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Earthquake is one of the most destructive disasters that cause a lot of damage to 

structures and humans. Many factors play a role in the vulnerability of urban 

areas to earthquakes. In Tehran, the presence of old buildings, high population 

density, and the existence of numerous faults have caused the city to be 

significantly vulnerable to earthquakes and on the other hand the phenomenon of 

liquefaction during earthquakes. The high level of groundwater and the type of 

alluvial and sandy soils in some areas increases vulnerability in Tehran. In this 

research, a map of the physical vulnerability of Tehran to earthquakes has been 

prepared in two different scenarios (considering the depth of groundwater level 

and not considering the depth of groundwater level) and the weighted average 

operator arranged to provide a wide range. Some of the answers from pessimistic 

to optimistic solutions have been used based on multi-criteria analysis and the 

results in different scenarios have been divided into five categories: very high, 

high, medium, low, and very low. The results show that considering the fuzzy 

concept quantifier "at least one" in the 6-parameter scenario 67% and in the 7-

parameter scenario 85% of the buildings in the three zones 20, 16, and 11 are 

classified in the "very vulnerable" class. Comparison of the results of the two 

scenarios Due to the variability of groundwater depth in the study areas shows 

that in the 7-parameter scenario (taking into account the groundwater depth) in 

almost all decision-making strategies, the vulnerability increased from north to 

south of the study area. The study areas are in high and very high vulnerability 

classes. 
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INTRODUCTION 
Earthquakes are among the most destructive and costly natural disasters, causing significant damage to 
human life and infrastructure. Urban areas worldwide are particularly vulnerable to earthquakes due to 
high population density and non-compliance with construction standards. Tehran, the capital of Iran, 
with a population exceeding 10 million and proximity to active faults, is considered one of the regions 
highly prone to seismic risks. The combination of human factors, such as high population density and 
outdated buildings, with natural factors, including shallow groundwater levels and soil types, 
significantly increases the city’s vulnerability. 

Estimating the vulnerability of urban areas and devising plans to mitigate risks are essential aspects of 
disaster management. Multi-criteria decision-making (MCDA) methods and Geographic Information 
Systems (GIS) are powerful tools for analyzing data and modelling vulnerability. This study employs 
a combination of these methods to assess seismic vulnerability in Tehran’s urban areas, focusing on 
two scenarios: one excluding the groundwater factor and another including it. 

 

MATERIALS AND METHODS 

 This study was conducted in three urban districts of Tehran (districts 11, 16, and 20), selected due to 
their longitudinal extension from north to south and significant variations in groundwater levels. Data 
required for modelling were collected from credible sources, including the Geological Survey of Iran, 
the National Cartographic Center, and Tehran Municipality. Seven primary criteria were considered: 
building density, population density, building age, construction materials, distance to faults, soil type, 
and groundwater level. 

The criteria were weighted using the Analytical Hierarchy Process (AHP) and the Expert Choice 
software. Sequential weights were calculated using fuzzy linguistic quantifiers and integrated through 
the Ordered Weighted Averaging (OWA) operator to produce final vulnerability maps. The OWA 
method allowed the analysis of various decision-making scenarios ranging from optimistic to 
pessimistic strategies. The two main scenarios analyzed were: 1) a six-criterion scenario (excluding 
groundwater level) and 2) a seven-criterion scenario (including groundwater level). 

 

RESULTS AND DISCUSSION  
 The findings revealed that in the six-criterion scenario, 67% of buildings in the studied districts fell 
into the “very high vulnerability” class. This proportion increased to 85% in the seven-criterion 
scenario, underscoring the significant impact of groundwater levels on seismic vulnerability. 
Specifically, southern districts exhibited the highest vulnerability due to their dense population, 
outdated buildings, shallow groundwater levels, and sandy and clayey soils. 

Analysis of fuzzy linguistic quantifiers provided diverse decision-making strategies. In the optimistic 
scenario (using the “at least one” quantifier), a larger proportion of buildings were classified as having 
“low vulnerability.” Conversely, in the pessimistic scenario (using the “all” quantifier), a higher 
percentage of buildings were placed in the “very high vulnerability” class. These results highlight the 
value of employing multiple decision-making strategies to identify critical areas and manage risks 
effectively. 

A comparative analysis of the two scenarios demonstrated that incorporating groundwater levels not 
only enhanced the accuracy of the analysis but also altered the spatial distribution of vulnerability. In 
the seven-criterion scenario, southern areas of the city (districts 20 and 16), characterized by shallower 
groundwater levels, were classified as “very high vulnerability.” This underscores the importance of 
subsurface factors like groundwater levels in urban planning and disaster management. 

Additionally, the integration of fuzzy methods and the OWA operator enabled the creation of a wide 
range of decision-making scenarios. This flexibility can assist urban managers in devising tailored 
strategies for risk mitigation and earthquake crisis management. The final analysis revealed that 
buildings classified as “very high vulnerability” were predominantly located in areas with high 
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population density, outdated structures, and shallow groundwater levels. These buildings require 
reconstruction, retrofitting, and the use of standardized materials. 

 

CONCLUSION 

 This study demonstrates that combining MCDA and GIS methods with the OWA model provides a 
robust framework for evaluating seismic vulnerability. The results emphasize that groundwater levels 
are a critical factor in increasing urban vulnerability and should be prioritized in urban planning and 
disaster management. Future research should consider human vulnerability alongside physical 
vulnerability. Furthermore, employing group decision-making models could improve the accuracy of 
analyses and enhance the reliability of results. 

The study’s findings offer valuable insights for formulating strategies to reduce earthquake risks. 
These strategies include reconstructing and retrofitting outdated buildings, controlling population 
density in critical areas, and enforcing stricter regulations on construction materials. Utilizing these 
results can improve urban management and enhance the safety of residents against earthquakes. 
Additionally, the findings can inform urban disaster management plans and post-earthquake search 
and rescue operations. Future studies could explore the development of early warning systems, risk 
maps, and simulation models for broader applications. 
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