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Abstract: Climate change is a serious threat to the sustainability of global agriculture and food
supply that necessitates taking appropriate action for building resilient food production systems
and preserving rural economies. In this regard, farmers’ beliefs and concerns about the effects of
climate change on agriculture may influence their adoption of adaptation and mitigation practices to
address this emerging issue. This work was undertaken to evaluate farmers’ level of concern about
climate change in the Jazan province of Saudi Arabia. The study also explored the role of various
socioeconomic indicators in shaping farmers’ concerns and highlights various capacity-building
initiatives that can be applied at the community level for effective adaptation. Ordered logistic
regression was used to study the relationship between farmers’ level of concern and their need for
capacity-building initiatives to tackle climate change. Results indicated that insect infestation is the
farmers’ top concern, followed by higher crop-diseases incidence and drought. Regression analysis
revealed that farmers’ income is a major factor that reduces their concern for insect infestation and
crop disease while increases concern for drought. Credit access and information availability have a
mixed impact on the farmers’ concern level. Capacity-building initiatives deemed necessary included
establishing frequent contacts with extension personnel, timely warnings on droughts and other
natural hazards, the training of farmers and extension workers, easy credit facilities, improvement in
rural infrastructure and creation of awareness to address specific concern stimulus.
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1. Introduction

Climate change is a serious global issue with implications in every domain of human
life [1-3]. The evidence suggests that global warming and a change in precipitation patterns
will be experienced as a result of ongoing change in the climate. It is expected that the
global average temperatures may rise by 1.4-5.8 °C by the end of 2100 [4]. Shifts in seasonal
water availability throughout the year are likely to aggravate different regions [5]. It is
also predicted that the frequency and intensity of extreme weather events like drought and
flooding will also increase given weaker coping capacity and poor adaptation planning
particularly in developing countries [6,7].

Many studies have predicted a range of harmful impacts due to climate change
that potentially threaten global agricultural systems and food security on a fundamental
level [3,8,9]. The extent and productivity of both rain-fed and irrigated agriculture will be
affected. A greater proportion of the population is projected to experience the potential
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negative impacts of the climate change and, in many regions, there will be a decrease in
crop productivity [10-12]. Projections suggest that at a temperature increase of 2 °C, around
540-590 million people will become undernourished [13]. Some regions of the world could
lose up to 6% of their national Gross Domestic Product (GDP) due to climate-induced water
scarcity [14]. The regions that are already vulnerable to food insecurity and rural poverty
will be the most-adversely affected [15].

Saudi Arabia is one of the largest countries with an arid climate [4,16]. Within this
country’s area, temperatures can rise above 50 °C due to climatic changes [4] that have
already taken their effect. A study estimated that there was a 1.9 °C increase in average tem-
perature over the last 50 years in the Kingdom [17]. The rate of increase was higher (0.72 °C
per decade) in the dry season as compared to the wet season (0.51 °C per decade) [18].
Several studies predict that the average temperature in the Kingdom can further elevate 2
to 4 °C by the end of 2100 as a result of climate change [19-21].

Rainfall in Saudi Arabia is extremely limited. Across the country, the long-term
average precipitation is about 100 mm per annum. In the southern part of the country,
rainfall goes below 100 mm while in the north, it varies between 100 to 200 mm per annum.
In the western part, however, rainfall can even rise up to 500 mm annually [4]. A significant
change in rainfall has not been observed over the last 50 years [17]. However, future rainfall
projections suggest a decrease in rainfall in many parts of the Kingdom [21,22]. However,
it is worth-mentioning that intense and frequent precipitation events in Saudi Arabia are
rare [23]. The Kingdom lacks recurrent rivers and permanent water bodies. The United
Nations have classified countries of the Gulf Cooperation Council (GCC) as water-scarce
nations [24]. According to Water Resources Institute, 14 out of 33 countries that are most
likely to be water-stressed in 2040 are located in the Middle East, where Saudi Arabia is
ranked at 9th position [25].

Due to its arid climate, the Kingdom is highly vulnerable to the negative impacts of
climate change. A 3 to 5 °C increase in temperature would have dire consequences for the
agriculture and other sectors of the economy [16,26]. Due to climate change, significant
impacts on agriculture have been reported by a number of studies [26-28]. It has been
estimated that crops’ irrigation water requirements would increase by 602 and 3122 million
cubic meters at temperature increases of 1 and 5 °C, respectively [29]. This is in conformity
to a study which reports that maintaining the current levels of crop production, global
warming may lead to increase in agricultural water demand by about 5to 15% [20]. Lack
of water may result in significant yield losses as about 90% of agriculture in the Kingdom
is irrigated [30]. The agriculture sector has the largest share of annual water use that is
about 70% [17]. A study showed that climate suitability for date palm production in the
Kingdom will be significantly reduced [26]. Another study reported that many farmers
observed unusually early date palm blooming in 2010 [31]. Moreover, global warming will
particularly affect the diurnal desert animals by reshaping their population and distribution
in the desert [19].

Climate change severely affects crop production owing to its sensitivity to variations in
precipitation and temperature. Plant diseases and water shortage have resulted in a decline
in the total annual income of date palm growers in the Middle East from 1990 to 2000 [32].
A reduction in food production would increase food prices at the domestic level with
implications for food imports [33]. Water scarcity further increases the vulnerability of the
region to the fast-happening climatic changes [34]. A recent study indicates that reduction
in crop yields ranges between 5 and 25% with a one-degree Celsius increase in temperature.
The Jazan region has been already experiencing climate change manifestations in the
form of land degradation in the coastal areas, rising temperatures, droughts, soil erosion,
altered rainfall patterns, floods, and changes in weed species, and their geographical
distribution [35]. In a previous study, Jazan farmers indicated that they are very concerned
about increased drought, floods, and appearance of weeds.

Saudi Arabia is one of the countries that are addressing climate change in a serious
manner and putting suitable measures in place [17]. One key aspect of various climate
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change adaptation approaches is that farmers and growers at the grassroots level are well
aware of this global issue and are using sustainable agricultural practices to effectively
address this issue. However, farmers with different socioeconomic characteristics and life
experiences may conceptualize climate change issues in different ways that in turn would
affect their ability to implement appropriate adaptation practices for building resilience
against undesirable climatic impacts.

The present study was undertaken with the objective of identifying the major concerns
of the farming community regarding climate change and exploring various determinants
that affect their understanding of climate change. Additionally, an account of farmers’
beliefs about climate change along with the estimated impacts of climate change concerns
on the perceived capacity-building measures/initiatives needed to cope with the ill impacts
of climate change is also presented.

The study findings offer insights into the adaptation behavior of the farmers in relation
to different climatic concerns. In addition, the findings are expected to assist in the design
of appropriate extension interventions to help farmers implement relevant adaptation and
mitigation practices for combating climate change in Saudi Arabia. Moreover, this study
provides answers to the following research questions:

e  What are the major concerns of farm households about climate change and how those
concerns are influenced by various socioeconomic factors of the farmers?

e  What beliefs do farmers of the study area have about the nature and impacts of
climate change?

e  What capacity-building initiatives are deemed useful by respondent farmers for ef-
fective adaptation to climate change and how the choice of various capacity-building
options is influenced by the nature of climate change stimulus?

The first question is answered by an extensive review of literature along with an
empirical estimation of concern level by ranking them and finding covariates of concern
level through ordered logit model. The same procedure of ranking is adopted to answer
the second and the third question while logit is used to explore the covariates of the various
capacity-building options.

2. Literature Review and Development of Research Framework

There are a range of drivers and factors that have a significant bearing on the farmers’
concerns for climate change with different dynamics leading to adaptation concerns [36].
The concerns for climate change among people are thought to emanate from the risk
attached with extreme events such as, inter alia, droughts, floods, cyclones, heat waves,
avalanches [33,34,37]. People form their concern level with their exposure to risk such as the
events associated with climate change. In this regard, demographic, socioeconomics, geo-
environmental and institutional characteristics and features possessed/faced by individuals
would play a greater role in affecting their concerns for such stimuli as well as their
perceived interventions to enable them effectively face and cope the vagaries of such events
through person-specific or community-based approaches [38—41].

We posit such initiatives/interventions as capacity-building options deemed effective
and needed to equip community members for better preparing them to mitigate and cope
climate change risks. This work presents an integrated framework to portray the signifi-
cance of concerns for climate change among farmers as well as the direly-needed capacity
building initiatives deemed appropriate by the end-users, i.e., the farming community.
Nevertheless, the factors related with the concerns and capacity-building needs are not
all-inclusive rather represent those identified by a particular set of a community, although,
a considerable cross-cultural variation is reported in both the intensity of collective public
concerns as well as general willingness on addressing the issue [42,43]. One of the major
factors related with concern for climate change is shown to be awareness level as noted
by [42] who show that awareness and concern have grown throughout the world in the
last two to three decades.
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The Climate Change Risk Perception Model (CCRPM) given by [44] integrates four
key theoretical dimensions to express concern/perception for climate change taking into
account ‘cognitive’, ‘experimental’, ‘sociodemographic’, and ‘sociocultural” factors. Taking
insights from this model, the study in hand has taken lead to link some of these factors
to express the level of concern among the study area respondents. In this regard, age
and income are used to draw some insights on the concern level apart from education.
On the role of knowledge, contrasting views are found about its impact on concern level
thus enticing to go for further investigation. In this regard, [45] finds no impact of the
knowledge (education) being largely unrelated to concern, however, [46] reveals a positive
link between the two. A still different viewpoint is portrayed by [47] who posits that the
knowledge-concern linkage may be moderated by political ideology. Findings on age
and income level too are inconsistent with some studies revealing a negative relationship
between age and global warming concerns while others portray no significant or positive
correlation [48-51]. Similarly, a mixed pattern of impacts and linkages are observed in the
case of income and concern level [49,52].

However, this study hypothesizes a positive linkage of income with the climate change
concern in the study area. In a similar vein, access to credit is supposed to positively
influence people/farmers’ concern as does the access to information. However, wide
and contrasting findings are reported on their influence on people’s concerns for climate
change. Keeping in mind the above empirical account, we construct two multivariate
models in the present study to test the hypothesized relationships between the unobserved
discrete response variables and the observed variables. Our approach (in model 1) links the
observed responses on socio-economic attributes (age, education, and income), perceived
changes in climatic parameters (perceived changes in rainfall and temperature), farmers’
beliefs regarding climate change (climate change is due to human and nature) and their
access to credit and information sources to unobserved ordinal variables and climate
change concerns, through an ordered logit model.

The dominant concerns selected for the present study were identified from a list of
potential sources of climate change concerns through a cumulative frequency method.
The three dominant sources of climate change concerns identified through the cumulative
frequency method based on their higher cumulative frequency scores are ‘increased insect
pressure’, ‘higher incidence of crop diseases’, and ‘droughts’. These sources of climate
change concerns were then treated as dependent variables in the ordered logit model and
the potential impacts of the observed variables were estimated. For model 2, we used a
list of capacity-building needs of the farmers to cope with the adverse impacts of climate
change and identified three major capacity building needs (Employment of ICT tools for
improving the delivery of extension services, capacity building of the extension personnel
and building a link between smallholder farmers and agricultural research bodies) through
the cumulative frequency method. As the variables associated with the capacity building
needs of the sampled respondents were dichotomous in nature, a logit model was used
to estimate the impacts of climate change concerns on the capacity-building needs of the
farmers as shown in Figure 1.
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Figure 1. Conceptual model of the study.

3. Methodology
3.1. Description of the Study Area

Jazan Province is located in the southwest of Saudi Arabia and it is second smallest
province of the country. The area of the province is approximately around 11,671 km?
and covers 300 km of the Southern Red Sea coast Figure 2. Administratively, the province
consists of 16 governorates: Al-Harth, Ahad-Al-Musrarihah, Haroob, Al-Daer, Savya, Al-
Idabi, Faifa, Damad, Al-Aridah, Abu Arish, Jazan, Al-Darb, Al-Reath, Beash, Samttah, and
Al-Twal. The region is characterized by fertile loamy soil. Despite the smallest province of
Saudi Arabia in terms of geographical area (Jazan Province represents only 0.7% of the total
area of the country), it is one of the richest agricultural province and hosts approximately 8%
of Saudi Arabia’s total farms [37]. The majority of farmers in the region are characterized
as being smallholder farmers with farm size averaging between 1-3 ha. The majority of
farmers cultivate vegetables, fruits, and other field crops such as maize, okra, sesame,
tomatoes and millet. Annually, rainfall in the province varies from year to year ranging
from 55-150 mm; the majority of the rainfall is generally observed between January and
October. The temperature ranges from 31 to 35 and 25 to 28 °C in the summers and winters,
respectively [53]. Groundwater, flash floods and rains are the main sources of irrigation
water. In the recent years, drip irrigation has been adopted by farmers using rainwater
harvesting techniques [37].
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Figure 2. Map of the study area. Source: Alotaibi et al., 2020 [37].

3.2. Research Design and Methodological Framework

The present research is aimed at investigating the potential role of socio-economic
attributes of the sampled respondents in their concerns for climate change along with
perceived changes in climatic parameters, perceived causes of climate change, and access
to credit and information services which ultimately translate into their capacity building
needs. The study used cross-sectional data collected from randomly selected 164 farmers
through a well-structured and pre-tested questionnaire. The questionnaire covered a wide
range of information including the socio-economic and demographic attributes of the
respondents, their perceptions regarding climate change, their beliefs and concerns, as well
as their access to publicly provided services including information and credit facilities.
An ordered logit model was then employed to assess the potential impacts of various
factors on farmers’ concerns while three individual logit models were used to determine
the impacts of these concerns on the capacity-building needs of the sampled respondents
for facilitating easy and faster adaptation. The findings obtained from the model were used
to draw conclusions. A depiction of the methodological framework is provided in Figure 3.



Sustainability 2021, 13, 12677

7 of 22

Jazan Province selected as
universe of the study

Study area
Selection

Sampling

Well-structured & pre-tested
questionnaire

Data Collection

Ordered logit model (potential
determinants of farmers’
climate change concerns)

:> Data Analysis

164 respondents selected at
random

—

Logit model (impact of climate
change concerns on farmers’
capacity building needs)

Figure 3. Methodological Framework.

3.3. Data Collection

The face-to-face survey technique was used to collect data from the farmers. The
survey was developed and validated by a group of experts at King Saud University
including extension agents in the area of study. The data were collected by in-person
interviews on their farms as well as meeting some farmers at extension centers in Abu
Arish. Two hundred farmers were invited to participate in the study; 164 provided full
information thus resulting an 82% response rate. Before data collection from the farmers,
the purpose of the research project was explained to all the farmers with the assurance of
data protection and sole use for research purpose.

3.4. Instrument

The questionnaire covered a wide range of issues related to climate change, includ-
ing farmers’ background information related to socio-economic status, beliefs, concerns,
capacity-building initiatives, and perceived changes in temperature and rainfall patterns.
Beliefs and concern items were adopted and modified from [54], and the instrument for
perceived changes in rainfall and temperature were adopted from [55].
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3.5. Data Analysis
3.5.1. Cumulative Frequency

To identify the relative importance of sources of concerns, the following formula has
been employed. The cumulative score for each source of concern was calculated and the
sources were ranked based on the cumulative score:

CS = Cyxf1 + Coxfa + Csxf3 + Caxfs + Csxf5 1

CS = Cumulative Score

Cy_5 = Categories

f1-5 = Frequency in respective category

Three dominant sources of concerns were selected from the list based on the cumula-
tive score calculated with the help of Equation (1). These scores were treated as dependent
variables in the study later on.

3.5.2. Ordered Logit Model

Ordered logit model, also known as the proportional odds model, is an estimation
technique where there is an observed ordinal variable, Y. There is also an unmeasured
latent variable y* with various cut points. The general form of the ordered logit model is
provided as follows:

Y= Bp + BiXi + ei 2

where

Y = Concerns related to climate change (not concerned, slightly concerned, concerned,
very concerned)

3o = Constant

[; = Parameters to be estimated

Xi = Observed variables (Socioeconomic factors, perceived causes of climate change,
perceived impacts of climate change and access to credit)

ei = Error Term

There are four categories of responses used for the observed ordinal variables in our
study: 1 = not concerned, 2 = slightly concerned, 3 = concerned, and 4 = very concerned
with three cut points in each of the equation. The categorical variable Y has various
threshold points; the value for the observed variable Y depends on whether one has
crossed a threshold. In the present study, since there are four categories of responses (not
concerned, slightly concerned, concerned, and very concerned), there are yields three cut
points. The probability of an individual to fall into one of the four categories is subjected to
the following conditions:

Y; =1 (Not Concerned) if Y*; is <Kj

Y; =2 (Slightly Concerned) if K; <Y* <Kj

Y; =3 (Concerned) if K, < Y* < Kj

Y; =4 (Very Concerned) if Y* < K3

where:

K1 = Cut point 1

Ky = Cut point 2

K3 = Cut point 3

The probability of each respondent for the four categories has been calculated using
the following equations:

1
PY=1)= 1+exp(Zi — K1) ©)

1 1
P(Y=2)= 1+exp(Zi—K2) 1+ exp(Zi— K1) @)
P(Y =3) . . ©)

=3 =17 exp(Zi — K3) 1+ exp(Zi— K2)
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1

P(Y=4)=1- 1+ exp(Zi — K3)

(6)

The ordered logit model was estimated separately for the three dominant sources
of concerns faced by the agricultural producers in the study area, which were ‘increased
insect and pest infestation increased frequency of diseases’, and ‘increase in frequency and
severity of droughts. The estimation procedure used for estimating the impacts of climate
change concerns on farmers’ needs for capacity-building initiatives to mitigate the adverse
impacts of climate change was accomplished through logit regression as the dependent
variable takes a binary form.

4. Results

This section provides the findings in light of the main objectives of the study as
indicated in the introduction. Findings focus ranking of concerns and beliefs of the respon-
dents about climate change along with the perceived capacity-building initiatives to equip
community for effective climate change mitigation and adaptation. The potential role of
various factors in shaping the concerns of the individuals about climate change along with
the role of similar factors in shaping the need /importance of perceived capacity-building
initiatives are also noted for a clearer understanding of the adaptation dynamics to facilitate
policy planning using ordered logit models. The first sub-section provides the ranking
of concerns, beliefs, and perceived /implemented strategies, while the second sub-section
gives summary statistics of variables used in the study, while the third sub-section high-
lights the role of these factors in shaping the concerns of the sampled respondents, and
the last sub-section presents impacts of climate change concerns over farmers’ capacity
building needs.

4.1. Ranking of Climate Change Concerns, Beliefs and Capacity-Building Initiatives

There were a number of climate change concerns identified from the previous studies
and the respondents were asked to rank each of the climate change concern on a five-point
likert scale from 1 (very low) to 5 (very high). The cumulative frequency score (Equation (1))
was then used to rank the sources of climate change concerns (Table 1).

Table 1. Ranking of farmers’ concerns about climate change impacts.

Concerns Cumulative Score Ranking

Increased drought 467 i

Increased flooding 461 VI

Increased appearance of weeds 464 v

Increased insect pressure 489 I

Higher incidence of crop diseases 473 11
Increased soil erosion 443 VIII

Increased heat stress on crops 463 \%
Increased saturated soils and ponded water 452 vl

There were a number of perceived capacity-building initiatives for climate change
mitigation identified during the surveys, however, the present study considered the three
dominant capacity-building measures for further analysis, namely ‘employment of ICT
tools for improving the delivery of extension services and products’, ‘capacity-building
of the extension personnel’, and ‘building a viable link between smallholder farmers and
agricultural research bodies’.

Similar to the ranking of concerns about climate change, ranking of responses was
conducted regarding the farmers’ beliefs about climate change as well as requisite strate-
gies for capacity-building in order to avoid /mitigate harmful effects of climate change
within the study area. These rankings, estimated using Equation (1), are presented in
Tables 2 and 3, respectively. This is necessary for placing policy guidelines in perspective
and to align them with farmers’ perceptions about possible impacts as well as the potential
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adaptation options. Many researchers have noted the need for aligning policy interventions
such that people are mentally-prepared and think the interventions are effective within
a given scenario [56-60]. These studies point towards the introduction of initiatives that
people perceive to be effective in terms of their efficacy and control. When done so within
the proper context, the uptake of these strategies becomes relatively faster as ultimate
beneficiaries are assured of the effectiveness and applicability.

Table 2. Ranking of beliefs towards climate change among survey respondents of the study area.

Beliefs Cumulative Score  Ranking
Anthropogenic activities are causing climate change. 690 II
Nature is causing climate change. 693 I
Lack of concrete evidence that climate change is happening. 454 v
Both nature and anthropogenic activities are behind
. 635 I
climate change.
There is no climate change. 320 \%

Table 3. Ranking of capacity building initiatives necessary for effective climate change adaptation in

the region.
Strategy/Initiative Cumulative Score  Ranking
Awareness meetings with the farming community. 647 IX
Field days for showing technology related to climate
: 668 \%
change adaptation.
On-farm demonstrations for enhancing farmers’ skills. 661 VIII
Farmer-to-farmer extension approach. 677 v
Farmers’ training on post-harvest food management. 665 VI
Weather forecast alerts. 664 VI
Use of farmer field school extension approaches for
. p . . 639 X
developing farmers’ problem-solving skills.
Building a viable link between smallholder farmers and 687 I

agricultural research bodies.
Capacity building of the extension personnel. 692 I
Employment of ICT tools for improving the delivery of 694 I
extension services and products.

As given in Table 2, many farmers in the study area believe that climate change is
a form of natural change. This is evident from the rankings of statements about climate
change beliefs by the respondent farmers. At the first and second place are natural changes
and anthropogenic activities that cause climate changes, respectively. At the third place,
the cause of climate change is reported to be the combined effect of human and natural
causes. The fourth and fifth rankings show a sort of skepticism among respondents who
believe that either they do not have sufficient evidence to comment on the nature of climate
change or there is no climate change, with cumulative scores of 454 and 320, respectively,
using Equation (1).

In the similar fashion and calculated with the same equation, the capacity-building
initiatives deemed useful and felt necessary by the respondents for effective climate change
adaptation are listed with their respective scores in Table 3. The top three strategies ob-
tained are: “use of information and communication technologies (ICTs) in disseminating
information and awareness creation about climate change impacts and adaptation mea-
sures’; ‘capacity building and theme-specific training of the extension staff related to climate
change for promoting adaptation interventions’; and ‘linking smallholder farmers with
agricultural research for on-farm adaptive mechanisms for climate change under various
types of farming systems. The other least-popular or least-effective strategies perceived
and reported by the respondents are ‘the use of farmers’ fields schools for training farmers
(tenth rank)’, ‘conducting awareness meetings with farmers (ninth rank)’, and ‘conducting



Sustainability 2021, 13, 12677

11 of 22

demonstrations for providing innovations on climate change adaptation (eighth rank)’.
These findings do imply that the traditional methods of agricultural extension are not
perceived as effective thus necessitating a paradigm shift in agricultural information trans-
mission mechanism. Farmers do not perceive traditional ways of awareness creation at
the micro level to be effective or give them low preference, such as awareness meetings,
demonstration events, or farmers’ field schools.

4.2. Summary Statistics of Variables Used in the Study

Table 4 indicates that the majority of the sampled respondents (44.5%) were concerned
regarding increased insect infestation due to climate change, followed by 29.3% farmers
who were very concerned regarding increased insect infestations. For increased frequency
of diseases, the majority (53%) of the sampled respondents were concerned, while 29.9%
were very concerned. Similarly, 71 sampled respondents reported concern over droughts
while 54 sampled respondents were slightly concerned about this issue. A general ob-
servation of the table shows that most of the respondents were either concerned or very
concerned about the three-mentioned sources of climate change impacts.

Table 4. Frequency distribution of discrete variables of the model.

Variables Categories Frequency Percentage

Not concerned 4 24
I 41 f . Slightly Concerned 39 23.8
ncreased Insects infestation Concerned 73 445
Very concerned 48 29.3

Not concerned 5 3.0
. Slightly Concerned 23 14.0
Increased Frequency of Diseases Concerned 87 53.0
Very concerned 49 29.9

Not concerned 2 1.2

Slightly Concerned 54 329

Droughts Concerned 71 43.3
Very concerned 37 22.6
Less than high school 82 50.0
Educati High school 29 17.7
ucation Bachelor 25 15.2

Graduate School 28 17.1

. . . Yes 128 78
Perceived Changes in Rainfall Patterns No 36 »
. . Yes 140 85.4
Perceived Changes in Temperature No 4 146
Strongly Disagree 6 3.7

Disagree 1 0.6

Human as a cause of climate change Neutral 10 6.1
Agree 78 47.9
Strongly Agree 69 42.3

Strongly Disagree 5 3.1

Disagree 2 1.2

Nature as a cause of climate change Neutral 5 3.1
Agree 88 54
Strongly Agree 64 39.3

. Access 23 14.1
Access to Credit No access 141 85.9

Half of the sampled farmers were found to have less than a high school education
(50%) followed by farmers with a high school diploma (17.7%) indicating that the sampled
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farmers have lower educational attainments in the study area. During the surveys, farmers
were asked to report the potential impacts of climate change. The majority of the farmers
reported that changes in rainfall patterns and changes in temperature are the major impacts
of climate change observed by them in the recent years. The majority of the respondents
either agreed (47.9%) or strongly agreed (42.3%) with the statement that human activities
are the main cause of climate change. Similarly, most of the sampled farmers (54%)
agreed with the statement that nature itself is a cause of climate change followed by 39.3%
respondents who strongly agreed with the same statement. This reflects that the sampled
farmers consider both human activities and nature to be the potential causes of climate
change. Among the sampled farmers surveyed for the study, only 23 sampled farmers have
access to credit facilities while 141 farmers reported to have no access to credit facilities.
The frequencies of the categorical/discrete variables are provided in the Table 4 along with
their percentages.

Table 5 presents the averages and standard deviations of the variables included in the
ordered logit and binary logit models. As evident from Table 5, the average age reported
in the study area was 47 years with a standard deviation of 9.47, while the average yearly
income was found to be 7894.71 SAR with a standard deviation of 9064.89. The high
standard deviation in the income of the sampled respondents reflects a high degree of
variation in incomes of the farmers. The average number of contacts by the farmers with
extension workers for information related to climate change was found to be 4.43 with a
standard deviation of 1.79.

Table 5. Descriptive statistics of variables.

Variable (Unit) Mean Standard Deviation
Age (years) 47.10 9.47
Income (SAR (SAR is abbreviation for Saudi Riyal,
ISAR =0.27 USD (Approx.))/year) from farming 7894.71 9064.89
contacts with extension 443 1.79

4.3. Factors Affecting Concerns of the Farmers

The findings of the empirically estimated ordered logit model are provided in Table 6.
The findings highlight the importance of various factors affecting the top concerns (insect
infestation, disease prevalence, and droughts) of farmers regarding climate change. This
study reveals some interesting points related to the covariates of pro-environmental be-
havior (concerns about climate change) taking into account socioeconomic, anthropogenic,
and environmental aspects either stated or observed.

4.3.1. Socioeconomic Attributes

Among the socioeconomic attributes of the farmers, age positively affects the concerns
of the sampled farmers regarding droughts. The relationship is positive and significant
at the 5 percent probability level and the odds-ratio indicates that a one unit (one year)
increase in the age raises concerns of farmers for droughts by 1.042 times (4.2%). The
nature of the impact of this variable as well as the positive sign are in line with our a priori
expectations. However, age is negatively but non-significantly related with concern for
insect infestations and the increased frequency of diseases in the study area.

Findings on education vis-a-vis the perceived probability of increased concern for
insect infestation are somewhat surprising yet justifiable. Education has an inverse and
significant relationship with concern for increased insect infestation. The odds-ratio suggest
that an increase in education of farmer from lower category of education to higher category
will decrease the concerns of farmers for increased insect infestation due to climate change
by 0.730 times (27%).

As far as the insects are concerned, a variety of insect pests cause serious damage to a
range of crops and vegetables in the south of Saudi Arabia including the Alfalfa weevil,
aphids, and thrips, which are the main pests of the Alfalfa crop. The Red Palm Weevil and
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scale insects are common to the date palm. Fruit flies are common to all fruits grown in
the region. Spider mites cause severe damage to cucumbers. Moreover, cucumber is also
attacked by thrips, whitefly, and aphids. Okra is mainly attacked by borers, whitefly, and
mealybugs. Tuta absoluta (tomato leaf miner) is the most common pest of tomato. Bringle
is generally infested by borers, thrips, and spider mites. Citrus leaf miner, fruit flies, and
scale insects are common to citrus crop.

Regarding the role of income, farmers’ income plays a critical role in shaping their
concerns regarding climate change impacts. The findings show that higher income of
the farmers significantly reduces their concerns about increased insect infestation and
increased frequency of diseases, while it significantly increases concerns of droughts. These
findings are intuitive too with varying implications. With higher incomes, farmers can
use various tools for ex ante mitigation and ex post coping with the insect infestation
and diseases. However, their incomes cannot, in general, help in easing their concerns
of droughts, the effect of which are generally beyond their control. Such a relationship
between farmers’ income and pro-environmental behavior is reported by [44,57].

Table 6. Parameter estimates of the Ordered Logit Model.

Increased Insects Infestation Increased. Frequency
Variables of Diseases

Co-Efficient Odds-Ratio Co-Efficient Odds-Ratio Co-Efficient Odds-Ratio

Droughts

Socioeconomic Attributes

Age —0.01 (0.01) 0.98 —0.020 (0.01) 0.97 0.041 ** (0.01) 1.04
Education —0.31 **(0.15) 0.73 0.18 (0.15) 1.19 0.235 (0.15) 1.26
—0.00005 ** —0.00003 * 0.00004 **
Income (0.00002) 0.99 (0.00002) 0.99 (0.00001) 0.99
Perceived Changes in Climatic Parameters
Changes in Rainfall Patterns ~ 1.72 *** (0.47) 1.77 0.904 ** (0.45) 1.40 0.021 (0.44) 1.01
Changes in Temperature 0.73 (0.68) 2.08 1.306 * (0.73) 3.69 1.675 ** (0.68) 5.33
Perceived Causes of Climate Change
Human 0.53 ** (0.24) 1.71 0.679 *** (0.26) 1.97 0.249 (0.23) 1.28
Nature 0.14 (0.25) 1.15 0.30 (0.26) 1.35 —0.136 (0.24) 0.87
Access to Credit and Information
Credit Access 1.53 *** (0.56) 4.63 1.570 *** (0.55) 4.80 2.395 *** (0.57) 10.96
*3%
Access to information —0.02 * (0.01) 0.87 _?00(;318) 0.86 —0.11 (0.17) 0.94
Cut1l —4.22 (1.53) 0.058 (1.58) —1.896 (1.65)
Cut2 —1.39(1.47) 2.470 (1.57) 2.370 (1.47)
Cut3 1.00 (1.46) 5.449 (1.61) 4.697 (1.51)
Log likelihood —163.32 —149.18 —159.15
LR Chi? (12) 42.95 ***(0.000) 47.95 *** (0.000) 40.89 *** (0.000)
Pseudo R? 0.11 0.13 0.11

Note: Figures in parenthesis are standard errors. *, **, and *** represent significance at 10%, 5% and 1% probability levels, respectively.

4.3.2. Changes of Climatic Parameters

The perceived changes in the climatic parameters particularly changes in rainfall
patterns have a significant impact on the concerns of farmers particularly related to insect
infestation and disease frequency. In particular, perceived changes in rainfall patterns
significantly affect farmers’ concerns regarding increased insect infestation and increased
frequency of diseases. Farmers with higher perceived changes in rainfall patterns have
more concerns over incidence of insect infestation (77.8% higher concern as compared
to farmers with lower perceived changes in rainfall patterns) and diseases (40.5% higher
concerns over farmers with lower perceived changes in rainfall patterns). For perceived
changes in temperature, the concerns for increased frequency of diseases and droughts are
significantly higher. Farmers with higher levels of perceived changes in temperature tend
to have higher concerns for increased frequency of diseases (3.69 times higher concerns
compared to farmers with lower levels of perceived changes in temperature) and droughts
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(5.339 times higher concerns compared to farmers with lower levels of perceived changes
in temperature). In addition, higher levels of perceived changes in rainfall do not show
a significant impact on the level of concern linked with drought. Similarly, higher levels
of perceived changes in temperature show a non-significant but positive association with
increased insect infestation.

4.3.3. Perceived Causes of Climate Change

The findings reflect that among the perceived causes of climate change, human causes
are reported to be significant in increasing farmers’ concerns for higher rates of insect
infestation and plant diseases. Farmers perceiving humans as the cause of climate change
are more concerned for increased insect infestation (1.71 times more than farmers perceiving
humans as not being the cause of climate change). Similarly, farmers who perceive humans
as a cause of climate change have 1.97 times higher concerns over increased frequency of
diseases compared with farmers perceiving otherwise. The perception of farmers about
nature being primary cause of climate change is found to be less prominent and non-
significant as well as the cause of concerns related to the top three concern categories.

4.3.4. Access to Farm Credit and Information

For the variable on access to farm credit, the results are surprising despite having
theoretical validity. The credit beneficiaries were expected a priori to be more-secure and
thus less concerned because of the availability of financial support for installing climate-
mitigation facilities, tools, and infrastructure. However, our findings suggest that farmers
with access to credit facilities have more concerns for all three types of selected (major)
concern sources. This result implies that increased use of and/or access to farm credit
by the farmers would increase their concerns for insect infestation, disease severity, and
drought amidst climate change. The finding is intuitive, however, and should be subject to
academic and empirical investigation in future research. Nevertheless, we posit it as one of
the policy factors indirectly influencing farmers” attitude towards risk. There is economic
reasoning that could explain this outcome as well because firms (here farmers) relying on
external funds would be more cautious and vigilant towards any risk of external shock(s)
threatening the sustainability of their enterprise as well as their repaying capacity.

The findings of the estimated ordered logit model revealed that farmers with access
to credit facilities have 4638, 4808, and 10,968 times greater concerns for increased insect
infestation, increased frequency of crop diseases, and droughts, respectively, compared to
farmers with no access to credit facilities.

As evident from the results, an increased frequency of contacts with extension workers
for climate-related information significantly reduces farmers’ concerns for increased insect
infestation and increased frequency of diseases. Based on the odds-ratios, an additional
contact with extension workers for information on climate change reduces the concerns
of the farmers for increased insects’ infestation 0.878 times (12.2%), while it reduces the
concerns of farmers for increased frequency of diseases 0.862 times (13.8%).

However, the parameter on access to information in case of droughts is expected a
proiri to have a negative sign though being non-significant.

4.4. Impacts of Climate Change Concerns on Farmers Capacity-Building Needs

The impact of climate change concerns on respondents’ needs for capacity-building
initiatives are estimated using ordered logit model and the findings are provided in the
following table.

As evident from Table 7, the climate change concerns have positive impact on the
farmers’ needs for capacity-building initiatives. The findings highlight the importance
of studying the climate change concerns of the agricultural producers as these concerns
increase their desire for the required capacity-building initiatives. Concerns regarding
increased pest pressure, for example, positively influences farmers’ needs for capacity
building through the use of ICT tools that can improve service delivery of extension
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services, capacity building of the extension personnel, and establish viable links between
smallholders and agricultural research centers.

Table 7. Impacts of Climate change concerns on Farmers’ capacity building needs.

Employment of ICT Tools Building a Link between

Capacity Building of the

Variables for Improving the Delivery Extension Personnel Smallholder Farmers and
of Extension Services enston tersonne Agricultural Research Bodies
Increased pest pressure 0.177 (0.235) 0.310 (0.232) 0.217 (0.237)
Increased diseases infestation 0.310 (0.235) 0.122 (0.231) 0.350 (0.247)
Droughts 0.335 (0.210) 0.579 ***(0.211) 0.666 *** (0.209)
Cutl —2.090 (1.008) —1.213 (0.888) —1.769 (1.216)
Cut2 0.060 (0.787) 0.773 (0.748) 1.518 (0.780)
Cut3 1.031 (0.785) 2.151 (0.767) 2.810 (0.801)
Cut4 3.049 (0.818) 4.012 (0.810) 4.713 (0.852)
Log likelihood —196.099 —209.859 —203.831
LR Chi? (3) 10.42 ** 17.23 *** 23.79 ***
Pseudo R? 0.026 0.039 0.055

Note: Figures in parenthesis are standard errors. ** and *** represents significance at 5% and 1%, respectively.

Similarly, findings are noted for concerns regarding increased disease infestation due
to climate change and the resultant positive impacts on farmers’ needs of the increased and
improved capacity-building programs. Most notable are the impacts of concerns regarding
drought on farmers’ needs of capacity-building initiatives particularly, capacity-building
of extension personnel, and establishing viable links between smallholders and research
bodies where the impacts are positive and statistically significant at 1% probability levels.

5. Discussion

Many of the findings of the present study are intuitive and find a valid place in lit-
erature as well as reality of the study area. Concerning the capacity-building strategies,
farmers perceived the most effective and desired strategies to be institution-led awareness
campaigns through ICTs, personnel training and on-farm adaptive training related to
climate change. All these strategies have been reported to be highly effective in the case
of studied country as well as other countries in the world [61]. Similarly, [62] highlights
the need for capacity-building through short-term training and long-term education cus-
tomized to local situation as being the most effective tools for climate change adaptation.
However, the finding on creating awareness at local level through demonstration events
and farmers’ field schools contradicts with [63,64] who report a healthy role of these two
interventions in sensitizing community for adaptation actions.

Evaluating awareness about the consequences of a particular change provides evi-
dence of pro-environmental and altruistic attitudes along with some degree of perceived
personal responsibility, which could lead to effective adoption or at least willingness to
adopt avoidance-mechanisms and strategies [65,66]. Having an idea about the level of
understanding on the climate change is seen to be instrumental for building capacity as
well as planning an effective mitigation strategy [39-43]. As reported by [45], the coping
capacity as well as personal characteristics of individual shape adaptation drive along with
supporting a broader policy agenda towards climate change mitigation. These findings do
support results of this work about the role of awareness and education for effective mitiga-
tion planning and resilience-building. In a similar fashion, the observation on farmers’ age
and its role in shaping the concerns is justified by many researchers who posit that increase
in the age of a person would lead to enhanced awareness and concern about environmental
dynamics because of his/her life experiences over time [67-71]. Nevertheless, literature
also exists showing the contrasting nature of impact by this variable as having a negative
impact on environment-related awareness/concerns [72-74]. Thus, our results and previ-
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ous empirical findings do provide insights into the role of age of a particular individual in
realizing a pertinent issue associated with unwanted consequences, particularly drought.

The findings on the role of education vis-a-vis climate change concern imply that with
increased levels of education, farmers will be more-prepared and confident to monitor,
to pest-scout, and to curb insect outbreaks, thus leading to effective control. In other
words, farmers are not highly concerned about insects when they have more knowledge—
via higher educational attainment—about how to monitor and counter insect infestation.
This argument is justified on two grounds: more education helps farmers to locate any
insect population in a timely manner and then taking viable and pest-specific control
measures based on their information inventory either in the form of field-level knowledge,
technical know-how, effective use of ICTs in agriculture, or access to field staff from pest
control departments and organizations [75,76]. Such outcomes for education have been
evidenced by [77-79]. The second aspect of this finding points towards the increased
ability of educated farmers to diagnose insect attacks and subsequently and speedily plan
remedial action(s)/measures instead of panicking or developing concerns ultimately failing
to devise an effective mitigation strategy thereof. As pointed out by [44,80,81], if people
understand that there is climate change taking place courtesy of humans with potential
negative consequences, they would be theoretically concerned about it, however, such an
understanding is generally rooted in influential misperceptions.

Household incomes is often misinterpreted when linking it with disaster-mitigation
drive. It is generally believed that higher income may instill a sense of perceived control
with a view of being less-vulnerable towards any stimulus, yet its impact on risk per-
ception/concern level appears marginal [49-51]. Nevertheless, the finding on household
incomes provides intuitive justifications under a particular regional or geopolitical con-
text [44]. There is a huge body of evidence, though, which shows that increased income of
households may make them well-prepared to control any insect or disease outbreaks as
they can use their income to achieve timely application of pesticides and chemicals instead
of developing concerns when faced with income constraint [82,83]. However, as drought
is beyond human control to a large extent, farmers with relatively higher incomes will be
more concerned about droughts compared with those having lower incomes. This is under-
standable because the high-income farmers may have relatively large cropped areas at risk
of destruction due to droughts leading to a larger quantity of expected loss as noted by [84].
Such a perception of higher farm losses in the wake of incessant droughts or any other
stimulus may increase their concerns [83,85,86]. The ultimate mitigation options towards
drought might include some limited options adopted at the farm-level such as sowing
of drought-resistant varieties, water conservation through the construction of mini dams,
among other techniques [87-89]. The findings related to the impact of increased rainfall in
perceiving higher level of concern for insect infestation as well as disease attack among
farmers of the study area are equally justified on the basis of previous research findings re-
lated to the perception of climate change impacts [90-92]. One can intuitively decipher that
increased moisture content and humidity would lead to higher level of insect infestation as
well as incidence and severity of diseases [93-95] leading to increased concern level among
farmers [96]. Likewise, a decline in rainfall will reduce the number of insects as well as
disease severity by reducing moisture content in the air, thus putting a downward pressure
on farmers’ concerns about insects related to climate change [97]. Regarding perceived
changes in temperature, an upward shift in temperature exerts a significantly positive
effect on farmers’ concerns related to climate change in the form of increased concern about
disease severity and droughts. Increasing temperatures will evidently increase evaporation
of water sources along with scarce rainfall, and therefore could lead to higher incidence and
severity of droughts [90-92]. However, increased temperatures having positive influence
on disease severity can be subjected to further research.

Considering the role of farm finance on climate change concern levels, farmers relying
on or using farm finance would be much more concerned if they perceive any abrupt
change(s) in climate-related phenomena [55]. Therefore, one can argue for the mediating
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role of credit availability and utilization in the farm business in promoting climate vigilance
through increased concern levels [89]. One of the research implications of this finding is
the need to test the role of farm credit in promoting pro-environmental behavior and/or
perceived impacts of climate change among credit beneficiaries. On the other hand, policy
implication of this finding lies in the linking of farm-credit with climate change adaptation
packages. In addition to all the reported variables and their impact on concern level, the
role of information and awareness is the most pressing variable with a highly intuitive
impact on sensitizing rural communities about the vagaries of weather and their impacts
thereof. Earlier findings, too, show that access to information has greatly affected the
concerns of farmers about climate change globally as well as in the studied country’s
region [98-103]. In the similar manner, people’s perceived capacity-building initiatives
under given perspective of climate change concerns are reported to be significantly related
with a particular set of climate change stimulus, such as droughts for which capacity
building of extension staff as well as developing viable linkages between small farmers
and research bodies are deemed effective [62-64,104].

6. Conclusions

The present study attempted to identify different concerns of the farming commu-
nity regarding climate change impacts and explored various factors that influence these
concerns. The findings reveal that the vast majority of the studied farmers believed that
climate change is happening and the major causes for this phenomenon include both
anthropogenic activities as well as natural processes. The majority of the farmers expressed
their concerns for increased insect infestations and increased frequency of crop diseases
as a consequence of climate change. Although farmers are also concerned about drought,
they don’t weight it as severely as insect infestations and crop diseases. The results of
ordered logit models showed a significant relationship among various variables. Age and
income level had a significant and positive relationship with farmers’ concerns regarding
drought. Farmers’ education and income level had a statistically significant and negative
relationship with their concerns regarding insect infestations. Income level also showed
a significant negative relationship with farmer’s concerns regarding increased frequency
of diseases. Farmers who had access to credit facilities expressed higher level of concerns
regarding all three climate change impacts. Similarly, farmers who perceived that climate
change is happening due to anthropogenic activities were more concerned about increased
insect infestations and increased frequency of diseases. On the other hand, farmers’ access
to information related to climate change significantly reduced their concerns for increased
insect infestations and increased frequency of diseases. Higher perceived changes in rain-
fall are shown to significantly increase farmers’ concerns regarding insect infestations and
increased frequency of diseases whereas higher perceived changes in temperature signifi-
cantly increased farmers’ concerns regarding increased frequency of diseases and droughts.
Apart from climate change concerns, farmers identified three major capacity-building
initiatives as being effective for developing and enhancing climate change adaptation
including use of ICT tools for creating awareness among farmers regarding climate change
issues and relevant adaptation practices; capacity development of the extension personnel
to enhance their knowledge; and linking of the smallholder farmers to agricultural research
bodies for developing on-farm climate adaptation solutions.

Findings of this work have several practical and policy-level implications for effective
adaptation packages with the integration of farmers’ level perceived options vis-a-vis
concerns for various climate change stimuli such as drought, insect infestation, and dis-
eases. These findings support the designing of and implementation of extension programs,
particularly for the smallholder farmers with low educational backgrounds for developing
climate change awareness and adaptability. The study findings advocate financial sup-
port on easy terms to the marginal farmers to enable them to go for effective farm-level
interventions to minimize production risk as well as protective/pro-active strategies to
reduce the brunt of climate extreme events particularly droughts, diseases, and insect
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attack. This can be envisioned through the introduction of crop-loan insurance scheme
with varying contribution in the premium by the government based on farmers” own
mitigation/adaptation level and his/her views for future strategies. This will instill a
sense of ownership among farmers if they are supported through timely and relevant
information along with technical/financial incentives if the mitigation efforts originate
from and/or exist at the farm. More importantly, the educational and training institutes
need to provide problem-solving and evidence-based interventions as per regional/local
requirements. This is possible only if the community is taken on board at the planning
phase and their participation is ensured in the implementation phase afterward. Neverthe-
less, there needs to be an effective and timely evaluation mechanism in terms of efficacy,
finance, manpower requirements, and institutional support for specific adaptation plan.
Moreover, the government should also emphasize capacity-building of the extension staff
in terms of their ability to understand and offer appropriate solutions related to sustainable
climate change adaptation and mitigation practices. The findings also provided important
insights to inform policy discourse and enrich academic discussion on climate change
concerns and their associated perceived risks.

There is still a room for future research to advance our understanding of the dynamics
linked with climate change concerns, beliefs, and capacity-building initiatives. One such
option is the linking of farmers’ perceptions on climate risk with the adopted actions
for the study area. Research is further warranted to understand the impact of site- or
region-specific interventions on the climate change impacts. Another avenue for future
research lies in the role of farm credit in influencing climate change concerns as well as its
further role in the uptake of adaptation suit/number of adaptation options.
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