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Degree modeling of pistachio
farmers’ resilience against climate
change (Study subject: Rural areas
of Rafsanjan and Anar counties,
Iran)

Amirreza Asrari*, Maryam Omidi Najafabadi and
Jamal Farajollah Hosseini

Department of Economic, Agricultural Extension and Education, Science and Research Branch, Islamic
Azad University, Tehran, Iran

The counties of Rafsanjan and Anar are some of the main production centers of
pistachio, an important strategic commodity of Iran that is recently facing major
environmental problems such as climate change. Therefore, the present research
has modeled the degree of resilience of Rafsanjan pistachio and pomegranate
farmers against climate change. The study’s statistical population was pistachio
farmers in the rural areas of Rafsanjan and Anar, which were 27,860 people.
To determine the sample size of the research, a sample size of 588 users was
calculated using Cochran’s formula, with an error level of 4%. Users were then
randomly selected in each village as a proportional assignment. A questionnaire
was used for data collection. A group of experts determined its validity, and
Cronbach’s alpha method was used to determine its reliability and internal
consistency. The combined method of Vaikor-entropy was used to measure
the resilience behavior of Rafsanjan pistachio and pomegranate farmers against
climate change. Data processing was done using MATLAB 7.10, AMOSver24,
SPSSver25, and Arc-GIS 10.5 software. The results show that the behavior of the
studied farmers’ resilience against climate change is at an average level. Also,
after analysis, the studied villages were divided into six levels, ranging from lack
of endurance to resilient. None of the villages fell into the lowest or highest level.
There are 8 villages with a very weak resilience level and 22 villages in the weak
resilience level. There are 26 villages at the relatively resistant level and 4 villages
in the good resilience level. This finding indicates that the investigated pistachio
growers are not in good shape in terms of climate change resilience, and they
are unable to deal with larger climate change variations, which can have serious
effects on the agricultural sector and the villages’ livelihoods.

KEYWORDS

climate change, confirmatory factor analysis, resilience measurement, geographic
information system, RCCR model, Vaikor-entropy method, weak resilience level

Introduction

When the theory of global warming was first proposed by Swedish scientist Arrhenius
a century ago, few people imagined that this issue would so quickly become the most
important concern of the international communityby first affecting and then changing the
earth’s climate (Qombar Ali et al., 2011). In other words, climate change is one of the biggest
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challenges that humanity is facing in the 21st century, severely
affecting water resources, agriculture, energy, and tourism
(Valigolizadeh, 2018). Any relatively stable deviation in any of the
climate elements or a deviation of the functioning climate factors
and components from prevailing conditionswill result in climate
change (Hoshmandanfar Moghadam Fard et al, 2019). Climate
change can have a serious environmental, social, and economic
impact on the employment and livelihood of all the planets
inhabitants, including farmers (Chisanga et al., 2017). Moreover,
natural hazards such as climate change can turn into horrible
and devastating accidents for human communities without risk
reduction systems (Zhou et al., 2010). In this regard, societies must
learn how to deal with climate change and its effects. Therefore, in
the early stages, the main focus of actions was on reducing the risks
caused by climate change. In the next stage, the work was directed
at identifying direct responses to climate effects dealing with the
resulting consequences, and adapting to these changes. Recently,
the focus has shifted beyond identifying specific adaptations to
resilience to ensure that individuals, communities, sectors, and
nature have the necessary capacities to respond to any stress that
arises (Schwarz et al,, 2011).

Resilience is the third stage of response to crises and climate
change (Gardner et al., 2019). The word resilience was introduced
in the discussion of disaster management in 2005 at the Hugo
conference. Since then, it has gradually gained a greater place in the
theoretical and practical fields of disaster risk reduction. In recent
years, concepts such as resilient societies, resilient livelihoods, and
creating resilient societies have been commonly used in scientific
articles (Manyena, 2006). Resilience as one of the types of socio-
ecological systems can be interpreted in three cases: 1- the amount
of disturbance that a system can absorb and remain in the same
first state, 2- the limit, or the degree to which the system can
organize itself and 3- the extent or degree in which the system
can be built, or its capacity for learning and adaptation can
be increased (Folke et al., 2004). Due to the dynamic nature
of society’s response to risks, resilience is a type of foresight
that helps to expand policy choices in the face of uncertainty
and change, which includes economic, social, environmental, and
psychological dimensions (Berkes, 2007). Therefore, resilience
against climate change is one of the characteristics of sustainable
societies (Engle, 2011).

Climate change is a significant threat to farming communities’
livelihoods (Campbell et al., 2011). The consequences of climate
change and drought can lead to the instability of rural livelihoods
(Speranza et al., 2008). Studies have also shown that households
that depend on agriculture for livelihood are more exposed to the
threats of climate change (Johnson, 2009). Therefore, rural and
agricultural communities need to be more resilient against climate
change because the livelihood of these communities depends
on climatic conditions (Birkmann, 2011). However, the damages
caused to farms and the consequences of climate change, such
as periodic droughts, show farmers lack of preparedness and
resilience against this risk and its consequences. In other words,
the first necessary step to deal with natural hazards such as climate
change and adjust to its consequences is to know and understand
the scope of people’s vulnerability and their resistance to improving
their tolerance and flexibility threshold (Sadeghlou and Sejasi
Keidari, 2013).
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Since problems and issues in rural areas differ according to the
conditions of each region, it is necessary to pay special attention to
regional and local planning to accurately determine the priorities
in each region (Ranjbar, 2009). For this purpose, an accurate and
comprehensive understanding of the existing situation, based on a
systematic approach (Karimi et al., 2017). In this regard, knowledge
of the spatial distribution and degree of resilience of farmers in
rural areas against climate change is considered a prerequisite for
development plans and programs in rural areas. Also, by evaluating
and modeling the degree of resilience of farmers in rural areas
against climate change using a significant share of the country’s
farming population, it is possible to formulate realistic plans to
improve the resilience of farmers in rural areas to aid in climate
change resilience efforts.

Pistachios are one of Iran’s most important export products
in the arid and semi-arid regions, including Kerman province
(Bagheri et al, 2012). In addition to the economic aspect,
pistachios play an essential rolein soil protection and sand control,
especially in arid and semi-arid regions of Iran. In this province,
Rafsanjan and Anar counties are considered the largest pistachio
production centers in Iran, with around 80 thousand hectares of
pistachio cultivation. The livelihood of most of the villagers in
Rafsanjan and Anar counties is directly or indirectly dependent on
pistachio production, and any disruption in pistachio production
could endanger their income and, as a result, their livelihood
(Hosseinifarhangi et al., 2020). As one of the main areas of pistachio
production, Kerman province has faced climate change problems
in recent years. Drought, cold, and untimely frosts are among the
results of the phenomenon of climate change in Kerman province.
Also, climate changes, drought, and indiscriminate harvesting
have caused the income of the farmers to decrease (Meridenjad
et al., 2014). This phenomenon has had many harmful effects on
the farming and agricultural products of the region, especially
pistachios, one of the primary sources of livelihood for farmers
in Kerman province. During the past decade in Rafsanjan and
Anar counties, the cold weather destroyed several farms and greatly
reduced the productivity of others (reduced production by 70 and
85% in 2014 and 2018, respectively) (Jamalizade, 2014). Therefore,
to recover their livelihood, rural households in Rafsanjan and Anar
need to be able to withstand climate change and deal with crises that
threaten their livelihood. Consequently, the question raised in this
research is, what is the level of resilience of pistachio farmers in the
rural areas of Rafsanjan and Anar cities?. And the most important
dimension in measuring the resilience of pistachio farmers is the
rural areas of Rafsanjan and Anar cities?.

Literature review

Globally, the dominant perspective has changed from focusing
only on reducing vulnerability to increasing resilience against
climate change and disasters (Cutter et al., 2008). Since being
introduced at the Hugo conference in 2005, resilience has become
increasingly important in the theoretical and practical fields
of disaster risk reduction (Mayunga, 2007). Based on Folke’s
definition, resilience is the capacity to absorb disruption and
organization (Folke et al, 2004). Many studies on resilience
opposite sciences, and the idea of resilience is an interdisciplinary
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TABLE 1 Definitions and concepts of resilience in different scientific fields.

10.3389/fsufs.2023.1134487

Science Definition References

Ecological The resilience of an ecosystem is the ability of that system to absorb changes and concepts against it and continue on its path. Holling, 1973

Social Social flexibility is the ability of groups and societies to deal with external tensions and disturbances resulting from social, Adger, 2000
political, and environmental changes.

Economy Resilience is the distance to the threshold. This distance shows the volatility of stocks, where a level of stocks is equivalent to Walker et al., 2010
the flexibility of the system

Psychology Having a good life despite hardships. Being exposed to hardship is significant; flexibility is the capacity and ability of people to Ungar, 2011
move on their path and obtain psychological, social, and physical resources to ultimately maintain their health and comfort.

Spatial resilience Spatial resilience is the ability to maintain identity over time; maintenance of key components and relationships continuously Cumming, 2011
over time, so that if flexibility is low, identity may decrease and vice versa.

Source: Speranza et al., 2014.

concept proposed in the fields of ecology, psychology, social
sciences, economics, and other sciences (Table 1).

One of the fundamental aspects of research related to resilience
and resilient communities against natural hazards is finding the
appropriate way to measure resilience. Since this research is
related to natural hazards and disasters, researchers study ways
to take steps toward practical and technological improvement
to reduce the risk of accidents. Due to the multifaceted nature
of resilience (including ecological, economic, institutional, and
social dimensions), the transition from the theoretical framework
concepts to reality is complicated and challenging to evaluate.
Current resilience models examine the flexibility of societies to
reduce vulnerability to the consequences of hazards; it is necessary
to study and analyze these models to determine which is suitable in
each case. For example, different researchers have proposed several
models addressing specific aspects of resilience against flooding,
while other models have been presented to measure resilience
against accidents.

Many essential models are currently being used to analyze
different types of resilience. Some of the most important and
widely used models are mentioned below. Tobin’s model has been
proposed to evaluate the resilience of communities located in
high-risk areas, he uses three models, risk reduction, recovery,
and demographic structure, to show the sustainability and
resilience of the community, and then the framework assesses
which is more ecological (Tobin, 1999). Kumpfer’s resilience
framework is an exchange model of resilience and includes
the structure of process and outcome. This model pays less
attention to the cycle of destruction and reintegration and is
somewhat oriented toward the interactive nature of environmental
and internal content and internal resilience factors, as well
as the consequences of reintegration (Kumpfer, 1999). Adger
(2000) proposed a community-based disaster management model
(CBDM), a bottom-up management approach that pays attention
to peoples participation in solving crises caused by natural
disasters. Its purpose is to reduce the vulnerability of societies
and strengthen peoples abilities and participation to deal with
the risks caused by natural disasters. The linear-time model of
Davis and Izadkhah (2006) shows that society can improve its
vulnerability over time in the form of a timeline in certain
conditions following development. This model has three stages:
1. absorbing and tolerating stress and risk before the disaster,
2. returning to the balance after the disaster, and 3. changes in
the communities to make them safe and resilient. Capital-based
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model (Mayunga, 2007) has been proposed as a framework for
evaluating society’s resilience against disasters based on types of
capital (material, economic, physical, human, and natural). The
spatial model or DROP (Cutter et al., 2008) is designed to clarify
the relationship between resilience and vulnerability and provides
a comparative assessment of disaster resilience at the local and
community levels. This model defines resilience as a dynamic
process dependent on previous conditions, the severity of accidents,
the time between hazards, and the influence of exogenous factors.
This model pays attention to the economic, social, ecological, and
institutional dimensions. Jurjonas and Seekamp’s RCCR model
2017 considers resilience as a range from vulnerable to flexible,
where the capacity to adapt to society is scaled between opposite
indicators. The drawn line shows the relative position of societies
in this spectrum or at what level the whole system is placed.

Various studies have been proposed and conducted to measure
the resilience of farmers in rural areas sample of domestic and
foreign studies in this field is presented in Table 2.

After considering the different dimensions of resilience and
the multiple definitions of this concept, this study used the RCCR
model to measure resilience. The RCCR framework is designed
to rapidly engage stakeholders with other stakeholders to assess
local resilience needs (Jurjonas and Seekamp, 2017). Furthermore,
this model considers resilience as a range from vulnerable to
flexible, where the capacity of a society is scaled between opposite
indicators. Therefore, this model aims to reduce the vulnerability
of societies and strengthen people’s abilities and participation to
deal with the risks caused by natural disasters and accidents. In
other words, RCCR integrates the idea that adverse changes affect
societies, and high vulnerability can eventually lead to the collapse
of the whole system (Jurjonas and Seekamp, 2017). Table 3 presents
the conceptualization of the dimensions of the RCCR model.

Methods

The current research was conducted as a survey and
used quantitative numerical data analysis in a descriptive-
correlation method. The statistical population of the research
was 27,860 pistachio farmers in rural areas of Rafsanjan
and Anar counties (Figure 1). A stratified sampling method
was used to select the studied villages with regard to
the extent of the studied. Each village was first divided
into four classes (north, south, west, and east). Villages
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TABLE 2 Domestic and foreign studies in the field of resilience against climate change.

References

Fang et al. reported that modifying the seasonal crop calendar, using resistant species and seeds,
integrated crop production models, and diversifying income were among the most important
adaptation strategies of farmers in response to climate change.

10.3389/fsufs.2023.1134487

Subject

Knowing the capacity of smallholder
farmers to respond to climate change in
a central coastal Vietnam.

Result ‘

Phuong et al., 2018

Their results showed that 90% of farmers had understood climate change, and 85% of farmers are also
trying to implement strategies such as crop adaptation, change to strengthen planting, management,
and protection of water and soil, increasing the use of inputs, combining crop cultivation with animal
breeding, and adapting their tree planting to it.

Examining the adaptation components
of smallholder farmers to climate
change in Ethiopia.

Belay et al., 2017

Their results showed that indicators such as diversity of skills in the labor force and employment, the
performance of retailers and land efficiency, development of employment levels, flexibility, and
financial facilities have an effect on the resilience of farmers against drought.

Analysis of economic resilience of
farmers against drought in Fasa, Iran.

Jafari et al., 2020

They concluded that the resilience of the studied farmers is above average. Also, economic indicators
and social capital have an effect on the resilience of farmers against drought.

Analyzing the resilience of farmers
against drought with an emphasis on
economic factors and social capital in
rural areas (case study: Roniz village,
Iran).

Akbarian Rounizi and
Ramzanzadeh-Lesboi,
2019

Their results showed that rural households’ food security and resilience against climate change are
inadequate. They also showed that there is a positive and significant relationship between the index of
resilience against climate change and the level of food security.

The role of resilience against climate
change on the level of food security in
rural households in the Menarid project
in Yazd province, Iran.

Bagheri Fahroji et al.,
2018

Their results showed that the resilience of the studied farmers is not suitable; some of the factors
affecting the resilience of farmers against natural hazards include the development of agricultural
products insurance, a monitoring and forecasting system, and indigenous knowledge.

Prioritization of effective factors for
increasing the resilience of farmers

against natural hazards in Abjerod, Iran.

Sadeghlou and Sejasi
Keidari, 2013

Source: Author.
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FIGURE 1
Spatial distribution of the selected villages (drawing by author).

were then randomly selected in each class (map 2). Next,
Cochran’s formula was used to determine the sample size
of 588 users among the 27,860 users (pistachio farmers)
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proportional assignment.

in the study area, with an error level of 4%. Lastly, several
beneficiaries were randomly selected in each village, a form of
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TABLE 3 Conceptualization of RCCR model dimensions.

10.3389/fsufs.2023.1134487

References Concepts Dimensions

FAO (2019) Livelihood diversification is one of the most effective risk management strategies for farmers facing climate Livelihood diversity
change

Frazier et al. (2010), Lane Wealth in a society facilitates the ability to develop solutions for environmental problems and maintain Health

etal. (2013)
long-term climate change preparedness planning

infrastructure. In addition, community wealth is a measure of local livelihood success that can strengthen

Smith et al. (2012), Donatuto
etal. (2014), Amundsen

Cohesive communities where people have a sense of belonging, happiness, and social events and full of
opportunities to participate can create a stronger connection with the region and lead to planning to adapt to

Social solidarity

reduce the effects of uncertainty.

(2015) climate change

Barbier et al. (2011) Protecting ecosystem services through strategic and sustainable planning and development can reduce damage Sustainable
and disaster recovery costs while avoiding the need to create infrastructure to reduce risk development

Colombo and Byer (2012) Flexible adaptation strategies by designing simultaneous adaptations with future climate change can help Flexibility

To collect the research data according to the research objectives,
a multi-section questionnaire was designed with questions using
a qualitative range of five options (completely disagree = 1,
disagree = 2, have no opinion = 3, agree = 4, and completely
agree = 5). The data collection process lasted three months, from
May-July 2018, and data was collected from 60 villages in Rafsanjan
and Anar. The RCCR resilience framework consisting of five
components, livelihood diversity, wealth, sustainable development,
social cohesion, and flexibility, was used to measure the structure
of resilience against climate change (Jurjonas and Seekamp, 2017).
The operational definitions of the variables used in this research are
presented in Table 4.

The apparent validity method, using the opinions of professors
and experts in several stages of modification and revision, was
used to determine the validity of the questionnaire. To determine
the reliability of the questionnaire, Cronbach’s alpha coefficient
for a pre-test (30 questionnaires) and the study questionnaire was
calculated, 0.914 and 0.682, respectively, showing the validity of
the designed questionnaire. To model the resilience behavior of the
farmers in the studied rural areas against climate change (spatial
analysis), the degree of resilience against climate change was
first measured. From several methods presented for measurement
and evaluation (such as numerical taxonomy, TOPSIS, weighted
simple sum, Vaikor, etc.), the Vaikor method was found to be
appropriate for this study (Karimi et al., 2017). Next, the entropy
method was used to weigh the studied indicators. Then, the results
obtained from the combined Vaikor-entropy model (in the range
of zero and one) were entered as the input of the software of the
Geography Information System and with the help of interpolation
and the inverse weighted distance method. Finally, Inverse Distance
Weighted (IDW) resilience behavior against climate changes was
modeled in raster form. Data processing in this research was done
using MATLAB 7.10, AMOSver24, SPSSver25, and ArcGIS 10.5
software.The utilized research methods are explained in more detail
in the following paragraphs.

The Vaikor model

Vaikor is an applied multi-criteria decision-making method
with high efficiency in solving discrete problems. This method is
based on consensual planning, and in it, the consensual solution
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determines the justified solutions that are close to the ideal solution
and is created in the form of an agreement through special credits of
the decision-makers (Opricovic and Tzeng, 2004). In this method,
the emphasis is on ranking and choosing from a set of options and
determining a consensus solution for a problem with conflicting
criteria (Chen and Wang, 2009). Presented by Buyukozkan and
Ruan (2008) and by Opricovic and Tzeng (2004), the basis of
consensual models was developed based on the LP metric method.
The following steps are implemented to use this method (Opricovic
and Tzeng, 2004).

Step 1: Formation of the spatial decision matrix.

Step 2: Determine the best and worst value for all criteria
functions. If the criterion function indicates profit (positive) and
cost (negative), the best and worst values are calculated based on
relation 1.

fi = maxf; = min fj; = maxf; fi = minf; (1)

Step 3: Determine the weight of the indicators. In this field,
many methods, such as rank-order analysis, entropy, eigenvector,
etc., can be used according to the need. The entropy method is used
in this research.

Step 4: Calculate the values of the distance between the options
and the ideal solution. In this step, the distance of each option
from the positive ideal solution is calculated, and the calculated
weights are included; then, its aggregation is calculated based on
the following formulas.

By = max | Wi (f =) = (5 - f;) ] and
n Will = fi
§ = Z]-_lﬁg]_];_])

where fjj is the index T in unitj, f_jth is the positive ideal of index
I f j- is the negative ideal of index I, W_i is the weight of the i-th
index obtained from the fourth step, Sj is the distance from option

2

I to the ideal solution, and Rj is the distance of option I from the
negative ideal solution (worst combination)

Step 5: Calculate the value of Qi and Kor for i=1, 2, ..., m; The
value of Qi is calculated based on the following equation.
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TABLE 4 Indicators of resilience against climate change.

10.3389/fsufs.2023.1134487

Objects, (R) Dimensions

1. In the past few months, according to the existing potentials, society has been able to create jobs for people (R1) 2. The variety of cultivation
in the past has preserved my income against different conditions (R2) 3. In the past few months, I could find another job if needed (R3)

Livelihood diversity
dimension

1. In the past few months, my community has had enough resources for future planning (skilled planners, tax base, global income, tax aid)
(R4) 2. In the past few months, the local infrastructure of my communityhas been in good condition (R5) 3. In the past few months, insurance
support in the region has been acceptable (R6) 4. In the past few months, resources, including money, information, technology, tools, raw
materials, and services to solve problems in my society, have been available (R7) 5. In the past few months, the government’s macro policies to
create employment, affordable housing, healthcare, and necessary facilities to support production have been successful (R8)

Wealth dimension

cope with the effects of climate change (R15)

1. The new planned development programs have reduced the adverse effects of climate on the pistachio crop (R9) 2. The government has used | Sustainable
policies that have increased the welfare of the people (R10) 3. Radio, television, and other social media have provided people with enough development
information about climate change(R11) 4. Farmers have held group meetings to deal with the problems caused by climate change (R12) dimension

1. In the past few months, the flexibility in the management systems has made it possible to adapt (R13) 2. The sensitivity of the government Flexibility

to protect the environment and natural resources in the region has increased (R14) 3. I have not used suitable models (planting harvesting) to dimension

climate change (R19)

1. Costs have been reduced through interactions and cooperation between farmers (R16) 2. I have used the opinions of other farmers to solve
farming problems(R17) 3. I have worked with local non-governmental organizations regarding education dealing with climate change and I
have cooperated to reduce the effects of climate change (R18) 4. In the last few months, many NGOs have started working in the field of

Social cohesion
dimension

Source: Jurjonas and Seekamp, 2017.

Q= V[%]%—(l— v)[

Step 5: Calculate the value of Qi and Kor for i=1, 2, .., m;
The value of Qi is calculated based on the following equation.

Qi = 1/[s,-—s* ] +a- V)[R,-—R*

& R
where V is the weight of the strategy (the majority of criteria)

3)

R; — R*
R— — R*

or the maximum group favorability. (S_i-S"*)/(S"-S"*) shows the
distance from the positive ideal solution of the i-th option. In
other words, (R_i-R"*)/(R"-R"*) indicates the distance from the
negative ideal solution for the i-th option. When v is >0.5, the Qi
index has the maximum agreement. When V is smaller than 0.5, it
indicates the maximum negative attitude.

Step 6: Ranking the options based on Qi values. Based on the
values of Qicalculated in the fifth step for the options, the desired
value can be reduced from one; thus, the village with the highest
score (Qi-1) has priority in the selection.

The Entropy model

In information theory, entropy is a measure of uncertainty
expressed by a certain probability distribution Pi (Hwang et al.,
1981). The steps of the entropy method are described below
(Karimi, 2013).

The first step is the calculation of normalized data: equation 4
is used for normalization.

aij
m
2ot ai

The second step is to calculate the entropy of the factor j (E;)
for E;j from the set of P;; for each index using equation 5.

P = i=1,2,...,m j=12...,n (4

—1 "
5= <1n(M)) >, [PiinPy]
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In the third step, the value of the degree of deviation, (dj)l, is
calculated, showing how much useful information the jam index
provides to the decision maker, and is expressed in the form of
equation 6:

dj =1-E (6)
The fourth step is to calculate the weight of existing indicators
and factors (Wj):

%

Results

Descriptive analysis of respondents’
characteristics

The descriptive analysis of the respondents characteristics
shows that 92.85% of the studied subjects are men. The average
age of the studied users (pistachio farmers) is 43.50 years, with a
standard deviation of 8.56 years. The main occupation of 64.46%
of the respondents is horticulture, and the average horticulture
experience among the studied people is 14.41 years, with a standard
deviation of 9.58 years. Results showed 51.02% of the studied
people have elementary level literacy and below, which indicates
the poor condition of the studied people in terms of education
level. The household size of the studied subjects was, on average,
4.03 people, with a standard deviation of 1.48 people. The yield
per hectare of pistachio among farmers studied was 1.86 tons per
hectare, which is higher than the global average yield of pistachio
of 1.43 tons per hectare (FAO, 2019). Also, the respondents
stated their average monthly income was 12.15 million tomans,

1 Degree of Diversification
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TABLE 5 Description of individual characteristics of pistachio farmers in the studied rural areas.

Maximum Minimum Standard Average Individual characteristics of
deviation the respondents
43 85 20 8.56 43.05 Age (years)
14 60 2 9.85 14.41 Agricultural history (years)
4 9 1 1.48 4.03 Household dimension (person)
2 4 1 0.61 1.86 Average yield (tons per hectare)
13 45 3 2.43 12.15 Monthly income (million tomans)

Source: Research findings.

(283 dollars) with a standard deviation of 2.43 million tomans
(56.60 dollars) (Table 5).

Evaluation of the variable measurement
model of resilience behavior against
climate change

Confirmatory factor analysis was used to evaluate the variable
measurement model of resilience against climate change. The
resulting measurement model of the research’s latent variable
(resilient behavior against climate change) incorporates the display
of standardized factor loadings and the fit indices (Figure 2)
and validity and reliability indices of the latent variable of
climate change resilience in Table 5. As can be seen in the
figure, the fit indices of the Chi-Square index on the degree of
freedom [Chi-Square (X2/df)], the Comparative Fit Index (CFI),
the standardized fit index, the unstandardized goodness of fit index,
the goodness of fit index, the incremental fit index, the root mean
square index of the estimation error, and the root mean square
index of the residual are suitable; on the other hand, the chi-square
value on the degree of freedom (67.2).

According to the results presented in Table 6, the path
coefficients between the indicators and the hidden variable are
significant, and the CR indexes and the average variance extracted
for all these variables have a high and appropriate value. Therefore,
it can be stated that indicators selected to measure the latent
variable of resilience against climate change were correctly selected,
and their validity and reliability are also confirmed. Based on
the results presented in Table 6, in the dimension of livelihood
diversity, the item “Cultivation diversity in the past has preserved
my income against different conditions” has the highest standard
coeflicient (0.830) and is therefore considered the most important
issue in the construction of the livelihood diversity component.
Correspondingly, in the dimension of wealth, the item “In the
past few months, the government’s macro policies have been
successful in creating employment, affordable housing, health and
treatment, and necessary facilities to support production” has the
highest standard coefficient (0.860). In the dimension of sustainable
development, the item “new planned development programs have
reduced the adverse effects of climate on pistachio crops” has
the highest standard coeflicient (0.816). In the dimension of
flexibility, the item “the sensitivity of the government to protect the
environment and natural resources in the region has increased” has
the highest standard coefficient (0.861). Finally, in the dimension
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of social cohesion, the item “I have used the opinions of other
farmers to solve garden problems” has the highest standard
coefficient (0.826). Overall, the dimension of livelihood diversity
had the highest standard coefficient (0.817), so it can be said
to be the most critical dimension in measuring the resilience
of pistachio farmers in the rural areas of Rafsanjan and Anar
counties against climate change. Additional results are presented
in Table 6.

Assessing the degree of resilience of
pistachio farmers in rural areas of Rafsanjan
and Anar counties against climate change

Based on the indicators used to measure the degree of
resilience against climate change, a raw data matrix of each of
the criteria in the studied villages was first collected through a
field study, and then index-making was done. The result was
the formation of a decision-making matrix (spatial matrix). Next,
the obtained data were calculated through the combined Vaikor-
entropy model, and finally, the scores related to the degree
of resilience against climate change were obtained for each of
the studied villages for the year 2021 (Table 7). The results
of the degree of resilience against climate change study show
that Gurbanabad village is the highest in the Hossein-Abad
subdistricts with a coefficient of 0.771, and Deh Abbas village
is the lowest in the Khunaman subdistricts with a coefficient
0f 0.186.

Table 8 also shows that the status of the studied indicators in
the dimension of livelihood diversity is more favorable than other
dimensions (mean 0.524 and standard deviation 0.160). Also, the
status of indicators of the sustainable development dimension is
unfavorable compared to other dimensions (mean sustainability
0.492, standard deviation 0.140). In addition, the resilience of the
farmers in the studied rural areas to climate change was also
calculated as average (0.5). As can be seen in Table 6, there is
no significant difference in terms of the average resilience index
(mean 0.476, standard deviation 0.128) against climate change
and the average situation. Therefore, it can be acknowledged that
the resilience of the farmers in the studied rural areas against
climate change is in an average to low state, which is far from
the ideal state.

However, the results of Table 9 show that, overall, the studied
rural areas are not in the same situation in terms of resilience
against climate change.
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FIGURE 2
The confirmatory model of the latent variable (structure) of resilience against climate change with standardized factor loadings.

Modeling rural areas in terms of resilience
against climate changes in Arc-GIS
software

Arc-GIS 9.3 software was used to model the resilience levels
of rural areas against climate changes (spatial analysis) to the
land level and analyze the resulting situation. Therefore, according
to the number of studied villages (60 villages) and the range of
changes (between zero and one), the number of levels (2K = 60) is
between 6 < K < 5. Then, by placing the two values of K and R in
relationship C, R/K or the length of the surfaces is C5 = 1/5 = 0.20,
C6 = 1/6 = 0.17. Therefore, according to these calculations, the
studied villages were divided into six levels, presented in Table 10.

Then, the resilience levels of the rural areas obtained from the
model were used as the input in the geographic information system
software. With the help of interpolation and the IDW method, the
resulting levels were modeled in raster form. Table 8 and Figure 3
show that the villages’ resilience level in the studied area was
generally unfavorable. There are eight villages (13.30%) with a
very weak resilience level and 22 villages (36.70 percent) at the
weak resilience level. There are 26 villages (43/30) at the relatively
resistant level and four villages (6.70 percent) at the good resilience
level. While no villages were at the lowest lack of endurance level,
there were also no villages at the highest completely resilient level.

Conclusion

The confirmatory factor analysis results showed that the path
coefficients between the indicators and the hidden variable are
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significant, and the CR indexes and the average variance extracted
for all these variables have high and appropriate values. Therefore,
it can be stated that all the indicators selected to measure the latent
variable of resilience against climate change were correctly selected,
and their validity and reliability were also confirmed. In addition,
the dimension of livelihood diversity had the highest standard
coeflicient; therefore, it can be said to be the most important
dimension in measuring the resilience of pistachio farmers in the
rural areas of Rafsanjan and Anar counties against climate change.
Also, the results obtained from measuring the degree of resilience
of pistachio farmers in rural Rafsanjan and Anar areas against
climate change show that the current situation of the farmers in
this field is at a medium to a low level. In the meantime, the
village of Gurban-Abad in the Hossein-Abad sub-district had the
highest degree of resilience, and the village of Deh Abbas in the sub-
district of Khnaman sub-district had the lowest level of resilience.
The results also indicated that the status of the indicators in the
livelihood diversity dimension is in a more suitable situation than
other dimensions. Moreover, the status of the indicators of the
sustainable development dimension is in an unfavorable situation
compared to other dimensions. Also, after analysis, the studied
villages were divided into six levels, ranging from lack of endurance
to resilient. None of the villages fell into the lowest or highest
level. There are 8 villages at the very weak resilience level and
22 villages at the weak resilience level. There are 26 villages at
the relatively resistant level and four villages at the level of good
resilience. According to the successful results obtained from this
model, this model can be used for future studies in other countries
and provinces. This model can also be used to compare a product
between two provinces with the same parameters.
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TABLE 6 Summary of the information of the variable measurement model of resilience against climate change.

Estimate Indicator = Dimensions issues of resilience against climate change
0.918 0.672 0.001 0.817 - Livelihood diversity dimension

0.001 0.822 R1 In the past few months, according to the existing potential, it has been able to create
jobs for people in the society

0.001 0.830 R2 Crop diversification has sustained my income in the past against different conditions

0.001 0.808 R3 In the past few months, I could find another job if needed in the society

0.926 0.591 0.001 0.876 - Dimension of fortune

0.001 0.691 R4 In the past few months, my community has had enough resources for future planning
(skilled planners, tax base, global income, tax aid)

0.001 0.860 R5 In the past few months, the government’s macro policies to create employment,
affordable housing, healthcare and necessary facilities to support production have
been successful

0.001 0.798 R6 In the past few months, resources including money, information, technology, tools,
raw materials, and services have been created to solve the problems of society

0.001 0.787 R7 In the past few months, insurance support in the region has been acceptable

0.001 0.695 R8 In the past few months, the local infrastructure of my community has been in good
condition

0.891 0.547 0.001 0.814 - Sustainable development dimension

0.001 0.811 R9 The government has used policies that have increased the welfare of the people

0.001 0.816 R10 New planned development programs have reduced the adverse effects of climate on
the pistachio crop

0.001 0.634 RI11 Radio and television and other social media have provided the people with enough
information about climate change

0.001 0.678 R12 Farmers have held group meetings to deal with the problems caused by climate change

0.899 0.627 0.001 0.803 - Flexibility dimension

0.001 0.718 R13 T have used appropriate patterns (planting, holding, and harvesting) to cope with the
effects of climate change

0.001 0.861 R14 The sensitivity of the government to protect the environment and natural resources in
the region has increased

0.001 0.788 R15 In the past few months, flexibility in management systems has provided the possibility
for adaptation

0.901 0.569 0.001 0.758 - Social cohesion dimension

0.001 0.722 R16 Costs have been reduced through interactions and cooperation among farmers

0.001 0.826 R17 T have used the opinions of other farmers to solve garden problems

0.001 0.701 R18 T have collaborated with local non-governmental organizations on climate change
education to reduce the effects of climate change

0.001 0.755 R19 In the past few months, the solidarity of neighbors has increased in dealing with
climate change

* Standardized coefficient.

Discussion

In recent years, climate change and drought as natural
phenomena have created many challenges in different regions of
Iran. Coping with climate change is important from different
aspects, one of which is related to the performance of managers
and another related to farmers. Therefore, an approach that will
strengthen the resilience capabilities of farmers and also reduce
their vulnerability will increase the resilience of rural settlements.
However, the results showed that the resilience status of the farmers
in the studied area is lower than the average (64.97% at the average
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to low level). This finding indicates that the studied pistachio
farmersare not in good condition in terms of resilience and are
unable to deal with wider climate changes or any fluctuations in
climate changes (reduction of rainfall, frost, etc.) This inability
could cause dire consequences in the agricultural sector of the
region. Thus, plans to make the users more resilient against the
effects of climate change and increase the tolerance threshold in the
Rossinitai area should be prioritized.

It should be noted that the results obtained in the field of
measuring resilience against climate change are in line with the
findings of Bagheri Fahroji et al., 2018.
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TABLE 7 The degree of resilience of pistachio farmers in rural areas of Anar and Rafsanjan cities against climate change.
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Coefficient Village Rural Coefficient Sample Village Rural
district district
0.34 20 Biaz 31 Biaz 0.577 29 Hossein Abad 1 Hossein Abad
0.351 16 Lotf abad 32 0.661 20 Gholshan 2
0.364 5 Mehdi Abad 33 0.699 9 Dah Reies 3
0.326 5 Mehr abad 34 0.771 5 Gorban Abad 4
0.506 38 kashloiye 35 Kashkoiye 0.684 13 Javadie Abad 5 Behrman
0.535 14 Ahmed abad 36 0.697 7 Afog Abad 6
0.575 6 Dife abad 37 0.528 5 Bahraman 7
0.594 5 Hasan abad 38 0.497 5 Abas Abad 8
Fallah
0.510 5 Porkan 39 Raviz 0.627 17 Ferdosie 9 Ferdows
0.293 5 Hstaihoiye 40 0.504 12 Mehdi Abad 10
0.367 5 Kohan razan 41 0.391 9 Raken Abad 11
0.302 5 Mansor abad 42 0.285 5 Javad Abad 12
0.543 15 Hamtabad olia 43 Gasem Abad 0.447 22 Esmayel Abad 13 Rezvan
0.559 15 Gasem abad 44 0.404 8 Shams Abad 14
0.545 8 Heydar abad 45 0.331 8 Jahan Abad 15
0.468 5 Zin abad 46 0.393 5 Kamal Abad 16
0.396 20 Hormoz abad 47 Eslamiye 0.436 10 Sharif abad 17 Sharif Abad
0.362 5 Ahmed abad 48 0.463 11 Hosein Abad 18
Razavi
0.380 5 Dolat Abad 49 0.625 5 Amin Abad 19
0.355 5 Neemat abad 50 0.586 5 Rahmat Abad 20
0.425 5 Dah poshte 51 Sarcheshme 0.544 15 Karim abad 21 Azadghan
0.373 5 Mani satgd 52 0.443 9 Reza abad 22
0.515 5 Dahoiee 53 0.564 5 Akbar Abad 23
Hejry
0.553 5 Magoiye 54 0.352 5 Mahmodie 24
Bahrami
0.612 20 Lahijan 55 Razm Avaran 0.508 20 Dhvaran 25 Duran Valley
0.608 5 Safi abad 56 0.288 5 Ali Abad 26
0.633 22 Kabotar Kan 57 Kabotar khn 0.545 5 Deh Bala 27 Kanaman
0.578 14 Mahmod Abad 58 0.186 5 Deh abbas 28
meysam
0.532 5 Haji abad 59 0.241 5 Charook 29
0.445 5 Sayid abad 60 0.340 7 Kanaman 30
Shafiy Pour

S, sample; VC, villagecode.

Suggestions
In the end, according to the findings of the research, suggestions
are made to improve the resilient behavior of farmers against
climate change.
v’ Itis possible to increase the level of financial support, the level

of information, the level of people’s participation in meetings
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related to climate change, and the level of social cohesion

by diversifying the skills and employment of agricultural

operators and providing suitable agricultural infrastructure.

With the appropriate actions, the resilient behavior of farmers

can be improved.

v" To confront the phenomena of climate change and

drought, the government has put the development of

agricultural product insurance on its agenda to help

10
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TABLE 8 Comparison of the resilience of pistachio farmers in rural areas of Rafsanjan and Anar against moderate climate changes.

Significant Difference Standard Average Variable
deviation
0.255™ 0.024 59 1.148 0.160 0.524 Livelihood diversity dimension
0.753" 0.006 59 0.316 0.150 0.506 Wealth dimension
0.638" —0.009 59 —0.473 0.140 0.492 Sustainable development dimension
0.633" 0.009 59 0.480 0.142 0.509 Flexibility dimension
0.468" 0.013 59 0.730 0.142 0.513 Social cohesion dimension
0.158™ —0.024 59 —1.473 0.128 0.476 Total resilience behavior

Research findings: ns: p > 0.05; **p < 0.01.
2The average range is zero (none) to one (completely) and the average number is 0.5.

TABLE 9 Comparison of resilience index of pistachio farmers in rural areas of Rafsanjan and Anar cities against climate change.

Significant F statistic Average of Degrees of Total boxes Average The dependent
level squares freedom variable
0.0001** 4.673 0.116 59 6.849 between groups Resilient behavior
0.025 528 13.117 Intergroup
- 587 19.965 Total

Source: Research findings.
**p < 0.01.

TABLE 10 Zoning of rural areas in terms of the degree of resilience against climate change.

Percentage of villages

Number of villages

Range of levels The condition of the surfaces

0 0 0<x<0.1667 Lack of endurance
13.30 8 0.1667 < x < 0.3447 Very poor endurance
36.70 22 0.3447 < x < 0.5001 Weak endurance
43.30 26 0.5001 < x < 0.6668 Relatively resilient
6.70 4 0.6668 < x < 0.8335 Good endurance

0 0 0.8335<x<1 Resilient

Source: Research findings.

farmers continue their productive activities and reduce
the consequences of climate change, especiallyeconomic
consequences to preventing migration of farmers to
cities with the resulting consequences. And their attitude
toward these changes and its management to a more
rational direction.

V' Create local credit funds and form a rural bank to increase the
resilience of farmers in climate change conditions.

v' Improve non-horticultural and complementary to
horticulture and agriculture activities to create job creation
capacities in climate change conditions.

v Create model gardens run by successful farmers who
use modern horticulture methods using crop varieties and
products resistant to climate change to show how to adapt to

climate change conditions.

v' Develop models of cooperation and  various
local  organizations and  organizations,  especially
in water management (through increasing social

capital, it helps to promote this structure among
farmers).
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V" Provide information and awareness to villagers and farmers
about the importance of using modern gardening methods in
drought and climate change conditions.

v Improve the insurance mechanism for horticultural
and agricultural products, providing credit and facilities
with suitable conditions for villagers to wuse. Establish
emergency reserve funds among different classes of farmers
simultaneously with government support to be used in crises
such as drought.

v/ Build institutional development and capacity through
quantitative and qualitative development of agricultural
associations, financial funds, rural cooperatives, etc.

v" Improve the economic capability of farmers by creating job
opportunities and generating income in complementary non-
agricultural sectors.

v Reduce production costs at the farm level and identify
suitable inputs in the conditions of climatic changes
and drought.

v Compile and revise policies and laws supporting the

agricultural sector.
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FIGURE 3

Modeling the levels of resilience of pistachio farmers in rural areas of Rafsanjan and Anar counties against climate change (drawing by author).
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