management
strategies and also on the farmers’ psychological constructs.

3.2. Results from the Path Analysis

The second last row of Table 12 shows a highly significant correlation between weather-
related risks and risk-aversion. Thus, we accept our H4 hypothesis that there is a significant
association between WRR and risk-aversion.
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Table 12. Parameter estimates from path analysis show the direct and indirect effect of socioeconomic
factors on the adoption of RMS.

Dependent Variable Risk-Aversion Dependent Variable Weather-Related Risks

Explanatory Variables Estimates Explanatory Variables Estimates

Age −0.037
(0.026) Age 0.037

(0.026)
Education Level 0.004

(0.004) Education Level 0.007 **
(0.003)

Farming Experience −0.036
(0.258) Farming Experience −0.040 **

(0.020)
Farm Size 0.002

(0.004) Farm Size 0.002
(0.004)

Income −0.004 ***
(0.001) Income −0.004

(0.03)
Constant 0.963 ***

(0.097) Constant 0.963 ***
(0.097)

Explanatory Variables Diversification as
a DV

Credit Reserve
as a DV

Accum. Assets as
a DV

Diversification - 0.126 ***
(0.032)

−0.416 ***
(0.050)

Credit 0.093 **
(0.043) - −0.050

(0.282)
Accumulated Assets −0.369 ***

(0.044)
−0.060
(0.282) -

Age 0.035
(0.025)

−0.140 ***
(0.027)

−0.084 ***
(0.026)

Education Level 0.022 ***
(0.004)

0.008 **
(0.004)

−0.022 ***
(0.004)

Farming Experience −0.064 **
(0.023)

0.093 ***
(0.025)

0.044 *
(0.025)

Farm Size 0.004
(0.003)

0.002
(0.003)

0.005
(0.004)

Risk-Aversion −0.044 0.254*** 0.316
(0.055) (0.059) (0.059)

WRR 0.583 *** 0.202*** 0.263 ***
(0.068) (0.073) (0.073)

Income −0.0002 −0.005 0.005 ***
(0.001) (0.010) (0.001)

Constant −0.016 0.538 *** 0.206 **
(0.108) (0.118) (0.117)

Correlation between WRR
and Risk Aversion

0.1944 ***
(0.008)

R-Squared 0.21 0.20 0.19
Log likelihood −4055.9107 −5725.3546 −5720.8849

No. of Observations 382 382 382
Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, and
1% levels, respectively.

From the results obtained in Table 12, we can test our hypothesis established earlier.
Contrary to our expectations, not all socioeconomic characteristics significantly affect the
risk perception and risk attitude of the farmer. Our hypothesis 3 was set generically that
comprised several farmers’ socioeconomic variables. However, from the analysis we found
that farmers’ off-farm income significantly and negatively affects the risk-averse attitude of
the farmer. This finding is in line with [20,21,24,48–50]. They also found a negative impact
of farmers’ off-farm income on risk-averse attitudes. The less willing the farmer willing to
take risks, the greater his tendency would be toward obtaining secure income from other
sources to keep a financial buffer.

Moreover, our results also show that the education level and experience of farmer
have a positive and negative impact, respectively, on the farmer’ risk perception of weather-
related risks. The educated farmers may assess the potential threat caused by the natural
calamities and may have prepared themselves to cope with these risks. Thus, they are less
likely to worry about the risks and, therefore, perceive WRR as less likely. This finding is
inconsistent with the studies of [48,49] and is in line with the findings of [20].

The negative impact of farmers’ experience on risk perception is contrary to our
expectations and the findings of [19,24,51]. Farmers’ risk perception through experience
with historical climate shocks induces them to adopt risk management strategies.
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However, the majority of variables have an insignificant impact on farmers’ risk
perception and risk attitude. Risk perception and attitude are highly individualistic factors
and may be influenced by both farmer-specific and factors other than socioeconomic
characteristics such as age, education level, experience in farming, farm size, number of
family members, household income, wealth etc.

Some of the farmer-specific factors that affect his risk perception 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. Therefore, It is not
evident to elucidate and quantify the complex relations between farmers’ characteristics
and their risk attitude and risk perception [52].

In the SEM path analysis, we observed the indirect effect of socioeconomic characteris-
tics of the farmer via risk perception and risk attitude on the adoption of risk management
strategies. However, we are also interested in examining the direct effect of risk percep-
tion and risk attitude along with socioeconomic factors on the adoption of RMS. For that
purpose, we use the probit model discussed in the following section.

3.3. Results from Probit Model Estimation

Table 13 shows the marginal effects of the covariates on the probability to adopt
each risk management strategy. The results for each strategy are obtained by individual
probit model.

Table 13. Marginal effects of covariates on the adoption of RMS.

Variables Credit Reserve. Diversification Accum. Assets

Credit - 0.194 **
(0.076)

−0.076
(0.070)

Diversification 0.164 **
(0.072) - −0.480 ***

(0.062)

Accumulated Assets −0.114
(0.070)

−0.520 ***
(0.060) -

Age −0.160 0.004 0.289
(0.185) (0.172) (0.436)

Education Level 0.185 *** 0.039 0.063
(0.052) (0.023) (0.053)

Farming Experience 0.901 *** −0.124 0.065
(0.268) (0.103) (0.238)

Farm Size 0.098 *** 0.009 −0.091 ***
(0.035) (0.016) (0.035)

Risk Aversion 0.937 *** −0.055 0.374 ***
(0.210) (0.083) (0.055)

Off-farm Income −0.019 −0.004 0.047 ***
(0.012) (0.005) (0.013)

Weather-related Risks 0.834 *** 0.670 *** 0.340 ***
(0.275) (0.036) (0.067)

R-Squared 0.30 0.25 0.24

Log likelihood −211.49859 −184.85654 −206.69752
Prob. of Adoption 0.36 0.56 0.40

No. of Observations 382 382 382
Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, and
1% levels, respectively.
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3.4. Results Interpretations from Probit Model

The results show that risk perception of weather-related risks and risk aversion sig-
nificantly and positively affect farmers’ choices to adopt the available risk management
strategies, and thus, we accept our H3. We also accept H2 that socioeconomic characteristics
significantly affect the adoption of risk management strategies. The table also shows the
probability to adopt each risk management strategy by farmers. On average, the probability
of adopting diversification is 56% compared to accumulated assets and credit, which are
40% and 36%, respectively.

The positive impact of farmers’ experience on the adoption of credit reserve is consis-
tent with the findings of [52,53] and is contrary to the findings of [14,42]. It implies that
the experienced farmer comprehends 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.

The positive impact of education level on the adoption of credit reserve is in line with
our expectations and with the findings of [14,36,38,49]. 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.

As expected, risk perception and risk-aversion have a positive and significant impact
on the adoption of all three risk management strategies, which is consistent with the
adoption of almost all the available strategies. This finding is consistent with [14,19,53–58].
In their studies, they examined the positive impact of farmers’ risk perception and/or
risk-averse attitude on the adoption of risk management strategies.

Table 13 also shows the impact of one risk management strategy on the other. The
positive and significant impact of diversification on credit (and vice versa) implies that the
two strategies 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 have a negative
and significant impact on each other which makes them 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.

From Table 13, we observed that the marginal effect of the psychological factors, i.e.,
risk perception and risk-aversion, are relatively greater than the other covariates for each
risk management strategy. The impacts are also highly significant, indicating the impor-
tance of these factors on the farmers’ behaviour in decision making during uncertainty.

3.5. Value Added-Information

In this study, we also provide the impact of the squares of the covariates on the
adoption of risk management strategies for probit model as shown in Table 14. 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 units of
these variables.
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Table 14. The non-linear effect of the covariates on the adoption of RMS.

Variables Credit Reserve. Diversification Accum. Assets

Age2 −0.010 0.004 0.289
(0.01) (0.017) (0.436)

Education Level2 0.011 *** 0.001 0.063
(0.004) (0.002) (0.053)

Farming Experience2 −0.107 ** 0.005 0.064
(0.018) (0.04) (0.238)

Farm Size2 −0.003 ** −0.0001 −0.091 ***
(0.001) (0.0002) (0.035)

Off-farm Income2 −0.001 0.006 0.047 ***
(0.015) (0.006) (0.013)

Log likelihood −196.80402 −184.85654 −197.24523
No. of Observations 382 382 382

Figures in parenthesis are Robust Standard Errors. *, ** and *** represent statistical significance at 10%, 5%, and
1% levels, respectively.

The linearity in the variables that we have assumed in Table 13, and the researchers in
previous studies used, indicates that they change monotonically. However, it is possible
that quadratic terms, which allows for non-linearity, may possess a non-linear relation
with our target variable. From Table 14, we observed some of the covariates with their
quadratic functions significantly affect the probability to adopt risk management strategies.
It implies that the additional units of adding these variables change the slope of that
variable by a particular (marginal effects) percentage. For instance, farmers’ experience
in Table 13 indicates that it increases with the increase in farming experience by one unit.
However, if we continue to increase units of farming experience, at a maximum point, it will
start decreasing—as shown by a negative and significant marginal effect of the quadratic
farming experience in Table 14. The inflecting point can be measured by −β(expe)

2×β(expe2)
, i.e.,

we identify the turning point of the curve where it changes the sign. It is interpreted as
the probability to adopt credit reserve increases by 90% with an additional unit increase in
farming experience. However, the slope decreases by 10% when we continue to increase
units of farming experience. This change from increase to decrease occurs at farming
experience at 42 years. It can also be seen from the graph given below.

Figures 5–7 represents the non-linear effect of education level, farming experience,
and farm size on the adoption of credit as a risk management strategy.
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Figure 7. The non-linear impact of farm size on the probability to adopt credit as a risk
management strategy.

Similarly, the quadratic impact of education level and farm size on the adoption of
credit reserve are significant and show the turning points from increase to decrease in the
slop at 8 years and 14 acres, respectively.

The graphs provided in Figures 8–10 represents a significant non-linear impact of
education, off-farm income, and farm size on the adoption of accumulated assets as a
risk management strategy. The turning points are at approximately 3 years for education,
71 (000 PKR) for off-farm income, and 10 acres of farmland, respectively. This value-added
information is useful. For instance, an increase in education shows a negative impact on
the adoption of accumulated assets. The reason is that acquiring higher education may
induce the farmers to avoid the traditional way of coping risks and be more inclined toward
adopting advanced/latest techniques such as crop insurance schemes, future contracts etc.
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Figure 10. The non-linear impact of farm size on the probability to adopt accumulated assets as a risk
management strategy.

Similarly, the income of the farm helps increase extra savings up to a level, and by
a further increase in the income, the farmer may invest in diversifying their income via
different means instead of savings.

Figures 8–10 represents the non-linear effect of education level, off-farm income, and
farm size on the adoption of accumulated assets as a risk management strategy.

4. Discussion

From the summary statistics, in general, we found that the majority of the farmers
are risk-averse, followed by risk-seeker. This finding is also consistent with one of the
assumptions of the prospect theory, i.e., farmers may become risk-seeker when they face
loss. Therefore, farmers may be risk-averse at one point but become risk-seeker in different
circumstances, such as losses.
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We also present an explicit picture of risk-aversion of the farmers, i.e., the distribution
of risk-aversion, which shows that farmers in the study area are mostly highly risk-averse
followed by moderate and slight risk-averse. This finding is in line with [59]. They found
Polish farmers are at least a medium or high level of risk aversion. Such information could
be useful for stakeholders, such as the providers of crop insurance, to set the premiums
based on their risk attitudes.

We used three methods to assess the relationship between farmers’ psychological
factors, socioeconomic characteristics, and the adoption of risk management strategies.
From the chi2 test, we confirmed the existence of a significant association between farmers’
psychological factors and their choices to adopt risk management strategies. Moreover,
from the SEM path analysis, we also found that the unobserved factors of risk perception
and risk attitude are significantly high correlated with each other. It implies that several
latent or individualistic factors that are unobserved to the researcher affect the farmers’ risk
perception in the same way as their risk attitude. This finding, however, is contrary to the
findings of [59], in which they found that farmers’ risk aversion has little relation to the
perception. However, the statistical tests of association between risk perception and risk
attitude with the adoption of risk management strategies and results from the probit model,
i.e., the significant impact of psychological factors on the adoption of risk management
strategies, reinforce each other.

In the literature, several studies were carried out to examine the impact of farm-
ers’ socioeconomic and farm characteristics on the farmers’ risk perception and risk atti-
tude [20,26,32–36]. However, due to highly individualistic and subjective factors, it is not
evident to explain and quantify the complex relations between farmers’ characteristics and
their risk attitude and risk perception—as indicated by [51]. Sociodemographic factors may
affect risk perception and risk attitude. Still, the results from different studies sometimes
contradict each other [60]. We carried out the SEM technique (path analysis) to examine
the direct and indirect effect of socioeconomic characteristics of the farmer on the adoption
of risk management strategies. We found a few socioeconomic factors affecting farmers’
risk perception and risk attitude. It was also observed by [29] that, among others, only the
age variable has an impact on the risk attitude of the farmer.

However, the direct effect of socioeconomic characteristics along with psychological
factors on the adoption of risk management strategies used in the probit model estimation
shows several factors significantly affects the probability to adopt risk management strate-
gies. The low R-squared values obtained for each risk management strategy using the SEM
model (Table 12) relative to the probit model (Table 13) also depicts a small variation in the
dependent variable is explained by the socioeconomic factors. It implies that several em-
bedded latent factors that determine farmers’ psychological factors are yet to be explored.
Thus, to examine the impact of factors on farmers’ risk perception and attitude, several
latent factors that are highly individualistic should be taken into account. For instance, in
a study, Ref. [61] reveal that besides socioeconomic characteristics of the farmers, several
other (latent) factors also influence farmers’ decisions, such as stress and the ability to cope
with stress, satisfaction with and optimism about the farming, autonomy, management
attitudes, individual’s problem-solving ability, conservative attitudes etc.

From the results, we found that risk perception, risk-averse attitude, education level,
farming experience, farm size, and off-farm income has a significant impact on the adoption
of risk management strategies. These findings are consistent with [29,34,39,55–58]. These
factors are found common in most studies and, thus, are considered important determinants
of the farmers’ decision-making behaviour in risky situations. Therefore, these factors
should be taken into account while assessing farmers’ behaviour. Moreover, from the study,
we also observed other important findings. Such as, from the probit model, we found that
the impact of farmers’ risk perception and risk-averse attitude have a high marginal effect
on the farmers’ probability to adopt RMS as compared to other sociodemographic factors
under study.
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We also examined the impact of one strategy on the adoption of another strategy which
makes the strategy substitute or complements to each other. This information explained in
this study has been overlooked in the previous studies. It gives us a clearer idea of 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.

From the results, we found that the probability of adopting diversification is greater
than credit and accumulated assets. According to [62], diversification is a frequently used
risk management strategy, and as a risk management strategy, it is an important means of
reducing rural vulnerability in developing countries. The probability of adopting credit is
relatively low because taking credit, on the one hand, help farmers in coping with risks; on
the other hand, it involves risk, i.e., collateral and interest rate. Thus, farmers usually avoid
taking credit, particularly when other alternatives are available. The probability to adopt
accumulated assets is 40%, second after diversification. The reason may be that it does not
involve any risk and is easy to adopt for coping risks.

Moreover, the inclusion of quadratic terms that has been mostly overlooked in the
previous studies provided us with value-added information. We found a significant non-
linear impact of some of the covariates on the adoption of RMS. The results show that when
we increase on a unit of a particular covariate increase/decrease the probability to adopt a
RMS. This is based on the assumption of linear association of explanatory and dependent
variables and its changes (increases/decreases) monotonically. However, the results we
obtained depicts that after an inflection point, the probability of adopting a RMS changes
from its initial impact.

5. Conclusions

From the above results and discussion, it can be concluded that farmers in the study
area are risk-averse. They are high risk-averse to moderate risk-averse. High-risk per-
ception of weather-related risks and risk-averse attitude of farmers induce them to adopt
alternative risk management strategies—which in the study were identified as diversifi-
cation, accumulated assets, and credit reserve. These strategies were used by the farmers
to cope with weather-related risks. The impact of socioeconomic factors impact on risk
perception of weather-related risks and risk attitude was not according to our expectations
as very few factors were found to have an impact on these psychological factors. However,
the socioeconomic factors included in the study except for age, together with risk percep-
tion and risk attitude, were found to have a significant impact on the probability to adopt
risk management strategies. Therefore, this study suggests considering a direct impact of
socioeconomic factors of the farmer along with psychological factors to examine farmers’
behaviour in risky situations. In addition, for the indirect effect of socioeconomic factors on
farmers’ behaviour via risk perception and risk attitude, several other unobserved factors
need to be identified to explore this relationship more comprehensively.

In addition, as the findings suggest that strategies could be substitutes or complements
and, therefore, should be considered by researchers while assessing farmers’ behaviour.
This study also proposes the inclusion of the non-linear impact of socioeconomic factors on
the adoption of risk management strategies to understand the impact of those covariates in
the long run.

6. Policy Implications

The stakeholders can utilize such information regarding the risk perception of the
farmers’ impact on the adoption of risk management strategies to target farmers, specifically
if they want to induce the farmers to adopt risk management strategies.

The government can disseminate information through extension workers, radio, and
other available resources to make the farmers early adopters. Knowing the impact of risk
perception of weather-related risks on the adoption of risk management strategies can also
help the government to implement crop insurance schemes among the target farmers that
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may help the farmers to secure them against natural calamity more efficiently than the
conventional way of risk management strategies. Similarly, for implementing new policies,
the government agencies can target the farmers, specifically taking into consideration the
risk-averse attitude of the farmers in the study area.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/agriculture12030412/s1, Table S1: Diagram of Holt and Laury method.
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Limitations and Future Studies: The risk attitude is measured only for small amounts in gains,
whereas the farmers may behave differently for larger gains. They may also behave differently in
the domain of losses. Therefore, future studies should consider the approaches with large gains and
losses to obtain an explicit view of farmers’ risk attitudes. This study considered only weather-related
risks. However, future studies can extend the risk circle to financial, price, technological, and human
risks. From the results of the study, we found that the risk perception and risk attitude are not only
determined by sociodemographic factors but also by some latent factors. Thus, future studies should
contribute to exploring other important determinants of farmers’ psychological factors to understand
their behaviour even better.

References
1. Hardaker, B.; Huirne, R.B.; Anderson, J.R.; Lien, G. Coping with Risk in Agriculture: Applied Decision Analysis, 3rd ed.; CABI;

Gutenberg Press Ltd.: Tarxien, Malta, 2015.
2. Komarek, A.M.; De Pinto, A.; Smith, V.H. A review of types of risks in agriculture: What we know and what we need to know.

Agric. Syst. 2020, 178, 102738. [CrossRef]
3. OECD. Risk management and resilience: Taking a holistic approach to agricultural risk management—Organization for Economic

Co-operation and Development. 2019. Available online: https://www.oecd.org/agriculture/topics/risk-management-and-
resilience/ (accessed on 28 October 2021).

4. Vose, D. Risk Analysis: A Quantitative Guide; John Wiley & Sons, Ltd.: Chichester, UK, 2008.
5. Langeveld, H.; Verhagen, J.; Asseldonk, M.A.; Metselaar, K. Coping with increasing extremes in agriculture: An exploration for

the Netherlands. In Proceedings of the XIV.th Global Warming Conference, Boston, MA, USA, 15–17 October 2021; 2003.
6. GoP. Economic Advisory Wing Finance Division; Government of Pakistan: Islamabad, Pakistan, 2012.
7. Rehman, A.; Jingdong, L.; Shahzad, B.; Chandio, A.A.; Hussain, I.; Nabi, G.; Iqbal, M.S. Economic perspectives of major field

crops of Pakistan: An empirical study. Pac. Sci. Rev. B Humanit. Soc. Sci. 2015, 1, 145–158. [CrossRef]
8. Zakar, M.Z. Development of Farmers Competencies through Information Technology in the District Shiekhupura; An unpublished project

report submitted to HEC by the Department of Sociology; University of Punjab: Lahore, Pakistan, 2007.
9. Ogurtsov, V.; Van Asseldonk, M.; Huirne, R. Assessing and modelling catastrophic risk perceptions and attitudes in agriculture:

A review. NJAS Wagening. J. Life Sci. 2008, 56, 39–58. [CrossRef]
10. GoP. Annual Report Flood; Government of Pakistan-Ministry of Water and Power: Islamabad, Pakistan, 2016.
11. Kredt, S.; Eckstien, D.; Melchior, I. Global Climate Index; German Watch: Bonn, Germany, 2017.
12. GermanWatch 2019. Global Climate Risk Index 2019. Available online: https://www.germanwatch.org/en/16046 (accessed on

12 August 2021).

https://www.mdpi.com/article/10.3390/agriculture12030412/s1
https://www.mdpi.com/article/10.3390/agriculture12030412/s1
http://doi.org/10.1016/j.agsy.2019.102738
https://www.oecd.org/agriculture/topics/risk-management-and-resilience/
https://www.oecd.org/agriculture/topics/risk-management-and-resilience/
http://doi.org/10.1016/j.psrb.2016.09.002
http://doi.org/10.1016/S1573-5214(08)80016-4
https://www.germanwatch.org/en/16046


Agriculture 2022, 12, 412 23 of 24

13. Hess, U.; Richter, K.; Stoppa, A. Weather Risk Management for Agriculture and AgriBusiness in Developing Countries. Project
Name: What are Sustainable Policy Frameworks Including Critical Public Goods (i.e., Data) for Agricultural and Weather
Risk Insurance? 2002. Available online: https://www.fao.org/uploads/media/Weather%20Risk%20Management%20for%20
Agriculture%20and%20Agri-Business%20in%20Developing%20Countries.pdf (accessed on 12 August 2021).

14. Ullah, R.; Rehman, M.; Shivakoti, G.P.; Kamran, M. Catastrophic risks management at farm: The use of diversification, precau-
tionary savings and agricultural credit. Pak. J. Agric. Res. 2015, 52, 1135–1142.

15. Velandia, M.; Rejesus, M.R.; Knight, T.O.; Sherrick, B.J. Factors Affecting Farmers’ Utilization of Agricultural Risk Management
Tools: The Case of Crop Insurance, Forward Contracting, and Spreading Sales. J. Agric. Appl. Econ. 2009, 41, 107–123. [CrossRef]

16. Dadzie, S.K.N.; Acquah, H.D.-G. Attitudes Toward Risk and Coping Responses: The Case of Food Crop Farmers at Agona
Duakwa in Agona East District of Ghana. Int. J. Agric. For. 2012, 2, 29–37. [CrossRef]

17. Boggess, W.G.; Anaman, K.A.; Hanson, G.D. Importance, Causes, and Management Responses to Farm Risks: Evidence from
Florida and Alabama. J. Agric. Appl. Econ. 1985, 17, 105–116. [CrossRef]

18. Meuwissen, M.; Huirnea, R.; Hardakera, J. Risk and risk management: An empirical analysis of Dutch livestock farmers. Livest.
Prod. Sci. 2001, 69, 43–53. [CrossRef]

19. Meraner, M.; Finger, R. Risk perceptions, preferences and management strategies: Evidence from a case study using German
livestock farmers. J. Risk Res. 2017, 22, 110–135. [CrossRef]

20. Ahmad, D.; Afzal, M.; Rauf, A. Analysis of wheat farmers’ risk perceptions and attitudes: Evidence from Punjab, Pakistan. Nat.
Hazards 2019, 95, 845–861. [CrossRef]

21. Ahmad, D.; Afzal, M.; Rauf, A. Environmental risks among rice farmers and factors influencing their risk perceptions and
attitudes in Punjab, Pakistan. Environ. Sci. Pollut. Res. 2020, 27, 21953–21964. [CrossRef] [PubMed]

22. Islam, M.D.; Rahman, A.; Sarkar, M.N.; Sarkar, M.S.; Jianchao, L. Factors influencig rice farmers’ risk attitudes and perceptions
inBangladesh amid environmental and climatic issues. Pol. J. Environ. Stud. 2020, 30, 177–187. [CrossRef]

23. Osiemo, J.; Ruben, R.; Girvetz, E. Farmer Perceptions of Agricultural Risks; Which Risk Attributes Matter Most for Men and
Women. Sustainability 2021, 13, 12978. [CrossRef]

24. Fahad, S.; Wang, J.; Hu, G.; Wang, H.; Yang, X.; Shah, A.A.; Huong, N.T.L.; Bilal, A. Empirical analysis of factors influencing
farmers crop insurance decisions in Pakistan: Evidence from Khyber Pakhtunkhwa province. Land Use Policy 2018, 75, 459–467.
[CrossRef]

25. Flaten, O.; Lien, G.; Koesling, M.; Vallec, P.S.; Ebbesvik, M. Comparing risk perceptions and risk management in organic and
conventional dairy farming: Empirical results from Norway. Livest. Prod. Sci. 2005, 95, 11–25. [CrossRef]

26. Lucas, M.P.; Pabuayon, I.M. Risk Perceptions, Attitudes, and Influential Factors of Rainfed Lowland Rice Farmers in Ilocos Norte,
Philippines. Asian J. Agric. Dev. 2011, 8, 61–77.

27. Holt, C.A.; Laury, S.K. Risk Aversion and Incentive Effects. Am. Econ. Rev. 2002, 92, 1644–1655. [CrossRef]
28. Cramer, H. Mathematical Methods of Statistics; Princeton University Press: Princeton, NJ, USA, 1946.
29. Van-Winsen, F.; de Mey, Y.; Lauwers, L.; Van Passel, S.; Vancauteren, M.; Wauters, E. Determinants of risk behavior: Effects of

perceived risks and risk attitude on farmer’s adoption of risk management strategies. J. Risk Res. 2016, 19, 56–78. [CrossRef]
30. Slijper, T.; Mey, Y.D.; Poortvliet, P.M.; Meuwissen, M.P. From risk behavior to perceived farm resilience: A Dutch case study. Ecol.

Soc. 2020, 25, 10. [CrossRef]
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