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Abstract

Drought is an intangible natural disaster that can occur in any climate. The present study assessed drought vulnerability in
Iran based on fuzzy logic and hierarchical analysis and weighted averaging process. Then, the weight and map of different
components and values of ORness, GIS-OWA method were used to prepare a set of drought vulnerability maps based on
effective drought index (EDI).

The study of vulnerable classes in terms of adaptation capacity showed that the northern regions of the country enjoy the
highest adaptation capacity. The lowest level of compatibility is related to the cities located in the south of Kerman province,
west of Khorasan Razavi province, and Ilam province. As far as the exposure component is concerned, vulnerability extends
across the country. Also, cities in the provinces of Sistan and Baluchestan and south of Kerman are in a very vulnerable cat-
egory regarding the sensitivity component. In other words, according to the type of component, different regions of the coun-
try are in the vulnerable category. Also, according to all computational ORness results, drought risk in Sistan-Baluchestan,
Kerman, and Khuzestan provinces are in very high vulnerability category. Also, the risk of drought in the western and eastern
regions of the country is moderate and high, and only are the central and desert regions of the country and parts of the north-
western regions of the country in a state of vulnerability and, accordingly, enjoy lower risk than other parts of the country.

1 Introduction

Drought is one of the intangible natural disasters that can
occur in any climatic situation. Thus, its study is of great
importance due to its mysterious nature, casualties, eco-
nomic losses, social effects, and crises in agricultural, natu-
ral resources, and ecosystems. Although different definitions
have been proposed for this phenomenon, in general, drought
is dubbed as a lack of rainfall over a long period of time
through one season or more. Drought is actually a tempo-
rary disorder and is limited to areas with low rainfall and is
a permanent part of the climate in these areas. In addition,
drought is considered a climatic phenomenon that may occur
in any type of climate, whether wet or dry (Wilhite and Van-
yarkho 2000; Knutson 2008).
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Drought and water shortage in Iran have a long history,
but since the late 1990s, special and continuous conditions
of this phenomenon have emerged in the country. Continuity
and occurrence of significant trends in climatic and hydro-
logical variables, deterioration of water areas, widespread
economic damage, and its social consequences have been
only part of the outcomes of this situation. From another
perspective, however, Iran is located in a geographical area
for which “climate change” resulted in more negative con-
sequences (Zahraei and Hosseini 2020). Iran is located in
the dry belt of the earth and it is, consequently, far from the
moisture sources of the Mediterranean Sea and the Atlantic
Ocean. On the other hand, most parts of Iran are located in
low latitudes. Hence, these two factors have caused drought
to be considered an inherent feature of Iran’s climate and
increased the length of the dry season in this country, espe-
cially in the southern half of the country. They have also
caused irregularities in the country's rainfall regime, which
has led to drastic changes in the rainy season (Goudarzi and
Hosseini 2018).

There are namely two general approaches to drought man-
agement as risk management and crisis management. The
prevailing approach to all activities and planning in the face
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of drought in Iran is the “crisis management” approach. In
this approach, the maximum result, however, is achieved
with the maximum cost. Hence, to prevent and reduce the
severe damage resulted from drought, it is necessary to
devise the necessary measures beforehand (Sun et al. 2014;
Cheng 2011). Therefore, there is the need to replace the
“crisis management” approach with the “drought risk man-
agement” approach in the country.

Preparation of drought vulnerability and risk maps is
the first step towards implementing comprehensive drought
management (Fatehi and Hosseini 2011). In this study,
index-based methods were used to assess the vulnerability
and risk of drought, which is based on the selection of a
number of potential indicators and their combination with
the relevant levels of vulnerability. Many researchers have
applied the method locally and worldwide.

Pandey et al. (2008) mapped the drought vulnerability of
the Sonar Basin in India. Cheng and Ping Tao (2010) con-
ducted a comprehensive drought vulnerability assessment in
Xiaogan, China, based on a hierarchical and fuzzy analysis
process. The results showed that the level of drought vulner-
ability degree in Xiaogan City is high.

Slejko et al. (2010) mapped the drought vulnerability of
the west part of Slovenia and prepared a categorical map
of agricultural drought vulnerability for the study area.
Ekrami et al. (2013) assessed the vulnerability of agricul-
tural drought in arid and semi-arid regions in Yazd prov-
ince and prepared a map of vulnerability. Karamouz et al.
(2015) applied the concept of vulnerability in drought man-
agement in East Azerbaijan province in Iran by providing
vulnerability maps. According to the results, the west part
of East Azerbaijan province is the most vulnerable region to
drought. Lestari and Pigawati (2018) determined the spatial
distribution of drought on the agriculture sector to village
units in Bringin district. They divided drought vulnerabil-
ity into three categories: low, medium, and high. Gaucin
et al. (2018) presented a method for obtaining indices and
maps of vulnerability to drought in Mexico. Mohmmed et al.
(2018) examined the socio-economic vulnerability in the
five agricultural-based regions of Gadaref, Eastern Sudan.
The results revealed that the most exposed farming commu-
nities of Alfaw, Algadaref, and Alfushqa regions show a rel-
atively low capacity for adaptation. Nasabpour et al. (2017)
used analytic hierarchy process to assess drought vulner-
ability in different regions of Iran using five indices includ-
ing climate, topography, drainage density, land use, and
groundwater resources. The results indicated that central,
eastern, southern, northeastern, and southeastern regions are
mainly located in two very low or very high vulnerability
classes. Chou et al. (2019) assessed and estimated drought
risk in China under the background of climate change.
The results demonstrated that high hazards continue to be
located in the arid zone. Mesgari et al. (2022) and Majdi
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et al. (2022) projected the precipitation based on different
scenarios in the Middle East and North Africa. The results
showed that the countries of the Middle East, including Iran,
Iraq, and Syria, will face a decrease in precipitation, and
as a result, the risk of drought and vulnerability to drought
will increase. Helali et al. (2022) monitored drought and its
effects on vegetation in the Urmia lake basin in Iran. The
results showed that the risk of drought in the studied basin
is high and if there is no management, the vegetation of the
basin and the water level of Lake Urmia will be in crisis. The
direct aim this study assessed drought vulnerability in Iran
based on fuzzy logic and hierarchical analysis and weighted
averaging process.

2 Data and methodology
2.1 Studyarea

The study area is Iran in southwest Asia with 1,648,195
km?; it is the second largest country in the Middle East. The
study area is located in latitudinal coordinates between 25
and 39° N and longitudinal coordinates between 44 and 64°
E (Ahmadi et al. 2022). The average annual precipitation
of Iran is recorded by one-third of the average precipitation
in the world (Salimi et al. 2018). Iran, as one of the most
mountainous countries in the world, is dominated by rugged
mountain chains such as the Zagros and Alborz in the west
and north, respectively, separating different basins or pla-
teaus. The geographical location of this mountain range has
created large deserts (i.e., Lut and Kavir desert) significantly
affecting the Iran’s climate (Shiravand and Hosseini 2020).
The climate of the northern part of Iran is Mediterranean and
humid; however, most of the Iran exhibits arid or semi-arid
climates (Helali et al. 2021). The geographical location of
the study area is shown in Fig. 1.

In this study, the indicators related to the 5 main assets
(natural, financial, human, physical, and social) provided
by the Department of International Development were
applied (Tables 1, 2, 3, 4, and 5). This variable provided
by the Department of International Development from dif-
ferent sources (general census, agricultural census, house-
hold budget, results of some projects FAOs, culture of
settlements, as well as extraction of some variables from
digital layers, etc.) in the Iranian cities and were related
to the 5 main capitals (natural, financial, human, physical
and social) and were collected. Then, drought vulnerabil-
ity was calculated based on fuzzy logic and the process
of hierarchical analysis and weighted averaging. Subse-
quently, the GIS-OWA method was applied to prepare a
set of drought vulnerability maps based on the effective
drought index (EDI) using the weight and map of different
components and values of ORness. In general, the OWA
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Fig. 1 Geographical location of the study area

model allows the experts to achieve the results of a spatial
decision at different degrees of risk with very high flexibil-
ity in combining different inputs. Different degrees of risk
in decision-making include a continuous chain from very
pessimistic to very optimistic (Yager and Kelman 1999).

In this study, drought vulnerability was calculated based
on fuzzy logic and hierarchical analysis process (Fuzzy AHP)
and weighted average (OWA). Hierarchical analysis process
is a general tool for creating a hierarchical model of spatial
decision-making problems, overall process processing, and
evaluation of each process. The evaluation process in hier-
archical analysis uses a simple weighted linear combination
to calculate the values of each raster cell. The OWA operator
also provides a general framework for performing processes
such as AHP. The nature and structure of these two algo-
rithms are such that their combination can be used to create
a powerful spatial decision-making tool (Yager and Kelman
1999; Boroushaki and Malczewski 2008; Eastman 2003).

In the next step, the figures related to the selected indica-
tors were normalized. Equation (1) was used to normalize
the indices whose increase increases the vulnerability index
(Yager and Kelman 1999):

X;; — Min {X;; }
5 Max {X, } — Min, {X, }

ey

In this equation, Xjj is the value of the index j in region i.
Thus, the number 1 represents the region with the maximum
value and the number zero represents the region with the
minimum value. Equation (2) was used for variables whose
increase reduces the vulnerability index (Yager and Kelman
1999):

Max; {X; } — X;;
B Maxi{Xij} - Maxi{Xij}

Yij )

After the normalization process, the obtained figures were
used in the calculations according to their direction of effect
(incremental or decreasing). The degree of drought vulner-
ability in each region depends on three factors, including the
degree of drought exposure, the degree of vulnerability to
drought, and the capacity to adapt to drought. Exposure refers
to the degree to which a system is exposed to climate change.
Sensitivity points to the degree to which a system responds
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Table 2 Financial capital variables to assess drought vulnerability

No Financial variables Definition Source

1 Heavy livestock per capita The higher the ratio of the number of heavy livestock (cattle and buffaloes) to  FAO FHS Plan
the total population of the city, the less vulnerability is considered

2 Per capita garden lands The higher the ratio of garden area (hectares) to the total population of the city,
the less vulnerability is considered

3 Activity in the agricultural sector The higher the percentage of people working in the agricultural sector than the FAO FHS Plan
total number of employees, the greater the vulnerability

4 health insurance The higher the percentage of people covered by health insurance, the less HEIS household budget
vulnerable they become

5  Home ownership The higher the percentage of people in the landlord area, the less vulnerable HEIS household budget
they are

6  Seasonal employment percentage The higher the percentage of active population who have seasonal jobs, the FAO LFS design
greater the vulnerability

7  Dependency ratio The higher the ratio of rural workers to the total rural population, the lower the FAO VIE scheme
vulnerability

8  The unemployment rate The higher the unemployment rate in the region, the greater the vulnerability =~ Census

Table 3 Human capital variables to assess drought vulnerability

No Human capital variables Definition Source
1 population density As population density increases, vulnerability to drought increases Source
2 The cost of food The higher the average shares of food expenditures in total household expenditures HEIS workforce
in the region, the greater the vulnerability
3 Literacy rate The higher the percentage of literate people in the population aged 6 and older, the Census-VIE
less vulnerable they become
4 The youth population percentage The higher the percentage of people between the ages of 15 and 29, the less vul- Labor-VIE
nerable they become
5  Infant mortality The higher the percentage of infant deaths in the region per year, the greater the Labor Force-Census
vulnerability

Table 4 Physical capital variables to assess drought vulnerability

No Source Definition Physical capital variables
1 Labor-VIE  The higher the percentage of settlements in a city that have access to agricultural promot-  Access to agricultural promoters
ers, the less vulnerable they become
2 Labor-VIE  The higher the percentage of settlements in a city that have access to public transportation, Public transportation
the less vulnerable they become
3 Census-VIE The higher the percentage of settlements in a city that have pipelines, the less vulnerable Water pipelines
they become
4 Census-VIE The higher the percentage of settlements in a city that have access to asphalt or dirt roads,  Access to asphalt or dirt road
the less vulnerable they become
5 Household The higher the percentage of settlements in a city that have access to the railway station, Railway station
Budget— the less vulnerable they become
VIE
6  Census-VIE Percentage of settlements in a city that have access to a veterinarian Access to a veterinarian

to climate hazards. In this way, the more sensitive a system
is, the greater the severity of its adverse reaction to a haz-
ard. Drought adaptation capacity means all the capabilities,
resources, and institutions of a country or region to implement

adaptation measures and the ability of institutions responsible

for land use planning to manage the risks of climate change
through adopting appropriate strategies and policies in this
regard. All selected and available indicators for this study
(Tables 1, 2, 3, 4, and 5) were arranged in three vulnerability
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Table 5 Social capital variables to assess drought vulnerability

No Social capital variables Definition

Source

1 Member outside the area

2 Rural Cooperative Company The higher the percentage of settlements in a city that has a rural cooperative,

the lower the vulnerability
3 Dispute Resolution Council

The higher the percentage of households from one member region living in
another, the lower the vulnerability

The higher the percentage of settlements in a city that has a dispute resolution

Household Budget-Census
Agricultural Census-VIE

Culture of settlements-VIE

council, the less vulnerable it becomes

5  Village Council
less vulnerable it becomes

5 Internet access
they become

The higher the percentage of people who use the Internet, the less vulnerable

The higher the percentage of settlements in a city that has a village council, the Culture of settlements-VIE

Culture of settlements-HEIS

factors including drought exposure, drought sensitivity, and
drought adaptation capacity (Table 6).

According to the results, the inconsistency rate for calcu-
lating the weight of the indicators based on the opinions of

Table 6 Weight and direction of the effect of the indicators used

experts is less than 0.1. In other words, it shows the accept-
ability and compatibility of experts’ opinions.

To calculate the drought risk index, a map of drought
incidence rates with different intensities was prepared based

Factor CR or incompat-  Index Weight CR or incompat-  Effect direction
ibility rate ibility rate

Exposure 0.0056 population density 0.22 0.004 Enhancing
Dryland per capita 0.18 Enhancing
Activity in the agricultural sector 0.2 Enhancing
Heavy livestock per capita 0.11 Reducing
Per capita irrigated lands 0.15 Reducing
Per capita garden lands 0.14 Reducing

Sensitivity Ratio of rural employees to the total rural 0.18 0.003 Reducing

population

Average annual drop in groundwater 0.12 Enhancing
Insurance 0.14 Reducing
Infant mortality 0.05 Enhancing
Home ownership 0.11 Reducing
The cost of food 0.1 Enhancing
Seasonal employment percentage 0.14 Enhancing
The unemployment rate 0.16 Enhancing

Compatibility capacity soil pattern 0.07 0.0002 Enhancing
Height 0.09 Reducing
Slope 0.09 Enhancing
Waterway density 0.08 Enhancing
Land use 0.15 Reducing
Average groundwater depth level 0.13 Reducing
Literacy rate 0.12 Reducing
Young percentage 0.04 Reducing
Public transportation 0.02 Reducing
Water pipelines 0.01 Reducing
Access to asphalt or dirt road 0.03 Reducing
Railway station 0.03 Reducing
Member outside the area 0.06 Reducing
Water areas 0.08 Reducing
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on the effective drought index (EDI). The main advantage
of an effective drought index over other known indicators
is that it possesses a daily time scale. It should be noted
that just rainfall data is required for this method data. The
computational stages of this index begin with the hypotheti-
cal period of water scarcity selection and are determined
through the continuation of the actual period of operation.
The purpose of the hypothetical period is to consider a

Table 7 Weights and degrees related to drought intensity maps

Percentage of
occurrence

Drought intensity weight Degree

Moderate 1 <3 1
3-5
5-8
8-12
>12

Severe 2 <3 1
34
4-5
5-6
>6

Very severe 3 <1 1
12
2-3
34
>4

w R W N WA W N

w AW N

period of hypothetical precipitation deficiency before the
statistical period begins.

Relevant experts were consulted to determine the degree
of importance of each drought intensity in relation to each
other, and previous valid studies were used as well. Drought
risk map was calculated using Table 7 and the equation
below (Goudarzi and Hosseini 2018).

DHI = (MD, x MD,,) + (SD, x SD,,) + (VSD, x VSD,,)
3)
In this regard, DHI is drought risk index, MD, is degree
related to moderate drought, MD,, is weight related to mod-
erate drought, SD, is degree related to severe drought, SD,,,
is weight related to severe drought, VSD; is degree related
to very severe drought and VSD,, means that the weight
associated with drought is very severe.

3 Results and discussion

Having weighed the studied variables using the standardized
index map and their ranking points, we prepared the map of
the three components of drought vulnerability, i.e., drought
exposure, drought vulnerability, and drought adaptation
capacity in Iran (Figs. 2, 3, and 4) and the maps were divided
into 5 categories based on the degree of vulnerability namely
as: very low (0.2-0), low (0.2-0.4), medium (0.4-0.6), high
(0.6-0.8), and very high (1-0.8).

The study of vulnerable classes regarding the com-
ponent of adaptation capacity shows that the northern

Fig.2 Drought vulnerability
in Iran based on the adaptive
capacity component

Adaptive capacity
- Very Low
I Low

Moderate
I High

B very High

@ Springer



1330

H. Shiravand, A. Bayat

Fig.3 Drought vulnerability
in Iran based on exposure
component

Fig.4 Drought vulnerability
in Iran based on the sensitivity
component

Exposure
- Very Low
I Low

Moderate
[ High

I Very High

Sensitivity
== Very Low

I Low

Moderate
I High

I very High

regions of the country, i.e., the provinces of Mazandaran,  the country have considerable adaptation capacity, while
Golestan, and Gilan have the highest adaptation capac-  the central and low-rainfall areas of the country have the
ity. Also, parts of the northwest, west, and southwest of  least adaptive capacity. Based on the results, the amount
the country which are mainly considered as rainy areas of  of adaptation capacity shows a twofold difference in the
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Fig.5 Drought vulnerability
map in Iran based on different
ORness
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zones that have the most capacity compared to the zones
that have the least adaptation capacity (Fig. 2).

The exposure component shows that the areas exposed to
drought are scattered in most parts of the country, i.e., the
southern, north-eastern and south-western regions of Kho-
rasan Razavi, Kerman the provinces, and Ilam and also the
southern areas of Lake Urmia. However, other areas of north-
ern and somewhat western central and south eastern parts of
the country are reportedly less exposed to drought (Fig. 3).

The drought vulnerability map also shows that the
sensitivity in the south eastern regions, especially in the
provinces of Sistan and Baluchestan, and Kerman is higher
than other regions of the country, whereas the central

and desert regions of the country are the least sensitive
to drought. Accordingly, most regions of the country are
sporadically exposed to drought vulnerability in different
areas (Fig. 4). According to the results, the minimum level
of vulnerability in any part of the country is not equal to
zero and consequently, the whole country is somewhat
vulnerable to drought. Also, according to the results of
the rainy regions of the country, there is not necessarily
less vulnerability to drought and, also, there is no direct
relationship between rainfall and vulnerability to drought
in the country.

Then, GIS-OWA method was applied to prepare a set
of drought vulnerability maps using the weight and map of
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Fig.6 Drought risk map in Iran
based on different ORness
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different components and values of ORness. In fact, drought
vulnerability maps are prepared implying that the weight of the
criteria is the same for all ORness and only does the ORness
value change. ORness values range from zero (risky or pes-
simistic) to 1 (risky or optimistic). Different ORness maps are
also based on the degree of suitability into 5 categories: very
low (0.2-0), low (0.2-0.4), medium (0.4-0.6), high (0.6-0.8),
and very high (1-0.8). Figure 5 shows drought vulnerability
maps using the OWA operator with different ORness values.
These maps show drought vulnerability ranging from risky
to risk aversion. There is a direct relationship between the
amount of ORness and the degree of drought risk. In this way,
the risk of drought increases along with increasing the amount
of ORness, and the risk decreases as the amount of ORness
diminishes. According to the ORness =zero in the southern
regions of Sistan and Baluchestan province, the south-eastern
regions of Kerman province, and also scattered areas in the
south western regions of the country are included in a very high
vulnerability class (Fig. 5).
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According to ORness equal to 0.3, the south eastern and
south-western regions of the country and also scattered areas
in the southwest of Lake Urmia and the eastern and western
parts of the Caspian Sea in the provinces of Golestan and
Gilan are in the upper and very high vulnerable category.
This ORness implies that most parts of the country are
categorized in the very low to medium vulnerability class
(Fig. 4).

According to ORness equal to 0.5, most areas of the
country are categorized in moderate to very high vulnerabil-
ity class, the highest of which is related to the provinces of
Sistan and Baluchestan, Kerman, Khuzestan, and the west-
ern strip of the country. Nevertheless, only are the central
regions of the country, which cover most of the desert and
desert areas of the country, classified in a very low vulner-
ability category (Fig. 5). According to ORness equal to 0.7,
other parts of the country except for the central regions of
the country and scattered areas in East Azerbaijan and Kho-
rasan Razavi are in the vulnerable category of medium to
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Fig.7 Severe drought risk map
in Iran
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very high (Fig. 5). According to ORness equal to one, all
regions of the country other than parts of Isfahan, Yazd and
Khorasan Razavi provinces are in the medium to very high
vulnerability class, which is dominated by the very vulner-
ability class (Fig. 5).

Overall, based on the results of drought vulnerability
based on different ORnesses (Fig. 5), vulnerable areas with
higher values also increase as ORness values increase, while
areas with lower values decrease. According to the results,
most areas of the country, including the provinces of Sistan
and Baluchestan, Khuzestan, and Kerman are in a very high
vulnerable category, and only are the central areas of the
country, which are mainly consistent with low rainfall areas
of the country less vulnerable than other areas. In general,
when combined with different inputs, the OWA model with
very high flexibility allows experts to come up with a spatial
decision at different risk degrees. Therefore, managers and
planners in different fields can make decisions based on dif-
ferent degrees of risk in planning. Thus, Risk management
managers and planners in drought vulnerability reduction
schemes are increasingly looking for areas where here all
criteria are effective at best. In fact, managers involved in
drought vulnerability reduction-related projects in these
areas are more likely to achieve the expected returns,
because in these areas the criteria are more comprehensive
and have the best possible conditions. This situation applies
when the financial credit is limited, though.

Figure 6 shows the drought risk maps of the country in
different ORnesses. According to all computational ORNs

results, the risk of drought in the southeastern regions of the
country, including the provinces of Sistan Baluchestan, Ker-
man, and South Khorasan, is in very high and high vulner-
ability category. The risk of drought in the western regions
of the country and scattered areas in the southern and north-
eastern regions of the country is also moderate and high. The
lowest risk of drought based on different ORnesses is related
to the central and northwestern regions of the country.

The drought risk situation in the country also shows that
most areas come across a high risk of drought, the highest rate
of which is related to the south eastern regions of the country.
In general, it can be stated that other areas of the country are
in the middle to very high class except for the north-western
and to some extent north-eastern regions and the provinces
located on the slopes of Alborz, which are in the lower and
very lower floors in terms of drought risk and in general there
is a risk of severe drought in most parts of the country (Fig. 7).
The findings this study were consistent with a previous study
by Goudarzi and Hosseini (2018) regarding the higher risk
of the south eastern of Iran to drought and another research
by Helali et al. (2022) on monitoring drought in Urmia lake
basin in Iran.

4 Conclusion
Needless to say that one of the best tools to adapt to

drought and reduce the damage caused by this phenom-
enon in various social and economic areas, including water
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resources, food security, agriculture, watershed manage-
ment, migration, and regional development plans is assess-
ing drought vulnerability using different investments and
preparing vulnerability zoning maps. Therefore, the pre-
sent study considered 5 different capitals (natural, finan-
cial, human, physical, and social) and related variables
in order to assess drought vulnerability in the country
using fuzzy logic methods and hierarchical analysis model
(AHP). The results of drought vulnerability assessment
based on the 5 capitals studied showed that the southeast-
ern and southwestern regions of the country, including the
provinces of Sistan and Baluchestan, Kerman, and Khuz-
estan are in a very high vulnerable category and droughts
risk in these areas are at a very high and vulnerable level
considering all computational ORness. Also, the risk of
drought in the western and eastern regions of the country
is in the medium to high condition, and only are the cen-
tral and desert regions of the country less vulnerable than
other regions. According to the results, there is no direct
relationship between rainfall and drought exposure, and
rainy areas can be more prone to drought at the same time.
The findings also showed that areas that have a higher
urbanization ratio but also receive less rainfall are above
the level of drought adaptation capacity.

Also, some measures that can be taken to reduce the
risk of drought in the country include establishing a
drought monitoring and awareness system, educating the
community to save water resources as much as possible,
and improving the Water management and agriculture
systems, capacity building of responsible institutions,
using of new technologies in agriculture and finally uti-
lizing of resistant and high-yielding species.
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