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Abstract The water crisis is the main stress in arid
and semi-arid areas, especially in rural areas where
agriculture is the main livelihood. This study assessed
vulnerability to water scarcity in six rural regions
of Isfahan, Iran. These areas have lost their primary
water source of agriculture, the Zayandeh Rud River,
since 2006. They have confronted many socio-eco-
logical problems which threatened their existence. A
mixed methodology was used to assess vulnerability
as a function of exposure, sensitivity, and adaptive
capacity. Structured questionnaires and in-depth inter-
views were conducted with key informants and 266
households. The method of Multidimensional Poverty
Index was applied to calculate the sensitivity index,
which has not been used for sensitivity assessment
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yet. The results showed that the leading cause of
water scarcity is poor water governance. The three
districts that had direct access to the Zayandeh Rud
river were more vulnerable to water scarcity (scores
of 0.35, 0.39, and 0.44) than those that had never had
direct access to the river (scores of 0.19, 0.21, and
0.23) due to the more exposure and less adaption to
water shortage. Inappropriate financial resilience
(from 0.24 to 0.41) and living standards (from 0.19 to
0.36) have made more contributions to creating sensi-
tivity than socioeconomic factors (from 0.14 to 0.28).
Different natural capitals have mainly created differ-
ences in adaptive capacity across rural areas. Villages
located downstream have lost their natural capital due
to water-quality degradation caused by river drying
up and groundwater overexploitation.

Keywords Climatic and non-climatic exposure
Sensitivity - Adaptive capacity - Multidimensional
poverty index

Introduction

In these unprecedented times of profound economic
crisis, food price peak, and rising inflation, strength-
ening the resilience to climatic and non-climatic
shocks such as water-related extreme events and
the COVID 19 pandemic is vital to improving food
security and sustaining the economy (World Bank,
2022). Agriculture is the main source of livelihood
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for the majority of rural people, which depends on
water availability. Climate change, in particular, has
had significant effects on water resources in arid and
semi-arid areas that intensely affect farmers’ vulner-
ability and rural well-being (Field et al., 2014; IFAD,
2016; IPCC, 2021).

Water scarcity is widespread throughout the Mid-
dle East and North Africa (MENA) region and is
deteriorating (FAO & World Bank, 2018). Twelve of
the seventeen countries classified as extremely high
water-stressed with the greatest economic losses due
to climate-related water shortages are located in the
MENA region (World-Bank, 2017a; Hofste et al.,
2019). Iran is one such country with a largely arid
and semi-arid climate, and the agricultural sector as
the most significant water user, which is currently
facing new risks to the water resource and increas-
ing rural vulnerability (Maghrebi et al., 2020). In
addition, rural vulnerability is also affected by non-
climatic factors such as socioeconomic and political-
institutional contexts (El Kharraz et al., 2012; IFAD,
2016). These factors have increased unemployment,
food insecurity, migration, and poverty in rural areas
(Delazeri et al., 2021; IFAD, 2016; Keshavarz et al.,
2013; Mavhura, 2019).

Water as the key to climate change adaptation

There is a pressing need for increased convergence
between water and climate change strategies in light
of rising climatic uncertainty (Srivastava et al., 2022).
Water security plays a vital role in adapting to and
mitigating climate change for at least four reasons
(Caretta et al., 2022). First, global water insecurity
is still widespread: about half of the world’s popula-
tion faces severe water scarcity for at least one month
of the year, and more than 2 billion people continue
to lack access to safe drinking water (WHO, 2021).
Secondly, the vulnerability to water-related effects
of climate change and extreme weather is expected
to worsen in the future, notably in agriculture, which
accounts for 60-70% of all freshwater withdrawals
globally (Miiller Schmied et al., 2021). In addition,
the 10% most water-stressed basins encompass 35%
of the total irrigated calorie production and account
for 31% of total water consumption (Qin et al., 2019).
Between 2010 and 2050, global water withdrawal
is expected to rise by 12 to 29% (Bijl et al., 2018).
Third, many mitigation measures can either increase
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or decrease water consumption or water withdrawals.
Some actions, such as bioenergy with carbon capture
and storage, reforestation, and afforestation, can leave
a significant water footprint if implemented improp-
erly (Canadell et al., 2021). Therefore, limiting poten-
tial water-related hazards will necessitate a system-
wide approach that considers both the direct effects
of mitigation measures on water resources and their
indirect effects through lowering climate change. This
requires a profound understanding and articulation
of the significance of water in agriculture, as well as
water governance and socioeconomic circumstances
(Caretta et al., 2022). Finally, approximately 60%
of adaptation responses are geared toward coping
with water-related risks such as droughts and floods,
with agriculture accounting for a sizable proportion
of water-related adaptations (Caretta et al., 2022).
Water, however, has a complex and nonlinear func-
tion in climate change adaptation since it may both
facilitate adaptation and, if ignored, be a major source
of disruption (Srivastava et al., 2022). It remains
unclear about the effectiveness and benefits of water
adaptation measures and whether or not those ben-
efits also reduce climate risk (Singh et al., 2021).
Maladaptation often results from ineffective planning
and implementation, as well as a failure to address
the root causes of vulnerability (Eriksen et al., 2021).
Failure to identify the underlying causes of vulner-
ability may result in adaptation efforts that aggravate
rather than alleviate present vulnerabilities (Srivas-
tava et al., 2022).

The importance of evaluating vulnerability to water
scarcity

The vulnerability of ecosystems and communities to
climate change varies substantially across and within
regions, and developing an adaptation pathway for
rural livelihoods requires a comprehensive vulner-
ability assessment (IPCC, 2022). There is generally
limited knowledge on how socioeconomic, political,
and biophysical factors heighten or weaken house-
holds’ vulnerability to water scarcity and their ability
to cope with and adapt to it (Inkani, 2015; Zarafshani
et al., 2020). The assessment of vulnerability to water
scarcity is complex when considering both natural
and human-induced factors. The majority of schol-
ars assessed vulnerability to climate variability and
climate change (Gbetibouo et al., 2010; Vo & Tran,
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2022; Yiridomoh et al., 2021); however, there have
been few studies on vulnerability assessment toward
non-climate factors (McCubbin et al., 2015; Teng
et al., 2022).

This work aims to assess vulnerability to water
scarcity in dry rural areas. The study was conducted
in six rural districts of Isfahan province, Iran. This
region is one of the most water-stressed catchments
in Iran, with about 600 m® per capita water availabil-
ity (Ziaei, 2020). Agriculture as the primary occupa-
tion of the rural areas is entirely dependent on the
Zayandeh Rud River -the principal and the largest
river of the central plateau in Iran. The river had sig-
nificant flow all year long; however, it has been dry
for almost 90% of the year in recent 15 years due to
climate change, climate variability and the steady
growth of water demand, and intensifying rivalry
between regions and economic sectors (Mohajeri &
Horlemann, 2017). This has led to groundwater over-
exploitation and a drastic decrease in farmers’ live-
lihoods, especially in the downstream (east) of the
basin (Loghmani Khouzani et al., 2022; Raber et al.,
2017). Water problems in this region have sparked
security and socio-political challenges, as reflected in
the increasing number of farmers’ protests in recent
years (Yousefi et al., 2022). The protest of thousands
of farmers in this region against severe water short-
ages in November 2021 was the biggest demonstra-
tion over the water crisis in Iran (Anonymous, 2021).

The contribution of this paper is threefold: First,
the vulnerability to water scarcity in dry rural areas
was assessed by an integrated approach for map-
ping exposure in terms of climatic and non-climatic
shocks, sensitivity, and adaptive capacity. Second,
limited studies have been conducted at the house-
hold level or local level (Inkani, 2015; McDowell
et al., 2016); this research evaluated sensitivity at the
household level using the Multidimensional Poverty
Index methodology. Third, different aggregation rules
were compared for constructing a composite vulner-
ability index. This study highlights such questions as:
Who and why are some households more vulnerable
to water scarcity? To what extent has vulnerability
been amplified by the degree of sensitivity to stresses
and the capacity of districts to cope/adapt? How can
more resilient and adaptive communities be built?

Study area

This study was conducted in six rural districts of
Isfahan County, located in the center of Iran. Accord-
ing to the Koppen Climate Classification System,
the study area has a cold desert climate (i.e., BWk)
with an average annual temperature of 17 °C (Sho-
jaei et al., 2017). The region is an arid region with a
mean annual precipitation of less than 100 mm/year.
The agricultural water requirement of the study area
is supplied by the Zayandeh Rud River, directly from
the surface water and indirectly from the groundwa-
ter pumping. The Zayandeh Rud dam regulates the
river flow upstream. The river has been dry for almost
90% of the year in recent 15 years due to drought and
excessive water extraction before reaching the city of
Isfahan.

Figure 1 shows six rural districts of study, namely
Markazi, Jolgeh, Bon-Rood, Kouhpayeh, Jarghouyeh
Olya (J. Olya), and Jarghouyeh Sofla (J. Sofla), which
are located downstream of the Zayandeh Rud river,
near the Gavkhoni wetland. The rural population and
the number of rural households have been 130,184
and 40,930, respectively (SCI, 2016). The most
populated district was Markazi, with a population of
77,008. The primary source of livelihood was agri-
cultural production, with 24,548 agricultural holders,
including annual crops (49%), horticulture (17%), and
animal husbandry (34%) (SCI, 65).

Methodology

In general, vulnerability can be defined as a degree of
susceptibility to natural and socioeconomic hazards
(Smit et al., 2000) and as a way of being liable for
the consequences of environmental changes (Inkani,
2015). There are different models and frameworks
to assess vulnerability (Turner et al., 2003; Fiissel,
2007; Bruno Soares et al., 2012; Dilshad et al., 2018;
Panthi et al., 2016; Unks et al., 2019). Vulnerability
is conceptualized as being constituted by exposure,
sensitivity, and adaptive capacity to stressors (Adger,
2006; Eze & Onokala, 2021; Fellmann, 2012; Field
et al., 2014; Nazari et al., 2015; Résédnen et al., 2016).
Although a system might be significantly exposed
and/or sensitive to stress and shock, it cannot be con-
sidered to be definitely vulnerable (Fellmann, 2012).
The reason for this is that the ability of a system to
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Fig. 1 Location of study region and districts. Source: GSI, 2019

adapt to stresses cannot be characterized only by
exposure and sensitivity (Nazari et al., 2015). The
following sections describe the assessment of vulner-
ability to water scarcity and its components, includ-
ing exposure in terms of climatic and non-climatic
shocks, sensitivity, and adaptive capacity.

Exposure

In this study, the exposure (E) is to what extent a sys-
tem/people is/are exposed to significant water short-
age. We used the results of related literature (desk
research) for climatic shocks, including Eslamian
et al., 2017; Rahmani Fazli & Salehian, 2017; Nasri
& Modarres, 2019. The changes in annual average
temperatures and precipitation over one decade prior
to the research year (2017), as well as the effects of
climate change on temperature and precipitation,
were analyzed as climate factors (Table 1).

We assessed the non-climatic exposure to water
scarcity from people’s perspectives. People’s percep-
tions can be used in cases where access to systematic
and reliable data is impossible (Devkota et al., 2017).
Although the knowledge of local people and farmer
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perceptions cannot detect climate variability trends as
models do (Dakurah, 2021; Rao et al., 2011), some
studies have shown that farmers’ perceptions match
historical climate data (Maddison, 2007; Vedwan
& Rhoades, 2001). It is common to employ implied
equivalency between local perceptions of climate
change, local decadal trends, extreme events, and
global change (Castro et al., 2012; Ensor & Berger,
2009; Stojanov et al., 2017). In fact, farmers’ per-
ceptions can be used in the context of social-scien-
tific analysis of the vulnerability, adaptive capacity,
and their determinants (Dasgupta et al., 2014). We
assessed the non-climatic stresses of water scarcity by
a qualitative method (Mubaya et al., 2012; Qaisrani
et al., 2018). As the first step to better understanding
stresses, we prioritized the vulnerable areas based on
the frequency and intensity of lack of access to water
by conducting in-depth interviews with key informant
actors and local leaders (Qaisrani et al., 2018; Wise
et al., 2014). Snowball sampling was continued until
theoretical saturation (Priest & Blaikie, 2019). To
prioritize and allocate weights to the questions, we
designed and filled semi-structured questionnaires
with more key actors and the local community by
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Table 1 Description of components

Component  Sub-component Indicator Description of indicator Data Source
Exposure Climatic Climate change Effect of climate change on precipitation and IWRM?
temperature (+)
Climate variability Change in annual average temperature during the TWRM?*
last 10 yearsb (+)
Change in annual average precipitation during
the last 10 yearsb (+)
Non-climatic Miss-governance Human-made physical access to water (+) Interview
Sensitivity Living standard Housing Adequate housing materials in floor, roof, or Survey
walls (-)
Home appliance Own essential appliance like TV, refrigerator, Survey
oven, heater, etc. (-)
Assets Own these assets: bicycle, motorbike, car, or Survey
truck. (-)
Financial resilience Basic needs Ability to pay costs (-) Survey
Traveling Ability to pay costs (-) Survey
Health and treatment Ability to pay costs (-) Survey
Loan On-time repayment (-) Survey
Socio-economic status Job Types of job (-) Survey
Literacy Literacy of head of household (-) Survey
Support of Charity Under the support of charitable organizations Survey
(+
Health insurance Access to health insurance (-) Survey
Infant and child mortality ~ Experience of infant and child mortality (+) Survey
Adaptive Social capital Participation Participation in formal and informal events (-) Survey
Capacity Trust The level of trust (-) Survey
Social linkage and integrity Level of social linkage and integrity (-) Survey
Responsibility Level of responsibility (-) Survey
Human capital Education Level of education (-) Survey
Experience Level of experiences (-) Survey
Skill Level of skills (-) Survey
Training Level of participation in training (-) Survey
Fixed capital Infrastructure Access to electricity, water and natural gas (-) SCrI°
Service centers Access to health centers, banks and shops (-) SCI¢
Location Distance from the city (+) SCI¢
Agricultural equipment Access to agricultural equipment (-) Survey
Credits Access to credits (-) Survey
Land ownership Agriculture land ownership (-) Survey
Livestock Ownership of livestock (-) Survey
Natural capital Water Water quality (-) ICWP¢
Soil Soil erosion (+) ICWP¢
Groundwater vulnerability ~ Susceptibility Index (SI)® (+) ICWp?

“TWRM stands for Integrated Water Resource Management: Zayande Rud Project (Mohajeri et al., 2017)

®The last 10 years was considered prior to the research year i.e. 2017

°SCI stands for Statistical Center of Iran.9 ICWP stands for Iran’s Comprehensive Water Plan: Zayandeh Rud basin ICWP, 2013)

®The Susceptibility Index (SI) is a parametric vulnerability method designed to evaluate the specific vertical vulnerability of ground-

water to pollution caused, especially by agricultural activities (Goyal et al., 2021)
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snowball sampling (Pittman et al., 2011). Finally, the
interviewers’ narratives were interpreted using open,
axial, and selective codings, and the sub-categories
and the core theme were chosen (Corbin & Strauss,
2014).

Sensitivity

Sensitivity (S) is the degree to which a system
is modified or affected by perturbations (Adger,
2006). For assessment of sensitivity, we applied the
Multidimensional Poverty Index (MPI) proposed
by Alkire and Foster (2010, 2011) (AF method)
to identify multiple deprivations at the household
level in living standards, financial and socioeco-
nomic status indicators. Each household in a given
village is classified as sensitive or non-sensitive
depending on the weighted number of deprivations
that the household members experiences. Based on
the AF method, we aggregated these data into the
regional measure of the Multidimensional Sensi-
tivity Index. This index permits comparisons both
across regions, districts, as well as other key house-
hold and community characteristics.
Multidimensional Sensitivity Index which is
referred to as S in this paper, measures sensitivity in
d dimensions across a population of n individuals.
The headcount (H) is the proportion of the house-
holds (n) who are sensitive. That is H=q/n, where
q is the number of sensitive households. In order to
estimate the intensity of sensitivity (A), the average
deprivation share across sensitive households was
calculated. Sensitivity was assessed by the follow-
ing equation (for more details, see Appendix A):

S=HxA (1)

According to the MPI index, equal weightings for
both dimensions and indicators were applied. Four
k-cutoffs i.e., 0.2, 0.25, 0.3, and 0.35, were applied
to test the robustness of sensitivity ranking of dis-
tricts according to the plausible values of the cut-
offs in Alkire & Santos, 2014. These cut-offs mean
that individuals or households are identified as sen-
sitive if they are deprived in 20, 25, 30, and 35% or
more of the weighted deprivation count (Alkire &
Santos, 2014).

The sensitivity dimensions included living stand-
ards, financial resilience, and socioeconomic status.
The housing, home appliance, and assets indicators
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were considered as the living standards status.
Financial resilience consists of four indicators: abil-
ity to pay costs of basic needs, traveling, health and
treatment, and on-time loan repayment. The key
indicators of socioeconomic status are listed as fol-
lows: types of job, literacy of head of household, the
use of charity support, access to health insurance,
and the rate of infant and child mortality (Table 1).
The data for sensitivity assessment were collected
through 266 face-face interviews with the head of
rural households by a structured questionnaire.

Adaptive capacity

Adaptive capacity (AC) is the ability of the system
to cope with and adapt or recover from the effects
of environmental hazards or policy change (Adger,
2006; Klenk et al., 2012; Smit & Wandel, 2006).
Some researchers used natural, physical, financial,
social, and human capitals to estimate adaptive capac-
ity (Nazari et al., 2015; Nelson et al., 2010). Adap-
tive capacity also relates to the flexibility to substitute
between the capitals in response to external stresses
and shocks. For example, some farmers sold their
agricultural machinery and home appliances (physi-
cal capital) due to the reduced production capacity
under drought (Keshavarz et al., 2017). Loss of physi-
cal capital compounded with a declining financial
capital reduces the adaptive capacity of rural areas at
local and regional scales.

In this study, the financial and physical capitals
were integrated into one category, namely fixed capi-
tal. The adaptive capacity indicator consists of four
sub-components: social, human, natural, and fixed
capitals. Social capital components included par-
ticipation in formal and informal events, the level
of trust, responsibility, social linkage, and integrity
(Table 1). The human capital indicator consists of the
level of education, experience, skill, and attendance
in training. Fixed capital was referred to as access
to infrastructures (i.e., electricity, water, and natural
gas), service centers (i.e., health centers, banks, and
shops), agriculture equipment, credits, distance from
the city, and agricultural land and livestock owner-
ship. Natural capital was divided into three indicators:
water quality, soil erosion, and groundwater vulner-
ability (Table 1).
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Vulnerability assessment

Table 1 presents the sub-components and indices of
three main components of the research: exposure,
sensitivity, and adaptive capacity. It should be noted
that a minus sign showed the indicators which have
an inverse correlation with vulnerability in paren-
thesis, and the indicators which have a positive cor-
relation with vulnerability were shown by a plus
sign which means that a higher value makes a higher
vulnerability.

Data were collected from different scales and
units; however, all components were analyzed at the
district level. In order to standardize all data into a
uniform scale, below conversion was used (UNDP,
2015; Keshavarz et al., 2017):

Normalized indicator value

_ Original Value — Minimum Value

"~ Maximum Value — Minimum Value 2)

The resultant number is between zero and one.

Regarding the aggregation rule for construct-
ing a composite index, United Nations Develop-
ment Programme (UNDP) has applied the geomet-
ric mean instead of the arithmetic mean for Human
Development Index since 2010 (UNDP, 2015). In
this approach, higher achievement in one dimension
does not linearly compensate for low achievement
in another dimension. In fact, the geometric mean
reduces substitutability between dimensions (UNDP,
2015).

The final vulnerability index was calculated based
on both the geometric mean (Talukder et al., 2017;
UNDP, 2015) and the arithmetic mean (Gbetibouo
et al., 2010; Heltberg et al., 2010; Shukla et al., 2017)
as following equations, respectively:

V,=(E = S*AO)' 3)
E+S+AC
Vo= —75— @)

where Vg represents the geometric mean, V, represents
the arithmetic mean, E represents exposure, S repre-
sents sensitivity, and AC represents adaptive capacity.
We considered the inverse correlation between adap-
tive capacity and vulnerability by converting AC to
1-AC in mean calculations.

Result and discussion
Exposure

The average precipitation in study areas is less than
100 mm/year, and the agricultural sector depends
entirely on the Zayandeh Rud River. The irrigation
requirement is supplied directly from the surface
water and indirectly from the groundwater pumping.
The effect of water scarcity on rural areas is divided
into two climatic and non-climatic shocks.

Climatic exposure

From a climatic point of view, the results of studies
on average temperature and precipitation changes and
the effects of climate change on these parameters dur-
ing the last 10 years prior to 2017 (year of study) were
used. The findings of Otroj (2013) on the groundwa-
ter level trend in Isfahan province showed that anthro-
pogenic effects are most likely to be responsible for
water shortage rather than rainfall reduction. Raziei
et al. (2014) also found no statistically negative trends
for rainfall in this region. However, the newer stud-
ies about climate change impacts on the temperature
and precipitation have indicated an increasing trend
in temperature and a decreasing trend in precipitation
at an annual scale across the basin. The reduction in
winter snowfall would lead to a decrease in basin run-
off and would significantly affect the renewable and
available water resources (Nasri & Modarres, 2019;
Rahmani Fazli & Salehian, 2017). However, climate
change plays a role in the inconstancy of basin water
resources (Rahmani Fazli & Salehian, 2017); all six
districts have been influenced equally (Eslamian
etal., 2017).

Non-climatic exposure

In general, the individuals who had been interviewed
were unanimous about the significant effects of
human-made factors on water scarcity. The results
showed that a high degree of exposure to water scar-
city belongs to rural areas that directly depend on the
river. These districts named Bon-Rood, Jolgeh, and
Markazi expose to water scarcity with 0.82, 0.78,
and 0.75 scores, respectively. Surprisingly, expo-
sures of J. Sofla J. Olya and Koohpayeh (0.25, 0.04,
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and 0.19) are less than those which have direct access
to the river. The farmers of these areas participated
financially in canal reconstruction for their irrigation
systems in recent agricultural development planning;
however, they have often used groundwater.

Miss/poor governance was identified as the core
theme, and the categories include fragmentation
and lack of coordination, policy incoherence, and
centralization (Table 2). Iran has become increas-
ingly caught in hydrological, political, and capabil-
ity constraints (Collins, 2017). Understanding the
impact of Iran’s socio-political situation on water
governance is necessary to identify non-climatic
factors that affect water scarcity exposure in study
areas. The persistence of these challenges indicates
that water scarcity is a symptom of a more signifi-
cant problem relating to the effects of Iran’s oil-
rent state context and the lack of state capacity that
results from the inadequate development of modern
state in Iran (Karl, 1997; Katouzian, 2012; Yousefi,
et al., 2021).

Oil rents have changed the decision-making frame-
work in Iran, and spending has become the key mech-
anism of stateness. Oil rent revenues have altered the
state’s function by growing bureaucracy and power
centralization at the national level, whereas the pub-
lic sector lacks the capacities for effective policy
formulation and implementation. Additionally, oil
rents have created the illusion that the country’s path
to economic development is without major impedi-
ments, and massive spending has become a model
for the economy, with little regard for environmen-
tal restrictions. The illusion of water abundance and
self-sufficiency strategy along with international
sanctions, have exacerbated policy incoherence and
worsened the water crisis (Madani, 2020; Yousefi
et al., 2021). Over the last half-century, the construc-
tion of the Zayandeh Rud dam and water transfer tun-
nels, as well as access to pumping technology and
cheap energy, have resulted in human overexploita-
tion of the ecosystem and a dramatic increase in water
demand due to the development of agricultural lands
and energy/water-intensive industries (Yousefi et al.,
2021).

Sensitivity

The results of sensitivity components show that in
living standards, Koohpayeh and Jolgeh districts
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gained the maximum and the minimum scores (0.36
and 0.19), respectively. Both these two districts have
the highest scores for financial resilience (Fig. 2).
In terms of socioeconomic status, J. Olya has the
highest score of 0.28 due to a high concentration of
elderly people living in large part of this district with
low socioeconomic conditions. The J. Sofla district
obtained the minimum scores in financial and socio-
economic status, which means a lower sensitivity
than other districts. In general, a lower living standard
and financial resilience have a greater impact on sen-
sitivity than socioeconomic indicators (Fig. 2).

Figure 3 shows the sensitivity index calculated by
Eq. 1 for four cut-offs. The increase in cut-off values
reduces the sensitivity of districts. The districts’ rank-
ings are stable and robust except for the cut-off value
higher than 0.3 in Markazi, Bon-rood, and J. Sofla
which sensitivity lines cross each other. However,
there are no significant differences among the sensi-
tivity index of these three districts in cut-off >0.3. It
means that one district is unambiguously less sensi-
tive than another regardless of whether households
are required to be deprived in 20% or 35% of the
weighted indicators (Alkire & Santos, 2). Therefore,
we estimated the vulnerability index across districts
based on cut-off =0.3.

The results of the headcount of sensitivity (H),
the intensity of sensitivity (A), and sensitivity index
(H*A) for a cut-off of 0.3 are illustrated in Fig. 4. The
number of sensitive households is significantly differ-
ent across districts (Fig. 4). J.Olya has the maximum
number of sensitive households (H=0.63), and J.
Sofla (H=0.18) has the least number. This means that
63 percent of households in J. Olya and 18 percent
of households in J.Sofla are sensitive. The intensity of
sensitivity across districts is not very different, rang-
ing from 0.37 (Bon-Rood) to 0.45 (J. Olya) (Fig. 4).
However, the S value, which is the product of multi-
plying H by A, has a larger range from 0.07 (J. Sofla)
to 0.28 (J. Olya), aligned with the sensitive household
numbers. As mentioned above, a large portion of the
J. Olya district was populated by elderly people with
low socioeconomic conditions, which has led to the
maximum sensitivity score. Jolgeh was ranked sec-
ond in the sensitivity index, which is due mainly to
financial resilience, according to Fig. 2. Farmers own
lands smaller than 0.5 ha in this district, and rural res-
idents have difficulty finding a second job.
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Fig. 2 Different depriva- Living standard
tions of six districts X 0.5
e Markazi
— Jolgeh 0.4
Koohpayeh
- Bon-Rood
J.Olya
—).Sofla

Socioeconomic status

Financial resilience

030 . . Adaptive capacity
> 2:2(5) :;\2:::2' As shown in Fig. 5, the natural capital has a wide
2 o BorRood range in six districts compared with other capitals.
g 0.15 coohpayeh The maximum score belongs to Koohpayeh (0.55),
» 0.10 o 1.0lya followed by Markazi (0.5). The Koohpayeh district
0.05 ) Sofla is located in a mountainous area where water and
0.00 soil conditions are suitable. The lowest natural capi-

0.20 0.25 0.30 0.35
Cutoff

Fig. 3 Sensitivity index of districts for different cut-offs
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tal is 0.12 occurred in Bon-Rood. Severe soil ero-
sion and salty groundwater are evident in this district.
The values of human and social capitals are almost
similar (0.43-0.53), with a maximum difference of
0.1 among the districts. The highest human capi-
tal belongs to J.Sofla where households have more
experience of dealing with a water shortage because
they have never had direct access to the river, which
has increased their adaption to water scarcity. J.Olya
and Koohpayeh have similar experiences in terms of
not having direct access to the river; however, their
human capital has been reduced due to their lower
education and training levels. The lowest fixed capi-
tal (financial and physical capitals) belongs to both
Koohpayeh and Bon-Rood, with a score of 0.34.
However, Koohpayeh has the maximum natural capi-
tal, and the score of fixed capital falls primarily due
to the highest distance to the city compared with
other districts. The highest fixed capital score (0.53)
belongs to the Markazi district. Bon-Rood has the
lowest adaptive capacity (0.34) due to the most inad-
equate natural capital (Fig. 5 and 6). J. Sofla, Kooh-
payeh, and Markazi showed the highest adaptive
capacities, 0.46, 0.47, and 0.48, respectively.
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Fig. 5 Sub-components of

adaptive capacity to water Bon Rood
scarcity in six districts Koohpayeh
J.0Olya

Natural Capital

Vulnerability index

Figure 6 illustrates components of vulnerability
to water scarcity in six districts. The highest dif-
ferences among values of components across dis-
tricts are related to the exposure index. Climate
factors have led to the inconstancy of basin water
resources (Rahmani Fazli & Salehian, 2017); how-
ever, all six districts have been influenced equally
(Eslamian et al., 2017). In fact, non-climatic factors
have created different exposures to water scarcity
in six districts. Poor water governance has had the
most contribution to creating vulnerability. During
interviews, informed people mentioned factors such
as economic pressure, inflation, and inappropriate
policies that led to increased vulnerability in rural
areas; however, these issues exist for all people at
the national level.

Table 3 shows vulnerability values calculated by
arithmetic and geometric means. The vulnerability
values calculated by geometric mean are more than
arithmetic ones. It can be seen that different averaging
approaches resulted in different vulnerability rankings
of districts. The geometric-mean vulnerability (V,)
ranking is as follows: Jolgeh (0.44), Bon-Rood (0.39),
Markazi (0.35), Koohpayeh (0.23), J.Olya (0.21) and
J.Sofla (0.19). The arithmetic-mean vulnerability
(V) ranking is as follows: Bon-Rood (0.53), Jolgeh
(0.52), Markazi (0.46), J.Olya (0.30), J.Sofla (0.29),

e Markazi

J.Sofla

Social Capital

Jolgeh 0.6

Human Capital

Fixed Capital

and Koohpayeh (0.28). In both averaging approaches,
Jolgeh, Bon-Rood, and Markazi scores are signifi-
cantly higher than the scores of J.Olya, J.Sofla, and
Koohpayeh. The areas that had direct access to the
river (Jolgeh, Bon-Rood, and Markazi) were more
vulnerable than those that never had direct access to
the river. Koohpayeh, J.Olya, and J.Sofla have low
exposure and high adaptive capacity; however, J.Olya
had the most sensitivity score.

The geometric mean is used to avoid concerns
related to interaction and compensability between
dimensions (Tate, 2012). Poor performance in any
dimension or indicator is directly reflected in the
resultant mean value (Talukder et al., 2017). There-
fore, we analyzed the results based on the geomet-
ric mean. Nevertheless, differences between the two
averaging approaches were not significant. Kooh-
payeh, J.Olya, and J.Sofla have close scores. The
maximum difference in their vulnerability score is
0.04 by the geometric mean and 0.02 by the arith-
metic mean. The vulnerability ranking of Jolgeh and
Bon-Rood changed by two methods; however, the dif-
ferences in scores are low.

Strategies for vulnerability reduction
Rural household poverty, poor water governance,

and political and social limitations have amplified
the impacts of water scarcity for dwellers of study

@ Springer
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Fig. 6 Components of vul-
nerability to water scarcity 1.0lya 1
in six districts
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e Markazi
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areas. To reduce their livelihood vulnerability, the
government should support introducing adaptation
approaches to mitigate farm-level losses, such as crop
diversification, cultivation of drought-tolerant crop
varieties, and resource conservation and manage-
ment practices. Policymakers should provide farm
families with access to alternative livelihood skills
and credit facilities to transform into non-farm occu-
pations (Keshavarz et al., 2017). Governments also
require suitable supportive policies to ensure farmers’
financial viability (Nazari et al., 2015). Technological
developments in the capture, storage, and efficient use
of water provide further opportunities for adaptation
(Gawith et al., 2015). It was found that the vulner-
abilities to water scarcity are not equally distributed
across the districts, nor are they driven by the same
factors. Therefore, adaptation and resilience in each
district require different strategies. Some adaption
techniques, such as modern irrigation systems like
tape irrigation, were adopted in some parts of the
study area.

Table 3 Vulnerability to water scarcity calculated by arithme-
tic (V,) and geometric (V,) means

Districts V, Ve

Markazi 0.46 0.35
Jolgeh 0.52 0.44
Bon-Rood 0.53 0.39
Koohpayeh 0.28 0.23
J.0lya 0.30 0.21
J.Sofla 0.29 0.19

@ Springer

Sensitivity

Conclusion

This study assessed vulnerability to water scarcity in
six rural areas of Isfahan County, which have been
influenced by severe water scarcity in the recent
15 years due to the drying up of the Zayandeh Rud
River, the primary source of irrigation water. A mixed
and integrative methodology was used to assess vul-
nerability. According to the results, the vulnerability
varied across the districts depending on the different
levels of exposure, sensitivity, and adaptive capac-
ity of households. In general, poor water governance
was the main cause of exposure to water scarcity.
The main aspects of poor water governance in study
areas were: a combination of power centralization
and weak coordination, policy incoherence, and lack
of implementation capacity. In the study area, these
deficiencies are evident in no rule of law and the lack
of control regarding water withdrawals, particularly
from wells, weak institutional capacity for coordina-
tion, and no changes in the status quo plans and strat-
egies to address challenges.

Although rural areas have had access to basic
needs and infrastructures, the lack of turnover or cash
flow has caused economic difficulties. Living stand-
ards and financial resilience contribute to sensitivity
more than socioeconomic factors. The differences in
adaptive capacity across rural areas have been created
mainly by different natural capitals. Villages located
downstream have lost their natural capital due to
water-quality degradation caused by river drying up
and groundwater overexploitation. The districts that
had direct access to the Zayandeh Rud River were
more vulnerable to water scarcity than those that had
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never had direct access to the river due to the more
exposure and less experience in dealing with water
shortage. Each region requires different strategies and
measures for developing adaptation and resilience
pathways. However, there is increasing evidence of
maladaptation. The lack of enabling conditions can
hardly be addressed within the one sector alone and is
more related to the socio-political-economic context
of countries that require structural transformation.
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