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Introduction: Earthquakes represent a significant natural hazard and the most important concern
for urban planning in Iran and worldwide. Resilience was adopted as the study’s framework due to
its appropriate approach and effectiveness in reducing risks from crises and natural hazards.

Data and Method: This was an applied, descriptive-analytical study that utilized a futures studies
framework. The study method was based on the novel analytical-structural approach in futures
research, employing a mixed-methods strategy that combines quantitative and qualitative models.
First, the key components of resilience in Khalkhal were identified and formulated using a Delphi
questionnaire. The statistical population consisted of 25 urban experts selected through snowball
sampling. The collected data were analyzed using the Structural Cross-Impact Matrix method and
processed with MICMAC software, through which the variables were classified according to their
levels of influence and dependence on other variables.

Results: Among 49 indicators, after examining the extent and manner of their interrelationships
using the MICMAC software, 13 key factors with the highest direct and indirect influence on the
future resilience of Khalkhal were identified. These include building quality, building structural
type, transportation network, access to main roads, fuel stations, gas stations, power transmission
stations, water facilities and resources, watercourses, slope degree and orientation, earthquake
epicenter, distance from fault lines, and landslides—all of which play the most significant roles in
determining the resilience status of Khalkhal.

Conclusion: The results indicated that the spatial distribution pattern of the driving forces under
study, based on the analysis of mutual influences, reflects an overall unstable environmental
system. In this system, the resilience drivers of Khalkhal exhibit a complex and intermediate state

in terms of both influence and dependence.
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Introduction

One of the persistent challenges threatening human societies throughout history has been the occurrence of
disasters and hazardous incidents. When communities are unaware and unprepared, such incidents cause
devastating impacts across various dimensions of people’s lives, including housing, social, economic,
environmental, and psychological aspects. In contemporary times, the rapid growth and expansion of
urbanization have brought numerous facilities, which in turn have increased crisis-inducing factors. It is
predicted that by 2050, more than 70% of the world’s population will reside in cities, necessitating trillions
of dollars in infrastructure upgrades and improvements within a short period. In this regard, gaining control
over environmental and human-induced hazards has become a major challenge for urban communities,
particularly in developing countries. Today, foresight approaches in the field of planning emphasize
identifying development drivers and key factors within the planning context. This enables planners to gain
leverage over the control and management of the future, thereby facilitating more effective and forward-
looking planning. Iran, as one of the world’s most disaster-prone countries, has experienced severe losses
from natural disasters over recent decades, with approximately 90% of its cities being vulnerable to
earthquakes of magnitude 5.5 or higher on the Richter scale. Given its proximity to active fault lines, the
need to pay more attention to urban resilience in Khalhal is an undeniable necessity.

Data and Method

This applied study was conducted using a descriptive-analytical method with a foresight-oriented approach.
Data were collected through both library research and field surveys. One of the main tools utilized was a
structured questionnaire, which was designed, tested, and validated for reliability and validity by
experienced experts. The statistical population consisted of 25 experts and specialists from various sectors
of urban planning in Khalkhal, identified using the snowball sampling technique. The research process was
carried out in two main phases. In the first phase, influential factors and indicators affecting the city’s
earthquake resilience were identified using the Delphi technique and a questionnaire. The second phase
involved two steps: first, the cross-impact matrix was completed, and the correlation between factors was
determined, rated by experts on a scale from 0 to 3, where 0 indicated "no effect", 1 "weak effect", 2
"moderate effect”, and 3 "strong effect". In the second step, the influential factors were evaluated and
analyzed using the MICMAC software, and finally, the key factors or key drivers were identified.

Results

The urban resilience of Khalkhal is influenced by various forces and factors. After completing the
computational stages using MICMAC software, the level of influence and dependence of each variable was
determined. According to the analytical results, the natural dimension (natural variables) demonstrated a
higher degree of influence than dependence. However, in the economic and physical dimensions, the
situation is reversed, as dependence exceeds influence. The percentage or relative difference between
influence and dependence in these dimensions is considerable, while in the social and infrastructural
dimensions, this difference is relatively small. Among the evaluated variables, the following exhibited the
highest dependence: building age, building quality, type of residential area, accessibility to main roads,
accessibility to sports centers, access to water resources and facilities, proximity to gas stations, housing
ownership status, and population density. The distribution and position of the variables based on their direct
effects, as analyzed in MICMAC, revealed that among the 49 identified key factors influencing Khalkhal’s
urban resilience, 13 factors—namely building quality, building structural type, transportation network,
accessibility to main roads, fuel stations, gas stations, power transmission stations, water facilities and
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resources, watercourses, slope degree and orientation, earthquake epicenter, distance from fault lines, and
landslides—exert the greatest influence on the city’s resilience to earthquakes.

Conclusion

According to the research findings, the necessity of adopting a foresight-oriented approach in the resilience
of Khalkhal is of vital importance. The city’s natural conditions—including steep slopes, fault lines adjacent
to watercourses, deteriorated urban fabrics, and infrastructural factors—have created a hazardous urban
structure that demands special attention to minimize the impacts of natural hazards. Enhancing compliance
with construction standards and simultaneously accounting for natural hazards require a focused approach
to ensure that, in the future, safe and well-assessed locations are selected for the establishment of urban
infrastructure in Khalkhal. Therefore, within the framework of urban resilience based on a foresight
approach, the natural, infrastructural, and physical factors, respectively, play the most influential roles.
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