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Abstract

The negative and destructive impact of climate change on the efficiency and productivity of agricultural
inputs has been demonstrated in many regions of the world, particularly in arid and semi-arid areas. In this
context, the adoption of innovative strategies to increase farmers' flexibility and adaptability to climate change
has increased. Hence, understanding the impact of climate adaptation strategies on agricultural efficiency and
yields is crucial. This study examined the effects of climate change adaptation strategies, input utilization, and
external factors beyond farmers' control on technical efficiency using the Endogenous Modified Stochastic
Frontier (EMSF) model. Data were collected from 265 questionnaires distributed among wheat farmers during
the 2022-2023 cultivation period, using a stratified random sampling approach. The climate adaptation strategy
index was formulated using the Principal Component Analysis (PCA) technique. The PCA revealed that changes
in farm size (0.812), adaptation of conservation tillage (0.797), and adjustments in planting dates (0.619) were
the most influential factors. Conversely, rainwater harvesting (0.219) and biofertilizer application (0.327)
emerged as the adaptation strategies with the lowest factor loadings among farmers. In this study, the average
technical efficiency of wheat farmers was calculated to be 82%. The model estimation results showed that labor
input, chemical pesticides, chemical fertilizers, water, and machinery significantly and positively contribute to
wheat production efficiency. Additionally, the implementation of climate adaptation strategies by farmers
reduces technical inefficiency. Variables such as education level, farming experience, access to climate
information, and access to credit also effectively reduce technical inefficiency.
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Introduction

Climate change is emerging as a significant
threat to agriculture, food security, and the
livelihoods of millions of people worldwide
(IPCC, 2017). Agricultural activities are
particularly vulnerable to climate change as
they are directly influenced by climatic factors
such as temperature and precipitation (Shaffril
et al, 2018). Phenomena like rising
temperatures, erratic rainfall patterns, and
droughts are manifestations of climate change
that lead to fluctuations in crop yields (Zaveri
et al., 2020). Projections suggest that by 2030,
global maize and wheat production, two staple
food crops, will decrease by 3.8% and 5.5%,
respectively, due to the impacts of climate
change (FAO, 2015). However, empirical data
reveals that the adverse effects of climate
change on agricultural sector in developing
countries are even more  profound.
Consequently, the negative impact of climate
change on exacerbating economic issues and
increasing the vulnerability of farmers in these
regions has been substantiated (Ado et al.,
2018). Therefore, addressing climate change
challenges in agriculture highlights adaptation
and mitigation measures (Mirzaei et al., 2022).

A review of studies reveals that the
strategies employed to adapt to climate change
vary widely across different regions of the
world. These strategies include limiting the
use of nitrogen fertilizers, avoiding
conventional ploughing methods in favor of
conservation tillage, reducing  water
consumption  through  modern irrigation
systems, maintaining or enhancing soil
fertility, and supporting farm mechanization
(Bonzanigo et al., 2016; Camarotto et al.,
2018; Ogundari et al.,, 2018). However,
although farmers are exposed to climate
change, the decision to change their farming
practices has not been pervasive (Pagliacci et
al., 2020). In this regard, studies on farmers'
acceptance and continued voluntary use of
climate change adaptation plans show that
farmers' choices are influenced by a wide
range of factors related to the environment,
technology, policy characteristics, institutions,
farm structure, farmers' economic

characteristics, attitudes, motivations, and
social aspects (Deng et al., 2016; Luo et al.,
2016; Page et al., 2015).

According to the Seventh Assessment
Report of the Intergovernmental Panel on
Climate Change (IPCC), climate change has
occurred in lIran in recent decades and will
continue to intensify in the future (IPCC,
2017). Data indicate that Iran is experiencing
frequent  droughts, rising temperatures,
increasingly erratic rainfall patterns, and
declining groundwater resources due to
climate change (Yazdanpanah et al., 2016;
Mardani  Najafabadi et al., 2022).
Consequently, Iranian farmers need to adopt
suitable adaptation strategies to cope with
climate change and mitigate its effects
(Bozorgparvar et al., 2018). Despite the
adverse impacts of climate change on farmers'
livelihoods and water resources in Iran,
adaptation strategies have not been widely
adopted by farmers, and the development of
adaptation approaches has not been prioritized
by government agencies (Karimi et al., 2018).
For example, Mirzaei and Zibaei (2021)
concluded that inflexibility in farmers'
individual behavior has resulted in practical
adaptation to climate change being lower than
its potential. They demonstrated that using
adaptive strategies, such as improving
irrigation efficiency, leads to only a 14%
reduction in water consumption. Therefore, it
is crucial to assess the effectiveness of climate
adaptation strategies on agricultural efficiency
and yields.

The Sistan Plain, located in the north of
Sistan and Baluchistan province, spans an area
of 16.5 thousand square kilometers. It is the
floodplain of the Helmand River and one of
the most fertile regions in the province. This
area ranks first in the province for the
cultivation and production of wheat, barley,
summer crops, and fodder. Before the recent
droughts, the Sistan Plain produced 70% of the
province's wheat, 84% of its barley, and 81%
of its summer crops, earning it the title of the
agricultural center of the province. The
location of the study area is shown in Fig. 1.
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Figure 1- The location of study area
Source: Arranged by the authors

According to the 2018-2019 agricultural
statistics, wheat still occupies about 60% of
the cultivated area in the Sistan region
(Ministry of Agricultural Jihad, 2020).
However, this plain is characterized by periods
of low water availability and prolonged
droughts, with average annual precipitation
between 50 and 55 mm and high annual
evaporation exceeding 4500 mm (Khakifirouz
et al., 2022). Additionally, most wheat farmers
in Sistan are smallholders, and one of their
main challenges is the inefficient use of
agricultural inputs (Sardar Shahraki &
Ghaffari Moghdam, 2023). Therefore, it is
essential to determine the role of farmers'
management practices alongside the influence
of uncontrollable factors on their performance.
In this context, examining the technical
efficiency of wheat production according to
the strategies implemented by these farmers is
necessary.

In line with this, the present study assessed
the impact of climate change adaptation
strategies and the inputs used by farmers on
technical efficiency. An endogenous modified
stochastic  frontier (EMSF) model was

employed for this purpose. This model not
only determined the impact of changes in input
consumption under the farmer's control (such
as labor, water, farm size, and chemical inputs)
on technical efficiency and inefficiency but
also estimated the impact of climate change
adaptation strategies. A key feature of this
study is the consideration of endogenous
effects influencing the adoption of climate
change adaptation strategies, providing an
unbiased and consistent estimate of farmers'
technical  efficiency.  Additionally, the
identification of strategies with significant
factor loadings to construct the climate
adaptation index through the principal
component analysis method is another
prominent aspect of this study.

Research Methodology

In the present study, we investigated
adaptation strategies to climate change and
other factors affecting the efficiency and
technical inefficiency of wheat producers in
the Sistan region. An endogenous modified
stochastic frontier (EMSF) model was used for



198  Journal of Agricultural Economics and Development Vol. 38, No. 2, Summer 2024

this purpose. It is worth mentioning that the
Principal Component Analysis (PCA) method
was employed to create an index of climate
change adaptation strategies.

The conceptual framework illustrating
factors influencing the adoption of climate
change adaptation strategies is presented in
Fig. 2.

In the following, the methods used to
achieve the mentioned goals are described.

Principal Component Analysis

Principal Component Analysis (PCA)
identifies the most important components
within a dataset. Rather than analyzing all
features, it focuses on a subset that holds the
most significance. Essentially, PCA extracts
the features that contribute the greatest value.
The principal components method was first
proposed by Pearson (1971) for non-statistical
variables. Hotelling (1933) extended the
concept to random vectors. The principal
components of (X) are standardized linear
combinations of (X) components that have
special properties in terms of variances. For
example, the first component (X) of the
standardized linear combination in Equation 1
is:

Z,=LX, L=(..,1p) €EP (1)
Where L is chosen such that var(L X) is
maximal with respect to L. It is obvious that

each weight X; is a measure of the importance
we give to the component [;. To find a unique

Adaptation
strategies

f .
«Farm Size

.

+«Farm Income

'< *Social capital variables
*Psychological variables
«Economic-social variable
*Other individual variables

solution for the principal components, a
specific condition L'L = 1 is required. In fact,
the components of X are measured with one
unit. Otherwise, the necessary condition L'L =
1 is not a sensible. The estimates of the
principal components are sensitive to the units
used in the analysis, resulting in different sets
of weights for different units. To avoid this
issue, the sample correlation matrix is
sometimes used instead of the sample
covariance matrix to estimate these weights.
This approach ensures that the principal
components remain stable despite changes in
measurement units. Using the correlation
matrix standardizes the variables to the sample
variance unit.

The second principal component is the
linear combination that has the maximum
variance among all the standardized linear
combinations uncorrelated with z;, and
continues to the principal component p-th of
X. In this way, the initial vector X can be
transformed into a vector of principal
components with a rotation of the coordinate
axis, which has inherent statistical properties.
The weights related to the random vector X in
the principal components are exactly the
standardized Eigenvectors of the covariance
matrix () of X. In addition, the Eigenvalue of
X are equal to the variances of the principal
components, and the largest root is equal to the
variance of the first principal component (Giri,
1974).

Farm characteristics

Individual
characteristic

Figure 2- Conceptual framework of factors influencing the adoption of adaptation strategies
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Endogenous modified stochastic frontier
approach

One important issue in estimating the
production function and technical efficiency is
the possibility that some production factors are
understood by the farmer but not considered
by the researcher. In other words, when
farmers allocate production factors, these
selected inputs may be correlated with other
observable components. Stochastic frontier
analysis (SFA) models assume that production
inputs are independent of the -efficiency
component. However, in reality, some
unobservable characteristics may influence the
farmer's choice of inputs, leading to an
endogeneity problem in SFA estimation (Ma et
al., 2018). Since the decision to adopt climate
change adaptation strategies is influenced by
inherent characteristics such as farmers'
management skills and understanding of
climate change risk, this issue can lead to an
endogeneity problem. Therefore, it is essential
to consider the endogeneity problem when
estimating the model at the farm level (Ojo &
Baiyegunhi, 2020). Concerns about the
endogeneity of the production function have
been highlighted in several studies. The
endogenous modified stochastic frontier model
is statistically more efficient than traditional
models. If farmers exhibit low technical
efficiency, this cannot necessarily be attributed
to the lack of adoption or appropriateness of
adaptive strategies. Instead, this inefficiency
may result from the wuse of different
technologies compared to other production
units. Based on this, the stochastic frontier
model is presented as Equation 2 (Ackerberg
et al., 2006).

Q =X, B+V, -\
X, =Pa+sg,

&; _ Qil/zgi ~N 0 Ip gvp

vi | |V, “ o] g, 2

U; =I(Xl:il_[u)ui* (2
Where Qi is the logarithm of the farmer's

yield and Xi is the combined vector of
endogenous and exogenous variables. Xi is

the p x 1 vector of all endogenous variables
except Qi . This is possible due to statistical
noise or when the level of inefficiency is
affected by both the inputs and the frontier.

P=1Q Pi', where P; represents the q x 1
vector of explanatory variables. Moreover, Vi
and ¢ are two-sided random error terms. On

the other hand, u; it is related to the technical

inefficiency of the wunits and includes
management factors. [; = [(X,;I1,,) > 0, X,; is
a vector of exogenous and endogenous
auxiliary variables without intercept and u; is
a random component independent of vj and &;
of producers. ecre, Q is eee variac c-
cvvariance tatr xx,,, 62 is the variance of vi
and . is eee eecoorreereseniing the correlation
eeceeen g and vi. Therefore, uiand vi can be
considered correlated with Xj, however, ui and
vi are conditionally independent of X; and Pi.
Accordingly, vi and & are conditionally
independent with respect to X; and P;.

By wusing the Cholesky method of
decomposition, the variance-covariance matrix
(—&/v;)" will be converted into the form of
Equation 3.

Vi Willap o \/1—,0’,0 (3)
Here, —& and —w; = N(+,)) are
independent.  With  this operation, the
stochastic frontier equation will be changed as
Equation 4.

Q =xi,ﬁ+o-vp,‘9i7+a)|_ui =Xi’ﬂ+(xi _Pia)’n_{_ei

_ €)
In this regard:

& =W, ~U;, W, =0,{l-pp-w, =g, -W,

®)

As well as:

n=0,Q12plJ1-pp (6)

For this approach, e is conditionally
independent of the given explanatory variables
Xi and Pj. As stated in equation 4, the term
(X; — P;a)'n represents a biased correction
component. Therefore, it is assumed that:
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ui ~ N*(v,63) (")
7 ~ exp(Xy; my) (®)

Finally, the efficiency of farmers
eff; = exp(—u;) Will be estimated from
Equation 9.

exp(—E |u; /e;)=exp| ;| $.+

9)
Where ¢ is the standard normal probability
density function. @ also represents the
standard normal cumulative distribution
function. Therefore, there is heterogeneity in
the model if the » component is significant. If
n is not significant, efficiency can be estimated
using traditional frontier efficiency models.
Otherwise, the correction term should be
included in the model. The joint significance
test was also used to test the significance of
the » component.

Data and Sampling Method

The required data were collected through
questionnaires and face-to-face interviews
with farmers during the summer and fall of
1401. The sample was selected using a multi-
stage random sampling method. Initially,
sample villages were randomly chosen from
various cities in Sistan. Finally, based on
Morgan's table, 265 farmers were randomly
selected from these villages. SPSS 28 and
Stata 17 software were used to estimate the
PCA and EMSF models, respectively.

Results and Discussion

The results of the principal component
analysis (PCA) were used to calculate the
effective dimensions of climate change
adaptation strategies are presented in Table 2.
The strategies employed by farmers include
changing the plot size, adjusting the planting
date, using conservation agriculture
techniques, applying biofertilizers, utilizing
modified crop varieties, and harvesting

rainwater. KMO! criterion and Bartlett's test
were used to ensure the appropriateness of the
method and the sample size, with the results
shown in Table 1. The null hypothesis in this
test is the equality of the unit matrix or the
matrix of correlation coefficients. According
to these results, the null hypothesis, which
indicates the existence of a significant
correlation  between these variables (a
minimum necessary condition for factor
analysis), cannot be accepted. Additionally,
the KMO statistic value is 0.89, indicating that
the data amount was suitable for this method,
and the existing correlation between the data is
appropriate for factor analysis. Thus, it can be
concluded that the adaptation strategies used
effectively represent the characteristics and
dimensions of farmers' adaptation to climate
change and adequately address the issue of
adaptation. In other words, PCA is a suitable
method for extracting farmers' adaptation
strategies to climate change.

As depicted in Table 2, the weights of the
factors or strategies were determined through
factor analysis. The coefficients obtained
emphasize the significance of the strategies
utilized by the sample farmers. These
coefficients indicate both the ability of the
identified factors to elucidate the variance of
the studied variables and the appropriateness
of the variables for factor analysis. For
example, the factor load of the variable farm
size is 0.812, indicating a high degree of
correlation with the farmers studied. The
variables "Conservation tillage" and "change
of planting date" have weight loads of 0.797
and 0.619, respectively. In contrast, the
adaptation strategies with the lowest factor
loads are associated with the use of rainwater
and biological fertilizer, with values of 0.219
and 0.327, respectively. According to the
study by Ojo and Baiyegunhi (2020),
strategies with a load exceeding 0.500 were
amalgamated to create a climate adaptation
strategy index, which was subsequently
utilized to estimate the technical efficiency
model.

1- Kaiser-Meyer-Olkin Measure of Sampling Adequacy
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Table 1- Adequacy criteria of sample size

Criterion Statistics The amount of statistics
KMO 0.89 ™
Statistical approximation y? 304.4™"
Bartlett's test of sphericity Degrees of freedom 15
The significance level 0.00

Source: Research findings

Table 2- Dimensions of climate change adaptation strategies used by wheat farmers

Adaptation strategies Weight PC
Use of biological fertilizers 0.327
Change of planting date 0.619
Conservation tillage 0.797
Change the land size 0.812
Use of modified varieties 0.437
Use of rainwater 0.219
Animal husbandry 0.518

Source: Research findings

The estimation results from the maximum
likelihood method of the endogenously
modified stochastic frontier model are
presented in Table 3. The impact of labor input
on production is statistically significant and
positive at the 1% level (Table 3). The
coefficient for this variable suggests that,
holding other variables constant, a 10%
increase in the labor force results in a 4.9%
increase in production. Similarly, Ojo and
Baiyegunhi (2020) found that a 10% increase
in labor force leads to a 2.9% increase in rice
production on Nigerian farms. Mensah and
Bromer (Mensah et al., 2016) note that
smallholder farmers in Ghana heavily depend
on manual labor and that agricultural
operations in developing countries often face
resource constraints.

The coefficients for the variables of
chemical fertilizer and chemical pesticide are
statistically significant at the 1% level and
both have positive signs. Notably, the input
coefficient for chemical fertilizer is
numerically higher than that for chemical
pesticide, indicating that the contribution of
chemical fertilizers to production is more
substantial than that of chemical pesticides.
The inputs of water consumption and
machinery also have a positive and significant
effect on wheat production. The coefficient for
water consumption in the estimated production
function indicates that a 10% increase in water

usage, assuming other conditions remain
stable, results in a 3.06% increase in
production. Consequently, all investigated
variables positively impact production as
expected. Among the inputs available to
farmers, labor input has the highest coefficient,
indicating it has the most substantial positive
effect on production. Water input ranks next in
importance. The exogenous variables used in
the inefficiency model were selected to reflect
farmers' management capabilities, access to
information, and  available  production
resources. Estimating technical efficiency
alone is insufficient for determining potential
policy interventions. Identifying sources of
inefficiency is crucial for making farm-level
policy recommendations. Therefore, a positive
and significant estimated coefficient indicates
a decrease in farmers' technical efficiency, and
vice versa.

The results of estimating the factors
affecting the technical inefficiency of wheat
producers in the Sistan region are presented in
Table 3. Analysis of the variables included in
the inefficiency model for wheat farmers'
production shows that, except for household
size and off-farm income, all other variables
have a negative and significant effect on
inefficiency. Specifically, the effect of the
farmer's education level on technical
inefficiency is negative and significant at the
1% level. This indicates a direct relationship
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between education level and wheat production
efficiency: as education increases, technical
efficiency also increases. The results also
reveal that agricultural experience has a
significant negative effect on technical
inefficiency at the 1% level. This implies that
greater agricultural experience enhances the
technical efficiency of producers in the study
area, resulting in a more optimal use of inputs.
Furthermore, access to climate information
and credit both exhibit a significant negative
effect on technical inefficiency at the 1% level.

This study finding (Table 3) suggests that
climate  change  adaptation  strategies
effectively address variations in inefficiency.
Smallholder farmers who implement these
strategies achieve increased yields and
improved technical efficiency. Therefore, this
research emphasizes that wheat production in
Sistan can be enhanced through substantial
inputs and technology, provided that
smallholder farmers receive support in
adopting climate change adaptation strategies.
Khanal et al. (2018) discovered that adopting
climate change adaptation strategies enhanced
the technical efficiency of smallholder farmers
in Nepal. Similarly, Otitoju et al. (2014)
confirmed a positive and significant
correlation between climate change adaptation
strategies and farm-level efficiency in food
production in southwestern Nigeria. Roco et
al. (2017) in Chile and Anser et al. (2020) in
Pakistan reported similar results. Ojo and
Baiyegunhi (2020) also validated the positive
causal relationship between the adaptation
index and the technical efficiency of rice
farmers in various rural areas of Nigeria. The
results further indicated that the relationship
between education level and inefficiency is
negative, indicating that higher education
levels result in lower inefficiency. This
suggests that smallholders with higher
education levels demonstrate greater technical
efficiency. This finding is consistent with the
studies of Binam et al. (2004) and Okonya et
al. (2013), who identified education as a factor
that enhances technical efficiency. However, it
contradicts the findings of Danso-Abbeam et
al. (2017).

The study suggests that long-term
experience  reduces  farmers'  technical
inefficiency. This can be attributed to the
conventional nature of some experienced
farmers. Dissatisfaction with basic farming
practices often motivates these farmers to
adopt new methods, thereby enhancing their
production efficiency. This finding aligns with
the results of Danso-Abbeam et al. (2017) and
Baiyegunhi et al. (2019), who observed a
negative  relationship  between  farming
experience and technical inefficiency among
Ghanaian farmers. Additionally, Baiyegunhi et
al. (2019) noted that farming is considered a
profession, and as farmers gain more years of
experience, they acquire greater knowledge
and skills, further improving their efficiency.

The effect of access to climate change
information on inefficiency is negative and
statistically significant. This indicates that
farmers with better access to information are
more efficient than those with limited access.
Consequently, wheat farmers who have better
access to agricultural and climate change
information tend to be more innovative and
efficient. Table 3 shows the negative and
significant effect of access to credit on
farmers' inefficiency. Ojo et al. (2020)
discovered that access to credit significantly
enhances the ability of poor households to
adopt climate change adaptation strategies.
Moreover, reducing potential credit constraints
through timely credit provision lowers the
opportunity cost of some capital-intensive
adaptation strategies. Therefore, overcoming
credit constraints is likely to boost the
efficiency of smallholder farmers. In other
words, the significant coefficient of the credit
variable indicates that access to sufficient and
timely credit is crucial for improving
agricultural efficiency. These findings align
with those of Chandio et al. (2017). Ojo et al.
(2019) also found that institutional credit
facilitates and increases farmers' productivity.

Finally, the endogeneity ttst stattsttc mr)
indicates that the adaptation strategy is
endogenous. This can be attributed to
unobserved characteristics, such as production
practices and risk management behavior, that
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influence farmers' decisions to adopt climate
change adaptation strategies.

After estimating the factors affecting
technical inefficiency, the efficiency of each
producer was calculated separately. The
average technical efficiency, using the
endogenous modified stochastic frontier
method, was found to be 82%. This indicates
that wheat farmers in the study can increase
their technical efficiency by an average of
18% by closing the gap with the best producer
in the Sistan region. In other words,
smallholder wheat farmers lose about 18% of

their potential harvest due to technical
inefficiency.  The  minimum  technical
efficiency observed among the farms was 0.32,
while the maximum was 0.98. This 0.66
difference between the most and least efficient
farmers highlights the potential for improving
efficiency in the region. According to Table 4,
45% of the production units have an
efficiency between 0.3 and 0.5, 16% between
0.5 and 0.7, and 36.6% between 0.7 and 0.9.
Notably, the highest frequency of technical
efficiency among wheat farmers is above 90%.

Table 3- Results of Estimated EMSF Model

Variables Coefficients Standard error P-value
Efficiency variables
Labor 0.494*** 0.087 0.000
Chemical pesticide 0.059%** 0.023 0.000
Chemical fertilizer 0.100%*** 0.038 0.010
Water 0.306*** 0.050 0.034
machinery 0.201*** 0.076 0.000
Intercept -2.021%** 0.488 0.000
Inefficiency model
Education level -0.123*** 0.047 0.009
household size -0.078 0.138 0.576
Off-farm income 0.017 0.316 0.956
Agricultural experience -0.052*** 0.012 0.000
Access to climate information -1.546%*** 0.407 0.000
Access to credits -1.630*** 0.408 0.000
Climate change adaptation index -1.143**>* 0.531 0.031
endogenetty eed ))) Chi2 =133.75  Chi2>Prob=0.000
Log likelihood -75.95

Source: Research findings

Table 4- Frequency distribution and percentage of technical
efficiency of wheat producers using the EMSF model

Range of efficiency Frequency Percent
0.3<TE<0.5 12 4.52
0.5< TE<0.7 43 16.22
0.7< TE<0.9 97 36.6

0.9<TE 113 42.64
Average 0.82
Maximum 0.98
Minimum 0.32

Source: Research findings
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Conclusion and Suggestions

This study investigated the impact of
adopting climate change adaptation strategies
on the efficiency of wheat farmers in the
Sistan region using an EMSF model. The
EMSF method allows for estimating the
unbiased and consistent impact of these
strategies on technical efficiency among
smallholder farmers. This model effectively
addresses the endogeneity of frontier variables
and inefficiency.

The study results indicate that endogeneity
in the model is significant. This issue can be
attributed to unobserved characteristics, such
as production practices and risk management
behavior, which influence farmers' choices of
climate  change  adaptation  strategies.
Therefore, addressing endogeneity is crucial;
otherwise, estimates of efficiency parameters
will be inconsistent. In this study, the average
technical efficiency, calculated using the
endogenous modified stochastic  frontier
model, was found to be 82%. The results also
revealed a substantial difference between the
most and least efficient wheat farmers in the
Sistan region. This efficiency gap suggests that
production can be significantly increased by
improving management practices, without
altering the level of technology and inputs
used. The experimental results of the estimated
model show that labor input, chemical
pesticides, chemical fertilizers, water, and
machinery significantly and positively impact
wheat production efficiency in the Sistan
region. This study also identified the combined
effects of climate change adaptation strategies
and socio-economic characteristics such as
age, gender, education, agricultural
experience, access to credit, and access to
information. The results indicate that
adaptation strategies adopted by small-scale
wheat farmers in Sistan are essential for

mitigating the negative impact of climate
change and enhancing technical efficiency in
wheat production. This study recommends
improving technical efficiency by increasing
farmers' knowledge through agricultural
education, adult education, and timely access
to credit to boost productivity. Additionally,
technical efficiency can be enhanced by
improving farmers' access to timely weather
forecasts for the upcoming season. It is also
important to encourage farmers to participate
in society by forming farmer groups for proper
interaction with other farmers. In this context,
information on the inefficient use of
agricultural production inputs  helps
smallholder farmers increase their efficiency
by optimizing input use. Additionally, farmers'
knowledge of local climatic changes and
strategies to address them is essential for
government, stakeholders, and relevant
institutions. Therefore, involving farmers in
the planning process to adopt climate-
compatible strategies is crucial. However,
while adaptation strategies may improve
smallholder  farmers' productivity, their
implementation can be costly and may conflict
with  other social and environmental
objectives. For example, increased use of
agrochemicals and pesticides can degrade
soils, and changing planting and harvesting
dates may not be sustainable in the long term.
Therefore, future studies should assess not
only the impact of climate change adaptation
strategies on the technical efficiency of wheat
farmers but also their environmental and social
impacts.
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