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ﬁ;eggdz'og 4 Climate change has exacerbated the risks of natural hazards, such as droughts and water stress,

in cities. The recurrent occurrence of droughts has hindered sustainable urban development.
In response to this challenge, the novel approach of "urban drought resilience" has emerged to
assist urban managers in measuring the adaptability of cities to environmental stresses.
Accordingly, the overarching objective of this study is to evaluate the drought resilience of
Isfahan Metropolitan City using a framework that integrates economic, social, environmental,
and institutional dimensions. The research approach is applied, and the research method is

Keywords: descriptive-analytical. First, a list of indicators and variables was developed based on
Evaluation, Isfahan, documentary and library studies. Then, the drought resilience of Isfahan Metropolitan City
Resilience, Urban drought, from 2011 to 2021 was evaluated using 22 indicators and 31 variables. Subsequently, the
Water shortage

SWARA method was employed to determine the relative importance of each indicator or
variable. The findings of the study indicate that the drought resilience of Isfahan Metropolis
fluctuated over the period from 2011 to 2021. In the years 2011, 2012, 2015, 2018, 2019, and
2021, the city's drought resilience was relatively high, with scores close to 1, and ranged
between 0.43 and 0.51. However, in the years 2013, 2014, 2016, and 2017, the city's drought
resilience was lower, with scores close to 0 and ranging between 0.32 and 0.42. Overall, the
drought resilience of Isfahan City during the decade 2011-2021 was not satisfactory. The city
needs to develop and implement proactive measures to mitigate the impacts and consequences
of droughts. If this is not done, the urban community of Isfahan will continue to bear the brunt
of the damage caused by droughts and water scarcity.
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Extended Abstract

1. Introduction

Climate change is a pressing global challenge that brings about a range of adverse environmental consequences,
including rising temperatures, increasing sea levels, altered precipitation patterns, and the intensification of
droughts and water scarcity. These impacts pose significant threats to urban infrastructure, particularly in densely
populated areas. With over 54% of the world's population currently residing in urban centers and projections
indicating an additional two billion urban dwellers by 2030, the implications of urban disasters, such as urban
droughts and water scarcity, become increasingly magnified. According to reports, 79 major cities worldwide
experienced severe droughts in the first two decades of the 21st century. Moreover, it is estimated that over 27%
of major cities, with a combined population of 233 million, will exhaust their current water resources by 2050.
Drylands, encompassing over 40% of the Earth's land surface, are home to more than 30% of the global
population and 45% of agricultural land. Unlike other natural disasters, droughts unfold gradually, often
spanning months or even seasons, making them susceptible to underestimation and negligence. At the 15th
session of the Conference of the Parties of the United Nations Convention to Combat Desertification (UNCCD),
it was alarmingly reported that the frequency and duration of droughts have increased by 29% globally since
2000. The undeniable phenomenon of global warming, driven by climate change, suggests that over three-
quarters of the world's population will be affected by droughts by 2050. Iran, with an average annual precipitation
of 250 millimeters, has not been spared from the phenomenon of drought, experiencing 27 drought events in the
past four decades. Droughts have profound consequences for various sectors of cities in Iran. Water-dependent
industries are particularly vulnerable to water shortages, which can disrupt domestic and industrial consumption,
sometimes leading to water rationing. The agricultural sector often bears the brunt of droughts, with reduced
crop yields posing significant threats to food security and the livelihoods of farming communities. Water scarcity
resulting from droughts can jeopardize sanitation and hygiene, leading to an increase in the incidence of
waterborne diseases. In addition to these direct impacts, droughts can also have significant socioeconomic
consequences, including population displacement. As people migrate from drought-stricken areas to cities with
more resources, additional strain is put on already overburdened urban systems, and issues related to housing,
employment, and social services are exacerbated. Long-term droughts can also have devastating environmental
consequences. Soil erosion, biodiversity loss, and desertification can lead to drastic landscape changes and a
decline in the carrying capacity of local ecosystems. Urban green spaces, which are vital for maintaining
ecological balance and providing recreational opportunities for residents, are particularly vulnerable to these
conditions. The multifaceted impacts of droughts on Iran's megacities underscore the urgent need for
comprehensive planning and action to address the multiple challenges posed by climate change. This necessitates
not only adaptation to immediate threats but also building long-term resilience and sustainability to cope with
future environmental uncertainties. Therefore, the way in which this event is dealt with has a significant impact
on the lives of many people. The prevailing approach to drought management in most parts of the world has
been reactive, meaning that efforts are made to address the crisis and the problem after the effects of drought
have become apparent. One of the weaknesses of this approach is that little attention is paid to preparation,
reduction and prediction measures. Along with this approach, another approach called resilience is proposed, in
which the important issue is paying attention to human talents and abilities. Among Iran's megacities, Isfahan is
grappling with the alarming prospect of repeated and severe droughts. According to the reports examining the
future of six Iranian megacities (Tehran, Mashhad, Isfahan, Karaj, Shiraz, and Tabriz) and predicting the
likelihood of severe droughts from 2025 to 2100, Isfahan will experience the second-highest number of
consecutive dry days (days with less than 1 millimeter of precipitation), after Shiraz. Indeed, water scarcity could
become a critical issue for this city, affecting all sectors from agriculture to drinking water supply. It is worth
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noting that the risks associated with urban drought can act like an infectious disease and spread to cities.
Therefore, cities must take a proactive stance to defend against urban drought. Given this, the importance of
addressing the issue of drought in Isfahan is clear. Therefore, this research aims to achieve the main objective of
"Evaluating Urban Drought Resilience"”. A review of the relevant literature reveals that research has mainly
focused on rural planning, with less attention paid to urban planning. The novelty of this research lies in its using
a different approach to the phenomenon of drought, as other studies have only focused on drought mitigation
and identification of its impacts. This research intends to pay special attention to drought adaptation and urban
resilience. Therefore, the research gap identified here is the lack of attention to both drought and water scarcity
at the city level. Additionally, few studies have addressed the issue of making Isfahan more resilient to drought.

2. Research Methodology

In terms of its research objective, this study is applied, as it examines guidelines, policies, frameworks, and
strategies for building urban resilience to urban drought. It is also descriptive-analytical in terms of its
methodology, as it identifies the factors that increase and decrease urban drought resilience and analyzes and
evaluates urban drought resilience. Much of the data about the indicators could be traced in existing documents
and reports (Isfahan City Statistical Yearbook). After the data collection, it was found that, in some cases, there
was a lack of information. Therefore, to complete the research process and verify its accuracy, in-person visits
were paid to the relevant departments, institutions and companies. The analysis of the collected data was also
carried out quantitatively and qualitatively. In the integration section, the SWARA method or Gradual Weight
Elicitation Ratio Analysis was used. In this method, the most important criterion is given the rank of one, and
the least important criterion is given the lowest rank. Experts also play an important role to determine the weight
of the criteria.

3. Results and discussion

Not all of the indicators that were collected from various scientific sources could be evaluated and measured in
the case study. Therefore, some indicators were disregarded based on three criteria: the availability of
information, the relevance to drought resilience, and the suitability to the conditions of the case study. As a
result, alternative variables were used. The analysis process was then initiated based on the collected data. The
analyses were conducted in such a way as to determine for each indicator in which year the level of resilience to
drought and water scarcity was high and in which year it was low. The time period under review was also
determined to be a ten-year period (2011-2022). This is because according to the crisis management reports of
Isfahan Province, 80% of the province faced the most severe water scarcity and drought conditions during the
period under review, and access to resources and statistics is also easier in this decade compared to previous
years. The SWARA aggregation method was then used to prioritize the dimensions and indicators of the
research.

In accordance with the steps of the SWARA technique, experts (at least 15 experienced experts) were first asked
to rank the research dimensions in order of priority. Then, the dimensions were ranked in descending order (Sj)
by calculating the average rank based on their opinions. In the next step, each expert compared each dimension.
After the completion of the comparisons, the arithmetic mean was taken from all the opinions, and the weight of
the dimensions was obtained using the SWARA method formulas. The environmental, institutional, economic,
and social dimensions have the greatest importance and impact the resilience of Isfahan Metropolis to drought
and water scarcity. This result seems logical because drought and water scarcity have the greatest impact on the
environmental dimension. In addition, the effects of the institutional, economic, and social dimensions have a
shorter time horizon than the environmental dimension. The data were reported as the final weight of each
variable (wj) calculated according to the SWARA method formulas.
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4. Conclusion

The path of the present study is towards providing an appropriate framework for evaluating urban resilience to
drought. This framework is structured in the form of dimensions, indicators, variables, and solutions. According
to the final scores obtained for each indicator or variable in each year, the overall resilience score for the year in
question was determined. This sum shows in which years the resilience of Isfahan metropolis to drought and
water scarcity increased and in which years it decreased. It was concluded that the resilience of Isfahan
metropolis to drought and water scarcity increased in the years 2011, 2012, 2015, 2018, 2019 and 2021, but
decreased in the years 2013, 2014, 2016, 2017, and 2020. Thus, the challenges and problems of the resilience of
Isfahan Metropolis to drought and water scarcity in the years under study can be summarized as follows:

e Lack of an appropriate plan to increase tourism revenue in the aftermath of unforeseen events such as
the COVID-19 (2020-2021).

e Lack of income and employment diversity in the years 2014-2015 and 2017-2021. This was due to the
increase in droughts, which led to an increase in rural-urban migration. However, Isfahan was not been
able to meet the employment and income needs.

e As droughts and water scarcity intensified, the share of workers in the agricultural sector gradually
decreased, while the share of workers in the industrial sector increased.

e The pricing of water consumption in the final years of the study period (2017-2021) was not such as to
encourage consumers to reduce their water consumption.

e As the number of wet and full days of the Zayandeh Rud River decreased, no plan or policy was
implemented to revive the city's beating heart and keep water flowing through it.

e The number of healthy and clean days in Isfahan is decreasing, and the number of days with dust and
haze is increasing accordingly.

e Low utilization of urban wastewater and graywater for irrigation of green spaces (this method was
unknown in the past)

1 Lack of communication among responsible organizations and the absence of a responsible organization
to mobilize others to address the drought crisis

e Lack of strict government penalties in the early years of the study period for those who violated water
conservation laws

The resilience of Isfahan to drought and water scarcity in the years under study is also characterized by the
following strengths and potentials:

e Increased public and expert awareness of drought and water scarcity issues due to the growing number
of recruitments in water resource management units (from 2016 to 2021)

e The water scarcity problem in the years under study has not led to an increase in prices for water-
intensive food and food products.

e Prevention of new well drilling and closure of illegal wells by the Isfahan Regional Water Company
e Quality control of urban drinking water by the Health Center and its high quality

e Access to uninterrupted and unrationed urban drinking water for the residents of Isfahan
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