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Abstract

The aim of this study was to measure the main indicators of farmers' adaptation capacity response to the decreasing ground-
water level in the Kazerun plain, Iran. For this purpose, 10 adaptation capacity indicators including local networks, confi-
dence in government, interaction and mutual relation, labor and time, financial and infrastructure, inventing and innovation,
adopting management, riskability, governance, knowledge and information have been measured and analyzed by the second-
order confirmatory factor analysis model based on the 291 samples of farmers according to Cochran's formula. The results
of factor analysis, prioritization of farmers' adaptation capacity indicators to cope with groundwater depletion, showed that
the most important indicators were “adaptive management” (7-value=5.51), “finance and infrastructure” (7-value =3.94),
and “local networks” (7T-value =3.38). The results also showed that most of the indicators for estimating adaptation capacity
have a high impact on the adaptation of local stakeholders, except for the government confidence index (average extracted
variance =0.501). The findings suggested that human capital such as farmer reciprocity should be strengthened in the studied
villages to enhance farmers’ adaptive capacity to drought and water crises.

Keywords Adaptation strategies - Groundwater loss - Water governance - Local communities - Rural development services

Introduction

One of the main water reservoirs in the world is groundwa-
ter resources (Yapicioglu and Demir 2020). However, many
natural and human factors have caused critical conditions
and reduced groundwater levels in most parts of the world,
including Iran (Fallahati et al. 2020; Karamidehkordi 2010).
Over recent years, the lack of efficient management of water
resources due to increasing demand, on the one hand, and
the reduction of surface and groundwater resources, on the
other hand, have upset the natural balance of groundwater
resources, especially in the agricultural sector (Yazdanparast
et al. 2023; Youssef et al. 2020; Mortezapour et al. 2019).
The efficient regulation of water resources involves a
complex process of human—water relations (Baharlooee
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et al. 2021; Jackson et al. 2012) and many researches argued
about the necessity of changing the management of water
resources. Especially, considering the significant effects of
climate change, more flexible and adaptive management of
water resources is necessary to better deal with the com-
plexities and uncertainties (Hallaj et al. 2021).

Development and implementation of adaptive manage-
ment approaches requires structural changes in water man-
agement regimes (Minhas et al. 2020). The issues in water
resource management have resulted in rising water tensions,
exacerbated disputes, and a lack of engagement among farm-
ers due to the agricultural sector's significant reliance on
water, the rapid expansion of human societies, and the slow-
ness of the management process (Braga 2014). Due to the
effects of groundwater loss, including social, economic, and
infrastructural effects, it is necessary to analyze the effects of
this phenomenon from a human and environmental perspec-
tive (Cole and Browne 2015; Teo et al. 2019).

This is an important part of responding to the issue of
drought and water crisis (Muthelo et al. 2019; Khosravi et al.
2021; Chikwanha et al. 2021). During the drought incident,
the livelihood capital of small holder farmers will be most
vulnerable (Belay et al. 2017). Agricultural community
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members organize and transform assets in diverse ways to
escape climate-induced “poverty traps”. Nowadays, inter-
ventions from external agencies (e.g., government, non-
governmental organizations and market institutions) are an
important key to livelihood sustainability for many house-
holds (Rahman et al. 2018; Muthelo 2018). Droughts and
water shortages can threaten food security and lead to social
unrest and land redistribution. Drought has also forced farm-
ers in many areas to sell some of their livestock in order to
buy fodder for the rest (Contreras et al. 2020). One pivotal
concept in both the vulnerability and resilience literatures
that bridges traditions is adaptive capacity, or adaptabil-
ity; meaning the ability of a system to prepare for stresses
and changes in advance or adjust and respond to the effects
caused by the stresses (Ghorbani et al. 2021; Afkhami et al.
2021). It is the potential for species or populations to tolerate
or adapt to climate change (Ofori et al. 2017). Agricultural
systems with high adaptive capacity are more able to re-
configure without significant changes in crucial functions
or declines in system services. Furthermore, improving
smallholder farmers' adaptive capacity to tolerate drought
and water crises requires reducing vulnerability (Shojaei-
Miandoragh et al. 2019). However, it is not clear to what
extent farmers' levels of vulnerability influence their deci-
sion to cope or increase their adaptive capacity (Azadi et al.
2019; Matewos 2020; Muthelo et al. 2019).

Crop and livelihood diversification, seasonal climate
forecasting, community-based disaster risk reduction, fam-
ine early warning systems, insurance, water storage, sup-
plementary irrigation, and other proactive measures are
among them (Haile et al. 2019). Other examples of adap-
tive capacity used by farmers include increased use of tra-
ditional rainwater harvesting and water conservation tech-
niques (Mucheru-Muna et al. 2017), building shelter-belts
and windbreaks to enhance rangeland resilience, monitoring
the number of grazing animals and cut trees (Campisano
et al. 2017; Sanchez et al. 2018), offering credit funds, and
national government programs to re-create natural habitats
(Mucheru-Muna et al. 2017; Al-Abadi et al. 2017).

The capacity to adapt to climate change depends on
social, economic, institutional, technical, and political fac-
tors, and the specific relationship that these factors have
with each other depends largely on the scale of the study. In
other words, adaptive capacity is a multidimensional concept
(Vincent 2007). In many studies, researchers have examined
the indicators of adaptive capacity of local communities and
tried to identify the factors affecting the adaptive capacity
(Ghorbani and Azadi 2021; Moghfeli et al. 2021). Adapt-
ability capacity is examined in different ways. Therefore, the
important point is that the adaptive capacity of a system can-
not be fixed, and it is related to the scope of socio-economic
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variables (Ghorbani et al. 2019; Smit and Wandel 2006). In
general, users who have more knowledge and understanding
of the socio-economic harms have more capacity to adapt
(Marshall et al. 2013). Human conditions and natural eco-
systems are assessed using environmental, economic, and
social indicators all over the world. For the indicators, two
types of structures have been identified: the first category
measures the system's conditions, and the second category
measures causal relationships (Luers et al. 2003; Quinlan
et al. 2016). Many of today's indicators are a combination
of the two categories above, identifying current conditions
and aggravating factors (Paavola 2008).

Kazerun County has been facing a severe drought and a
decline in groundwater levels over recent decades (Malek-
saeidi et al. 2016; Moghim 2020). Groundwater is certainly
one of the world's most important natural commodities since
it is used as the main water supply for agricultural, residen-
tial and industrial purposes (Berhanu et al. 2014). This is
especially the case in the Middle East and Iran because the
nation is known to be an arid and semi-arid country where
deserts and wilderness cover more than two-thirds of its
territory (Razandi et al. 2015). Iranian farming is strongly
dependent on groundwater, and agricultural practices can be
dramatically impacted by any water crisis. In recent years,
water shortages have been the key force affecting economic
and social processes because the main engagement in the
rural communities of Iran is farming. In a study, Brandt
et al. (2016) defined adaptive capacity as the general insti-
tutional, systemic, and individual measures to mitigate the
risks of climate change. In adaptation studies, environmental
threats can become appropriate management opportunities.
Nevertheless, there have been surprisingly few reviews that
give a deep insight into the material, structure, and rela-
tive importance of farmers' adaptive capacity, especially in
Iran. Therefore, the main aim of this study is to measure the
main indicators of farmers' adaptation capacity against the
decrease in groundwater level in the Kazerun plain, Iran.

Materials and methods

This study attempts to investigate the material, composition,
and relative significance of the farmers' adaptive capacity
indicators and to identify their attitudes by answering the
following hypothesis:

1. What is the attitude of farmers toward groundwater?
What are the main indicators of farmers' adaptation
capacity to tolerate drought?

3. How should farmers' adaptation capacity indicators be
assessed?
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Study area

Kazerun plain is located in Fars province in the southwest
of Iran. The plain is located between latitude 37° 29 and 30°
00 N and between longitude 30° 51 and 40° 51 E (Fig. 1)
with the area of 4119 km?2 and its height is 800 m above
sea level. This region is limited to Shiraz city from the east,
Farashband city from the southeast, Bushehr province from
the west and south, and Mamsani city from the north. For the
present study, several villages were selected which are prone
to groundwater depletion. The economy of these villages is
mainly based on agriculture, and the city's agricultural and
horticultural products include wheat, barley, watermelon,
melon, cucumber, tomato, eggplant, onion, cotton, citrus,
palm, and alfalfa.

The rainfall (mean annual) in the region is 360 mm and
the agriculture in the area relies on groundwater, which has
declined over the recent years due to droughts and rainfall
shortages (Ganji 2018).

Conceptual framework

We examine how individuals and communities respond to
the recent severe water shortages and seek to understand
the influences that are relevant in forming the adaptation to
declining groundwater levels (Fig. 2).

Data sampling

This study benefits from a descriptive-analytical framework
and the stratified sampling was used as the sampling method.

Fig. 1 Location of the study site in Iran

The statistical population included farmers who have been
exposed to groundwater depletion, and this study attempted
to investigate their adaptive capacity to drought and water
crisis. In other words, the statistical population of this study
consist of 1200 rural households whose economy is based
on agriculture. Due to the occurrence of groundwater decline
in the Kazerun plain, six villages located in the same condi-
tion, in terms of groundwater shortage and drought status,
but with different economic statuses, were selected. Various
factors are involved in measuring farmers' adaptation capac-
ity (Almaden et al. 2020; Goli et al. 2020) including the sen-
sitivity of local people to available resources and their level
of awareness and understanding about natural and unnatural
disasters that may be important in their adaptation to climate
changes such as drought.

The sample size according to Cochran's formula (Rezaii
and Izadi 2015), and considering 0.1 error, was found to be
291 (Eq. 1). The questionnaire was distributed among the
rural community and was then analyzed.

NZqu

"Z N + pgz?’ W

where N: sample volume; d: community amount error =0.05;
2=1.96; p=¢g=0.05

Then, 50 households from each of the villages were
selected to estimate their adaptation capacity.

In this study, the data were collected by a self-
designed questionnaire and a quantitative questionnaire
was designed as the main research tool to answer the
research questions and achieve the study's goals. The
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Fig.2 Research conceptual
model

Adoptability
capacity

initial questionnaire was prepared based on a review of
resources and after field visits and corrections, the ques-
tionnaire of adaptive capacity was prepared in 10 catego-
ries (Lockwood et al. 2015), which included 3 questions
(30 questions in total).

It is worth noting that various factors are involved in
measuring the adaptation capacity of the farmers in this
area. One of the factors that has been the criterion for the
selection is the sensitivity of local people to the climatic
stresses and their level of awareness and understanding
about natural and unnatural disasters. The statistical pop-
ulation had the same experience in terms of groundwater
shortage and drought situation. They were aware of these
crises and had a high sensitivity to solve the problems
caused by water shortage. Therefore, the subjects are
almost homogeneous and have almost the same capacity
for adaptation due to being in similar conditions. There-
fore, the findings of this study can provide sufficient
credibility and trust and will be able to be generalized
to the whole community. To investigate the reliability of
the compatibility capacity questionnaire, the combined
reliability method was used, and to study its validity, the
diagnostic validity method was considered by calculating
the average extracted variance.
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Data analysis

For data processing, the second-order confirmatory factor
analysis model was used in the form of structural equation
modeling. The second-order factor model is implemented
when the first-order factors are explained by the higher-order
factor form Coulacoglou and Saklofske (2017).

Reliability and validity of the questionnaire

To determine the face validity of the questionnaire, the
expert including the researchers and agricultural organiza-
tion panel’s opinions were used. After applying the nec-
essary corrections in the questionnaire, the validity of the
questions was confirmed by the panel. In this regard, Cron-
bach's initial test and alpha coefficient were applied for test-
ing the reliability of the questionnaire. In the first visit for
the initial test of the questionnaire, 30 rural people were
randomly interviewed in two villages (Fig. 5). The alpha
parameter was estimated at 0.76, and it was determined that
the questionnaire has the necessary reliability and standard
(Table 5).
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To investigate the validity of the questionnaire structure,
both convergent validity and diagnostic validity indices
were used, which are based on the average extracted vari-
ance (AVE). To determine the validity of the structure, the
adaptive capacity indicators and the average extracted vari-
ance index were used (Gefen 2000). This index shows what
percentage of the variance of the studied structure has been
affected by its indicators, and researchers consider a T-value
of 0.5 and above for the suitability of this index (Table 1).
The overall research process is shown in Fig. 6.

Results

Validation of the research model (confirmatory
measurement or analysis model)

Confirmatory factor analysis (CFA) has been used to vali-
date the questionnaire. In this way, the operating load of each
indicator with its structure has a 7-value higher than 1.96. In
this case, this indicator has the required validity to measure
the specific latent structure or attribute. Therefore, to investi-
gate to what extent each structure of the research model was
consistent with the selected indicators for measuring them, a
confirmative component analysis was used. This model was
implemented by SPSS and LISREL software packages, and
its marker relationships were drawn. Based on the results of
the initial model, the markers next to each other correctly
confirmed the relevant structures because the present model
has been properly implemented using the confirmatory fac-
tor analysis method (Fig. 3).

Secondary factor analysis results
According to the results of Table 2, the research model

has a good fit and the model shows the measurement of

Table 1 Combined reliability value of the research variables

Latent variables Combined reli- Average

ability extracted vari-
ance
Local networks 0.891 0.680
Confidence in government 0.815 0.501
Interaction and mutual relation 0.840 0.610
Labor and time 0.869 0.580
Financial and infrastructure 0.857 0.501
Inventing and innovation 0.801 0.610
Adopting management 0.892 0.705
Riskability 0.789 0.501
Governance 0.913 0.710
Knowledge and information 0.824 0.610

adaptive capacity factors in relation to groundwater loss in
the Kazerun plain (Fig. 5). According to the LISREL output,
the calculated X value is 1.00671. The low level of this
indicator indicates a slight difference among the findings,
which indicates that the fit is appropriate.

Based on the findings of the model, it is possible to deter-
mine the appropriateness of the researcher's chosen ques-
tions to measure the structures and discard the irrelevant
questions belonging to the more precise structure than the
original model. In addition to the goodness of fit index
(GFI), the T-value of the second root of the RMSEA approx-
imation error variance estimate is 0.039, which is acceptable
(Wiktorowicz 2016). Therefore, the estimated parameters
can be statistically confirmed and used to make the indica-
tors compatible with the studied structures. The compara-
tive fit indicators all show the model's excellent fit (Fig. 4).
It is also a measure of the absolute decay 7T-values, i.e., the
measurement of the relative T-value of the variances and
correlations, which is justifiably justified by the model. The
closer it is to the 7-value, the better the data fit the model
(Wiktorowicz 2016). The absolute fit values in this study are
0.93 and 0.91, which are appropriate. The markers next to
each other apparently confirmed their respective structures
according to the research’s intended structure because the
present model has been properly implemented using the con-
firmatory factor analysis method, and no significant interfer-
ence is observed.

Since the T-value of second root estimation of RMSEA
approximation error variable for the modified model was
0.039, it is therefore possible to make decisions based on
the findings of the model on the suitability of the research's
selected questions. The estimated parameters in the model
are statistically acceptable and the indicators are consist-
ent with the studied structures. The output also shows the
significant part of the coefficients and the obtained param-
eters of the compatibility capacity measurement model. If
the significance number is greater than 1.96 or less than
—1.96, the relationship in the research model will be signifi-
cant (Surastina and Dedi 2018). Meanwhile, the calculated
T-values for each of the factor loads of the indicators (along
with its latent structure or variable) are above 1.96, so the
questions were appropriate to measure the adaptive capacity
of the farmers. In fact, the results show that the relationships
between the structures and the latent variables are significant
and the model has a good fit; thus, all the assumptions are
confirmed (Table 3).

To show to what extent these obtained 7-values corre-
spond to the realities of the model, the fitness indices were
studied. Furthermore, it is possible to decide on the impor-
tance of each of the indicators according to the factor loads
in each of the dimensions (Table 4).

To evaluate the confirmatory factor analysis model, the
mean of RMR residual averaging, GFI index, NFI softening
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Fig.3 Model of adaptive capac-
ity measurement in standard
mode (second-order factor
analysis)
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Chl-Square=598.59, df=369, p-value=0.00000, RMSEA=0.039

index, NNFI softening index, IFI index, CFI index, and the
second root of the RMSEA approximation error variance
estimate have been used. The reported GFI value for this
model is 0.93, which is near to a reasonable model fit with
more details. The second average residual square root of
the RMR value (0.06) in this study (which is closer to zero)
indicates the proper explanation of covariance. The value
of SRMR is 0.036, which is smaller than 0.05 and is more

@ Springer

practical to model the data (Surastina and Dedi 2018). To
analyze how well a particular model performs relative to
other potential models in terms of describing the data col-
lection observed, the values of the softened softness index
(NFI), the non-softened drop index (NNFI), the increasing
drop index (IFI), and the adaptive decline index (CFI) are
used. High values of 0.9 in these indicators show a very
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Table2 Models of fit of the model of measurement of adaptive
capacity to the groundwater level depletion (modified model)

Indexing of indicators  Index The value of Acceptable level
the reported
index
Absolute fit indicators ~ GFI 0.93 More than 90.0
AGF 0.92 More than 90.0
Comparative fit indica- NNFI 0.97 More than 90.0
tors NFI 0.91 More than 90.0
CFI 0.99 More than 90.0
IFI 0.99 More than 90.0
Suitable fit indicators ~ PNFI 0.77 More than 50.0
RMSEA 0.039 Less than 0.08
X)df  1.00671 Less than 3

good fit of the model. Furthermore, the RMSEA index in the
model was 0.41, which indicates that the model fits well).

The data of this study are well suited to the factor structure
and theoretical foundation of the research, and this indicates
that the questions are consistent with the desired structures
(Tables 4, 5). In this study, farmers' adaptive capacity indica-
tors were validated in the face of groundwater depletion in the
Kazerun plain. According to the information obtained from the
structural model of the LISREL software, most of the indica-
tors considered in this study to estimate the adaptive capac-
ity have a very high impact on the adaptive capacity of local
operators. Compatibility capacity indicators, in the order of
their effectiveness, are as follows.

(1) Adaptive management indicators; (2) local area net-
works; (3) farmers' initiative and innovation; (4) financial
ability and rural infrastructure; (5) governance, labor, and
time; (6) interaction between farmers; (7) farmers' informa-
tion and awareness; (8) farmers' risk-taking; and (9) trust in
government.

One of the most effective approaches to the shared
resource management is a compatibility-based participa-
tory management. Local networks are the second priority,
showing that local farmers in the Kazerun plain are able to
operate in groups and engage in efficient groundwater man-
agement, and that the human and social aspects are critical
in enhancing farmers' adaptive capacity, which is consistent
with the effective. Human capital, led by physical, social,
financial, and natural capital, is closely linked to adaptive
capability, according to the findings. Furthermore, farmers'
initiative and innovation were the third priority, and finan-
cial capability and infrastructure indicators are the fourth
priority. Based on the results, water resources governance
was ranked fifth, and the farmers' interaction and interac-
tion index were ranked sixth. Whereas, the labor and time
indices are the seventh priority and farmers' information
and awareness were the eighth priority.

According to the flinging, farmers' risk index and GCI in
the Kazerun plain have the least effect on the adaptive capacity
of the local farmers. Moreover, an agricultural risk index was
built based on modeled data on the estimated losses of chosen
farm activities.

Discussion
Adaptive management index

According to the findings, the main adaptive management
coping strategies include adaptive management indicators,
local area networks, farmers' initiative and innovation,
financial ability and rural infrastructure, governance, labor
and time, interaction between farmers, farmers' informa-
tion and awareness, farmers' risk-taking, and trust in gov-
ernment. Overall, the main barriers to farmers' capacity
to adapt to groundwater depletion are weak management,
lack of financial and physical resources, information and
education, strong communication between social networks
at the village level, and farmers' lack of trust in govern-
ment networks. It should be noted that limited physical
resources, communication tools, and logistics facilities
often limit the farmers’ activities at the farm level. On
the other hand, the lack of support from the public sector
may be due to the limited budget for climate risk manage-
ment. These results are consistent with and confirmed by
the findings of Abid et al. (2015) and Khan et al. (2020).
Adaptive management coping strategies were given
the first priority, showing that consistent management and
development of groundwater resources to achieve sustain-
able agriculture in areas facing water shortages are neces-
sary. These results are also consistent with the findings of
Tringali et al. (2017) and Azemzi and Erraoui (2021). As
shown by Ausiku et al. (2020), water and nitrogen adaptive
management can improve crop performance and enhance
sustainable agriculture. Other similar studies (Bodin and
Prell 2011; Ghorbani 2018) suggest that one of the most
effective approaches to manage shared resources, including
water resources, is a compatibility-based participatory man-
agement approach that is consistent with the results of the
present study. According to Tang et al. (2020), the partici-
patory management approach is positively associated with
a high level of adaptive capacity. This approach is based
on involving farmers in decision-making, problem-solving,
and empowerment, as well as supporting their high auton-
omy, initiative, and creativity. According to Azarnivand
et al. (2015), human capital management and the promo-
tion of stakeholder participation are necessary prerequisites
for developing practical strategies to support sustainable
groundwater management. It is also a robust tool for deci-
sion-making in comprehensive water problems.

@ Springer
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Fig.4 Compatibility capacity
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Local networks

Local networks are the second priority, indicating that
in the Kazerun plain, local farmers are willing to work
in groups and participate in the optimal management of
groundwater, and the human and social dimensions are
very important in improving farmers' adaptive capacity. It
can be especially useful for effective grassroots engage-
ment in monitoring, managing and recharging ground-
water as a common water resource (Jadeja et al. 2018).

@ Springer

Group management by municipal joint action is a method
of reacting successfully to critical groundwater manage-
ment challenges. It can also create adequate confidence
for members to agree with discussing and ultimately intro-
ducing new opportunities for the use and control of water
sources. The results showed that human capital is most
closely related to adaptive capacity, followed by physical,
social, financial, and natural capital. Our findings are in
line with existing studies, such as Ghorbani et al. (2022);
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Table 3 Prioritization of farmers' adaptation capacity indicators in
the face of groundwater decline

Rank  Second-order variable measurement % T sig
1 Adaptive management 0.73 551 0.1
2 Local networks 036 338 0.1
3 Financial and infrastructure 035 394 0.1
4 Creation and innovation 0.34 320 0.1
5 Governance 025 229 0.1
6 Labor and time 021 021 0.1
7 Reciprocity 0.19 184 0.1
8 Knowledge and information 0.14 1.60 0.1
9 Riskability 0.12 128 0.1
10 Trust in government 0.06 0.61 0.1

Table 4 Results of the second-order variable measurement model

Variable Symbol Factor loading T Status
Local networks Netl 0.75 - -
Net2 0.73 8.43  Accepted
Net3 0.59 8.50  Accepted
Trust in government Trl 0.65 = -
Tr2 0.98 7.68  Accepted
Tr3 0.68 8.16  Accepted
Reciprocity RI1 0.69 - -
RI2 0.90 9.49  Accepted
RI3 0.82 8.16  Accepted
Labor and time TI1 0.91 - -
TI2 0.90 14.42  Accepted
TI3 0.82 9.99  Accepted
Governance GOl 0.85 - -
GO2 0.75 10.76 Accepted
GO3 0.73 10.35 Accepted
Creation and innovation IN1 0.88 - -
IN2 0.75 10.46 Accepted
IN3 0.81 11.18 Accepted
Financial and infrastruc- FI1 0.66 - -
ture FI2 0.88 5.82  Accepted
FI3 0.51 5.75  Accepted
Adaptive management AD1 0.91 - -
AD2 0.75 13.71 Accepted
AD3 0.95 12.44  Accepted
Riskability Ril 0.32 - -
Ri2 0.39 5.44  Accepted
Ri3 0.87 4.70  Accepted
RI3 0.13 3.70  Accepted
Knowledge and informa- IN1 0.66 - -
tion IN2 082 8.81  Accepted
IN3 0.86 8.73  Accepted

Shalsi et al. (2019) and Velis et al. (2017), and are con-
firmed by them.

Farmers' initiative and innovation

Farmers' initiative and innovation were the third priority,
showing that in the study area, farmers welcome new ideas
and advanced technology in the field of agriculture which
means the index is very important in measuring adaptive
capacity. Furthermore, Mousavi (2017), by measuring adap-
tation capacity in Neishabour plain, Iran, concluded that the
indicators of initiative and localization of local stakeholders
and financial ability of farmers have the greatest impact on
measuring adaptive capacity, while farmers' risk-taking has
the least effect on adaptive capacity. Brown et al. (2010)
found that in rural Australian communities, the greatest
weakness for rural adaptive capacity is the lack of informa-
tion and technology, and this should be reinforced in rural
Australian communities. According to Cinner et al. (2018),
creativity is directly related to innovation capability and
partly connected to population size, income level, and edu-
cational backgrounds of water decision-makers. The visuali-
zations also show that some cities have excess capacity for
adaptation, while others have been able to turn capacity into
water management innovations more efficiently. Monitoring
the success and failure of water governance in social groups
allows citizens and planners to learn how to adapt water
infrastructure for long-term sustainability.

Financial capability and infrastructure

Financial capability and infrastructure indicators are the
fourth priority and must be carefully planned because they
play an important role in quick and timely reactions to pre-
serve local communities. In rural areas, natural, economic,
and social phenomena are generally closely related, and any
disruption of natural capital will lead to economic turmoil
in the countryside because poor, illiterate, and elderly com-
munities are less able to adapt (Campbell et al. 2001). Salam
et al. (2021) show that one way to improve current adaptive
capacity constructs is to explicitly account for the adaptive
capacity of economic systems. Scale, diversity, the relative
mix of the private and public sectors, innovation, organiza-
tional/managerial capital, substitutability of inputs, factor
mobility, asset liquidity, and other characteristics of eco-
nomic systems will influence their ability to adapt.

Water resources governance
In the present study, water resources governance was ranked

fifth. Therefore, to improve adaptive capacity, it is impor-
tant to implement proper management of groundwater
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resources. In such a way, governmental and non-govern-
mental farmers' associations and local communities should
share a common vision and act in parallel. In fact, the goal
of water governance is to achieve participatory manage-
ment of water management with a view to preserving the
conditions of the environment and, at the same time, gain-
ing social and economic gains. Accordingly, to achieve
sustainable water resource management, participatory
governance and management approach must be developed
(Lockwood et al. 2015; Rejeski and Michelson 2014; Reed
2008). These results are also consistent with the findings
of the research of Rahimi et al (2022) at the basin in Iran
with water crisis challenges. They stated that this region
has a weak and unstable structure of the water governance
network and as a result, it has low level of collaboration
and coordination among the institutions and high power
centralization. Salari et al. (2015) by using the analysis of
the network of social ties of trust and the participation of
local stakeholders in Kermanshah city of Iran, conclude
that the weakness of social capital and the lack of unity
in the studied area reduce the speed of circulation of trust
and participation and as a result good governance of water
resources has been challenged. Also, in the results obtained
by Ghorbani et al. (2015) in the analysis of the social net-
work of local stakeholders in the action plan of cooperative
management of water resources in the Latian watershed of
Iran, they point out that cohesion and high social capital
among local stakeholders is one of the requirements of the
action plan. Participatory management of water resources is
aimed at achieving water security and sustainable develop-
ment. Sehrsweeney (2021) found that adaptive capacity was
shaped by four socio-political conditions including politi-
cal and legal power, institutional support, and the extent of
protected land. Recent research also shows that adaptation
capacity, in addition to technological advancement and eco-
nomic development, depends on social factors such as social
capital and government structure (Adger et al. 2003; Smith
et al. 2011; Brooks and Adger 2005).

Farmers' interaction and interaction

In this study, the farmers' interaction and interaction index
were ranked sixth, so it is suggested that human capital such
as farmer reciprocity should be strengthened in the studied
villages to enhance farmers’ adaptive capacity to drought
and water crisis. The desire to work in groups and participate
among farmers can pave the way for economic movements to
village development. In this regard, encouraging operators
and stakeholders to participate in participatory activities can
be the key to resolve water disputes in each region (Verburg
et al. 2013).

@ Springer

The labor and time indices are the seventh priority, so
it is critical for farmers to improve their adaptive capacity
when spending efficient time and energy on groundwater
management practices. Farmers' awareness were the eighth
priority, which should be strengthened in the study area.
Operators who have more knowledge and understanding
about the upcoming crisis also have more capacity to adapt.
Therefore, it is important to conduct training and exten-
sion classes relevant to the optimal use of water resources
among operators to provide them with the necessary knowl-
edge. There should be more access to available resources,
proper crop cultivation, and other issues, and it can make
timely and appropriate decision-making possible. Empha-
sizing capacity building through educational and promo-
tional tools can also be effective. Furthermore, farmers'
knowledge will play an important role in increasing their
adaptation capacity. Therefore, we should try to increase
the adaptation of farmers while providing proper train-
ing, familiarizing them with new global technologies, and
combining indigenous knowledge and modern sciences.
Nowadays, many regions in Iran, and even in the world,
face the problem of lack of surface and groundwater and
the management of these valuable resources (Jafary and
Bradley 2018). Therefore, the findings of this research can
help planners to provide better solutions for water resources
management and increase the adaptive capacity of farmers
in Iran and other parts of the world.

Farmers' risk and government confidence

Farmers' risk index and GCI in the Kazerun plain have
the least impact on the adaptive capacity of local farm-
ers. There is a growing understanding of the detrimental
impacts of farming activities on the quality of microbial
water, contributing to improved demands for farmers to
mitigate environmental impacts on water quality (Mucheru-
Muna et al. 2017). Farmers also need a mechanism to help
them prioritize conservation steps aimed at reducing fecal
pollution of surface water. An agricultural risk index was
built based on modeled data on the estimated losses of
chosen farm activities. This solution to the farm risk index
can be integrated into current decision support tools to
help farmers control the effect of their farming activities
on water (Benbrook and Davis 2020). The GCI shows that
the ideals of the government, such as high standards of
transparency, justice, and systemic accountability, are good
predictors of public confidence. Similarly, the competence
of the government (its responsiveness and effectiveness
in providing public services and addressing emerging
demands) is critical to raising confidence in the institu-
tions (Xiao et al. 2020).
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According to the results in the studied villages, farmers
have little confidence in government experts and believe that
government agencies often do not take appropriate actions,
and the government does not provide sufficient facilities and
loans, as well as agricultural insurance. Therefore, this index
cannot be considered as a positive factor in strengthening the
adaptive capacity because it has the lowest value among the
ten indicators. Accordingly, in this plain, farmers may be
vulnerable to groundwater depletion. This result shows that
the government should look for rational solutions in areas
that are facing water shortages and are prone to drought and
try to manage water resources with proper planning. In gen-
eral, adaptive capacity in the face of declining groundwater
aquifers is a multidimensional phenomenon. Analysis of the
adaptive capacity of social systems is a scientific measure
to provide appropriate information infrastructure due to the
occurrence of natural hazards. Therefore, analyzing and
explaining the adaptive capacity by providing the appropri-
ate information for adjustment and control can directly affect
the degree and extent of damage caused by the accident and
prevent its transformation into a catastrophe (Ranjbar et al.
2013).

Furthermore, by creating new job opportunities in the
studied villages and structural and institutional coordination
in the distribution of tasks related to compatibility in the
agricultural sector between related agencies and ministries,
it is possible to increase farmers' adaptive capacity to natural
hazards. In addition, one of the most successful approaches
in natural resource management is the adaptive participa-
tory management approach. Social capital is one of the most
important criteria for establishing participatory manage-
ment based on compatibility. However, in rural areas, social
interaction is high and networks of agriculture and water
governance have a significant weight that is very effective
in strengthening the adaptive capacity of social systems,
therefore, social capital (i.e., participation in underground
water resources exploitation mechanisms) is the most impor-
tant and fundamental factor. The criterion for improving the
adaptive capacity of the social system in the face of threats is
the biological environment, including the decline in ground-
water and arid waters. The approach also emphasizes the
involvement of local stakeholders in the decision-making,
planning, and implementation of management projects in
each region according to its specific social and ecological
context (Bodin and Prell 2011; Ghorbani 2018).

Conclusion and implication

The results showed that most of the indicators to estimate
adaptation capacity have a very high impact on the adapta-
tion of local stakeholders, with the exception of the GCI.

The findings also show that most farmers in the Kazerun
plain are looking for consistent management of groundwater
depletion, which is important for policymakers and rural
development service providers.

Farmers who have more knowledge and understanding
of the upcoming crisis in this case have more capacity to
adapt. Also, local farmers are willing to work in groups
and participate in the optimal management of groundwater,
and the human and social dimensions are very important in
improving farmers' adaptive capacity, so it is suggested that
in the villages under study, human capital, which includes
reciprocity between farmers, be strengthened to protect the
village from dangers.

In addition, programmatic changes that enable farm-
ing populations to improve the productivity of agricultural
water and energy usage must be introduced with the ultimate
aim of mitigating the drop in the groundwater table and/or
restoring the aquifer water balance in the Kazerun plain.
Such reforms include the facilitation of agricultural sector
transformation through technology transfer and extension
projects, as well as the implementation of supplementary
policies and regulations to enhance the control and manage-
ment of groundwater through a stronger system of govern-
ance. Failure to do so would intensify the adverse effects on
freshwater supplies in the region and will result in the loss
of multiple agricultural jobs in the future as a result of exces-
sive groundwater stress and depletion in vulnerable areas.
Finally, based on the results, the following suggestions are
presented:

e Training and extension classes related to the issue of
optimal use of water resources among operators be held
so that in case of a crisis, the necessary knowledge is
provided.

e Increasing farmers' technical knowledge as is crucial in
increasing their adaptation capacity at the farm level.

e Auvailability of rural development services is essential.

e There is an urgent need to provide physical infrastruc-
ture to meet the needs of farmers. It is recommended
that the government establishes irrigation consulting ser-
vices, purchases farm wells, determines serious restric-
tions on harvesting wells and irrigated agricultural areas,
exchanges treated wastewater with groundwater, and con-
siders measures to increase the efficiency of urban and
industrial water use for better water management.

e Strengthening social interactions between local networks
in rural areas is essential for better management of water
resources. The government plays a key role in building
social capital.

e Irrigation management strategies must also focus on the
role of local networks in better water resource sharing,
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sustainable policies, and the protection and improvement
of livelihoods, including human capital.

e [t is also emphasized to hold regional and international
training workshops for leading farmers, in order to
increase new knowledge and transfer it to other farmers.

¢ Granting of financial and technical assistance by interna-
tional organizations be considered in order to increase the
adaptive capacity of farmers in water resources manage-
ment with an emphasis on supporting developing coun-
tries.

This paper contributed to evaluating the farmers’ attitudes
toward groundwater and investigated the content, structure,
and relative importance of farmers' adaptive capacity indica-
tors which is crucial for policymakers, planners, and rural
development service providers and will lead to the identi-
fication and enhancement of adaptation capacities among
rural communities. Many of the problems and challenges
that water supply managers and planners are encountering
with these days are close to those that managers and plan-
ners faced with in the past. Most of the recent ones are the

Fig.5 Field interviews with
farmers

@ Springer

outcomes of two trends: (a) an increased awareness of the
necessity for a bottom-up participation approach to non-gov-
ernance planning and politics, decision-making and manage-
ment, and (b) an increasing concern about protecting the
environments.

In general, it can be said that the inter-sectoral coopera-
tion of the networks of all related institutions to control and
manage water resources in Kazerun plain can increases
productivity. In this regard, public acceptance and socie-
ty's attention to natural resource protection approaches are
essential for its implementation. Thus, we presented a range
of adaptation categories to inform future research, compare
adaptation capacity elsewhere, and assist policymakers in
designing effective policy measures.

Appendix

Figures 5, 6 and Tables 5, 6.
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Fig.6 Research process
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Table 5 Cronbach's alpha value of the research variables
Dimension Items Cronbach alpha
Local networks As a result of connecting with local groups, I have a greater ability to achieve optimal groundwa- 0.76

ter consumption

As a result of connecting with local groups, I better understand that social, economic, and envi-
ronmental factors affect my interests

As a result of connecting with local groups, I can better understand how my irrigation system
affects groundwater

Trust the government As a result of communication with local groups, more trust is established in government experts 0.71
(institutional trust)

To control groundwater levels, I believe it is possible to trust government agencies that often do
the right activities

To control groundwater levels, I believe it is wrong to partner with government programs
because they are constantly changing

Reciprocity 1 feel responsible for helping the community in which I live 0.73
If there is a serious problem in this society, people should unite to solve it
The people in this village generally support each other

Labor and time I have enough time to manage groundwater in the area 0.83
I don't have free time and I can't really help with water issues in the area
Although I don't have much time, water management in the village is a priority for me

Finance and infrastructure Due to financial difficulties, it is difficult for me to decide on irrigation issues 0.86
I'm interested in experiencing new things, but it's hard to find money to do them
I have the equipment and infrastructure needed to manage irrigation methods

Innovation I don't like to experiment with new things 0.85
It is important for me to be aware of new technologies and methods
I welcome new ideas for new irrigation methods

Adaptive management I have properly planned for optimal groundwater management 0.79
In my mind, I can imagine how I could get where I want to manage my farm
I use my past experiences for the future

Riskability I can take risks and use new ideas and new technology 0.83
I am able to manage environmental hazards

I am able to manage economic risks
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Table 5 (contined)

Dimension Items Cronbach alpha
Governance I believe that the government's environmental programs are fair to everyone in terms of the use ~ 0.84
of groundwater (wells)
1 believe I have the opportunity to make decisions about the government's environmental pro-
grams
I believe that the government has cooperated well in the insurance sector of agricultural products
I believe that there is good coordination between governmental and non-governmental organiza-
tions and local groups
Knowledge and information Over the past 5 years, have you used newspapers related to the optimal use of groundwater in 0.70
agriculture? And how useful was that information?
Have you used the recommendations of a consultant or water resources expert in the last
5 years? And how useful was the information?
Have you participated in training workshops related to modern agricultural methods during the
last 5 years? And how useful was the information?
Table 6 Latent variables of farmers' adaptation capacity to cope with groundwater depletion
Latent variables Local networks Reciprocity Financial and infrastructure Adaptive management Information
Measurement model variables
Symbol NET RIC FIN ADAP INF
Latent variables Trust in government Labor and time Creation and innovation Riskability Governance
Symbol TR TIM INNO RISK GOV
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