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ABSTRACT

Earthquakes do not affect all parts of an urban neighborhood in the same way. Differences in building
characteristics, street networks, and access to essential services can shape both the potential consequences
of seismic events and the capacity of urban areas to withstand disruption. Capturing these spatial variations
requires an assessment approach that goes beyond neighborhood-wide averages. This study evaluates the
spatial distribution of urban resilience to earthquakes in Bagh-e Feyz, Tehran, with particular attention to
building parcels. Relevant resilience indicators were first identified and assessed through a review of the
literature and consultation with domain experts. Eighteen selected indicators were then incorporated into a
geographic information system (GIS), using the Inverse Hierarchical Weighting Process (IHWP) to support
the weighting and spatial integration of the assessment criteria. The resulting resilience map classified the
study area into five categories. The findings indicate that 26.64% and 30.50% of the neighborhood's area
fall within the very low and low resilience categories, respectively. Together, these categories account for
57.14% of the study area. Moderate, high, and very high resilience levels cover 10.43%, 26.25%, and
6.18%, respectively. Spatial differences are particularly evident in the eastern, southeastern, and parts of
the central neighborhood, where very low resilience is concentrated, whereas several western and southern
areas exhibit more favorable conditions. These findings highlight the importance of tailoring earthquake
risk-reduction measures to local spatial characteristics rather than applying uniform interventions across
the neighborhood. The assessment provides a basis for identifying priority areas, improving emergency
accessibility, and guiding targeted improvements to the built environment.

Keywords: Urban seismic resilience; Spatial assessment; Geographic information system (GIS);
Inverse Hierarchical Weighting Process (IHWP) Method; Building parcels; Urban crisis
management.
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Introduction

Urban resilience to earthquakes is shaped by more than the structural characteristics of individual
buildings. Street connectivity, access to emergency services, population distribution, and local
environmental conditions also influence how urban communities may respond to seismic disruptions. These
characteristics vary considerably within cities, sometimes even between adjacent streets or building parcels.
Assessments conducted at broader administrative scales can therefore obscure local conditions that are
particularly important for earthquake risk reduction and emergency planning. Although multidimensional
resilience assessment has received increasing attention, translating its conceptual dimensions into
measurable spatial indicators remains challenging. Differences in data availability, measurement scales,
and indicator importance make it difficult to develop assessments that are both comprehensive and useful
for local decision-making. Building-parcel-based analysis offers an opportunity to identify these variations
at a finer spatial resolution. This study examines the spatial distribution of urban seismic resilience in the
Bagh-e Feiz neighborhood of Tehran, Iran. It integrates the Inverse Hierarchical Weighting Process (IHWP)
with Geographic Information System (GIS) analysis to identify areas with relatively unfavorable resilience
conditions. Particular attention is given to building parcels and their surrounding urban environment, with
the aim of supporting geographically targeted earthquake risk reduction strategies.

Methodology

The study adopted an applied, descriptive—analytical approach combining a literature review, expert
assessment, multicriteria weighting, and spatial analysis. An initial set of 76 indicators was identified from
previous research and organized into five conceptual dimensions: physical, cultural and social, economic,
safety and security, and institutional and organizational resilience. The relative importance of the indicators
was assessed through a two-round Delphi process involving 16 experts in structural and civil engineering,
architecture and urban design, disaster management, and urban planning. All participants completed both
rounds. Expert judgments were collected using a ten-point scoring scale and subsequently incorporated into
the IHWP weighting procedure. Agreement among experts was examined using Kendall's coefficient of
concordance, while the internal consistency of the assessment instrument was evaluated using Cronbach's
alpha. Because not all conceptual indicators could be represented reliably at the building-parcel scale, 18
indicators with available spatial data were selected for GIS implementation. These covered building and
population characteristics, street-network conditions, access to essential facilities, proximity to potentially
hazardous land uses, and environmental and seismic factors. Relevant variables included the number of
building stories, road width, street enclosure, distance from faults, peak ground acceleration, and access to
hospitals, fire stations, and crisis-management facilities. The spatial datasets were prepared and classified
according to their measurement characteristics. Quantitative variables were classified using the Natural
Breaks method where appropriate, and accessibility-related indicators were processed through spatial
analysis. IHWP-derived scores were then assigned to the corresponding indicator classes, accounting for
whether their relationship with resilience was favorable or unfavorable. Finally, the 18 spatial layers were
integrated using GIS-based map algebra to calculate composite resilience scores and classify the
neighborhood into five relative resilience categories.

Results and Discussion

The Delphi assessment demonstrated an improvement in agreement among participating experts. Kendall's
coefficient increased from 0.6852 in the first round to 0.7423 in the second, while Cronbach's alpha reached
0.76, indicating acceptable internal consistency of the assessment instrument. Among the five conceptual
dimensions, the physical dimension received the highest importance, followed by the cultural and social,
economic, safety and security, and institutional and organizational dimensions. This ranking emphasizes
the importance assigned to the built environment in the assessment framework, while also recognizing that
seismic resilience depends on broader social, economic, and institutional capacities. The GIS-based
assessment revealed considerable spatial variation in seismic resilience across Bagh-e Feiz. Approximately
26.64% of the neighborhood's area was classified as having very low resilience, while another 30.50% fell
within the low resilience category. Together, these two categories accounted for 57.14% of the study area.
This finding is particularly relevant for local disaster risk management, as it indicates that a substantial
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proportion of the neighborhood exhibits relatively unfavorable conditions under the selected assessment
criteria. Moderate resilience covered 10.43% of the neighborhood, whereas high and very high resilience
accounted for 26.25% and 6.18%, respectively. The spatial distribution of these categories was far from
uniform. Very low resilience was concentrated mainly in the eastern and southeastern sections and parts of
the central neighborhood, while low-resilience areas were also found in northern and central locations. In
contrast, relatively favorable conditions were more common in the western and southern sections, with very
high resilience appearing in smaller, scattered areas . Distribution of the Bagh-e Feiz neighborhood area
across the five relative seismic-resilience classes Figure 2. GIS-based seismic-resilience zoning of Bagh-e
Feiz The individual indicator maps helped clarify these spatial differences. Narrow streets, greater street
enclosure, and deteriorated urban fabric characterized some of the less favorable central locations.
Differences in building density, access to essential services, and seismic exposure also contributed to the
patterns captured by the composite assessment. These findings indicate that neighborhood resilience cannot
be adequately understood through building characteristics alone. The surrounding street network and the
availability of emergency services are also relevant to the conditions under which residents may experience
and respond to earthquake disruptions. The observed contrasts have implications for intervention planning.
In the central parts of Bagh-e Feiz, improving street accessibility and addressing deteriorated urban fabric
may deserve particular attention. Eastern areas could benefit from further investigation of healthcare
accessibility, while the adequacy of firefighting coverage in western sections warrants examination. Rather
than prescribing uniform measures across the neighborhood, the spatial results can help urban managers
identify locations where more detailed technical assessments and targeted improvements are needed. The
integration of IHWP and GIS also demonstrates how expert-based multicriteria assessment can be translated
into a geographically interpretable planning tool. However, the results require careful interpretation. The
spatial model incorporates only indicators for which usable geographic information was available, and
therefore does not capture all 334 M. Bitarafan et al., Safe City, 9(3) (2026) 332-358 dimensions of
resilience equally. In addition, the relative weights depend partly on expert judgments, while potential
overlap between indicators and sensitivity to alternative weighting assumptions remain sources of
uncertainty. Most importantly, the resulting classifications describe relative pre-earthquake resilience
conditions; they should not be interpreted as direct predictions of structural damage, service disruption, or
recovery time.

Conclusion

This study provides a building-parcel-oriented assessment of urban seismic resilience through the
integration of IHWP and GIS in the Bagh-e Feiz neighborhood of Tehran. The results reveal pronounced
spatial inequalities, with more than half of the neighborhood classified within the two lowest resilience
categories. The findings highlight the value of spatially differentiated planning for earthquake risk
reduction. Rather than applying uniform interventions across an entire neighborhood, urban authorities can
use the identified patterns to guide more detailed investigations, prioritize physical improvements, and
strengthen emergency-service accessibility. The proposed approach offers a practical spatial screening tool
for neighborhood-level resilience planning. Future applications would benefit from more detailed building
and socioeconomic data, sensitivity analysis, and evaluation across neighborhoods with different urban
characteristics. Such extensions could improve confidence in the resulting priorities and strengthen their
usefulness in evidence-informed urban disaster risk management.
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