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Cities are complex and interdependent systems that are vulnerable to threats caused by
natural and human disasters, which in recent years have caused great damage to cities,
especially urban infrastructure. Resilience means that a society has the capacity to resist
crises and disasters without suffering losses, reducing the quality of life, and requiring help
from outside the community. Among the four dimensions of the resilience in cities is the
physical-environmental dimension, which includes communication and road networks.
Therefore, the purpose of the present study is to evaluate the physical resilience of the road
network against severe threats in Tehran metropolis. The present study is a mixed type
with a descriptive-analytical approach and an applied-developmental purpose. The criteria
and sub-criteria in the physical resilience of the urban road network were collected and
then weighted based on the analytic hierarchy process model. Finally, a physical resilience
zoning map of the road network was prepared using Euclidean Distance, fuzzy, and
TOPSIS analyses and functions. According to the output, nearly 70 percent of the roads are
in the medium to low level in terms of resilience, and only 30 percent of the roads are in
the high and very high category. Central areas with low scores are less resilient than
bordering areas. According to the TOPSIS model, the distribution pattern has a strong
cluster pattern with high concentration. Also, the road networks of the central areas were
identified as hot or unfavorable clusters and the road networks of the bordering areas were
identified as favorable and cold clusters.
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Introduction

Cities, as complex and interconnected systems, are always exposed to natural and human threats, which have led
to the vulnerability of critical infrastructure and disruption of urban functioning. The frequent occurrence of
disasters such as floods, earthquakes and crises caused by human activities has caused irreparable damage to the
structure of cities, so that in many cases, the lack of comprehensive planning and technical support has made it
impossible to return to stable conditions. Meanwhile, resilient cities with preventive design have the ability to
maintain the function of physical and social systems in critical conditions and recover quickly after shocks. This
resilience, especially in physical-environmental dimensions including vital arteries and road networks, plays a
key role in ensuring emergency services and the continuity of socio-economic life. Considering the geographical
location of Iran and the location of metropolises such as Tehran on active faults and the existence of severe
global regional threats, assessing the resilience of road networks as critical infrastructure is an inevitable
necessity to reduce vulnerability. The current research, by using the spatial multi-criteria decision-making
model, analyzes the physical resilience of Tehran's road network in order to provide a new framework for crisis
management and planning in the direction of passive defense, while understanding the current condition of the
road network.

Materials and Methods

The present study is a mixed-method study with a descriptive-analytical approach and an applied-developmental
objective. First, by studying the background of the research, the criteria and sub-criteria effective in the physical
resilience of the urban road network were collected and prepared through the statistical blocks of 2015, then their
weighting was done based on the hierarchical analysis model. Next, by using the obtained weights, a zoning map
of the physical resilience of the road network was prepared using analyses and functions of Euclidean distance,
fuzzy and TOPSIS model. Also, to evaluate the dispersion pattern of the physical resilience of the study area and
the favorable and unfavorable clusters, Moran's statistic and hot and cold spots were used in the ArcGIS
environment, and finally, by determining the physical resilience status of the road network in the study area,
effective strategies and solutions were presented to increase physical resilience and reduce the vulnerability of
road networks.

Results

Based on the latest version of the data prepared from the OSM open-source system, Tehran's urban road
networks are divided into five main groups including; Local-residential road, primary road, secondary road,
tertiary road and trunk were classified. Thus, 50% of the total road networks of Tehran metropolis are local-
residential road, 5% include primary, 28% are secondary, 10% are tertiary, and nearly 7% are trunk. To evaluate
the physical resilience of the communication network of Tehran metropolis, Fuzzy-TOPSIS modeling was
performed. The results of implementing the TOPSIS model on the Tehran metropolitan road networks indicate
an unfavorable state in most of these roads. According to the model output, nearly 70 percent of the road
network has medium to low physical resilience, and only 30 percent of the road have a favorable state.
Considering the total roads in the Tehran metropolis, according to the TOPSIS model, 16.53% of the roads are in
the very low category, 12.26% in the low category, 34.13% in the medium category, 30.31% in the high
category, and 75.6% in the very high category in terms of physical resilience. Considering that the value of the
standard statistic (746.57) is at 1% level, the distribution behavior of road networks at the regional level has a
strong cluster pattern with high concentration. According to the results of the physical resilience of road
networks based on the research criteria in Tehran metropolis, newly built and newly developed areas have a
favorable state compared to areas with old texture and high density, and are less vulnerable to all kinds of
hazards and have high physical resilience. Finally, the results of the Gi index showed that at a significance level
of 99%, the road networks of the central areas of Tehran metropolis, such as areas 2, 6, 7, 10, and 11, were
identified as hot and unfavorable clusters, and on the other hand, the road networks of bordering areas, such as
areas 3, 4, 20, and 22, were identified as cold and favorable clusters. In other words, the roads in the central areas
have a lower value than the average, and as we move towards the boundaries, the value of the utility of road
networks increases.

Conclusion

The object of the current research is the spatial analysis of the physical resilience of the urban road network
against severe threats in the metropolis of Tehran. For this purpose, based on library studies, 19 effective sub-
criteria in the physical resilience of road networks were collected and in the form of six criteria; Distance from
facilities and equipment, distance from medical centers, natural factors, physical quality, security factors and
socio-environmental factors were classified. Physical resilience modeling of the road network was done by
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fuzzifying the criteria’s and using the hierarchical analysis model to determine the weights of the criteria. Urban
road networks of Tehran metropolis were classified into five main groups based on the data of OSM open-source
system: local-residential road (50%), fprimary (5%), secondary (28%), tertiary (10%) and trunk (7%). The
results showed that nearly 70 percent of the roads in the Tehran metropolis are at a medium to low level in terms
of physical resilience, and only 30 percent of the roads are at a high and very high level, in other words, in
favorable conditions. Also, the resilience map shows that the central parts of the city with a low score are less
resilient than the bordering parts of the city, and in case of unfortunate accidents, the destruction will be at a very
high level, therefore it requires special attention. According to the physical development of the city from the
bordering areas and new constructions and the favorable conditions of the criteria in these areas, the resilience
situation is relatively acceptable. The results of Moran's test show the existence of a cluster pattern with high
concentration, so that the communication networks of the central areas of Tehran metropolis were identified as
warm or unfavorable clusters and peripheral areas as favorable and cold clusters. According to a review of
previous studies, the results obtained are consistent with the research of Mohammadi and Hosseini (2016);
Pourahmad et al. (2018); Shakibamanesh and Kariminia (2019); Mehrnezhad and Khorsandi (2019), and Afsari
et al. (2022) and similar results have been obtained.
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