
����������
�������

Citation: Ahmadi, S.; Ghanbari

Movahed, R.; Gholamrezaie, S.;

Rahimian, M. Assessing the

Vulnerability of Rural Households to

Floods at Pol-e Dokhtar Region in

Iran. Sustainability 2022, 14, 762.

https://doi.org/10.3390/su14020762

Academic Editor: Masoud

Yazdanpanah

Received: 7 November 2021

Accepted: 15 December 2021

Published: 11 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Assessing the Vulnerability of Rural Households to Floods at
Pol-e Dokhtar Region in Iran

Somayeh Ahmadi, Rezvan Ghanbari Movahed * , Saeed Gholamrezaie and Mehdi Rahimian

Department of Agricultural Economics and Rural Development, Lorestan University,
Khorramabad 6815144316, Iran; Arsalan25895@gmail.com (S.A.); Gholamrezai.s@lu.ac.ir (S.G.);
Rahimian-m@lu.ac.ir (M.R.)
* Correspondence: Ghanbari.re@lu.ac.ir

Abstract: The agricultural sector in rural areas is seriously affected by climate change, affecting
agricultural production and farming communities. This paper investigates rural households’ vulner-
ability to floods in the seven agricultural-based regions of Pol-e Dokhtar, south of Lorestan Province,
Iran. The primary data for the vulnerability indicators were collected from 322 households. Three
main components of vulnerability, including exposure, sensitivity, and adaptive capacity, were mea-
sured using the obtained data. The weighting of indicators was done by the MSF method and using
MATLAB software. The results showed that the social and economic characteristics of households
affect their vulnerability to floods. The Jayder, Mamolan, and Afrineh regions, which were more
exposed to floods, had less capacity for adaptation. The results showed that the most vulnerable
communities could be described by characteristics such as low levels of agricultural insurance, limited
access to credit, low levels of income diversification, high levels of unemployment, low levels of social
capital, higher dependency ratios, and poor infrastructure. This research showed that diversified
livelihoods have a significant effect on reducing farmers’ sensitivity to floods. The study proposes
policy implications to increase resilience and reduce farmers’ vulnerability to floods. The government
and other development partners should prioritize the most vulnerable areas by improving their
access to finance and providing the technical assistance required for increasing their coping capacity.

Keywords: vulnerability; flood; exposure; sensitivity; adaptation capacity; Iran

1. Introduction

Flooding is a natural phenomenon that can have the greatest impact on the human
population of the world [1]. However, it carries a greater risk for property damage than it
does a lethal risk for people living in flood-prone areas [2]. Flooding is a threat to developing
countries; therefore, they need to plan risk-management and coping strategies to mitigate its
effects. For this reason, different studies have been carried out to assess the impacts of floods
and the vulnerability and adaptation measures in Iran [3–5]. However, most studies have
addressed flood vulnerability’s environmental and biophysical dimensions, and more have
targeted impacts and adaptation strategies in urban areas. Few studies have focused on the
social dimensions of flood vulnerability and coping strategies in rural areas (households,
rural communities). About 80% of extremely poor people live in rural communities. Rural
poverty is different from poverty in urban areas and is more severe [6]. The incomes of
these people rely more on on-farm activities, the sale of agricultural production (crop,
livestock), or agricultural wage employment. Their dependence on agriculture makes the
rural poor very vulnerable to climate change [7]. Thus, it is suggested that poor people
are expected to suffer the most from natural disasters such as floods. They do not have
enough income to deal with the impacts of floods, and it is often not possible for them to
fully recover after a flood [8,9].

The Inter-Governmental Panel on Climate Change (IPCC) considers vulnerability
as the extent to which the system is sensitive to the negative impacts of climate change,
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including climate variability and severe weather events [10]. For mapping farmers’ vulner-
ability to climate variability and change at the local level, we used the IPCCs’ definition.
The regions’ vulnerability was a function of adaptive capacity, sensitivity, and exposure
dimensions [11]. Exposure is recognized as an external dimension of the vulnerability of
a system to climate change [12]. Sensitivity is defined as the degree to which a system is
affected either positively or negatively by a climate-related driver [13]. Adaptive capacity,
also defined as coping capacity, the capacity of response, or capacity of adaptation, is the
capability of a system to adjust to exposure (including extreme weather and climate events),
mitigate potential losses and exploit opportunities, or deal with the impacts. The IPCC
states that a comprehensive and integrated assessment of the vulnerability of hazard-prone
areas is crucial to developing resilience measures and building adaptive capacity [14].
Assessing community resilience is an essential first step for reducing disaster risk in a
community and enhancing its resilience to natural and human-induced disasters [15].
Therefore, there is a need to determine the vulnerability degree of communities to climate
change. Vulnerability assessment is a complicated approach since it is affected by vari-
ous economic, social, cultural, institutional, and political factors at the local level [16]. In
other terms, vulnerability is influenced by multiple factors, such as housing situations,
infrastructure, government policies, economic plans, social inequities, etc. Therefore, flood
vulnerability is different for communities in different contexts [17]. Since vulnerability is a
multidimensional approach, developing countries are likely to be more vulnerable than
other countries due to the weakness of economic, organizational, and institutional factors
that limit their resilience and recovery strategies [2]. In developing countries, devastating
flood disasters are associated with bad river-basin planning, defective land-use planning,
dysfunctional institutions, a lack of integrated policies, weak governance, and the improper
use of resources near the rivers by people [18].

Pol-e Dokhtar County is located in the south of Lorestan Province and is one of
the flood-prone areas of Iran. In recent years, the frequent occurrence of droughts has
forced officials to neglect a natural hazard, flooding. In April 2019, the Pol-e Dokhtar
County experienced the worst floods in Lorestan in the last 100 years. The water level
in Pol-e Dokhtar reached the roofs of houses. Extensive floods and landslides destroyed
rural roads, and cut off traffic, telecommunications, and water in the region. Bridges,
people’s homes, agricultural land, and infrastructure were destroyed by the flood. The
height of mud in some areas of Pol-e Dokhtar was between 59 and 118 inches. In the
agricultural sector, the infrastructure of the livestock, poultry, and aquaculture sectors
was most damaged. According to the initial estimate, the amount of damages in Pol-e
Dokhtar County in different parts was about USD 118,750,742 [19]. This incident shows
that floods and river flooding are inevitable due to the seasonal floods in Lorestan Province,
especially the Kashan River, which is known as the most flood-prone river. Pol-e Dokhtar
in southwestern Iran has a relatively warm and semi-arid climate, identified by heavy rain.
The average annual rainfall in the area is around 397.2 mm; thus, it is one of the peripheric
regions in Lorestan Province. Pol-e Dokhtar township has a rural population higher than
the national average (more than 50%). However, most villages in this region face various
problems and challenges and are considered one of the most deprived areas of Lorestan
province [20]. Therefore, the occurrence of a flood event can directly affect the livelihood of
farmers in this area.

An increasing number of studies have assessed vulnerability to climate change, partic-
ularly flood vulnerability. Antwi et al. [21] used rural participatory research approaches to
develop four vulnerability categories (socio-economic, ecological, engineering, and politi-
cal). They selected flood vulnerability indicators based on specific local characteristics and
interaction with community stakeholders, and specialized knowledge from a social and
ecological perspective. Fernandez et al. [22] suggested the GIS-MCDA approach to floods’
social vulnerability assessment. This study provides an opportunity to better understand
and improve the monitoring of social vulnerability over space, identifying ‘hot spots’ that
require adaptation policies. Komi et al. [23] introduced a community-based disaster risk
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index model to identify the main factors contributing to rural communities’ flood risk in
the Oti River Basin, Togo.

Chaliha et al. [24] used a composite vulnerability index to quantify farmers’ vulnera-
bility in Assam to floods. They quantified the indicators based on data from household
surveys and rural participatory assessments (PRAs) in rural areas and secondary data
sources. Uwakwe et al. [25] suggested depth–damage and spatial multi-criteria evaluation
(SMCE) methods to assess the vulnerability of rural household buildings and popula-
tions during the flood event at Dennery Village. Nasiri et al. [26] compared different
approaches to vulnerability assessment and concluded that the indicator-based approach
offers a more precise vision of overall flood vulnerability in each area than other approaches.
Blistanova et al. [27] combined multi-criteria analyses (MCA) and geographical informa-
tion systems (GIS) tools to assess the flood vulnerability of the Bodva river basin located in
the eastern part of Slovakia. Flood vulnerability was assessed in four classes: acceptable,
moderate, undesirable, and unacceptable. Pham et al. [28] used the household vulner-
ability index method and a qualitative data analysis to assess the vulnerability level of
smallholder farmers to flash floods. The results showed that farmers’ livelihoods are the
most vulnerable to flash floods. Mucherera and Mavhura [29] introduced an interpretive
approach to knowledge generation about flood survivors’ perspectives on vulnerability
and mitigation measures. The results showed that a shortage of land, flood-based farming
practices, and poverty are the key drivers of the smallholder farmers’ vulnerability to floods.
Mudavanhu et al. [30] used a composite index approach to assess the vulnerability of rural
households to floods in Zimbabwe. The results showed that the vulnerability of households
was the result of the intersection of poor socio-economic conditions and physical exposure
to floods. High levels of unemployment, low levels of education, an over-dependence
on rain-fed smallholder farming, and the use of poor materials to build houses were key
factors in flood vulnerability. Sam et al. [31] combined the livelihood vulnerability index
(LVI) with the socio-economic vulnerability index (SVI) to assess the vulnerability of rural
households to floods in India. They concluded that socio-demographic characteristics such
as low literacy rates, high dependency ratios, and weak housing structures increase the
vulnerability of rural households. You and Zhang [32] suggested a catastrophe theory
method to assess social vulnerability to floods in China.

While most of the previous studies have tried to develop an appropriate framework
for vulnerability assessment at a national scale, in our present study, we tried to focus on
local levels, where the actual dynamics of vulnerability to flooding occur. Moreover, to our
knowledge, no study has endeavored to investigate the social dimension of flood vulnera-
bility in rural households in Iran. Therefore, this paper assesses farmers’ vulnerability to
floods in the Pol-e Dokhtar districts in the Lorestan province. The main objectives of the
current study were to (i) develop a household vulnerability index (HVI) to assess household
flood vulnerability and to classify households according to their level of vulnerability, and
(ii) compare the level of vulnerability among seven agricultural-based regions of Pol-e
Dokhtar. The use of the MSF method in weighting the indicators is the scientific contribu-
tion of this study. This method eliminates the shortcomings of previous weighting methods
such as Delphi, AHP, and PCA. The matrix-based statistical framework (MSF) method can
minimize some built-in flaws in the present study, compared to other weighting methods.
The main advantage of this method is that it directly decides to select the eigenvector as
relative weights that accord with the largest eigenvalue. In addition, the current study
measures the levels of vulnerability with socio-economic indicators that are field-based and
theory-driven, and shows the importance of local differences in government planning.

Therefore, we try to answer the following research questions in this study:

• To what extent are rural households vulnerable to floods in the study area?
• Which rural areas are more vulnerable to floods, based on three components of flood

vulnerability (exposure, sensitivity, and adaptive capacity)?
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2. Materials and Methods
2.1. The Study Area

The study region, Pol-e Dokhtar, is located in the south of Lorestan Province, Iran. This
region has a total population of 73,744, about 53.5% of whom live in rural areas. The district
lies between longitudes 47◦027′ W and 48◦022′ W and latitudes 32◦041′ N and 33◦031′ N
with an estimated area of about 3615 km2 (Figure 1). Due to being located in the outskirts of
Lorestan province and near the Kashkan River, Pol-e Dokhtar is one of the most vulnerable
regions to flooding. The Kashkan River basin is one of the critical sub-basins of the Karkheh
catchment located in the middle part of the Zagros Mountains, with more than 9000 km2.
With its entire catchment being located in Lorestan, the main branch of this river accounts
for more than 30% of the province’s total area. The latest floods in the Kashkan River basin
occurred in 2019. Heavy rains caused water levels to rise rapidly. In April 2019, the floods
were exceptional in time and spatial distribution in the Kashkan basin. The Kashan River
has experienced a water flow of over 5000 cubic meters per second at Pol-e Dokhtar Station.
The climate of the district is warm and semi-arid. The mean annual rainfall of the region is
between 450 and 650 mm, whereas the temperature ranges between 0 ◦C at night during the
cold season and 48 ◦C during the day in the hot season. Pol-e Dokhtar County is divided
into two administrative zones (Central and Mamolan) and seven districts, including Jaider,
Jelogir, Melavi, Western Miankouh, Mamolan, Afrineh, and Eastern Miankouh. This county
has 322 villages distributed in the seven districts mentioned above. Agriculture is the
most common economic activity in this area, accounting for 80% of the jobs. Agriculture is
small-scale, comprising crops (e.g., wheat, barley, maize, rice, beans, black fig, tomatoes,
cucumbers and figs, and different vegetables), and animal husbandry (sheep, goats, cattle,
and poultry).

2.2. Data Collection

We collected the data of households by a structured questionnaire. This questionnaire
consisted of two parts: the first part gathered data about farmers’ personal and professional
characteristics; the second part consisted of vulnerability indicators to calculate the levels of
vulnerability indicators among farmers. We surveyed 322 households in the seven districts
of Pol-e Dokhtar from March to July 2019. The heads of the households were selected as the
main unit for collecting field data in this study. In this study, we used a two-stage stratified
random sampling method. We stratified the population of households by district. Using
proportionate sampling, we obtained a stratified random sample of 322 households.

2.3. Methods

In the present study, we used an index-based vulnerability assessment method [33].
This method is widely used since it allows for the incorporation of biophysical and socio-
economic components of vulnerability, is relatively simple to conduct, and is easy to
communicate to the public and to policymakers [34]. This method involves three sequential
steps of vulnerability index construction: the selection of indicators, the normalization of
indicators to a standard scale, and aggregation to a final value. Based on the available
literature, indicators were selected based on a focus group discussion with the experts to
measure exposure, sensitivity, and adaptive capacity among farmers in flood-prone areas.

After selecting the indicators and considering the environmental and socio-economic
conditions of the Pol-e Dokhtar County and farmers’ households, we applied some adjust-
ments. The indicators and sub-indicators are listed in Table 1.
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Figure 1. Study area.
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Table 1. Indicators of vulnerability and relative weight of various indicators computed by MSF.

Contributing
Factor of

Vulnerability
Major

Components Sub-Components Sign Description of Indicators Data Source Relationship Final Relative
Weight

EXPOSURE

Frequency of floods
in last 10 years EX1

Number of flood events
experienced in the last 10 years IWRMC * + 34/05

Height of floods in
last 10 years EX2

Highest flood height experienced
in the last 10 years (in feet) IWRMC + 35/54

Duration of floods
in last 10 years EX3

Longest flood duration
experienced in the last 10 years

(in days)
IWRMC + 37/43

SENSITIVITY

Human
sensitivity

Number of
households SE1 Number of family members survey + 26/76

Unemployment
in family SE2

Number of unemployed
members of family aged 15 to 65 /
total number of family members

survey + 41/32

Number of
sick persons SE3

Number of sick members of
family aged 15 to 65 / total
number of family members

survey + 11/18

Dependency ratio SE4

Ratio of family members <15 and
>65 years old / total number of

family members
survey + 39/21

Livelihood
sensitivity

Annual income
generated from

agriculture
SE5

Percent of annual income
generated from agriculture to

all income
survey + 42/11

Livelihood
diversification

index
SE6 Number of non-farm activities survey 41/48

Infrastructure
sensitivity

Quality of
housing structure SE7

The ratio of family size to the area
of weak houses survey + 30/14

Distance of
dwelling unit to

the river
SE8

Distance of dwelling unit to the
river (km2 )

survey + 38/04

Financial
sensitivity

Household debt SE9
Percent of debt to total income

of household survey + 36/55

Farmland size SE10
Total farmland size owned /
number of family members survey + 28/19

Livestock units SE11
Ownership of number of

livestock units survey + 36/48

ADAPTIVE
CAPACITY

Economic

Number of
Insured Livestock AC1 Number of insured livestock survey + 33/86

Crop insurance AC2
% of farmland covered by crop

insurance / credit survey + 39/88

Access to credit AC3
Access to governmental credit

(yes = 1, no = 0) survey + 41/54

Technology

Access to internet AC4
Number of individuals using the

internet in family survey + 22/76

Social network
access AC5

Number of individuals using a
social media network in family survey + 36/65

Access to vehicles AC6
Number of vehicles

per household survey + 27/80

Social capital

Asking for financial
support AC7

Number of contacts the
household who can ask for

financial help
survey + 30/12

Membership in
rural organizations AC8

Number of organizations
households are involved in survey + 29/32

Participation in
group activities AC9

Number of household members
that participating in

group activities
survey + 25/04

Human capital

Family member
working in
the business

AC10

The number of family members
migrated to look for support for

the family in the form of
remittances during floods

survey + 29/45

Level of education AC11
Number of household members

with formal education survey + 37/75

Health insurance AC12
Number of household members

with health insurance survey + 15/45

Training related
flood risk AC13

Number of trainings received to
take flood-risk measures survey + 32/84

Infrastructure Average area of
dwelling AC14

Average area of permanent
dwelling per head survey + 24/43

* Iran Water Resources Management Company.

In the next step, since each of the sub-components of vulnerability was calculated in
various units, they were standardized using Equation (1) as an index.

IndexSdi =
Sd − Smin

Smax − Smin
(1)
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where index Sdi = the index value of each sub-component, Sd = the real value of the of
each sub-component of vulnerability, and Smax and Smin = the maximum and minimum
values of each sub-component for major components of vulnerability, respectively. For
variables that measure recurrences, such as the percentage of farmland covered by crop
insurance, we set the minimum value to 0 and the maximum value to 100 percent. These
minimum and maximum values were used to transform this indicator into a standardized
value between 0 and 1 so that it could be integrated into the components of the VI.

Due to the relative importance of the several components of vulnerability, we must
weigh the indicators appropriately. Weighting techniques such as Delphi and AHP have
been extensively utilized and criticized because they could be interpreted differently in
terms of the experience and knowledge of the participating experts [35]. This is also true
for expert opinion-based weighting; weights may not be transferable from one region
to another. Many weighting methods face bias issues, except for principal component
analysis (PCA). Nevertheless, PCA has some shortcomings that can be overcome by the
matrix-based statistical framework (MSF) method. Principal components are selected based
on explaining the maximum variance present, which mathematically reduces the most
important indicators in general. The relative weights of indicators produced by the PCA
technique are unable to give importance to the impact of an individual indicator. On the
contrary, the MSF method is suitable for any area and scientific studies to give relative
weights to any group of indicators.

Therefore, we used the MSF method to weigh the indicators in the present study. This
new method usefully achieves a simplified and interactive way of weighting compound
hazards, vulnerability, and risk assessments for any region. The MSF was created based on
the eigenvector according to the maximum eigenvalue from the correlation matrix, made
from Pearson’s correlation coefficients. We constructed Pearson’s correlation coefficients
from the summation of the squared matrix, which is the correlation between each of the
variables. We used MATLAB software to analyze eigenvectors and eigenvalues. Therefore,
the indicators’ weight was computed using the MSF. Accordingly, we determined the
largest eigenvalue of indexes 2.26, 1.80, and 1.45 for exposure, sensitivity, and adaptive
capacity indicators, respectively. Lastly, we used a comparative approach to calculate the
relative weight of each indicator.

In the first step, MATLAB script was used to calculate Pearson’s correlation. Then a
correlation matrix was developed that helped to find the matrix of the relative weights
of the indicators. The intensity of the interrelationships between the indices affected the
dependent relative weight matrix.

Using Equation (2), the correlation matrix was established, which is described as:

=

 1 pxy pxz
pyx 1 pyz
pzx pzy 1

 (2)

Using the above relation, a set of eigenvalues was formed, and with the largest
eigenvalue, a set of eigenvectors was generated, which reflected the desired weights of
indicators through the following sequences of Equations (3) to (5). This set of vectors gave
the relative weights among the indicators [36].

To find the eigenvector, the following equations were applied, which are represented by:

[A]× [W] = λmax× [W]; (3)

where A is the correlation matrix defined in relation (3), representing the relation between
the indicators, and w is the weight vector, which is mainly the eigenvector for the largest
eigenvalue λmax.
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To solve Equation (3), λ is needed to find the solution of Det (A − λI) = 0. Thus,∣∣∣∣∣∣
 1 x y

x 1 z
y z 1

− λ×

 1 0 0
0 1 0
0 0 1

∣∣∣∣∣∣ = 0 (4)

After solving the above Equation (4), a set of eigenvalues is formed. The desired
eigenvector corresponding to the largest eigenvalue indicates the relative weights, and it is
expressed as:  λ1

λ2
λ3

 Largest eigen value

 w1
w2
w3

 (5)

A MATLAB script is used to analyze the eigenvalues associated with the eigenvectors.
To create the vulnerability index for each district, we summed up the index values of

the sub-components for each vulnerability factor, and we determined the average. This
was done using Equation (6):

Md =
∑n

i=1 indexSdi
n

(6)

Here, Md is one of the major components for district d, the Sdi represents the sub-
components, indexed by i, that make up the major component, and n is the number of
sub-components in each major component. Once values for each of the major vulnerability
components for a district were calculated.

MEconomic =
∑3

i=1 Number of Insured Livestock + Crop insurance + Access to credit
3

Then, using Equation (7), we calculated the vulnerability contributing factor CFi
(exposure, sensitivity, or adaptive capacity) for the household i:

CFd =

10
∑

i=1
Wmi Mdi

10
∑

i=1
Wmi

(7)

Here, CFd is one of the factors contributing to VI-IPCC (exposure, sensitivity, and
adaptive capacity) for district d, Wmi is the weight of each major component, and Mdi are
the major components for district d indexed by i.

Equation (7) can be expressed in expanded form as:

Sensitivity =
WHSHS + WLSLS + WIS IS + WFSFS

WHS + WLS + WIS + WFS

Sub-components of the sensitivity: HS = Human sensitivity, LS = Livelihood sensitivity,
Is = Infrastructure sensitivity, FS= Financial sensitivity.

After calculating the contributing factors, we measured the vulnerability using the
following formula [37]:

VI = AI − (EI + SI) (8)

where VI = vulnerability index, EI = exposure index, SI = sensitivity index.
After measuring VI, we calculated the distance between the lowest and highest scores

and categorized the households into three groups in terms of the level of the calculated VI:
low, moderate, and high vulnerability (Table 2).
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Table 2. Scale for vulnerability index.

Range of Vulnerability Score Vulnerability Class

−0.9 to −3.5 High
−1.0 to 1.0 Moderate
1.1 to 3.5 Low

3. Results and Discussion
3.1. The Vulnerability of Rural Households

The households were classified into three categories, “high”, “medium”, and “low”,
using the vulnerability index. (Table 3). In other words, highly vulnerable households
are more exposed to floods, are sensitive, and have a low adaptive capacity. Households
with less vulnerability can deal with the situation without any assistance from external
sources. Low vulnerability households include those in need of immediate and temporary
external assistance for recovery after a severe event. The results indicated that about 26%
of households were slightly vulnerable to floods. Additionally, 32% of households had a
low vulnerability, and 42% were specified as highly vulnerable to floods (Table 3). This
difference in vulnerability classes can be due to variables such as access to credit, distance
to the river, quality of housing structure, level of income diversification, dependency ratios,
unemployment rates, participation in social networks, level of education, and participation
in training courses on adaptation to climate change, which was also found in other stud-
ies [38–41]. Therefore, it is suggested that, to reduce the vulnerability of households and
increase the adaptation capacity, the conditions of access and the availability of resources
should be improved for all households in the study area, and infrastructure restrictions
should be removed.

Table 3. Classification of households into total vulnerability classes.

Range of
Vulnerability Score Vulnerability Class Number of

Households % of Households

−0.9 to −3.5 High 136 42.2
−1.0 to 1.0 Moderate 103 32.0
1.1 to 3.5 Low 83 25.8

We obtained a vulnerability score for each of the seven districts (Table 4). The Jayder
district showed the highest vulnerability to floods. It had a total score of −1.33, followed
by Afrineh (−1.24), Mamolan (−1.19), Western Miankuh (−1.09), Melavi (−0.99), Jelogir
(−0.41), and Eastern Miankuh (−0.28), as shown in Figure 2. Highly vulnerable regions,
namely, Jayder, Mamolan, and Afrineh, are extremely close to the Kashkan River, and they
are prone to the cycle of repeated flooding. These regions have a large amount of heavy
and continuous rainfall, weak infrastructure, and a high rate of farmers who depend on
river-front agriculture for their livelihood. Floods have caused considerable damage to
properties and growing crops in these regions. Houses are badly damaged, and many
fields of grain and most gardens are lost. Moreover, we can categorize these areas by
weak houses, limited facilities, insufficient sources of income, unemployment, low social
capital, and a high proportion of dependency ratios. Therefore, deficient infrastructure
and human capacity reduce the ability of households to react to the negative consequences
of floods. This finding is in line with the results of Thathsarani and Gunaratne [42] and
Williams et al. [43], who concluded that poor people cannot afford all essentials and cannot
withstand severe disasters. At the household level, limited financial resources negatively
affect the capability of households to recover from overwhelming events in damaged
regions. Generally, our findings indicated that vulnerability is higher in the areas with a
lower level of adaptive capacity, a high level of exposure, and high sensitivity. Figure 2
shows the total vulnerability score and indicates differences among the seven districts.
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Table 4. Household exposure, sensitivity, adaptive capacity, and total vulnerability.

Districts (Study Area)

Jayder Afrineh Mamolan Western
Miankuh Melavi Eastern

Miankuh Jelogir

Exposure 0.87 0.84 0.85 0.80 0.75 0.50 0.54

Sensitivity 0.77 0.75 0.73 0.68 0.61 0.41 0.48

Adaptive Capacity 0.31 0.35 0.39 0.39 0.37 0.63 0.61

Total Vulnerability −1.33 −1.24 −1.19 −1.09 −0.99 −0.28 −0.41

Figure 2. (A) Vulnerability indices over the rural districts of Pol-e Dokhtar; (B) exposure indices;
(C) sensitivity indices; (D) adaptive capacity.

3.2. Exposure Assessment

Among the seven districts, the average maximum value of total exposure was in the
Jayder area (0.87), and the minimum was in the Eastern Miankuh district (0.50) (Table 4).
By looking at the various sub-components for exposure, it can be seen that the longest time
of flooding experienced in the last ten years has been in the Jayder region (0.68), and lowest
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in the Jelogir region (0.35). The longer the flood, the more riverside lands will be flooded,
and the wider the range of damage. Increasing the duration of a flood means increasing
the length of time that a farmer’s property and assets are at risk. Therefore, it seems that
the amount of damage to rural household assets, which includes land, gardens, livestock,
agricultural implements, etc., in the Jayder area is higher than in other areas. In the index for
the average number of flood events experienced in the last ten years, Jayder had the highest
index value, and Eastern Miankuh had the lowest value (see Figure 2). However, the
seven studied districts in Pol-e Dokhtar did not indicate a significant difference concerning
exposure. The results showed that the smallholder farmers of the Jayder, Mamolan, and
Afrineh districts are more exposed to floods and variations in precipitation. These districts
are located alongside the Kashkan River, and they are exposed to a higher incidence of
flooding due to continuous heavy rainfall than Jelogir and Eastern Miankuh, which are
further away from the Kashkan River. Few and Tran [33] confirmed that physical location is
one major factor distributing risk effects in line with this finding. In rural areas, behavioral
mistakes and a lack of awareness of dangers such as building houses alongside rivers
and the encroachment of the river increase the risk of flood vulnerability [44]. Increasing
riverbed encroachment in rural areas has become a major crisis. The protection of rivers
in Iran is associated with various challenges. Despite weaknesses in water policy and
legislation, the legislature’s island view of managing water resources, especially rivers, has
led not only numerous institutions to play a role in protecting or licensing its exploitation,
but this process has also contributed to inconsistencies and wrong decisions. In fact, if we
see the construction of residential houses in the riverbeds, seizure and destruction, sand
harvesting, violation of the quality of the river, and its change of use, the result goes back to
the lack of integrated management of water resources. Management in which the lack of a
basin view of water resources is evident. The establishment of an authoritarian management
system and the absolute focus of problem solving in the center may have led to the neglect
of the role of the catchment basin and local communities in this management. Therefore,
the transition from the existing heterogeneous process requires reforming approaches and
attitudes in policy making, law reform, and the establishment of catchment management in
coordination with other stakeholders and, ultimately, the imposition of deterrent penalties
in connection with river-basin crimes. Moreover, Jayder and Afrineh are located in the
southern part of Pol-e Dokhtar, with wheat and barley farms in low-lying areas. Low-lying
areas have poor drainage, so water from continuous rainfall floods their farms and damages
their crops. Reports in these areas also indicate that the floods have severely damaged
agricultural lands, orchards, farmland roads, pumping stations, and farmers’ pump motors.
Therefore, taking measures such as creating small drainages in each plot of land, subsoiling
or sward lifting, and increasing the height of hand pumps are among the measures that
farmers can take as part of their flood preparedness.

3.3. Sensitivity Assessment

Based on the sensitivity index, the Jayder region indicated the highest total sensitivity
(0.77), followed by Afrineh (0.75), Mamolan (0.73), Western Miankuh (0/68), Melavi (0.61),
Jelogir (0.48), and Eastern Miankuh (0/41) (Table 4). The majority of households in the
Jayder, Afrineh, and Mamolan districts were highly sensitive to flood impacts since floods
have destroyed their farms, fig gardens, and houses. The level of income diversification is
low in the Jayder, Mamolan, and Afrineh districts, compared to other districts in the study
area. The households in these areas are highly dependent on agriculture as their major
source of income. This dependence can have severe consequences for the villagers and put
them in a vulnerable position. As Davies et al. (2009) report, rural people who depend on
agriculture for their livelihood in times of stress and shock (e.g., floods and droughts) are
more affected.

In contrast, the households in the Jelogir and Eastern Miankuh districts are engaged
in other income-generating production activities, including livestock and poultry raising,
government jobs, small business, and self-employment. These farmers are less vulnerable
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to the overall effects of climate change because they have more diverse resources to invest
in coping strategies. Farmers who have diversity in crops and sources of income can
create a low-risk subsistence basket and recover more easily and quickly in the face of
climate change. An income resource diversification provides insurance for farmers at risk
in the face of shock, while people who trust a single source of income are less able to
deal with disasters (Ellis and Allison, 2004; Ellis and Freeman, 2004; Yazdanpanah et al.,
2017; Paavola, 2008). [45–48]. The results showed that Jayder and Mamolan have more
dependent members under 15 and over 65 years. Higher dependency ratios imply fewer
people who can actively farm and engage in other livelihood activities than areas with
lower dependency ratios. Households with a higher dependency ratio will have a greater
burden on income members, resulting in reduced adaptation capacity (pya) [49].

Overall, the sensitivity analysis results showed that Jayder, Mamolan, and Afrineh are
the most sensitive areas. This is, basically, due to the relatively high unemployment rates,
the enormous proportion of farmers with small landholdings, the greatest percentage of
households with insecure houses, higher dependency ratios, and low income diversification.
In these areas, the unemployment rate is high due to the strong reliance on agriculture
and its incomes and the lack of employment and income sources other than agriculture.
The agricultural sector is not able to increase income much due to the limited and non-
increasing amount of land. As reported by Corbov et al. [50], high unemployment rates
contributed to an increased sensitivity to climate change. The unemployed are a group
with special needs that are more dependent on other family members and government
assistance. They may have less financial capital, and their houses may not be of sufficient
quality and may not be protected by insurance [51,52]. Therefore, the search for other
sources of income, given the potential of these areas, to diversify the rural economy and
increase employment opportunities, is necessary.

Agriculture in these areas is characterized by the presence of a large number of small
and marginal farmers with small farms. This reflects the fact that small-scale farmers suffer
more damage than large-scale farmers, due to a more limited access to resources, less
financial and information capacities, and the inability to cope with climate risks such as
floods. Additionally, previous studies have shown that climate change negatively affects
the well-being of most rural smallholder farmers. These effects have posed a major threat
to the food security and livelihoods of most farmers in developing countries because
most rural smallholder farmers depend on natural climatic sensitive resources for their
livelihood [53–56]. Therefore, increasing efforts to help smallholder farmers cope with
existing changes and adapt to future climatic conditions by agricultural officials and
planners should be a priority.

3.4. Adaptive Capacity Assessment

The analysis of the total adaptive capacity showed a substantial variation among the
seven rural areas. Jelogir (0.63) and Eastern Miankuh (0.61) have an adequate adaptive
capacity due to strong social networks, relatively good infrastructure networks, access to
credit, short distances to urban areas, higher education levels, and access to institutions
(Table 4). Households who participated in social networks and group activities were
more resilient to climate change-induced shocks because they had access to the critical
resources (material and non-material) that are essential for diversification through their
networks. Results from previous studies show that households rarely make adjustment
decisions alone. Instead, adaptation decisions are often based on interactions between
individuals and their collective activities, mediated through kinship, friendship, informal
institutions, and formal government institutions [57]. Thus, social networks play a key role
in households’ adaptive capacity and resilience to climate change [58,59].

Access to credit increases the likelihood of household adaptation and the better im-
plementation of adaptive strategies to floods. It also helps reduce liquidity constraints,
off-sets household expenditures, and facilitates investment in adaptation strategies. The
study results showed that households with access to credit have a good resilience to climate



Sustainability 2022, 14, 762 13 of 17

change, compared to households without access [60–62]. Therefore, it is recommended
that the government formulate an agricultural credit policy that addresses the problems
of smallholder farmers, especially in areas that are vulnerable to climate change. The
government can focus on financial support policies to help smallholder farmers break out
of vicious cycles of economic deprivation to increase their adaptation capacity.

According to the results, education plays an important role in the adaptive capac-
ity of households to floods, which was also found in other studies [63]. Increasing the
level of education of household members can increase their ability to approach, interpret,
and use adaptation information [64]. Higher-educated households are more likely to
diversify their livelihoods to adapt to climate change and engage in non-farm activities
(such as handicrafts, tourism, transport, agro-processing). Therefore, improving access to
formal education (better quality) is a way to increase adaptation capacity, as it improves
households’ ability to cope with disasters.

In addition, the results showed that the Jayder (0.31), Afrineh (0.35) and Mamoulan
(0.39) areas have the lowest adaptive capacity and are not able to adequately deal with
the potential effects of climate change and floods. These areas have relatively limited
access to critical social and economic factors, such as an easy access to credit, access to
new agricultural technologies and institutions, infrastructural assistance (such as irrigation
and road networks) or services (micro-finance, veterinary), and human resources. The
results showed that Jayder and Mamolan have weak social networks. Households in these
areas have low participation in social organizations that could help to improve their living
conditions and offer helpful information related to floods. Farmers’ involvement in these
organizations also provides an opportunity to have more intimate social relationships with
other individuals and communities to seek help when faced with problems [65,66].

These households have not received any training on flood-control measures, while
educating farmers about flood control increases the likelihood of adopting new farming
methods to reduce flood effects and improve resilience [67]. Flood-management train-
ing enables farmers to take preventive measures during floods. In addition, vocational
training equips farmers with skills to engage in other livelihood activities for economic
gains, contributing to their adaptive capacity. Most households in these regions had de-
vices to access flood-related information, but, as reported, they did not take the warning
seriously. They confirmed that the local authorities issued the early warning, but they did
not believe it because they believed the rain would stop in a few days. In other words,
households were aware of their vulnerability to floods, but nobody imagined the extent of
this particular event.

3.5. The Limitations

In this study, there are several limitations that need to be considered in future studies.
The first limitation is the subjectivity in the selection of sub-indicators, including the index
variables. To help reduce the subjectivity in selecting the indicators, they have been selected
based on clear, relevant, and meaningful criteria. Secondly, assessing flood vulnerability
relies on suitable indicators and the availability of needed data at different scales. Since
there is no unified framework for quantifying the vulnerability, this study provided the
most inclusive number of indicators compared to other assessments. It can still be improved
by gathering or rebuilding more socio-economic data from different sources at more than
once, which is a problem, especially in Iran. Thirdly, the selection of weighting methods has
been crucial in the vulnerability assessment of climate change. The weighting techniques
such as AHP, Delphi, and PCA have been broadly used and criticized and have some
shortcomings. Hence, the MSF method can minimize some built-in flaws in the present
study, compared to other weighting methods. The main advantage of this method is that it
directly decides to select the eigenvector as relative weights that accord with the largest
eigenvalue [36].

Finally, while most previous studies have tried to develop an appropriate framework
for vulnerability assessment at a national scale, in our present study, we tried to focus on
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local levels, where the actual dynamics of vulnerability to flooding occur. Since vulnerability
varies from one place to another across a country, decision makers need to implement the
vulnerability assessment locally. Thus, further studies need to be carried out to develop the
analytical framework for assessing the relative vulnerability on a local scale.

4. Conclusions

This study investigated farmers’ vulnerability to flooding at the local level. The results
indicated that rural households living in the Jayder and Mamolan areas are the most
vulnerable to floods. In contrast, Eastern Miankuh and Jelogir had the lowest vulnerability
to floods. The high vulnerability of the Jayder, Mamolan, and Afrineh districts to floods
is not only because of high flood exposure; it is also due to a high sensitivity and an
insufficient adaptive capacity. Social and economic factors, such as higher dependency
ratios, high unemployment rates, poor infrastructure, climate-dependent livelihoods, low
levels of income diversification, and insufficient access to information about climate change,
contributed to high levels of vulnerability in the Jayder and Mamolan regions. It is also
evident that poverty and residing in flood-prone areas are the main underlying causes of
vulnerability for highly vulnerable communities. The study suggests implications to reduce
vulnerability to floods. These implications include livelihood diversification of the non-
farm sector, improving access to financial resources, strengthening existing early-warning
systems, encouraging the building of durable houses, making farmers aware of the flood
risks, preventing the change of use of riverside lands, and constructing human settlements
at a suitable distance from floodplains. The implementation of these suggestions can
increase the resilience of communities to floods. The results of this study showed the
importance of vulnerability assessments at the local level. It also illustrated the necessity
for local area-specific policies to mitigate vulnerability and improve the adaptive capacity of
rural areas. However, all technical and financial planning in the field of flood management
is based on national or regional levels, such local differences are not taken into account in
government planning, and the government has never considered the micro-levels, such as
vulnerable families or groups as a unit of analysis in flood management plans. This has
dramatically reduced the effectiveness of these programs. Therefore, the main implication
of this study is the need for the governmental organizations of the Pol-e Dokhtar County to
undertake measures according to the local conditions to reduce the farmers’ vulnerability
to flooding.
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