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Objective: The Tehran metropolitan area is recognized as a region with a high seismic
hazard. The accumulation and compaction of the built environment, coupled with the high
population density in this region, have amplified concerns regarding the potential damage
and casualties resulting from a possible earthquake. While various dimensions of
vulnerability to earthquake hazards have been studied by researchers at the neighborhood
and district levels within the Tehran metropolitan area, the vulnerability of rural
settlements in this region has not been adequately investigated. Due to this scientific and
practical gap, the aim of the present research is to analyze the spatial pattern of
vulnerability in rural settlements in the Tehran metropolitan area.

Method: This research was conducted using quantitative methodology and is classified as
applied research. The study population includes 1,082 inhabited rural settlements in Tehran
and Alborz provinces. Among them, 914 villages with accessible statistical data were
included in the analysis. Data collection was conducted using a library method, mainly
using statistical data from the Statistical Center of Iran. Fuzzy inference systems, kriging
interpolation methods, and hot spot analysis techniques were used for data analysis.
Results: The research findings indicate that all rural settlements located within the Tehran
metropolitan area have a high potential for earthquake vulnerability. Moreover, the spatial
pattern reveals a higher level of vulnerability among settlements located in the peripheral
zones compared to those located in the central areas of the Tehran metropolitan area.
Conclusions: The spatial distribution of rural settlements within the metropolitan area of
Tehran shows different levels of vulnerability to earthquake hazards. This disparity is
influenced by both natural spatial dynamics and socio-economic structures, as well as the
interactions between these two factors. Rural settlements closer to the urban center
generally have more favorable conditions due to better access to essential infrastructure.
Conversely, those further from the center have limited accessibility and resources.
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Introduction
Natural hazards have always had a significant impact on human life, ecosystems, and

infrastructure. Among these hazards, earthquakes stand out because of their devastating
effects on human life and infrastructure, as well as their immense destructive power.
Earthquakes are sudden events that cause the most damage in the immediate aftermath.
Despite advances in science and technology, the complex nature of earthquakes makes
accurate prediction difficult, resulting in continued high casualties. Iran, located on the
seismic belt, is recognized as one of the most earthquake-prone countries in the world. The
Tehran metropolitan area, which includes Tehran and Alborz provinces, is particularly
vulnerable due to its history of seismic activity and numerous active faults. In addition, the
high population density and level of activity in the region significantly exacerbate its
vulnerability to earthquakes. While numerous studies have examined the vulnerability of
urban neighborhoods and areas within the Tehran metropolitan area, the vulnerability of rural
settlements in the area has received less attention from researchers. The importance of
studying the vulnerability of rural settlements in the Tehran metropolitan area lies in the fact
that these settlements have experienced rapid population growth, high population density,
non-compliant construction practices, development near active faults, expansion into
geologically unstable areas, and weak economic foundations in recent decades. These factors
raise concerns about the potential for irreparable damage to rural settlements in the Tehran
metropolitan area in the event of a major earthquake. Therefore, this research aims to assess
the overall vulnerability of rural settlements to earthquake hazards and to identify and analyze
the spatial pattern of vulnerability in the Tehran metropolitan area.

Method
This research is quantitative in nature and is classified as applied research in terms of its

objectives. Data collection was done through literature review. Research components and
indicators were identified through a systematic review of the literature. The opinions of 40
experts were sought to refine and validate the vulnerability components and indicators. The
statistical data used in this research was obtained from official domestic and foreign sources
such as the Statistical Center of Iran, the Ministry of Roads and Urban Development, and the
United States Geological Survey. Some data such as distances and accessibility were
calculated in ArcMap software environment. The statistical population in this research
includes all rural settlements in Tehran and Alborz provinces, which is equal to 1082 rural
points according to the Statistical Center of Iran. Of these, 914 villages for which data were
available were studied.

In addition to descriptive statistics, fuzzy inference systems, kriging interpolation, and
hotspot analysis were used to analyze the data. The software used in the research was Matlab
R2019a and ArcMap.
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Results
Three indicators were used to assess seismic hazard exposure: seismic hazard zoning (based

on Building Code 2800), distance to faults, and distance to historical earthquake epicenters.
The results of the seismic hazard exposure assessment indicate that all rural settlements in the
Tehran metropolitan area are exposed to a high risk of earthquakes. However, the level of
seismic hazard exposure is not uniform across the region. Rural areas in the west, northwest,
north, and east of the Tehran metropolitan area are more exposed to earthquake hazards than
some central and southern areas. Ten indicators were used to assess the sensitivity of rural
settlements to earthquake hazards: the proportion of buildings with resistant materials, the
proportion of high-rise housing units, the population density per housing unit, the household
density per housing unit, the proportion of vulnerable population groups, the gender ratio, the
household size, the natural site, the geology of the region, and the slope. The results of the
sensitivity assessment show that rural areas in the northwestern, eastern, central, and southern
parts of the Tehran metropolitan area are more sensitive to earthquake hazards than other
areas. Ten indicators were used to assess the adaptive capacity of rural settlements: distance to
transportation routes, distance to emergency response centers, distance to fire stations,
distance to hospitals, access to health centers, access to health houses, access to health bases,
literacy rate, employment rate, and economic activity rate. The results of adaptive capacity
assessment show that rural areas in the northwest, east, south and southwest of Tehran
metropolitan area have lower adaptive capacity, while central areas have higher adaptive
capacity to earthquake hazards.

Conclusions
The results indicate a highly precarious situation and extremely high vulnerability for all rural

settlements within the Tehran metropolitan area. No rural settlement shows moderate or low
vulnerability. However, the spatial pattern of vulnerability shows that rural settlements
located in the central region of the metropolitan area generally have lower levels of
vulnerability compared to the peripheral areas. This spatial disparity in vulnerability is
primarily influenced by spatial dynamics, both in terms of natural processes and socio-
economic structures, as well as the interactions between the two. Rural settlements located in
the center have more favorable conditions due to better access to essential infrastructure,
while those located further from the center have limited accessibility and resources. In fact,
natural conditions, topography, land and housing prices, general economic conditions of the
country, policy and planning systems, allocation of disaster management funds, population
changes, high migration rates, weaknesses in establishing building codes and standards, and
incomplete implementation of regulations are among the most important macro and micro
factors influencing the vulnerability of rural settlements and the main drivers of the spatial
pattern of vulnerability of rural settlements in the Tehran metropolitan area.
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