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Abstract: Concerns over the potential harmful impacts of changing climate are strongly echoing
around the globe. With its wide range of hazards to human societies, climate change is posing serious
threats to human survival and impacting every aspect of human life, including food production
systems. It is, therefore, imperative to gauge the local knowledge, perceptions, and adaptation
capacity for the effective mitigation of the ill impacts of climate change. In this backdrop, the present
study has been designed to investigate the perceptions of farmers regarding causes and impacts
of climate change on agriculture. Required data were collected from the Madinah region in Saudi
Arabia and analyzed to answer the following study questions: How do farmers perceive impacts of
climate change? What factors affect their perceived impacts of climate change? Additionally, what
factors affect their perception about the causes of climate change? Individual logit models were used
to assess the impacts of various factors on perceived causes and perceived impacts of climate change
on agriculture. A multinomial logit model was also employed to figure out significant determinants
of perceived causes of climate change on agriculture. Results indicated that the most dominant
perceived impacts of climate change are its effects on crop production, followed by drying water
sources. The results also revealed that the age of the farmers had a positive effect on their perception
of natural processes being the cause of climate change. Similarly, farming experience had an inverse
effect on their perceptions regarding causes of climate change. The majority of the farmers seemed
clear about the possible drivers of climate change in the country. In particular, about 79 percent
of the farmers believed that GHGs and pollution are causing climate change in the country. The
findings provide useful insights into farmers’ perceptions about causes and impacts of climate change
and may be used by policymakers to strategically design extension and agricultural development
initiatives for helping the farmers to implement sustainable agricultural practices to adapt to and
lower the adverse impacts of climate change in the Kingdom.

Keywords: vulnerability; resilience; sustainable agriculture; rural development; Saudi Arabia

1. Introduction

With profound regional and global implications, climate change is affecting almost
every country and every sector, particularly developing countries, having compromised
coping capacity [1,2]. Every continent on the planet has already been witnessing its
adverse impacts [3], and it is acknowledged as one of the biggest threats to the world
economies and societies in the coming decades [4,5]. Since the beginning of the twentieth
century, there has been a rise of 1.1 ◦C in the mean global surface temperature [6]. It is
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further anticipated that global mean surface temperature could go up by 1.4 to 5.8 ◦C at
the end of the century, which may intensify suffering, as well as impacts thereafter [7,8].
Moreover, there is increased likelihood of wider shifts in the frequency, intensity, and impact
severity of extreme climatic and weather events, viz., drought, flooding, storms, and heat
waves [2,9–11]. The prime and foremost basis for the ongoing climate change is believed to
be anthropogenic greenhouse gas emission, mainly due to fossil fuel burning, as well as
agriculture and land-use changes [2,12–14]. Our ability to realize Sustainable Development
Goals (SDGs) is also considerably affected by, inter alia, climatic variability. In addition, it
has a great potential to seriously undermine various sustainable development goals. Out of
the 17 SDGs, climate change can undermine around 16 of the goals. Therefore, combating
climate change is not only a priority, but also one of the key United Nations’ SDGs [2,15].
SDG 13 exclusively focuses on all the efforts to combat climate change and encourages all
the nations to undertake practical measures in order to lower GHG emissions.

Agriculture is not only a prime sector affected by climate extremes, but, at the same
time, it is a big contributor towards climate change [16,17]. Subsequently, food security at
the global level is highly at stake due to disturbed and vulnerable agricultural production
in a wide range of agro-ecological zones and regions [1,8,18–21]. Many regions of the world
are anticipated to experience a decrease in crop productivity for both irrigated and rain-fed
agriculture, owing to global warming and other extreme weather events, such as drought
and intense rainfall [22–26]. All major staple food crops, such as wheat, rice, maize, and
soybean, are negatively affected by increases in temperatures and rainfall extremes [27].
The potential impacts of both abiotic and biotic stresses may be escalated in the wake
of climatic changes [28]. Similarly, soil erosion would likely increase, which will further
reduce land productivity [29,30] and undermine the efforts to achieve the goals and targets
set in SDG 2 (zero hunger).

Moreover, global warming can enhance the incidence of insects, pests, invasive species,
weeds, and diseases [31]. An analysis of the agricultural data published by FAO (Food
and Agriculture Organization) suggests a 20–30% decrease in the yields of major cereals
crops, such as rice, wheat, and maize, by the end of 2100 if there is a persistently rising
trend in GHG emissions and climatic variability, as has been observed in recent years
and validated through historical data [32]. It would be difficult to sustain the current
levels of farm and livestock productivity in the wake of excessive changes in weather and
climate indicators, such as temperature, humidity, and precipitation [33]. Furthermore,
water scarcity could become intensified in several parts of the world, causing significant
losses to the national economies and ecosystems [34]. At a predicted increase in global
temperature of 2 ◦C, a significant number of people in the world (around 540–590 million)
will become undernourished [35]. Many vulnerable regions, facing increased levels of
poverty and food insecurity, and where agriculture is an indispensable part of the economy,
are likely to suffer severe losses [36,37]. On the other hand, agriculture, forestry, and other
land uses collectively contribute about 24–30% of the total global Greenhouse Gas (GHG)
emissions [38,39]. Therefore, adoption of sustainable agricultural practices that aim to
reduce GHG emissions would be highly useful because of their role in climate change
mitigation and adaptation.

Saudi Arabia has an arid climate [7,40–42]. In some parts of the country, temperature
can rise even above 50 ◦C. The country receives extremely low precipitation, with a long-
term mean annual rainfall of around 100 mm. In some western parts of the Kingdom,
however, rainfall can sometimes rise above 500 mm per annum [7]. Intense rainfall events
are also rare, and there are no permanent rivers [42,43]. The United Nations classifies it as a
water-scarce nation [44], whereas, according to the Water Resources Institute, the Kingdom
will be at the 9th position in the list of water-stressed nations by 2040 [45]. Climate-
induced water scarcity makes the region more vulnerable to the harsh impacts of climatic
changes [46]. The last five decades saw a significant variation in the climatic conditions,
leaving adverse impacts on the countries in the region, particularly in water-deficient
Saudi Arabia [47]. Studies reported a 1.9 ◦C increase in mean surface temperature during



Atmosphere 2023, 14, 917 3 of 17

the last five decades [44,47], while Gosling [40] reported that the summer temperature
in the Kingdom increased by 2.058 ◦C, whereas winter temperature increased by 0.88 ◦C.
The rate of warming was 50% higher than the rest of the landmasses in the Northern
Hemisphere [48]. This future scenario is also alarming. Several studies predict that, by
the end of this century, there may be a 2–4 ◦C increase in mean surface temperature
in Saudi Arabia [40,49,50]. Such an increase in temperature would challenge both the
suitability and sustainability of agriculture in the Kingdom [42,51]. It will considerably
increase irrigation water requirements, and around a 5–25% decrease in yields of various
crops will be observed with just 1 ◦C increase in temperature [47,50,52]. In terms of
precipitation, significant changes were not observed during the last 50 years [47]. However,
a decline in rainfall in many parts of the country is predicted [40,53]. In the future, date
palm production may significantly decline, which is a major crop in Saudi Arabia. Water
scarcity will significantly affect agricultural crop production, as it is the largest consumer
of water [47,51,54]. Decrease in local food production will not only increase domestic food
prices, but it will also force the country towards increased food imports, ultimately making
it dependent on other nations for its food security [55]. Keeping in view these future
scenarios, the country has been striving hard to actively pursue various measures and
strategies for the mitigation of climate changes and its effects, along with designing specific
adaptation interventions [47]. In a similar vein, the Kingdom has made itself aware of the
potential threats linked with excessive and rapid changes taking place in relation to weather
and climate, whereby the country has a strong intent for engaging in the development
of remedial actions. Moreover, there are concerted efforts going on with regards to the
planning and policy front, in accordance with the Kingdom’s efforts toward economic
sustainability and diversification. Such an economic agenda, vis-à-vis, climate change
mitigation, is highly instrumental in creating a window of opportunity to address the
pressing issues of climate change vulnerability, coping capacity, and livelihood sustenance
with potential co-benefits for economic resilience, political stability, employment generation,
public health, and energy security [56].

The drive towards an overarching approach towards an effective adaptation mech-
anism among the farming community would emphasize awareness of the issue at the
grass root level. Moreover, such an effort is also needed to sensitize other stakeholders,
such as politicians, policy planners, extension agents, and scientists, for developing and
promoting tools and strategies to ensure sustainable agriculture at the local and national
levels for effectively addressing climate change issues. Nevertheless, there is a tendency of
varying levels of perception about the prevailing issues, such as climate change, among
farmers who would behave differently in similar situations, mainly due to variations in
their respective socioeconomic characteristics, demographic profiles, and life experiences,
that would, in turn, shape their ability to adopt and implement adaptation measures for
building resilience against undesirable climatic events, such as drought, floods, heat waves,
etc. [57]. Hence, it is highly important to anticipate and accordingly plan in relation to
the nature of expected changes, based on the understanding of the stakeholders, such as
farmers, as to how they perceive, experience, and interpret climatic changes and related
impacts [58,59]. The perceptions of the local stakeholders would mainly stem from their
daily interactions with and experiences of the environment [60]; henceforth, delving on the
localized nature of issues [61], including the actual impacts of climate change and its related
hazards on the lives of local people, is important for developing an understanding of the
climate change phenomenon [58]. Owing to their high vulnerability to the adverse impacts
of climate change and limited arable land and water resources, agricultural production and
food security in the Kingdom will be seriously compromised if farmers and growers fail
to implement appropriate adaptation measures for sustaining production and enhancing
resilience of the local food production system [62]. Understanding farmers’ views about
the causes of ongoing climate change and their perceptions regarding impacts of climate
change on agriculture are basic steps in assessing their level of knowledge about climate
change and their efforts to address the issue. In the recent past, a study [63] was conducted
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in the Jazan region to identify farmers’ beliefs about climate change and their concerns
about its ill impacts on agriculture. The current study has been designed to analyze farmers’
perception of the causes and impacts of climate change on the agriculture sector in the
Madinah region of Saudi Arabia.

2. Methodology
2.1. Study Area

The universe of this study was the Madinah Region in Saudi Arabia, being a major
hotspot, both in terms of religious tourism and commercial activism, but, at the same time,
one of the highly vulnerable regions of the country to climate change [64]. The Madinah
Region is situated on the western side of the country, along the Red Sea coast. As shown
in Figure 1, this region lies between latitude 23◦00′ to 26◦00′ North and longitude 39◦00′

to 44◦00′ East. It covers an area of 151,990 km2 [65]. Administratively, there are seven
Governorates of the Madinah Region, namely, Madinah, Mahd Al Thahab, Al Hunakiyah,
Badr, Al-’Ula, Khaybar, and Yanbu Al Bahar. The Madinah region contributed about 15% of
total date production, with 4.7 million date palm trees that cover nearly 18,000 hectares and
produced 1416.0 tons of grain crops, with a cultivated area of 3607.1 (1000 sq miles) [66]. It
also produces barley, wheat, clover, open field vegetables, watermelons, tomatoes, potatoes,
and greenhouse vegetables, including cucumber, tomatoes, cut flowers, olive, ever green
trees, and grapes [66]. The average monthly temperature ranges between 16 ◦C to 33 ◦C,
and the highest temperature of 49 ◦C is recorded in July, and the lowest temperature of 1 ◦C
is recorded in January. Relative humidity in the region in summer has been observed to be
below 20%, while it is above 40% during winter [65]. Groundwater is the major source of
water in Madinah. Agricultural activities around the Madinah region are thought to be a
cause of water scarcity in the area due to extensive groundwater pumping [67].
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Looking at the long-term environmental data, the mean annual temperature of Madi-
nah during the period 1959–2011 was 28.3 ◦C, while the mean annual precipitation during
the same period has been recorded at 36.2 mm/year. The mean maximum temperature
of the region is around 34 ◦C, while the mean minimum is 21 ◦C. In addition, there has
been an increase of 1.7 ◦C mean monthly temperature, with a 1.2 ◦C increase in maximum
temperature and decrease of −1.9 ◦C in minimum temperature [68].

2.2. Survey Method and Data Collection

Farmers’ perceptions on causes and potential impacts of climate change on agricultural
productivity were recorded from sampled farmers in the Madinah Region using a structured
questionnaire. Five governorates (Madinah, Badr, Mahd Al Hunakiyah, Khaybar, and
Al-’Ula), with a total population of 3491 farmers, were randomly selected to represent
the region.

A sample of 150 respondents was selected for participation in the study. However, only
123 farmers completed the questionnaires, resulting in an 82% response rate. Face-to-face
interviews, using a structured questionnaire, were conducted with the farmers. The entire
data collection lasted for around 10 weeks, from April to June 2022. The farmers’ data
within each governorate in the Madinah region were purposively selected with the help of
the National Center for Vegetation Cover Development and Combating Desertification and
governorate representatives. The sample consists of 45% of the farmers in the Madinah
and Badr governorates; 17% from the governorate of Mahd Al Thahab; 13% from the
governorate of Al Hunakiyah; 16% from the governorate of Khaybar; and 5% from the
governorate of Al-’Ula.

The questionnaire contained four different sections. The first section was comprised of
farmers’ personal socioeconomic and demographic characteristics, such as age, household
income, farm size, land ownership (rented or owned), farming experience, household
head’s educational level, and soil fertility of the farm. The second section contained
questions about the elicitation of the farmers’ response towards statements documenting
their perceptions/beliefs about the farm-level impacts of climate change. In a similar vein,
the third section documented the respondent farmers’ response on the causes of climate
change, while the final section was about adaptation practices employed by the farmers to
combat the adverse impacts of climate change in agriculture.

2.3. Data Analysis
2.3.1. Logit Model

The collected data were analyzed using logit models for the three prominent perceived
causes of climate change identified during surveys. A separate logit model was employed
for each of the selected perceived causes of climate change (natural process, deforestation,
and urbanization), using a set of independent variables (age, farming experience, education,
income, farm size, and land ownership). The individual logit models were also estimated
in case of the factors affecting the perceived impacts of climate change. A general form of
the logit model is provided as follow:

log o f Odds (Yi) = β0 + ∑ βiXi + εi (1)

where; Yi is the dependent variable for the ith respondent (where i = 1, 2, 3 . . . 123); β0 is a
constant term; ΣXi is the set of observed variables; βi are the parameters to be estimated;
and εi are the error terms. The term log of odds is the log of probability of an event
happening. Here, this is the presence of a cause of climate change to the corresponding
odds, i.e.,

logit (p) = log
(

p
1− p

)
(2)
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2.3.2. Multinomial Logit Model

A multinomial logit model is also used to assess the impacts of a set of observed
variables on various combinations of the perceived causes of climate change. In the case
of the multinomial logit model, the choice set is the possible combination of mutually
exclusive and collected exhaustive categories of perceived causes of climate change [69]. In
the present study, there are three selected perceived causes of climate change, which make
eight possible combinations (23) that a respondent can choose from: (1) no cause of climate
change (select none of the combination of perceived climate change causes), (2) natural
process only, (3) deforestation only, (4) urbanization only, (5) natural process, as well as
deforestation, (6) natural process and urbanization, (7) deforestation and urbanization, and
(8) all three causes. Given this choice set, a multinomial logit model can be specified as
follows:

Yi = x′i β + εi, εi ' MVN (0, Σ) (3)

Yi in Equation (3) represents the combinations of perceived causes of climate change
(Yi = 1, . . . , m, in this case m = 8) that the ith respondent (i = 1, . . . , n, where n represents the
total number of respondents which is 123) chooses; x′i is a 1× K vector of observed variables
that affects their choices of combination; β is a k × 1 vector of unknown parameters (to
be estimated); and εi is the unobserved error term. The unobserved error term in this
case is assumed to be multivariate normally distributed (MVN), with zero mean and
possessing a variance–covariance matrix (also known as a covariance matrix) equal to Σ,
which is obtained by associating the variances and covariances of the observed variables in
a square matrix.

3. Findings

This section provides results of the data analysis, based on descriptive, as well as
inferential analysis. The general findings related to trends and tendency among farmers
compare various dynamics of socioeconomic features in relation to causes and impacts
of climate change in the Madinah Region. A complete report on the statistical findings,
vis-à-vis, perceived causes and perceived impacts of climate change, have been provided
for the intuitive understanding and policy implications for development and research.

3.1. Perceived Impacts of Climate Change

The findings in Table 1 reveal that the most dominant perceived impacts of climate
change are its effect on crop production and increasing temperature, followed by drying
of the water resources. Changes in the rainfall pattern have been ranked as the 3rd most
dominant perceived consequence of climate change, while the drought, as a result of
changes in the rainfall pattern, has been ranked as the 4th most dominant perceived
consequence of climate change in the study area. A similar pattern of perception has been
reported by previous studies performed in the region by [42,63]. The dominant perceived
consequences of climate change, namely, climate change effect on crop production, increase
in temperature, drying of the water resources, and changes in rainfall pattern changes, are
considered for further analysis, and individual logit models are employed to assess the
impacts of various farm and farmers’ characteristics on their perceptions of climate change.

Several studies have reported negative impacts of climate change on agricultural
production and water supplies in the Kingdom [51,70,71]. The analysis of meteorological
data suggests that no considerable changes in precipitation have been observed over the
period of the last five decades [47]. However, significant changes in temperature have
been observed for the same time period; there has been a 1.9 ◦C increase in average
temperature [44,47]. Farmers’ worries may seem right, as future projections suggest a
further increase in temperature and a decrease in rainfall. Several studies predict that,
by the end of 2100, there will be a 2–4 ◦C increase in temperature in the Kingdom due
to ongoing climate change [40,49,50]. There will also be a decline in rainfall across many
parts of Saudi Arabia (Gosling [40,53]). An increase in temperature will significantly affect
agricultural production by increasing irrigation water requirements for different crops
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grown in the Kingdom [52], and the problem would be further exacerbated amid water
scarcity [46].

Table 1. Perceived Impacts of Climate Change.

Variables Strongly
Disagree Disagree Neutral Agree Strongly

Agree
Cumulative
Frequency Ranking

Climate change affecting crop
production 0 0 2 70 51 541 1

Drying water sources 0 0 3 70 50 539 2
Temperature is increasing 0 0 2 70 51 541 1
Rainfall pattern changes 0 0 11 61 51 532 3

New crop diseases appeared 40 7 34 14 28 352 10
Climate change increases seasonal flood 40 8 46 20 9 319 12

Climate change cause drought 0 0 11 64 48 529 4
Delay seeding 0 0 11 81 31 512 6

Delay crop maturity 0 0 19 94 10 483 9
Increasing windstorm 0 1 15 63 44 519 5

Risky for human health 0 8 12 72 31 495 7
Risky for animal health 0 8 15 75 25 486 8

Increase in sea level 11 15 89 2 6 346 11

The other consequences of climate change, as perceived by the respondents, do have
their intensity, but they are regarded to be less severe in comparison with the first four
ranked consequences. More interestingly, there is a greater scope of in-depth analysis
regarding the consequences of impacts on health, both for animals and humans. These
consequences, being down the ladder, are indicative of better health infrastructure for
human health, while animal health is definitely at stake. However, livestock are not a major
source of farm earnings in the country [47]. The intensity of increased windstorms lies in
the fifth position, having some weaker to mild consequences for agricultural growth in the
country [72–74].

The findings of the logit models related to various factors, affecting perceived impacts
of climate change in the study area, are provided in Table 2. Based on the nature of collected
data on the perceived impacts of climate change, the study selected the four top-ranked
impacts out of the total 12 various types of such impacts, as given in Table 1. In the case of
factors affecting farmers’ perceptions of climate change affecting crop production, various
factors have a varying level of impact, as given in the second column of Table 2. The major
factors affecting perceived impacts of climate change on crop production include education
of the sampled respondents, which has a significant inverse relationship with the farmers’
perceptions of climate change, affecting crop production. The negative sign shows that
farmers with lower levels of education tend to perceive climate change as a higher threat to
their crop production compared to farmers with a higher level of education. Such a type
of relation of education with perceived impacts of climate change on crop production is
widely reported both in case of the selected region and elsewhere in the world, such as the
results highlighted by [57,75–77].

The negative and significant impact of education on perceived climate change impacts
has a very practical intuition regarding the manner in which farmers that have higher
education can strive to keep themselves abreast of the current dynamics of climate change
and, hence, would be highly prepared to face it instead of panicking or resorting to wait-
and-see [78,79]. Similarly, income of the sampled respondents also showed a significant
and negative effect on farmers’ perceptions of climate change affecting crop production.
The finding on income has a greater support from the literature and is intuitively relevant,
as farmers with lower incomes would consider climate change as a threat to their farm
production compared to farmers with higher incomes, and, hence, they would be under
a greater risk of damage from any climatic extreme or disaster [80,81]. Higher income
represents a bigger asset base to draw resources in times of need and, consequently, lowers
the risks of crop failure. On the other hand, loans have a positive and significant effect on
farmers’ perceptions of climate change affecting crop production. The need for higher loan
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acquisition reflects lower resources owned by the farmers to cope with the adverse impacts
of climate change at the farm level.

Table 2. Factors affecting perceived impacts of climate change.

Variables

Climate Change Affecting
Crop Production

Temperature Is
Increasing Drying Water Sources Rainfall Pattern

Changes

Coeff. (S.E) Coeff. (S.E) Coeff. (S.E) Coeff. (S.E)

Age 0.029
(0.032)

0.023
(0.031)

0.018
(0.030)

0.028
(0.027)

Experience 0.069
(0.044)

0.091 **
(0.043)

0.050
(0.041)

0.033
(0.036)

Education −0.403 *
(0.238)

−0.669 ***
(0.242)

−0.416 *
(0.224)

0.097
(0.204)

Income −0.782 ***
(0.262)

−0.681 **
(0.263)

−0.616 **
(0.245)

−0.666 ***
(0.233)

Farm Size 0.070
(0.053)

0.066
(0.051)

0.075
(0.056)

0.090
(0.058)

Land Ownership −0.555
(1.474)

0.043
(1.269)

−0.362
(1.296)

1.787 *
(0.995)

Loan 2.695 ***
(0.859)

1.806 **
(0.704)

2.227 ***
(0.733)

2.411 ***
(0.659)

Soil Fertility −0.392
(0.275)

−0.544 **
(0.273)

−0.430 *
(0.258)

−0.492 **
(0.231)

Cut 1 −5.782
(2.525)

−6.599
(2.405)

−5.631
(2.302)

0.109
(1.874)

Cut 2 1.151
(2.374)

−0.064
(2.190)

0.314
(2.186)

4.452
(1.975)

Log Likelihood −56.895 −59.519 −63.989 −78.847
LR Chi2 (8) 71.40 *** 66.15 *** 63.23 *** 70.78 ***
Pseudo R2 0.385 0.357 0.331 0.310

Note: Standard errors are in parenthesis. *, **, and *** represent statistical significance at 10%, 5%, and
1%, respectively.

In the equation for perceived impacts of climate change related to rise in temperature,
the variable on farming experience and loans has a significant positive relationship, while
education, income, and soil fertility have a significant negative relationship. Farmers with
more farming experience can observe an increase in temperature over the years, which is
reflected in their perceptions regarding climate change. Similarly, loan acquisition reflects
that the farm owner has a lower resource base of their own and tends to rely on external
sources to finance their farming activities. The lack of resources makes them vulnerable to
uncertain events arising from climate change, and, therefore, their perceptions regarding
climatic parameters, such as temperature, are high [82,83]. On the contrary, the impacts of
education on respondents’ perceptions regarding increase in temperature due to climate
change reveal that farmers with higher levels of education are less threatened by the
vagaries of nature and put in place necessary mitigation measures to avoid adverse impacts
arising from climate-induced adverse events. Higher incomes also facilitate farmers to
adopt adequate protective measures to combat climate shocks and to avoid uncertain and
adverse events.

The findings presented in the 3rd and 4th columns of Table 2 portray covariates of
perceived impacts of climate change related to ‘drying water sources’ and ‘changes in
rainfall patterns’, respectively. The factors influencing such perception of impacts brought
about by climate change are well-supported by theory, as well as the previous literature on
the subject. In particular, the role of education, income, loan availability, and soil fertility
are highly intuitive and worth considering for future research and policy. Education has
shown a significantly negative impact on the perceived impact of drying water sources in
the study area, as in the case of the first two impacts, viz., impacts on crop production and
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temperature increases. However, its impact on changing rainfall pattern is less conspicuous
and can be justified, as the farmers may believe it to be a natural process, and even a
highly qualified farmer would be in a difficult position to judge changes in rainfall pattern.
Whereas, farmers can observe the level of water resources, crop production impacts, and
temperature increases [41,57].

The variable of land ownership has shown a significant impact on changing rainfall
pattern due to climate change. This variable had a non-significant impact for the other
three aspects of climate change. The reason for such an outcome can be because the people
having ownership of land, instead of lease arrangement, would have greater proximity to
land and surrounding area, placing them in a better position to perceive abrupt changes in
rainfall pattern. The variable on availing of loan positively affects both impacts, while the
level of soil fertility has a significantly negative impact both for drying of water sources
and changing rainfall pattern. These findings provide valuable insights related to future
policy and planning, as the people having access to easy loans will be investing heavily
on their farms and would early perceive the ensuing impacts of climate change. Similarly,
a negative sign on level of soil fertility indicates farmers would be less disturbed by the
changing climate, as they have a greater confidence in the quality of their land and its
ability to adjust to changing climate [81,84].

3.2. Perceived Causes of Climate Change

Along with eliciting farmers’ responses about the perceived impacts of climate change
on agricultural production in Saudi Arabia, they were also enquired about their viewpoint
as to what are the major causes of climate change in the country. As given in Figure 2, the
majority of the respondents seemed clear about the possible drivers of climate change in
the country. In particular, about 79 percent of the farmers believed that GHGs and pollution
are causing climate change in the country. Other major perceived/reported causes of
climatic variation include excessive exploitation of natural resources (94%), deforestation
(93.5%), urbanization (92%), infrastructural development and transportation activities
(71.5% for each), natural processes (64.2%), and technologies (42.3%). These perceived
causes have varying levels of impacts on the surge of climatic anomalies worldwide, as
reported by [7,85–91]. Conversely, the majority of farmers had little knowledge in ascribing
climate change to an increase in dairy and goat farming, as well as cattle farming (72–80%).
A greater proportion of the farmers also did not attribute climate change to agriculture as
a profession.
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3.2.1. Factors Affecting Perceptions of Natural Process as Being a Cause of Climate Change

Table 3 presents the parameter estimates of the three logit models used to estimate
the effects of various farm and farmers’ characteristics on their perceived causes of cli-
mate change. We selected the top three climate change causes for evaluating influencing
factors in perceiving them as causes of climate change. They include ‘natural processes’,
‘deforestation’, and ‘urbanization’, as depicted in Figure 2.

Table 3. Parameter estimates of the logit models for perceived causes of climate change.

Variables Natural Process Deforestation Urbanization

Age 0.052 (0.037) −0.030 (0.034) 0.004 (0.034)
Farming Experience −0.088 * (0.046) −0.005 (0.044) −0.001 (0.045)

Education 1.033 *** (0.229) 0.722 *** (0.216) −0.129 (0.228)
Income 0.417 * (0.229) 0.584 ** (0.235) 0.573 ** (0.255)

Farm Size −0.007 (0.023) −0.004 (0.023) 0.623 *** (0.194)
Land Ownership 2.223 *** (0.722) 2.502 *** (0.744) −0.301 (0.788)
Log Likelihood −50.471 −46.559 −46.918

LR chi2(6) 45.97 *** 43.54 *** 38.12 ***
Pseudo R2 0.313 0.319 0.289

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

The findings presented in Table 3 reveal that the age of the sampled respondents
has a positive effect on their perception of natural processes being the causes of climate
change. Similarly, farming experience has an inverse effect on respondents’ perceptions
regarding causes of climate change. The relationship is statistically significant, at 10 percent
probability level. This outcome is justifiable, as increased level of farming experience can
provide farmers with better understanding related to the causes of climate change. This
is because they learn and practice under varying natures of environmental conditions
and have a proper historical backing in their perceptions and decisions [41,84]. Similarly,
education of the sampled respondents showed a positive and significant effect on farmers’
perceptions of natural processes being a cause of climate change. Educated farmers tend to
see natural processes being the major contributor towards the changing climate compared
to farmers with lower or no formal education. Iqbal et al. [75,77] have shown similar
findings related to the role of education on the perceived causes of climatic variation.

In a similar vein, income is found to exert a significant positive impact in perceiving
natural processes as being a cause of climate change. This finding is supported by the fact
that people with increased income levels may attribute the changes in climate to the natural
processes taking place locally or regionally. The probability of attributing natural processes
to climate change increases significantly with either the size of owned land or having
ownership rights. Van der Linden et al. [77] has advocated similar arguments in favor of
many socio-demographic variables in influencing the perceived causes of climate change.

3.2.2. Factors Affecting Perceptions of Deforestation Being a Cause of Climate Change

Findings given in the third column of Table 3 portray parameter estimates on defor-
estation as a perceived cause of climate change in the Madinah region. The pattern and
coefficient signs are similar to those for natural processes as being causes of climate change.
The only variation is observed in the farming experience being statistically significant. It is
highly intuitive, and deforestation has nothing to do with a farmer’s farm level experience.
However, the sign, being negative, of course indicates a weaker role of farming experience
in perceiving deforestation as a cause of climate change.

3.2.3. Factors Affecting Perceptions of Urbanization as Being a Cause of Climate Change

The third top-most perceived cause of climate change was reported to be urbanization.
The parameter estimates influencing farmers’ perception of urbanization as being a cause
of climate change are given in the 4th column of Table 3. As in the case of natural processes
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and deforestation as the perceived causes of climate change, a similar pattern and signs
are depicted in the case of urbanization, except for non-significant coefficients of farming
experience, education, and land ownership. Coefficients on farm size, however, have a
significant and positive impact on perceiving urbanization as a cause of climate change.
Milfont et al. [82,83,92,93] have reported similar findings related to income, education, farm
experience in relation to climate change perceptions, and influencing factors therein.

3.3. Parameter Estimates of the Multinomial Logit Model

A multinomial logit model—an alternative approach to the individual logit models—is
applied to estimate the effects of the socio-economic and farm characteristics on respon-
dents’ perceptions of the causes of climate change. The dependent variable in this case is
comprised of the combinations of the perceived causes of climate change. The findings of
the multinomial logit model are provided in Table 4.

The findings depict that age has a positive, but non-significant effect, on the percep-
tions of farmers who perceived natural process as the only major cause of climate change.
The finding is in line with the findings in case of an individual logit model, where age was
positively related to perceptions of natural processes being the causes of climate change
and is also consistent with [41,85]. Education, on the other hand, has a significant impact on
farmers’ perceptions related to natural processes being the only causes of climate changes.
However, it is significant at a 10 percent level of significance. The parameter estimates of
the coefficients of perception of deforestation as the only causes of climate change show
that education and farm size have significantly positive (10% significance level) effects. For
the farmers perceiving urbanization as the only cause of climate change, farm size and
land ownership are the significant factors having a positive impact on those farmers who
only attribute climate change to urbanization. When considering farmers who reported
two types of causes of climate change, the results give interesting insights, as the nature of
parameters change with the combination of perceived causes of climate change in relation to
the single cause of climate change in isolation. Previous studies, such as those by [42,43,71],
do conform to these finding to a great extent. Natural processes and deforestation, for
instance, were reported to be the causes of climate change by 14 farm households (see
Table 4).

The covariates for this combined cause of climate change have significant impact,
including education and land ownership, although at a 10 percent level of significance.
The results are intuitive in the sense that they portray a different picture when individual
categories of causes are analyzed (see Table 4). The significance level and signs would
change when changes in combination of causes of climate change are considered. Similarly,
11 farmers reported natural processes and urbanization as joint causes of climate change,
and the significant factor for this option includes only the farm size. In a similar vein, the
factors influencing the perception of declaring deforestation and urbanization as joint causes
of climate change include income and farm size, while this option is reported/perceived by
14 farmers. These findings are in conformity with those by [41,47,57], showing different
magnitudes of factors causing climate change in Saudi Arabia and elsewhere in the world.

The results from the analysis of factors affecting the perceptions of farmers regarding
all three climate change causes (natural process, deforestation, and urbanization) merit
further discussion here, since this is the combination most frequently reported by the
farmers in the sample. The significant variables in this case are education level of the
respondent, household income, and total farm size of the farming household. These
variables positively and significantly affect farmers’ perceptions when considering all the
three dominant perceived causes of climate change. The age of the sampled respondents
has a positive and significant effect on farmers’ perceptions of all three causes of climate
change. Farming experience, on other hand, has a negative relationship with farmers’
perceived causes of climate change in this category. The impacts of these variables are,
however, insignificant.
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Table 4. Parameter estimates of the multinomial logit model.

Variables Coefficient Standard Errors Significance

No Cause among the Selected Causes (Base Category)

Natural Process Only (N = 3)

Age 0.085 0.173 0.622
Farming Experience 0.047 0.246 0.847

Education 2.129 1.202 0.077 *
Income 1.561 1.396 0.263

Farm Size 0.782 1.138 0.492
Land Ownership −1.550 2.681 0.563

Deforestation Only (N = 5)

Age 0.056 0.126 0.658
Farming Experience −0.042 0.145 0.771

Education 1.511 0.881 0.08 *
Income 1.704 1.259 0.176

Farm Size 1.726 0.899 0.055 *
Land Ownership −0.865 2.338 0.711

Urbanization Only (N = 10)

Age −0.043 0.117 0.713
Farming Experience 0.012 0.132 0.927

Education 0.494 0.808 0.541
Income 0.017 1.217 0.989

Farm Size 2.074 0.872 0.017 **
Land Ownership −3.734 2.129 0.080 *

Natural Process and Deforestation (N = 14)

Age 0.055 0.114 0.625
Farming Experience −0.209 0.133 0.117

Education 2.420 0.968 0.012 **
Income 1.132 1.239 0.361

Farm Size 1.321 0.902 0.143
Land Ownership 1.892 5.0546 0.98 *

Natural Process and Urbanization (N = 11)

Age 0.108 0.113 0.341
Farming Experience −0.148 0.126 0.241

Education 1.311 0.818 0.109
Income 2.007 1.219 0.100

Farm Size 1.786 0.879 0.042 *
Land Ownership 0.269 2.228 0.904

Deforestation and Urbanization (N = 14)

Age 0.005 0.117 0.965
Farming Experience −0.047 0.133 0.723

Education 1.163 0.813 0.152
Income 2.089 1.222 0.087 *

Farm Size 1.879 0.876 0.032 **
Land Ownership −0.509 2.185 0.816

Natural Process, Deforestation and Urbanization (N = 60)

Age 0.063 0.111 0.572
Farming Experience −0.128 0.125 0.309

Education 2.259 0.829 0.006 ***
Income 2.054 1.209 0.089 *

Farm Size 2.027 0.871 0.020 **
Land Ownership 1.489 2.301 0.517

Log likelihood −123.126
LR Chi (Sqr) 155.44
Pseudo R2 0.387

Note: Values with *, **, and *** represent significance at 10%, 5% and 1% probability levels, respectively.

4. Discussion and Conclusions

Documenting the understanding of farmers’ perceptions, behaviors, and their re-
sponses to climate change impacts is crucial for designing site-specific and community-
based adaptation plans, particularly in rural areas. The current study provides a solid
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indication of climate change in the study area, which is also perceived by the farmers.
The location-specific survey explored the factors that affect farmers’ perceptions of causes
and impacts of climate change in Saudi Arabia. According to the results, farmers’ socio-
economic characteristics, such as land ownership, farm size, access to loans, education and
household income significantly influenced their perception about climate change impacts
and the causes of climate change. These findings imply that farmers’ perceived impacts
of climate change are significantly affected by their education level, which is considered
to affect their level of understanding, income level, farming experience, land ownership,
type of land, and soil fertility in different directions. Furthermore, farmers’ socioeconomic
characteristics show differential impacts on their perceived causes of climate change. There
is great scope of these findings to manage climate change in the country, which has predom-
inantly an arid to semi-arid climate for sustainable agriculture through various practices,
such as improving input use efficiency, particularly water, land, fertilizer, and seeds, along
with crop diversification. Such interventions have been proven to be highly useful under
similar environmental conditions elsewhere in the world [94–96].

Findings on the influence of educational level in early perception about the causes
and impacts of climate change can provide valuable insights while planning for mitigation
and adaptation strategies, as well as benchmarking the extension system in rural areas.
One option to facilitate early and effective adaptation and mitigation strategy can be the
uplifting of existing extension programs to address areas and issues, which remain unclear
for the farmers.

There is also a need to further assess climate change stimuli in the real world that
would need to be corroborated with the perceived causes by the farmers and households.
This would build a sense of clarity both in the minds of policy planners and ultimate
beneficiaries. Once farmers are conveyed authentic information on the causes and im-
pacts of climate change, they would be in a better position to simulate and/or match
mitigation/adaptation options with little chances of failure and mismatch between per-
ceived actual causes and effects. This conclusion has far-reaching implications both for
the studied country and many other countries in the world, where causes and subsequent
mitigation measures related to climate change are merely developed on hearsay, imitation,
and perceptions.

Innovative climate adaptation technologies, adopted in developed countries to miti-
gate climate effects, need not be suited elsewhere, but, having a thorough analysis on their
efficacy could lead to better customization potential and scope in a varied environment
and location. Similarly, for rural areas, informal extension training and awareness cam-
paigns need to be a regular focus for boosting farmers’ understanding of adaptive climate
technologies. Based on findings, timely and appropriate weather information should be
provided to the farming community. The farmers would be in a good position to take
measures rightly and accordingly if they have access to information, as well as guidance
related to future climate-related events/threats. Each group of farmers should be educated,
advised, or trained according to their education level. The focus of extension services and
training should be on reducing the adverse impacts of climate change through applicable
adaptation measures in the region.

The study is limited only to the perceived causes and impacts of climate change in
the Madinah Region of KSA. The findings are based on sample data from this region, and
caution is warranted when generalizing findings for a whole country, although a similar
pattern has been reported by select studies. Future research studies may also consider
the impacts of farmers’ perceptions of the causes of climate change on their capacity of
adaptation to climate change. Looking further into the limitations of the current work,
the real-time data on crop losses, public health, as well as tourism, can be integrated for
comprehensive estimation of effects of climate change in the region. In addition, the study
did not consider time series data on climate trends and impacts that could yield some
interesting insights, which are left for future work. Moreover, future research should
focus on factors affecting the adoption of climate-smart technologies among farmers in the
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study area, along with knowing the efficacy of existing practices in terms of their uptake,
mitigation potential, and ease of installation/establishment. Similarly, because study was
limited to the Madinah Region, the findings may not be generalized in other regions of
Saudi Arabia. Therefore, it is suggested that similar research can be designed to test
adaptation to climate change in other regions of Saudi Arabia that are highly susceptible
to climate change. For making adaptation to climate change more popular, an integrated
campaign needs to be started, involving the community and other stakeholders, such as
local leaders and large/commercial farmers. In this regard, organizing community for
joint efforts of climate change mitigation would yield better outcomes, especially faster
adaptation mechanisms and information sharing. There can be a system of incentivizing
those farmers who go for early adoption of measures identified to be climate-smart. In
this regard, an effort is needed to identify and promote options that are climate-smart and
effective for management of issues affecting agricultural productivity and rural livelihoods.
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