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Abstract: Assessing community-level resilience and implementing strategies to enhance it are essen-
tial for maintaining fundamental community functions, coping with and mitigating risks, effectively
reducing hazards, and promoting sustainable regional development. Accordingly, this study aimed
to measure hazard exposure and livelihood resilience in the counties of Khuzestan Province. Hazard
exposure to earthquakes, flooding, and drought was evaluated using decision-making techniques
within a geographic information system (GIS). Additionally, a multi-criteria decision-making ap-
proach incorporating eight indicators was employed to calculate the integrated livelihood resilience
indicator for the counties. The results indicated that the northern and northeastern counties exhibit
the highest potential for flooding and earthquake hazards, whereas the southern and southwestern
counties are most vulnerable to flooding and drought. Moreover, Dezful, Shadegan, and Ahvaz
counties demonstrated the highest levels of livelihood resilience, while Lali, Haftkel, and Andika
counties exhibited the lowest levels. Assessing hazard exposure and livelihood resilience represents
critical steps in risk reduction management programs and initiatives. Evaluating community-level
livelihood resilience in multi-hazard areas is a vital component in advancing the global objectives of
the Sendai Framework for Disaster Risk Reduction and the Sustainable Development Goals.

Keywords: natural hazards; resilience; livelihood resilience; multi-criteria decision-making;
Khuzestan Province

1. Introduction

Every year, many regions across the world are prone to various natural hazards such
as landslides, earthquakes, floods, volcanic eruptions, and fires [1]. These events can result
in casualties, the destruction of vital infrastructure, and significant economic losses. The
increasing global communication followed by the expansion of technological dependence
and continuous population growth [2] has gradually made modern global society more
vulnerable to such destructive natural phenomena. Hence, relatively small events that had
mainly local effects in the past currently cause considerable economic losses and indirectly
affect other parts of the population, both at the regional and global levels [3].

To date, most of the scientific findings on hazard assessment and hazard management
protocols focus on hazards and particularly individual hazards. However, in addition to
single hazards, the interaction between natural hazards (e.g., earthquakes and riverbed
blockages that lead to floods) and hazardous events that coincide in time and place [4,5] may
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affect communities. The number of multi-hazard scholarly studies has increased over the
past years [6-8]. Multi-hazard scenarios, in which several dangerous phenomena may occur
simultaneously or sequentially, have not yet been well framed and introduced, and we do
not still have a thorough understanding of the potential (cause/effect) interrelationships
between different hazards and their related and potential effects [8].

The number of people affected by natural hazards is increasing in many regions of the
world due to population growth and urbanization, especially in developing countries [9].
The countries and regions that are most exposed to destructive natural hazards are also
home to the world’s poorest population. Furthermore, the occurrence of natural disasters
in sensitive and fragile socio-economic areas leads to catastrophes [10]. Thus, such hazards
have sudden, dramatic, and long-term effects on people’s well-being and livelihood [11].
People’s livelihoods are dynamic and intertwined with the environment [12]. A commu-
nity’s livelihood system is the core component of the social system that may be disrupted
by environmental, financial, natural, and man-made vulnerabilities [13,14]. Livelihood
resilience integrates livelihood systems with resilience in such a way that people are the
main actors in adaptation practices. Livelihood resilience is a self-adaptive iterative system
that transforms existing resources into a tool to save and provide people’s livelihoods
in the face of natural disasters [15]. Accordingly, the community’s preparedness to cope
with multiple or simultaneous hazards can reduce the damages caused by these hazards.
Thus, studies need to address how communities face climate and non-climate changes.
Livelihood resilience assessment can identify vulnerable people and the context leading to
natural hazards by examining their different capacities. As a result, such assessment can
contribute to identifying all effective risk-reduction strategies [16].

Several studies have addressed resilience and livelihood resilience and their different
dimensions, including disaster management [15,17], livelihood resilience [18,19], and liveli-
hood vulnerability [20,21]. Although many studies have focused on livelihood resilience,
there are still some scientific gaps in the assessment of livelihood resilience [22]. In addition,
more efficient strategies need to be taken to assess the livelihood resilience of regions in
different geographical locations [23] and to depict their spatial characteristics. The studies
in the literature have addressed livelihood resilience separately from the multi-hazard
phenomenon. Studies on livelihood resilience have not focused on identifying natural and
human risks affecting the studied society. Livelihood resilience at the regional level has
been examined using questionnaire-driven data with a small sample size [24]. To this end,
the current study aims to explore both fields objectively and integratively at the regional
level. Accordingly, this study examines livelihood resilience against natural hazards includ-
ing floods, earthquakes, and droughts in the counties in Khuzestan Province. Hence, the
most important difference between the present study and previous studies on resilience
is its focus on a geographical and regional scale. Furthermore, while most studies have
focused on a single hazard, the present study addresses multi-hazards, as Iran is one of
the most hazard-prone countries in the world [25]. An innovative aspect of this study was
the use of a combination of MCDM and GIS techniques to identify multi-hazard zones and
calculate the composite livelihood resilience index, especially on a regional scale and with
an emphasis on the special characteristics of Khuzestan Province.

Different regions in Iran vary in terms of sensitivity to risks [26]. Khuzestan Province
is prone to hazardous weather events, such as thunderstorms, floods, droughts, strong
winds, dust storms, and heat waves, due to its geographical location and environmental
diversity in height and ruggedness and geological and hydrological structure, leading to
substantial human, financial, and economic losses and livelihood and social problems [27].
Khuzestan Province has significant features such as high population density, a large area,
climate diversity, and potential environmental capacities that can be used in the agricultural,
industrial, and tourist sectors [28]. This research focused on reducing the risk of hazards
and increasing the resilience of the community and used a combination of MCDM and
GIS techniques to identify the multi-hazard zones in Khuzestan Province and calculate
the livelihood resilience index for different counties in the province. This study sought to
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develop a framework for identifying multiple climatic hazards and examining livelihood
resilience in different regions in the province so that planners can more effectively address
comprehensive development and risk reduction at the regional level. Thus, the two main
goals pursued in the study are to evaluate the multi-hazard index at the regional level
to identify the areas with the highest intensity of climatic hazards and to evaluate the
livelihood resilience at the regional level to analyze the ability of local communities to cope
with and adapt to these hazards. Theoretically, the findings from this study can contribute
to developing an integrated framework of spatial scale distribution of livelihood resilience
in multi-hazard areas. Practically, this study can contribute to a better understanding of
effective strategies for increasing resilience in areas that are exposed to multiple hazards and
pave the way for implementing risk reduction plans and promoting sustainable regional
development. Accordingly, the current study seeks to answer how the multi-hazard index
can be evaluated at the regional level to identify the areas with the highest level of exposure
to climatic hazards and how is the livelihood resilience of the counties in Khuzestan
Province when faced with climatic hazards?

2. Literature Review
2.1. Livelihood Resilience

Livelihood is a means of survival, life, and production, which is necessary for the
sustainable development of the community and its members. According to Scoones,
livelihood refers to capabilities, assets, and actions needed for life, while Ellis believes that
livelihood is a way of survival that is closely associated with income [24]. In recent decades,
the conceptual framework and precise empirical indicators for community resilience have
been developed in the planning literature to reduce vulnerability to hazards [29]. These
indicators include social, economic, cultural, political, environmental, and financial factors
and their interactions with each other [23].

The concept of livelihood resilience has been derived from ecosystem resilience, which
was first introduced in the field of ecology, where “resilience” is defined as the ability of
a system to return to a state of equilibrium after a disturbance. It also refers to the ability
to maintain the livelihood of a community located in an ecological region despite shocks
and changes [30,31]. Livelihood resilience is a combination of the concepts of resilience
and livelihood, which is summarized and applied to all community levels to examine the
resilience of subjects at different levels after disturbances, stress, and shocks. Livelihood
resilience is a process in which a community or household can cope with changes and
absorb them, and as a result, has alternative strategies to adapt to changes and shocks [32].

Livelihood resilience has been explicitly and implicitly emphasized in a range of UN
Sustainable Development Goals for 2030. Livelihood resilience is defined as the capacity
of all people over generations to maintain and improve their livelihood opportunities
and well-being despite environmental, economic, social, and political disturbances [33].
Livelihood resilience can be perceived in terms of flexibility capacity (e.g., absorbing,
adaptive, and transforming) and different dimensions of livelihood conditions (e.g., social,
economic, financial, cultural, environmental aspects, etc.) [34].

2.2. Regional Livelihood Resilience Assessment

Livelihood resilience research has been widely focused on various fields such as
climate change, natural disaster management, food security, social ecology, and sustainable
development [35,36]. Furthermore, concerning research perspectives and scales, several
studies have addressed livelihood resilience at the macro, medium, and micro levels, which
cover different research scales such as national, regional, social, and household scales [37].
Understanding how to make livelihoods resilient to an uncertain future is crucial because
livelihood systems must adapt to local and regional climate change. Assessing resilience
from the perspective of social and environmental production is a basic prerequisite for
the sustainable interaction of humans and nature in the region [38]. Regional resilience
has a two-way relationship with regional development and emphasizes the institutional
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capacities, behavior, culture, and political participation of institutions and people in critical
situations [39]. Foster has defined regional resilience as the region’s ability to anticipate,
prepare, respond, and recover after a disturbance. Moreover, Hill et al. have defined
regional resilience as the region’s ability to successfully recover economically after a shock.
that has diverted the system from the path of growth and stability [40].

2.3. Multi-Hazard Events

Natural hazards are inherently complex phenomena. The historical observed data of
the 21st century show that climate change has led to an increase in the intensity, frequency,
and impact of serious weather events (heavy rain, drought, hail, flood, frost, etc.) in many
regions [41,42]. Other types of events not related to weather, such as earthquakes and
volcanic eruptions, have not increased in frequency and number, but the impact of both
types of events has shown an increasing trend.

The term “multi-hazard” has its origin in international policies and is mainly used
in the field of risk reduction. The first reference is the 21st agenda of the United Nations
for sustainable development, which was used in “a comprehensive multi-hazard study
on the risk and vulnerability of human settlements and settlement infrastructure” to aid
pre-disaster planning of human settlements in disaster-prone areas. This term reappeared
in the UN Federal Emergency Management Agency [43], specifying the “need for co-
ordinated, multi-hazard approaches” to natural disaster mitigation, particularly for the
“design and construction of buildings” [44]. Although many risk assessment studies refer
to “multi-hazard events”, the risk assessment of multi-hazard events is a relatively new
field, especially when it is performed quantitatively (under uncertainty). In recent years,
numerous studies have addressed this subject, but they have failed to use well-developed
approaches. The existing literature on risk assessment of empirical or deterministic multi-
hazard events has only focused on two or groups of hazards by experts from different
fields [39]. Given that a region or infrastructure may be exposed to different types of risks,
all multi-hazard event assessment studies do not consider all processes related to a defined
region but consider them as multi-hazard approaches without taking into account the
relationship between the hazards and/or their cumulative effect [45,46].

Nevertheless, the concept of “multi-hazard events”, which are multiple simultaneous
or non-simultaneous events that a region can be exposed to, has been described by other
related terms along with the evolution of multi-hazard analyses [47], including “composite
events”, “composite extremes”, “composite impacts”, “composite hazards”, or “events
with multiple factors in succession” (such as ocean and river floods, droughts, and heat
waves). They may not necessarily be serious events individually, but they can nevertheless
lead to severe effects [48]. Thus, the multi-hazard scenarios resulting from these combined
events are often neglected in many risk assessment and design programs [44].

3. Study Area and Dataset
3.1. Study Area

Khuzestan Province, with an area of 64,057 km?, is located at 31.4360° N and 49.0413° E
in the southwest of Iran and borders the Persian Gulf in the south and Iraq in the west. The
north and east of Khuzestan Province are covered by the Zagros Mountain Range, with
its height decreasing as we move toward the southwest. Topographically, Khuzestan can
be divided into two mountainous and plain regions. The mountainous region is mainly
located in the north and east of the province, accounting for about two-fifths of the total
area of the province (Figure 1).

Topographic heights in the province vary from 0 to 3742 m. Izeh is the highest county
with an altitude of 760 m above sea level, and Hendijan is the lowest county with an
altitude of 2 m above sea level. Given the geomorphological features of the plains and
mountains, the province has different climatic conditions, with a hot and dry (to super
dry) climate in the plains and a semi-humid to a semi-arid climate in the mountainous
areas. The northern and northeastern regions have colder weather, and the temperature in
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the southern regions of the province reaches more than 50 °C in summer. Annual rainfall
ranges from 150 to 260 mm in the south and 990 to 1100 mm in the north, with about 70%
of annual rainfall events occurring from February to April. Moreover, annual evaporation
is 2000—4000 mm [49].

The big rivers of Karkhe, Karun, Dez, and Maron flow in Khuzestan Province. Ac-
cording to the latest population and housing census (2015), the population of the province
was equal to 4,710,509 persons, with 24.4% of them living in rural areas and 75.5% living in
urban areas.
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Figure 1. Location of Khuzestan Province.

3.2. Procedure

This quantitative—observational study describes large-scale variables using multi-
criteria decision-making and spatial analysis. This study aimed to measure livelihood
resilience in the multi-hazard areas in Khuzestan Province. The unit of analysis in this
study was the county. The study was conducted in two phases: In the first phase, multi-
criteria decision-making (MCDM) methods were used in ArcGIS for spatial analysis of
hazard exposure. In the second phase, decision-making methods were used to analyze the
livelihood resilience of counties.

In this research, exposure was conceptualized as the degree and intensity of the impact
of natural hazards (floods, earthquakes, and droughts) in different regions in Khuzestan
Province, while livelihood resilience refers to the ability of communities to cope with
and adapt to these hazards and maintain livelihoods. These two concepts are used as
complementary variables in this study. This means that the areas with the highest level of
exposure to various natural hazards are also evaluated in terms of livelihood resilience to
determine their ability to deal with crises. This approach allows us to identify areas that
are more severely at risk on the one hand and less resilient on the other hand, as the main
priorities for planning and intervention. Examining these two concepts simultaneously
allows us to identify more complex patterns of vulnerability and local capabilities. For
example, an area that has a high level of exposure to natural hazards but lacks adequate
livelihood resilience is a priority for emergency interventions. Conversely, areas with a
higher level of resilience even when exposed to hazards may require fewer interventions.



Earth 2024, 5

1057

3.2.1. Data Collection

The data in this study were collected from subject matter experts and registered and
official data available in departments and organizations. Given the research problem and
research design, and since the factors affecting the severity of environmental hazards are
numerous and have varying degrees of effects, the experts were surveyed. Furthermore,
the research design required the use of various climatic, natural, and economic data related
to the counties to measure exposure and livelihood resilience. Thus, the exposure to floods,
earthquakes, and drought was assessed using the data from the geological, meteorological,
and environmental departments and the Khuzestan Governorate General. The data on
livelihood resilience was collected from the population and housing census of Khuzestan
Province from the website of the Iran Statistics Center and the statistical yearbooks of
Khuzestan Province in the management and planning organization of the province. The
data used to measure the three hazards of floods, earthquakes, and drought were retrieved
from GIS layers after processing and editing. The livelihood resilience data were in a raw
statistical format. Thus, they were converted into indices and ratios for further analysis.
Raw data are usually the information collected and then further processed into under-
standable data. Raw data were collected directly from related sources and have not yet
processed, organized, cleaned, or visualized. Once the data are cleaned and organized, they
will help us make valuable decisions.

3.2.2. Exposure Assessment Indicators

Hazard as a complex issue has various elements with different spatial impact values.
Thus, the use of spatial multi-criteria decision-making methods for hazard assessment in
a spatial framework is undeniable. The multi-dimensional hazard assessment in Khuzes-
tan Province focuses on a combination of earthquake, flood, and drought hazards, and
sometimes a single indicator can represent multiple dimensions. However, its effect will be
different for each risk. Table 1 shows the hazard assessment indicators and their weights
and impacts for Khuzestan Province.

Table 1. The hazard assessment indicators of Khuzestan Province.

Feature/ Weight by the
Hazard Indicator Reference Character/ Effect Best-Worst
Nature Method
Distance from the fault [50] Meter Decreasing 0.4017
Distance from previous earthquake centers Meter Decreasing 0.1674
The density of previous earthquakes Density Increasing 0.1255
The intensity of previous earthquakes [50] Richter Increasing 0.1004
Earthquake

Earthquake depth Meter Decreasing 0.0837
Soil type [6] Type Increasing 0.0837
Slope [50] Degree Increasing 0.0377

Total weight 1
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Table 1. Cont.
Feature/ Weight by the
Hazard Indicator Reference Character/ Effect Best-Worst
Nature Method
Distance from the river [50] Meter Decreasing 0.2879
Flood zones Field Increasing 0.1892
Precipitation [6] Millimeter Increasing 0.1344
Slope [50] Degree Increasing 0.1008
Drainage density [50] Density Increasing 0.0806
Flood Vegetation density Density Decreasing 0.0672
Erosion rate [50] Type Increasing 0.0576
Soil permeability Type Decreasing 0.0576
Land use [50] Type Increasing 0.0247
Total weight 1
Slope [50] Degree Decreasing 0.2288
Flood zones [6] Field Increasing 0.1945
Distance from the river [6] Meter Decreasing 0.1236
Soil permeability [6,50] Type Decreasing 0.1121
Flood Precipitation Millimeter Increasing 0.0847
absorption :
Land use [50] Type Increasing 0.0778
Vegetation density Density Decreasing 0.0686
Drainage density [6] Density Increasing 0.0572
Erosion rate [50] Type Increasing 0.0526
Total weight 1
Precipitation [6] Millimeter Decreasing 0.3501
Temperature [50] Celsius Increasing 0.2387
Drought Evaporation [6] Cubic Increasing 0.1592
meter
Water network density [51] Density Decreasing 0.1194
Height [6] Meter Decreasing 0.0955
Land use [6] Type Increasing 0.0371
Total weight 1

3.2.3. Livelihood Resilience Indicators

Despite the extensive literature on resilience and livelihood, it is difficult to opera-
tionalize, since it has various individual and structural aspects. Furthermore, combining
livelihood and resilience theoretically and empirically requires considering various di-
mensions [52]. Livelihood resilience can be measured by analyzing resilience indicators
such as income and access to food, agricultural assets, agricultural activity and technology,
household adaptive capacity, access to basic services, enabling institutional environment,
climate variability, and social safety networks [53,54]. Following the literature, research
objectives, and data availability, the livelihood resilience indicators in Khuzestan Province
were selected as shown in Table 2. Livelihood indicators represent the financial, physical,
natural, social, and human assets of the community. Natural indicators, such as water,
soil, and air; financial indicators, such as capital, savings, and credit; human indicators,
such as skills and workability; social indicators, such as networks and associations; and
physical indicators, including services and infrastructure, are livelihood resilience resources
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and data, and these assets and capital can overlap. As an example, natural capital can
create financial capital [55]. In this study, the indicators were categorized into financial
and economic, natural, and human indicators. The per capita financial savings and animal
and garden products were used as financial and economic indicators; the area of irrigated
lands, rainfed lands, and rangelands were considered as natural indicators; and men’s and
women’s occupations were taken as human indicators.

Table 2. The livelihood resilience indicators.

Indicator

Defention References Impact

The average amount of bank deposits per person in a particular

Per capita saving community or region. [56,57] Increasing
Irrigated lands (area) Cultivated areas using water resources [58] Increasing
Rainfed lands (area) Rainfed land areas refer to lands that depend solely on natural rainfall. [58] Increasing
Animal products The amount of production of livestock products per ton. [32] Increasing
Garden products The amount of production of garden products per ton [59] Increasing
Rangelands Amount of land covered with natural vegetation for grazing per hectare. [60] Increasing
Women’s occupations Women’s employment rate [61] Increasing
Men’s occupations Men’s employment rate [61] Increasing

4. Methodology
4.1. Measuring Exposure

Models are important because they make it possible to understand how the system
behaves in situations where empirical analysis is not possible due to technical, economic,
political, and ethical reasons. Moreover, ArcGIS 10.8 software, as a spatial modeling tool,
is often known as a decision support system, but it lacks the mechanisms for integrating
decision-making preferences and making choices related to objective evaluation and con-
flicting criteria. Given GIS restrictions to support the two stages of design and selection
based on the decision-making process, combining GIS with MCDM techniques increases
its spatial capabilities to solve spatial problems as a spatial decision-making support sys-
tem [62]. In other words, GIS-based multi-criteria decision-making is, at a fundamental
level, a set of techniques and procedures that transform and combine geographic data
(input maps or criteria) and decision-maker preferences (criterion weights) into an overall
value for each decision/alternative evaluation. In this case, the decision/output map shows
that the analysis depends not only on the geographic distribution of alternatives but also
on value judgments in the decision-making process. There is an argument that GIS-based
multi-criteria decision-making increases productivity in the group decision-making pro-
cess due to the provision of a flexible framework, and the stakeholders can investigate,
understand, and guide the decision-making problem. The integration of GIS and MCDM
can be assumed to be the process of integrating geographic data and judging the value
of decision-makers to support information for decision-making purposes. Concerning
natural hazards, multi-criteria decision-making approaches are widely adopted to measure
vulnerability [63,64].

In this study, the multi-criteria decision-making technique was used for two purposes.
First of all, the best-worst method was used to determine the relative weights of the criteria,
and the VIKOR method was used to combine the digital layers related to each variable in
the ArcGIS software. Finally, to analyze natural hazards by county, the average functions
were used in Zonal Statistics. Figure 2 shows an overview of the applied methodology.
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Figure 2. An overview of the applied methodology in the present study.

Data analysis in this study was performed in six steps, as follows:

Step 1: The formation of a spatial decision matrix (criterion map)

As stated earlier, spatial analysis was used in this study. To do so, each criterion
was presented as a single layer in the GIS-based database. A criterion map represents the
spatial distribution of an attribute based on which the degree of achievement of the goals
associated with it is measured [65].

Step 2: Standardizing the criterion map

Reframing values based on membership in a set was also considered an aspect of
the process of standardization of evaluation criteria [65]. In the VIKOR method, a linear
function is used for standardization. Thus, Equation (1) is used for incremental criteria
(with higher values), and Equation (2) is used for decreasing criteria (with lower values).
In linear standardization, n;; represents the standardized score for the problem (alternative)
iand attribute j, a;; represents the raw value, and maxa;; also specifies the maximum value
for attribute j, written as follows:

j= 0
maxai]-
le'j
nj=1-— (2)
maxaij

Step 3: Creating layers for the weighted standardized map

The importance coefficients for the criteria for each hazard were specified by examining
the relationship between the criteria using the best-worst method. As can be seen, the
results indicated that the distance from the fault for earthquakes, the distance from the river
for floods, and precipitation for drought are the most important criteria used to evaluate
natural hazards in Khuzestan Province. At this step, all the criteria obtained from the
previous step are multiplied by the obtained weights to be used in the next steps.

Step 4: Specifying the positive and negative ideal point
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fj* is the best positive ideal solution for criterion j. We will have an optimal combination
with the highest score by connecting all f]* values, written as follows:

fi =jmaxfj; = max[(fij)UZ 1,2, ..., m]

f]-_ is the worst negative ideal solution for criterion j. We will have an optimal combi-

nation with the lowest score by connecting all fj_ values, written as follows:

fi =jminfy; = min[(fy)|j =12, ..., m]

Step 5: Calculating the utility (S5) and regret (Rj) values
Sj represents the distance of alternative i from the positive ideal solution (the best
combination), written as follows:

Lyi=S, = (Y., wi(fi_fiy)/(fiif))

R; represents the distance of alternative i from the negative ideal solution (the worst
combination), written as follows:

Leoi = Ry = max(w;(f_fi)/ (£} £7))

Step 6: Calculating the VIKOR value (Q;)

In this step, the VIKOR index representing the final score of each alternative is cal-
culated, with lower values showing the higher utility of the alternative and the extent to
which the decision-making goal is achieved, written as follows:

. [Sj-s Rj— R*
0j =2 %] + -0 [f =

where ST = Max;S;, S* = Max;S;, R~ = Max;R;, R* = Max;R;, and v is the weight of the
strategy of the majority in favor of the criterion or the maximum group utility.

4.2. Assessing the Livelihood Resilience of the Counties in Khuzestan Province

e  Step 1: To form the raw matrix, the counties were considered as alternatives. Then,
the data for each indicator were collected based on data availability and the conditions
governing the province.

e  Step 2: The indicators have different effects on the livelihood resilience of the coun-
ties. Thus, the DEMATEL weighting method was used to calculate the weights of
the indicators.

e  Step 3: To calculate the final VIKOR values, the weights obtained in the previous step
were multiplied in the raw data matrix. Any county with a VIKOR value closer to zero
has a better situation, and a county with a value close to one has a worse situation. If
the final VIKOR value for an alternative is closer to zero, it has a higher position in
terms of livelihood resilience.

To calculate the integrated livelihood resilience index, the VIKOR method, as a multi-
criteria decision-making model, was used. It has been shown that multi-criteria decision-
making (MCDM) is an effective method for ranking resilience and livelihood resilience
indicators [24]. MCDM allows for quantifying the importance of all criteria and integrating
them into a composite index. The VIKOR model is one of the models used in measuring
resilience and vulnerability. The purpose of VIKOR is to rank the available alternatives by
considering conflicting criteria. The ranking shows the largest value to the smallest value
(ascending order), with the smallest value being the best alternative [66]. In this study,
using VIKOR, the counties were ranked in terms of livelihood resilience indicators.
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5. Results
5.1. Hazard Assessment in Khuzestan Province

The present study assessed the four hazards of earthquakes, flood exposure, flood
absorption, and drought in the counties in Khuzestan Province.

Earthquake: As can be seen in Figure 3, the northern zone and the eastern zone of
the province and parts of the central regions have the highest risk of earthquakes, and
the southwestern regions show the lowest level of seismicity. To analyze the seismicity by
county using the Zonal Statistics tool, the weighted average for seismicity was calculated for
each county, as shown in Figure 4. Accordingly, the northern counties (Andimshek, Dezful,
Lali, Andika, Masjed Soleyman, and Izeh), followed by the counties on the eastern belt
and parts of the northern areas (Gotvand, Shushtar, Haftkel, Bagh-e Malek, Ramhormoz,
Omidiyeh, Aghajari, and Behbahan), can be considered the most dangerous seismic areas
in the province. On the other hand, the counties of Abadan and Khorramshahr, followed
by the counties of Bandar Mahshahr, Shadegan, Karun, and Hoveyzeh, show the lowest
probability of earthquakes.

Flood exposure: As can be seen in Figure 5, the areas marked with purple color have
the highest risk of flooding, and those marked green have the lowest exposure to flooding.
Moreover, the northern and northeastern areas, as well as the riverbeds and flood zones,
marked purpose, have the highest intensity of flooding. The county-level distribution of
flood exposure also shows that the northern counties and the counties adjacent to them
have the highest risk of flooding. However, the counties located in the southwest, including
Abadan, Khorramshahr, Shadegan, and Karun, have the lowest flooding risks. In addition,
the western and central counties gave a moderate level of exposure to floods (Figure 6):
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Figure 3. The VIKOR output for seismicity.
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Figure 5. The VIKOR output for flooding risk across the province.



Earth 2024, 5

1064

600000 650000 500000 450000 400000 1350000
" L L X N

I 0.467334 - 0.548158

| 0.423209 -0.467333
0.394154 - 0.423208 |

[ 0.358809 - 0.394153 g

I 0.315453 - 0.358808

9 i
SHoush
- 'ﬂ:/.\
e gy o
\\\ ® %3«,,}‘/\\"‘ p
g- 4 N /,\ ) ~ Bavi  Haftakal _g
Hamidiye o>
e “\,

e A .

g- . Ramshir ) _g
8 omidiyen 0 .(' S
Bandar Mahshahr o
f o) . Behbahan
/ A . = DL
/{ Hindijan b
g- } \ : | ._g
- =gy //,,A. N/ . e
| ///
N
w 0 10 20 40 60
-—— Kilometers
- S _§
T T T T T T
600000 650000 500000 450000 400000 1350000

Figure 6. Ranking the counties in terms of flood exposure.

Flood absorption: Like flood exposure, flood absorption (Figure 7) was assessed using
nine criteria, with the difference that the flood absorption index mainly shows the effects of
flooding in the downstream areas, flood exposure analysis, which focuses on the source of
floods and the areas that are considered the starting point of rainfall. Thus, the difference
between the two indicators can be attributed to the quality and the intensity of the influence
of the criteria, especially the land slope. For example, the areas with a higher slope are
exposed to a higher flooding risk due to high-speed water flows affecting the surrounding
areas. In contrast, the downstream areas, especially the low-slope areas, have a higher flood
absorption rate. Thus, the indicators affecting flood exposure and flood absorption, based
on the degree of influence, are slope, flood zones, distance from the river, soil permeability,
precipitation, land use, vegetation density, drainage density, and erosion rate.

Drought: Drought was assessed in this study using six criteria, including precipitation,
temperature, evaporation, water network density, altitude, and land use in ascending order.
Figure 8 shows the results of spatial analysis for the areas exposed to drought. As can be
seen, the areas marked yellow, especially areas shown in clusters in the central, northern,
western, and southern regions, have the highest level of drought, and the areas located
in the northwestern and eastern parts of the province (mostly the elevated areas) have
the lowest risk of drought. The spatial distribution of drought by county shows that
Khorramshahr County has the highest drought risk, while Andika, Izeh, and Bagh-e Malek
counties have the lowest drought risk (Figure 9).
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Figure 8. Ranking the counties in terms of flood exposure (flood absorption).
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Overall hazard zoning: The spatial analysis of hazards in Khuzestan Province was
performed by integrating the weighted standardized layers for 31 criteria with the best-
worst and VIKOR methods, as shown in Figure 10. As can be seen, the maximum and
minimum hazard rates are 0.883 and 0.523, respectively. has been carried out in the color
spectrum with the highest value equal to 0.883 and the highest value equal to 0.523 is shown
in Figure 10. The northern and eastern areas, the riverbeds, wetlands, and flood zones
are the most hazardous in the province, while the areas in the central and southern parts,
especially the southwest part, are less exposed to hazards. The distribution of hazards by
county shows that Dezful, Lali, Andika, and Masjed Soleyman have the highest level of
exposure to hazards, while Abadan, Khuzestan, and Shadegan have the lowest exposure to
hazards (Figures 11 and 12).

Following the output maps, the counties were ranked in terms of their exposure to
earthquakes, floods, drought, and the integrated exposure index as shown in Table 3. As can
be seen, Dezful, Lali, and Shushtar counties are ranked one to three based on the integrated
exposure index, and Shadegan, Khorramshahr, and Abadan counties are ranked last.
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Figure 9. The VIKOR output for drought risk across the province.
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Figure 10. Ranking the counties in terms of drought risk.

Figure 11. The integrated (multi-hazard) exposure index for Khuzestan Province.
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Figure 12. Ranking of the counties based on the integrated exposure index.

Table 3. Ranking of counties in terms of exposure using the best-worst and VIKOR methods.

County Earthquake Flood Exposure Flood Absorption Drought Multi-Hazard Index
Value Rank Value Rank Value Rank Value Rank Value Rank

Dezful 0.769 5 0.542 4 0.363 13 0.482 15 1.000 1
Lali 0.785 2 0.542 3 0.342 22 0.451 20 0.983 2
Shoshtar 0.755 7 0.464 11 0.404 2 0.493 13 0.981 3
Andika 0.793 1 0.548 1 0.348 17 0.422 25 0.979 4
Masjed Solyman 0.781 3 0.502 7 0.314 27 0.478 17 0.962 5
Gotvand 0.742 11 0.467 8 0.351 16 0.505 12 0.958 6
Andimeshk 0.767 6 0.510 6 0.345 19 0.442 22 0.958 7
Ezeh 0.773 4 0.542 2 0.343 21 0.397 27 0.954 8
Baghmalek 0.745 10 0.514 5 0.333 24 0.412 26 0.931 9
Haftakal 0.736 12 0.462 12 0.327 26 0.475 18 0.927 10
Behbahan 0.752 8 0.456 13 0.344 20 0.432 24 0.920 11
Aghajari 0.752 9 0.465 9 0.328 25 0.435 23 0.918 12
Ramhormez 0.730 13 0.465 10 0.341 23 0.443 21 0.917 13
Shoush 0.690 15 0.416 15 0.373 8 0.492 14 0.913 14
Bavi 0.687 16 0.394 18 0.368 11 0.511 10 0.909 15
Hamidiye 0.678 17 0.398 17 0.366 12 0.516 5 0.908 16
Omidiyeh 0.718 14 0.423 14 0.346 18 0.463 19 0.905 17
Hindijan 0.664 20 0.393 19 0.377 6 0.512 8 0.902 18

Dasht Azadegan 0.675 19 0.382 21 0.362 14 0.514 6 0.896

=
O
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Table 3. Cont.
County Earthquake Flood Exposure Flood Absorption Drought Multi-Hazard Index
Value Rank Value Rank Value Rank Value Rank Value Rank

Ramshir 0.678 18 0.403 16 0.361 15 0.478 16 0.890 20
Ahvaz 0.645 21 0.374 22 0.372 9 0.508 11 0.881 21
Karoun 0.605 22 0.359 24 0.389 3 0.512 7 0.865 22
Hoyzeh 0.553 24 0.383 20 0.373 7 0.520 4 0.848 23
Bandar Mahshahr 0.567 23 0.367 23 0.379 5 0.511 9 0.846 24
Shadegan 0.483 25 0.351 26 0.386 4 0.524 3 0.809 25
Khorramshahr 0.385 26 0.315 27 0.370 10 0.567 1 0.760 26
Abadan 0.280 27 0.352 25 0.426 1 0.535 2 0.739 27

5.2. Livelihood Resilience Assessment

The livelihood resilience of the counties in Khuzestan Province was assessed in this
study using eight indicators. The highest per capita saving was related to Mahshahr County,
and the lowest per capita saving was related to Andika County. Hendijan County has the
highest employment rate of men, and the lowest employment rate is related to Masjed
Soleyman County. In addition, Masjed Soleyman has the highest employment rate for
women, and Haftkel has the lowest rate. Shush County has the highest, and Aghajari
County has the lowest area of irrigated land compared to other counties in the province.
The eastern counties, including Izeh and Bagh-e Malek, have the highest area of rainfed
lands among the counties in the province. However, there are no rainfed lands in Hoveyzeh,
Mahshahr, and Abadan counties. Dezful and Hoveyzeh have the highest and lowest levels
of animal products, respectively. Dezful County has the highest garden production among
the counties in the province, and Aghajari has the lowest level of garden products. Ahvaz
County has the highest rangeland area compared to the other counties in the province, and
Hoveyzeh, Karun, Hamidiyeh, Bavi, and Aghajari counties have no rangeland.

The weights of the indicators were calculated using the DEMATEL technique (Table 4).
The per capita saving gained the highest weight, followed by employed men, employed
women, irrigated lands, animal products, garden products, rainfed lands, and rangelands.

Table 4. DIMATEL results.

Indicator R J R+]J R-] w; Wi
Per capita saving 1.7 2.54 3.71 —-1.37 3.95 0.175
Employed men 1.47 2.23 3.70 —0.76 3.78 0.167
Employed women 1.12 2.19 3.31 —1.08 3.48 0.154
Irrigated lands 2.24 0.33 2.57 191 3.20 0.142
Rainfed lands 1.7 0.23 1.39 0.94 1.68 0.074
Animal production 1.39 1.43 2.83 —0.04 2.83 0.125
Garden production 1.10 1.47 2.57 —0.36 2.60 0.115
Range lands 0.75 0.00 0.75 0.75 1.07 0.047

The calculated weights were applied to the VIKOR model, and the counties were
ranked in terms of livelihood resilience indicators, as shown in Table 5.
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Table 5. The final livelihood resilience ranks of the counties.

Counties Q Counties Q
Abaden 0.46 Dashte Azadeghan 0.47
Aghajari 0.77 Ramshir 0.48
Omidiyeh 0.50 Ramhormoz 0.37
Andika 0.93 Shadegan 0.16
Andimeshk 0.58 Shush 0.32
Ahvaz 0.27 Shushtar 0.69
Izeh 0.60 Karun 0.46
Bagh-e Malek 0.57 Gotvand 0.62
Bavi 0.75 Lali 0.81
Mahshahr 0.28 Masjed Soleyman 0.72
Behbahan 0.31 Haftgel 0.83
Hamidiyeh 0.70 Hendijan 0.46
Khoramshahr 0.35 Hoveyzeh 0.58

Dezful 0.00

Dezful County ranks first in terms of livelihood resilience, followed by Shadegan, Ah-
vaz, Mahshahr, Behbahan, Shush, Khorramshahr, Ramhormoz, Hendijan, Karun, Abadan,
Dashte Azadegan, Ramshir, Omidiyeh, Bagh-e Malek, Hoveyzeh, Andimeshk, Izeh, Got-
vand, Shushtar, Hamidiyeh, Masjed Soleyman, Bavi, Aghajari, Lali, Haftkel, and Andika
that occupy the next ranks, respectively (Figure 13).
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Figure 13. The livelihood ranks of the counties.
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6. Discussion

Livelihood resilience is the ability of a group to maintain functioning and continue to
live when a shock occurs. A lot of economic losses occur when a hazard happens. These
losses occur at the macro level for the government and the micro level for individuals. If
the community and its members are in a bad economic situation with low employment
rates, savings, and production, they will have more problems in the post-hazard phase.
Furthermore, services and facilities will be provided with difficulty, and people will not
have the ability to rebuild and recover from the conditions caused by hazards, or they
need more time for recovery. For example, if there is a high level of income and savings
in a community, people can buy facilities for accommodation and housing reconstruction.
Thus, financial ability is more important in a community that is always affected by various
hazards because as soon as the process of recovery from one hazard is completed, another
hazard occurs. Thus, it is necessary to identify the hazards and shocks that affect a given
region before examining the livelihood conditions of the residents. To this end, the present
study investigated livelihood resilience in the multi-hazard areas in Khuzestan Province.
This study was conducted in two phases. In the first phase, multi-criteria decision-making
(MCDM) methods were used in ArcGIS for spatial analysis of hazard exposure in the
counties. In the second phase, multi-criteria decision-making methods were used to
analyze the livelihood resilience of counties. Thus, the counties were ranked in terms of
exposure to hazards (earthquakes, flooding risks, flood absorption, and drought). The
results indicated that Dezful, Lali, and Shushtar counties have the worst position in terms
of exposure, and Shadegan, Khorramshahr, and Abadan counties have the best situation.
Moreover, Andika, Lali, and Gotvand counties were ranked one or three in terms of
earthquake risk. In addition, Andika, Izeh, and Lali counties were ranked first to third in
terms of flood exposure. Abadan, Shushtar, and Karun counties have the highest level of
flood exposure. Abadan, Khorramshahr, and Shadegan counties have the highest ranks
in terms of drought. Previous studies have used similar indicators for hazard assessment
in provinces neighboring Khuzestan Province. For instance [6] assessed multiple hazards
(flood, earthquake, landslide) in Lorestan Province, located in the north of Khuzestan
Province and on the slopes of the Zagros mountain range.

Natural hazards cause the most damage to the economic position through the destruc-
tion of infrastructure, assets, and resources and the redirection of assets to help restore and
rebuild the affected areas, greatly limiting economic growth and hindering development.
Thus, the evaluation of the economic status and livelihood of residents is one of the main
priorities in risk management and reduction. In the second phase of the study, the compos-
ite livelihood resilience index was estimated for the counties in Khuzestan Province. The
results indicated that Aghajari, Lali, Haftkel, and Andika counties have the worst situation
and Dezful, Shadegan, and Ahvaz counties have the best situation in terms of livelihood
resilience. The counties ranked last in resilience are the small counties in the province
in terms of population and area. The capitals of these counties are sparsely populated
cities, and they are not in good condition in terms of natural resources, such as agricultural
lands, and the river does not flow in these counties. Limited access to natural resources,
facilities, and infrastructure and lower employment rates in neighboring industries have
limited the economic opportunities and income generation for the residents of these coun-
ties. Factors such as access to rivers, agricultural lands, horticultural productions, and
large oil and petrochemical industries have created suitable economic conditions in Dezful,
Shadegan, Ahvaz, and Mahshahr counties. Therefore, it is the location and environmental
conditions that affect the difference in livelihoods and the adoption of livelihood resilience
strategies [67].
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The composite integrated livelihood vulnerability index is a very important tool that
helps to identify priorities and implement effective policies and reveal the true picture
of existing socio-economic vulnerability. This study developed the composite index for
hazards and livelihood resilience. By combining several indices, the composite index
represents the overall situation of the counties. Using the composite index for prioritizing
counties is very effective in allocating financial resources and risk reduction measures.
The index can also be used in prioritizing on other scales, such as neighborhood, county,
and province, in other regions. Previous studies have highlighted the importance of the
composite index for community resilience assessment because the assessment of community
resilience is a multifaceted issue and requires the assessment of several indicators [68].

Concerning the differences between villagers and urban dwellers in terms of liveli-
hood resilience, it can be argued that villagers have a much higher dependence on natural
resources, and when their only source of income is rainfed agriculture, they will experi-
ence worse conditions with the occurrence of drought or the destruction of agricultural
lands by floods. The current level of livelihood dependence on environmental income
is reported to be high in many developing countries. Livelihood dependence on natural
resources is one of the prominent issues in Iran, especially in the communities located
in the Zagros mountains [55]. Thus, given the strong dependence of such communities
on natural resources, it is very difficult to recover the conditions without the help of the
government and external organizations, forcing the residents to migrate to other areas.
Accordingly, Ref. [69] suggested that the intensification and acceleration of hazards increase
the problems faced by vulnerable communities, especially those that are highly dependent
on natural resources.

One of the main indicators for measuring livelihood resilience is financial assets. Fi-
nancial assets primarily refer to savings and access to credit from formal and informal
sources [55]. Furthermore, more access to credit contributes to adopting the business strat-
egy and less dependence on natural resources. Residents in counties like Bandar Mahshahr
have higher average financial assets and savings due to the presence of petrochemical
and oil industries. High financial assets create better conditions for people in the pre- and
post-disaster phases. In times of hazards, they can provide necessary items such as tents
and food, and after the occurrence of hazards such as earthquakes and floods, they can
reconstruct their houses and buy new equipment, and they are less dependent on external
sources. However, some counties with greater rural populations, such as Andika, 1zeh,
and Baghmolek, are dependent on natural resources such as agriculture and traditional
animal husbandry. A large number of villagers in these counties are supported by charity
organizations such as the Relief Committee. Thus, in the event of a disaster, they are highly
dependent on services provided by the government. And without the help of government
agencies, their lives would be disrupted. The occurrence of hazards leaves destructive ef-
fects on settlements. Moreover, rural communities and their production activities are more
damaged due to their close relationship with the natural environment, and their activity
centers and residences are destroyed. Individuals and households with better financial
conditions have more access to facilities, so they can provide new job opportunities for
themselves. However, domestic animals and agricultural lands are the only assets of poor
families, and if they are damaged during natural disasters, they will have difficulty finding
other jobs. In general, access to financial capital is critical for self-employed people and
small businesses, especially in the recovery phase.

The weight of savings as a proxy of financial capital in this study was higher than other
indicators because other capitals (natural, physical, human, and social) should ultimately
result in financial capital. It should also be argued that natural and physical capital will be
lost due to hazards such as floods and earthquakes, but financial and human capital will
remain. When villagers are faced with risks or effects caused by natural hazards, famine, or
environmental degradation, they often change their livelihood strategies according to their
capital. If the natural capital is destroyed and they do not have access to financial capital,
they cannot adopt a livelihood strategy.



Earth 2024, 5

1073

One of the important strategies for strengthening the livelihood resilience of villagers
and poor residents of informal settlements is empowerment from the government. It is
better to predict and implement this strategy before the occurrence of hazards so people can
have better functioning during and after hazards. Identifying weaknesses and planning to
empower and increase adaptive capacity are more difficult after the occurrence of hazards
and disasters. Thus, an effective strategy should be adopted to strengthen the adaptive
capacity and improve livelihood resilience in more vulnerable communities along with
physical approaches such as retrofitting buildings and strengthening infrastructure before
the occurrence of hazards and disasters, as pointed out by [70]. They have also suggested
that livelihood resilience should be strengthened before all dimensions of resilience because
it increases self-sufficiency and reduces reliance on external aid. Moreover, livelihood
resilience can contribute to creating opportunities and economic capacities for the revival
of the region. For example, residents in Andika County with a high ratio of the rural
population, traditional agriculture, and animal husbandry are not able to provide basic
facilities, such as tents, in the event of an earthquake and they depend on government
loans and assistance to rebuild houses.

Adequate expertise and skills are also important factors in coping with livelihood
challenges when losing a job. The low information literacy and knowledge of villagers make
their engagement in business and service jobs more difficult. One of the most important
ways to strengthen resilience is to increase job diversity. The lack of job diversity is one of
the characteristics of the villages of Iran. Thus, most villagers are engaged in husbandry
and agricultural jobs. Only paying attention to agricultural production strategies in villages
cannot increase resilience. Hence, non-agricultural jobs and skills should also be taken
into account at the same time. Examining the education, experiences, and skills of people,
especially villagers and residents in informal settlements and slums in the pre-disaster
phase and strengthening them, is one of the important measures to strengthen livelihood
resilience because skills, networks, and abilities of people can help them find a job and create
a source of income in the post-disaster stage. Likewise, Ref. [71] argued that post-disaster
businesses belong to those who experienced them before the disaster.

The counties with the lowest rank in the resilience index become more vulnerable
when they are exposed to several hazards at the same time. They may even be forced to
adopt strategies such as relocation of villages, evacuation of the population, and mass
migration. Counties with a high level of hazard exposure that experience frequent hazards,
such as floods and droughts, are less developed due to previous disasters. Without reducing
vulnerability, preventing settlement, and increasing population density in multi-hazard
areas, residents’ assets and resources will always be at risk, and their level of resilience will
be low. Therefore, efforts to improve livelihoods and accelerate the development process
will fail without risk reduction and vulnerability management.

One of the most important indicators that affect livelihood resilience in Iran and
Khuzestan Province is the country’s macroeconomic position. The economic situation and
the effective function of the national economy provide more financial resources and credits
to cope with hazards and improve the recovery process. Moreover, economic instability
and economic shocks are among the most important factors affecting the reduction of
livelihood resilience, especially among villagers and informal settlements. Ref. [19] also
suggested that livelihood shocks come from the economic-political system in addition to
environmental issues.

Hazards such as flood risks, flood absorption, landslides, dust, and even temperature
hazards are intensified in the areas with human manipulation in nature. Such issues are
more evident in Khuzestan Province with its unstable and diverse climatic conditions. Thus,
activities such as constructing roads in wetlands, indiscriminate cattle grazing, the failure to
control rangeland uses, and repurposing riverbeds and river boundaries have increased the
intensity of hazards such as floods. Accordingly, sustainable livelihood has been suggested
as an effective approach to improving individuals’ capabilities and preventing damage to
nature and natural resources. Furthermore, the destruction of rangelands and biodiversity
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directly affects livelihood flexibility. In general, livelihood and the escalation of hazards are
interrelated. Thus, the destruction of the environment for livelihood leads to the escalation
of hazards, and the escalation of hazards causes the loss of natural resources (agricultural
lands, rangelands, and the reduction of underground water).

Exposure assessment and livelihood resilience assessment can contribute to careful
planning and taking pre-disaster measures to minimize potential destructive effects. In
addition, the county-level exposure and livelihood resilience assessment is important as
credits and financial resources are allotted to counties. Hence, managers and policymakers
can distribute credit based on the position of the county in terms of vulnerability to hazards,
development activities, and requirements.

The findings from this study can have significant implications for improving decision-
making processes related to risk management and resilience in different areas in Khuzestan
Province. The findings from this study can contribute to formulating local policies to
implement targeted measures according to the vulnerability and existing capacities in
each county. For example, identifying areas with low resilience allows managers to direct
financial resources and development programs to areas most in need of strengthening
infrastructure and livelihoods. For counties that face a shortage of natural resources or
weak infrastructure, this study can provide some solutions, such as promoting employment
in alternative industries, improving agricultural irrigation systems, or developing local
cooperatives. On the other hand, the findings of this study can help improve planning to
promote livelihood resilience. For example, some regions need multi-dimensional strategies
when faced with hazards, due to their economic dependence on a specific field, such as
agriculture or industry.

The results of this research are of great significance in the assessment of natural hazards
in Khuzestan Province and can have wide applications in crisis management decision-
making as well as urban and rural planning. This study identifies and analyzes high-risk
areas exposed to hazards such as earthquakes, floods, inundation, and drought, employing
advanced modeling methods to evaluate and prioritize these risks.

In practice, these findings can assist managers and local authorities in Khuzestan
Province in designing and implementing risk reduction and crisis preparedness programs.
Specifically, the earthquake risk assessment results, identifying high-risk areas in the
northern and eastern parts of the province, can influence the planning of construction
projects and the improvement of infrastructure in these regions. Additionally, given the
identification of flood-prone areas, particularly along rivers and wetlands in the northern
and eastern regions, preventive measures for flood management, such as building dams,
water channels, and enhancing vegetation cover in these areas, should be prioritized.

Moreover, the drought analysis can assist provincial authorities in tailoring water and
agricultural policies specifically for high-drought-risk areas, such as Khorramshahr County.
Ultimately, this research can serve as a model for other regions with similar conditions in
Iran and even in other countries with comparable climates and geographical contexts. It
can be utilized as a guide for preventing natural hazards and mitigating their damage on a
national and regional scale.

7. Conclusions

The present study assessed livelihood resilience and hazard exposure in counties in
Khuzestan Province. An integrated approach using decision-making models and spatial
analysis was applied in ArcGIS. This study was conducted in two phases. In the first
phase, multi-criteria decision-making (MCDM) methods were used in ArcGIS for spatial
analysis of exposure to floods, earthquakes, and drought in the counties. Furthermore, an
integrated index was developed for each county. The results indicated that the northern
and northeastern counties of the province have the highest level of exposure, and the
southwestern county has the lowest level of exposure to natural hazards. The flooding risk
was assessed in terms of flood exposure and flood absorption. The data showed that the
counties in the northern and northeastern parts of the province, which are located in the
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mountainous areas and on the slopes of the Zagros Mountain, are more prone to flooding
due to more precipitation and steep slopes. Moreover, central and southern counties have
the highest flood absorption rate because in these areas the slope is close to zero and large
rivers flow. In addition, the areas in the central, northern, western, and southern parts of the
province have the highest level of drought, and the areas located in the northwestern and
eastern parts of the province (mostly the elevated areas) have the lowest risk of drought.
Landslides, extreme heat, dust, and subsidence are other frequent hazards in the province.
These hazards need to be comprehensively evaluated in future studies, and a composite
index should be developed for all hazards in the province and the counties.

The second phase of the study assessed livelihood resilience in the counties in the
province, and multi-criteria decision-making methods were used for weighting and de-
veloping a composite livelihood resilience index. The results indicated that Shadegan,
Ahvaz, and Mahshahr countries rank first to third in terms of infrastructure resilience,
and Lali, Haftkel, and Andika counties have the lowest level of infrastructure resilience.
Livelihood resilience differs from one household to another. Thus, its integrated analysis at
the county level cannot show livelihood resilience within the county, between villages, and
between cities and villages. One of the limitations of this study was the unavailability of
objective data for households and the difficulty of assessing households on a large scale.
Thus, hazards were assessed at the county level. A detailed assessment of the level of
exposure and sensitivity of each village and county to hazards was also not possible in this
study. Moreover, it was not possible to use qualitative methods and questionnaires for the
subjective evaluation of households and residents in each county.

Despite the limitations detailed above, this study made several contributions. This
study was the first attempt to assess livelihood resilience using a multi-hazard assessment
approach in this province. The use of multi-criteria decision-making methods in the
study area was another contribution of this study due to their multi-dimensional and
multi-indicator nature of hazards, and MCDM techniques can be used in other areas for
evaluating neighborhoods, counties, villages, and counties. Since spatial decision-making
was performed on different data and criteria, the integration of GIS-MCDM has made the
process of spatial decision-making and analysis easier, and this technique can be applied
effectively to other risk areas (vulnerability, exposure, resilience) to process different GIS-
based data. Using spatial analysis in response to the question of where and multi-criteria
decision-making methods to answer the question of what and how much, this study tried
to develop an efficient integrated risk management assessment approach.

The assessment of livelihood resilience at the community level or larger scale is
important in the sense that when hazards occur, they do not affect only one household
or one village, but a whole county or province is affected. If a county does not have a
good economic and resilience position, a large number of the households and people
living in the county cannot recover from hazards. Many livelihood resilience assessments
have been performed using qualitative, conceptual, and survey methods. Due to the
complexity and multidimensionality of livelihood resilience and hazards, they can be
assessed more effectively using quantitative models with objective data. Previous studies
have not assessed hazard exposure to develop an integrated index of hazard exposure and
an integrated index of livelihood resilience. The type and intensity of hazards occurring in
a community highlight the significance of the role of people and the socioeconomic position
against hazards with a focus on environmental and technical approaches.

Following the findings and limitations of this study, livelihood resilience needs to be
assessed at the micro and household levels to specify the difference between villages and
urban areas in detail. In addition to financial assets, livelihood resilience includes other
assets such as relationships and social networks, beliefs, and values. Thus, assessing the
cultural and psychological aspects of individuals and households can be an important topic
for future studies.
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The low resilience and high exposure levels in a county indicate the county’s high
level of exposure to hazards. To this end, managers and executive organizations should
give priority to counties with higher levels of exposure. Furthermore, executives and
policymakers can strengthen livelihood resilience by supporting entrepreneurship and
small businesses, especially in villages and informal settlements, granting low-interest
loans to support employment, replacing agricultural activities, especially in oil-producing
counties, providing skill training for the local workforce in each county, supporting home
businesses, increasing the diversity of job opportunities, directing resources and credits for
investment in line with the economic potential of counties, improving irrigation methods,
assessing the resilience of development-oriented projects such as the development of oil
fields in the province, creating a database of the hazards of each county, and increasing
villagers” awareness of the use of forests and rangelands. One of the most important
measures to strengthen livelihood resilience, reduce the distance between counties, and
increase social justice is the effective execution of land use planning projects based on a
multi-hazard assessment and the integrated distribution of activities and population based
on hazard exposure and livelihood resilience.
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