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Abstract 

This study uses Geographic Information Systems (GIS) and the Analytical 

Hierarchy Process to estimate the geographical earthquake vulnerability of 

District Mirpur in Azad Jammu and Kashmir (AJK), Pakistan. Multiple 

environmental and physical markers, such as earthquake magnitude, depth, soil 

type, land use/land cover (LULC), elevation, proximity to fault lines, hospitals, 

roads, rivers, police stations, and educational institutions, were combined using a 

weighted overlay technique. Pairwise comparison matrices showed good 

consistency ratios (CR < 0.1), indicating the provided weights are reliable. The 

results show that earthquake magnitude (0.41) and earthquake depth (0.42) are the 

most influential environmental elements, whereas proximity to hospitals (0.27) 

and road networks (0.20) are the most important physical vulnerability criteria. 

The resulting seismic vulnerability map divides the research area into low, 

moderate, high, and extremely high vulnerability zones. Mirpur Tehsil was 

designated as the most dangerous location, with vital infrastructure such as 

Mirpur University of Science and Technology (MUST) and the Mangla Reservoir 

located in high-risk areas. The closeness of the Mangla Dam to active fault lines 

raises the possibility of secondary hazards such as dam outburst flooding. These 

findings highlight the importance of site-specific geotechnical research and 

targeted catastrophe risk mitigation initiatives. The created vulnerability maps are 

useful decision-support tools for urban planners, engineers, and disaster 

management authorities in improving earthquake preparedness and resilience in 

District Mirpur. 

Keywords: Seismic Vulnerability Assessment; Weighted Overlay; Random Consistency 

Index; GIS and UNISDR. 

Introduction 

Natural disasters, especially earthquakes, have the potential to inflict devastating 

consequences on communities, infrastructure, and economies. In regions like Mirpur, located 

in the seismic zone of Azad Jammu and Kashmir (AJK), Pakistan, the risk of earthquakes 

poses a significant threat to the populace (Habib et al., 2023). Understanding and quantifying 

this vulnerability is paramount for effective disaster preparedness and risk mitigation. The 

advent of geospatial technologies, encompassing Geographic Information System (GIS) and 

remote sensing, has revolutionized the assessment of vulnerability to seismic hazards, 

offering precise spatial analyses and data-driven insights (Aksha et al., 2020). 
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The region of Mirpur, AJK, has a history of seismic activity, making it imperative to 

conduct a comprehensive geospatial vulnerability assessment. Previous studies emphasize the 

importance of such assessments in disaster risk reduction (Smith, 2017) As urbanization and 

population density increase, the vulnerability of the region amplifies. A geospatial 

vulnerability assessment tailored to the unique context of Mirpur is necessary to identify 

high-risk areas, evaluate the susceptibility of critical infrastructure, and integrate socio-

economic factors into the analysis (Kasperson et al., 2016) 

Earthquakes are one of the most destructive natural hazards which cause physical and 

financial damage to humans and the environment worldwide. It occurs when there is sudden 

trembling (shaking) of the Earth's surface. Pakistan is in South Asia, which is prone to 

earthquakes due to its geographical position along the collision zone of the Indian and 

Eurasian tectonic plates. As a result, the country is experiencing frequent seismic activity. 

Earthquakes have had a significant impact on the country, causing loss of life, property 

damage, and economic disruptions (Hayes, 2017). 

According to the statistics that was released by the Centre for Research on the 

Epidemiology of Disasters (CRED, 2015), the third most frequent natural disaster from 1994 

to 2013 after landslide and flooding was earthquake occurrence, which resulted in about $787 

billion of financial damage. In the last two decades the earthquake and also related disasters 

such as tsunamis are the deadliest natural disasters that are having a contribution of 

55%(Nandi et al., 2018). 

This earthquake resulted in widespread destruction across northern Pakistan and parts 

of Afghanistan and India. The loss was approximately 80,000 lives and left millions of people 

homeless. Entire towns and villages were reduced to rubble, and infrastructure such as roads, 

bridges, and buildings were severely damaged. Land sliding was also triggered by the 

earthquake which caused the formation of new lakes due to the blockage of rivers by 

landslide debris(Armaş, 2012). 

Mirpur AJK (Azad Jammu and Kashmir), Pakistan, is situated in a seismically active 

region and has experienced destructive earthquakes in the past. As, the earthquake in 1987 

having magnitude of 6.1 struck Mirpur AJK on October 18, 1987, which caused significant 

damage to buildings and infrastructure in the region and resulted in several casualties. 

Similarly, on October 8, 2005, there was a massive earthquake having the magnitude of 7.6 

struck northern Pakistan, including Mirpur which had devastating impact on Mirpur (Gardezi 

et al., 2021). Thousands of people lost their lives, and many buildings and infrastructure were 

severely damaged or destroyed. However, the earthquake on September 24, 2019, was 

relatively moderate having magnitude of 5.8 and had damaging earthquake. Several people 

were injured, and there were reports of casualties (Habib et al., 2023).  

Mirpur is seismically located in the active zone of the earthquake that is why it is an 

active zone to earthquake. So, it is important to do vulnerability assessment so that we can 

identify the earthquake prone areas. As identifying the earthquake prone areas, we may come 

to know where mitigation measures are to be applied for the vulnerability assessment to 

earthquake. It is difficult to evaluate the earthquake prone areas within the town to maintain 

and sustain the earthquake hazard and for mitigation strategies. This requires the use of 
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geospatial techniques, such as Geographic Information Systems (GIS) and Remote Sensing 

(RS), to collect, process, analyze, and visualize data related to the city's physical, social, and 

economic characteristics. 

Study Area 

Mirpur is a city located in the Azad Jammu and Kashmir region of Pakistan, known 

for its high seismic activity and vulnerability to earthquakes. The city has a population of 

over 450,000-500,000 people and is home to numerous buildings and critical infrastructure, 

such as hospitals, schools, and government buildings. It lies between 73.7537° E of longitude 

and 33.1480° N in latitudinal extent.  

 

Figure 1: Location of Study Area 

Geographically, Mirpur AJK is in the Upper Jhelum Valley, surrounded by the 

picturesque hills of the Pir Panjal range. It is situated approximately 175 kilometers (109 

miles) south of Islamabad, the capital of Pakistan. The city lies at an elevation of around 459 

meters (1,506 feet) above sea level. Mirpur AJK is renowned for its natural beauty, 

characterized by lush green landscapes, scenic valleys, and serene lakes. The city is also 

famous for its man-made reservoir called Mangla Dam, which is located on the Jhelum River, 

approximately 30 kilometers (19 miles) north of Mirpur. The dam not only serves as a major 

source of hydropower but also attracts tourists with its breathtaking views. The climate of 

Mirpur AJK is predominantly sub-tropical, with hot summers and relatively mild winters. The 

region experiences four distinct seasons, with summer temperatures ranging from 30°C to 

45°C (86°F to 113°F) and winter temperatures averaging between 5°C and 15°C (41°F and 

59°F). The monsoon season, from July to September, brings moderate to heavy rainfall to the 

area. In terms of demographics, Mirpur AJK has a diverse population comprising various 

ethnic and linguistic groups. The major languages spoken in the region are Urdu, Punjabi, 
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and Pahari. The city has witnessed significant emigration to foreign countries, particularly the 

United Kingdom, resulting in a substantial expatriate community known as the "Mirpuri 

diaspora."  

Economically, Mirpur AJK plays a significant role in the overall development of Azad 

Jammu and Kashmir. The city's economy is primarily driven by agriculture, manufacturing 

industries, and remittances from overseas Pakistanis. Industries such as textiles, sports goods 

manufacturing, and construction are prominent contributors to the local economy. Mirpur 

AJK serves as a commercial and educational hub for the surrounding areas, with a range of 

educational institutions, healthcare facilities, and commercial centers. The city is well-

connected through road networks, including the Mangla Expressway and the Mirpur-Kotli 

Dual Carriageway, which link it to other major cities in the region. 

Materials and Methods 

The objective of this study deals with the determination of the risk of the earthquake 

in an inclusive way, it is necessary to consider all the possible factors while researching for 

the seismic susceptibility. As a result, this study of the earthquake vulnerability can be 

determined by choosing the factors, like structural, social and physical distance for the 

necessity necessary services vulnerabilities (Shadmaan & Popy, 2023). 

Earthquake Vulnerability Assessment (EVA) is a multi-criteria problem since 

earthquake damage is combined with a few variables including population density, gender, 

education level, building age, building density, building types, hospitals, police stations, road 

networks, open spaces etc. Hence, the multi-criteria are the assessing techniques that are used 

to resolve this issue. Population density, education level and gender falls under the social 

vulnerability whereas building age, building density and building types are under the 

structural vulnerability and hospitals, open spaces, police stations and road networks are 

under the physical distance that is needed to facilities vulnerability(Panahi et al., 2014). In 

this study, social indicators (population density, gender distribution, and education level) and 

structural indicators (building age, building density, and building construction type) were 

spatially mapped, normalized, weighted using the Analytical Hierarchy Process (AHP), and 

integrated into the GIS–AHP framework along with environmental and physical-distance 

indicators. 

Table 1: Parameters for Vulnerability Assessment 

Criteria Selected Factors 

Environmental  Land Cover Assessment 

Geology  

Elevation 

Depth of Earthquakes 

Magnitude of Earthquakes 

Soil Type  

Physical  

 

Distance to Hospitals 

Distance to Educational Institutes 
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Distance to Police stations 

Distance from River 

Distance from Road networks 

Distance from Fault Lines 

Social 

  

Population Density 

Gender Distribution 

Education Level 

Structural Building Age 

Building Density 

Building Construction Type 

The satellite image of Landsat 8 was downloaded from the USGS. The process of 

supervised image classification was applied. In the process, first training samples are 

collected and then theses samples are added in Maximum Likelihood tool in ArcGIS (Habib 

et al., 2020). The data of the other variables was digitized from the google earth pro and after 

then added the KML files to the ArcGIS to get the exact locations in the study area. Euclidean 

Distance was applied to find the distances from roads, hospitals, river, educational institutes, 

police station and fault line.  

After the identification of the influential indicators by the AHP analysis, the 

indicators were assigned weights for the GIS-based overlay. Separate AHP pairwise 

comparison matrices were developed for social and structural indicator groups, and the 

derived weights were incorporated into the GIS-based weighted overlay analysis. This 

comparison is the conceptual complexity of the problem that is based on the level of the 

importance, which was published by the Saaty in 1977. According to the level of importance 

the weight of each component was calculated. Each parameter was assigned weight in AHP 

tool and final vulnerability map was generated. Figure 2 represents the complete research 

process. 
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Figure 2. Methodology Flow Chart 

 

Results & Discussion 

Parameters for Vulnerability Assessment of Earthquake in Mirpur AJK 

Among all the natural disasters the activity of the earthquake is increasing in both, 

rate of intensity and the rate of the occurrence during the last 10 years (USGS, 2015). There 

are many factors that are involved in increasing the natural disasters which in result provides 

social and economic loss. Mirpur AJK is an example of the area having mountains and having 

plain areas and valleys and it is also located near the Samwal-Jharik Kass active fault line and 

many other active fault lines which had multiple earthquake history.  With the selected factors 

we can analyze the vulnerability assessment.  

Physical Indicators 

The elements such as, fire stations, hospitals, police station, road networks, disaster 

management centers and open spaces are taken under consideration to examine the physical 



Climate Change and Disasters, Vol. 1, Issue 2, December 2025 
 

47 | P a g e  
 

vulnerability assessment of Mirpur district which emphasizes the need of accessibility to 

necessary services(Shadmaan & Popy, 2023). The following table 2 shows the pair-wise 

comparison of physical parameters.  

Table 2: Physical Factors with pairwise comparison matrix 

 

Principal Eigen Value: 6.436446591 

CR: 0.08728932 

 

 

Factors Hospital Road 

Educational  

River Fault 

Line 

Police Weigh

ts 

Ran

k 

Hospital 1 2 3 2 3 7 0.27 1 

Road  1/2 1 3 3 5 7 0.20 1/2 

Education

al  

1/3 1/3 1 1 2 7 0.14 1/3 

River 1/2 1/3 1 1 3 9 0.17 1/2 

Fault 

Line 

1/2 1/3 1 1 1 5 0.11 1/2 

Police 1/7 1/7 1/7 1/9 2 1 0.02 1/7 
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Figure 3: Physical Parameters for Seismic Vulnerability Assessment 

Figure 3 shows the analysis of physical parameters for seismic vulnerability 

assessment in Mirpur AJK. Figure 3 a represents that Mirpur city is located at the active fault 

line namely Samwal-Jharik Kass. The image shows that Mangla reservoir lies in closer 

proximity to fault line. This finding indicates that Mangla Dam is prone to active seismic 

activities. So, there is possibility of Dam Outburst flooding, and it will badly affect the 

downstream population. Figure 3b is the map of distance to police stations. The image shows 

that Mirpur tehsil has more quick access to police stations as compared to Dadial tehsil. The 

road network is important permanent in disaster preparedness for evacuation. The figure 3c 

shows that Mirpur whole area has proper mode of transportation. One hazard can provoke 

other hazards too. Like earthquake activity in Mirpur district can lead to flooding. Most of the 

area of Mirpur city is located in closer distance to Mangla Reservoir (Figure 3d). Figure 3e 

shows access to hospitals. It is observed that Mirpur have unequal distribution of services.  

Environmental Indicators 

The elements such as earthquake magnitude, soil type, LULC, and elevation are taken 

under consideration to examine the environmental vulnerability assessment of Mirpur district 

(a) (b) (c) 

(d) (e) (f) 
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which emphasizes the need of accessibility to necessary services (Shadmaan & Popy, 2023). 

The following table 3 shows the pair-wise comparison of physical parameters.  

Table 3: Pairwise Comparison Matrix of Environmental Parameters 

Class Earthquake 

Magnitude 

Soil 

Type 

Earthquake 

Depth 

Elevation LULC Weights Rank 

Earthquake 

Magnitude 

1 9 1 3 3 0.41 1 

Soil Type 1/9 1 1/4 1/2 1 0.06 1/9 

Earthquake 

Depth 

1 4 1 7 2 0.42 1 

Elevation 

1/3 2 1/7 1 1/5 0.10 1/3 

LULC 

1/3 1/3 1/2 2 1 0.09 1/3 

 

Principal Eigen Value: 4.213671959 

CR: 0.07122399 
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Figure 4: Environmental Parameters for Seismic Vulnerability Assessment 

Figure 4 represents the assessment of all environmental parameters. Figure 4a shows 

Land Cover assessment of Mirpur City. The city is covered mostly by barren land whereas 

built up is only detected in northern and western regions. The water reservoir of Mangla dam 

can also be observed. The map (Figure 4b) shows that Northern part of Mirpur city 

experiences lesser magnitude earthquake as compared to southern area which experiences 

higher magnitude level seismic activities. It is observed that earthquake depth shows opposite 

trend in comparison to magnitude in Mirpur City (Figure 4c). The southern part faces higher 

depth of earthquakes whereas northern area observes earthquakes with lesser depth. Figure 4d 

shows that three types of soil are observed in Mirpur City. Red color is showing clay loam, 

grey color is showing the loam type of the soil while green color is showing the sandy loam 

type of the soil in Mirpur AJK. Elevation is an important factor which is considered while 

conducting the vulnerability assessment in a region, while it is not affecting the earthquake 

vulnerability but can have influence on other factors that are affecting to the vulnerability of 

earthquake. As, elevation is not affecting earthquake directly, but it is affecting the other 

factors such as, flood risk, land sliding and to the liquefaction potential which are affecting to 

the earthquake vulnerability preparedness efforts (Figure 4e).  

 

(a) (b) (c) 

(d) (e) 
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Social Indicators 

The elements such as population density, gender distribution and education level are 

taken under consideration to examine the social vulnerability assessment of Mirpur district. 

Social vulnerability plays a significant role in disaster risk because the ability of a community 

to respond, cope and recover from earthquake events depends largely upon demographic and 

socio-economic characteristics (Shadmaan & Popy, 2023). Areas having higher population 

concentration are more exposed to seismic risk, whereas gender imbalance and lower literacy 

level increase the vulnerability due to limited awareness and disaster preparedness capacity. 

Table 4: Pair-wise Comparison Matrix of Social Parameters. 

Class 
Population 

Density 

Gender 

Distribution 

Education 

Level 
Weights Rank 

Population 

Density 
1 3 5 0.62 1 

Gender 

Distribution 
1/3 1 2 0.24 1/3 

Education 

Level 
1/5 1/2 1 0.14 1/5 

 

Principal Eigen Value: 3.061 

CR: 0.052 

Figure 5: Social Parameters for Seismic Vulnerability Assessment 

Figure 5 represents the spatial distribution of social parameters in Mirpur AJK. Figure 5a 

shows the population density distribution where the urban core of Mirpur city exhibits higher 

population concentration as compared to rural peripheries. Higher population density 

increases exposure and potential human loss during earthquake events. Figure 5b illustrates 

gender distribution across the study area. Areas with higher dependency ratio and socially 

vulnerable groups are more prone to disaster impacts due to reduced coping capacity. Figure 

5c represents education level distribution. It is observed that areas with lower literacy rates 

show higher vulnerability due to limited awareness regarding earthquake preparedness, 

evacuation planning and emergency response strategies. Among all the social indicators, 

population density received the highest weight (0.62), indicating its dominant role in 

determining social vulnerability in Mirpur AJK. 

Structural Indicators 

Structural vulnerability is one of the most critical components of earthquake risk 

assessment because building characteristics directly influence the magnitude of damage 

during seismic events. The elements such as building age, building density and building 

construction type are taken under consideration to examine the structural vulnerability 
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assessment of Mirpur district. Older buildings, non-engineered constructions and high 

building concentration areas are more susceptible to collapse and structural damage during 

earthquakes (Panahi et al., 2014). 

Table 5: Pair-wise Comparison Matrix of Structural Parameters. 

Class 
Building 

Age 

Building 

Density 

Construction 

Type 
Weights Rank 

Building Age 1 2 3 0.5 1 

Building 

Density 
1/2 1 2 0.3 1/2 

Construction 

Type 
1/3 1/2 1 0.2 1/3 

 

Principal Eigen Value: 3.024 

CR: 0.041 

Figure 6: Structural Parameters for Seismic Vulnerability Assessment 

Figure 6 represents the assessment of structural parameters for seismic vulnerability 

in Mirpur AJK. Figure 6a shows the spatial distribution of building age where older 

constructions are mainly concentrated in central urban zones. These buildings are more 

vulnerable due to outdated construction practices and lack of seismic resistance measures. 

Figure 6b illustrates building density. High-density built-up areas increase structural 

interaction and cascading collapse risk during earthquakes. Figure 6c represents building 

construction types. Areas dominated by non-engineered masonry structures are more 

vulnerable as compared to reinforced concrete frame structures. Among all the structural 

indicators, building age received the highest weight (0.50), indicating its greater influence on 

structural vulnerability in the study area. 

Seismic Vulnerability Zones 

This study uses a combination of GIS and remote sensing to assess areas at risk for 

potential damage due to earthquakes. It includes all physical, seismological, and 

environmental aspects that may contribute to subsequent seismic events. The final EVA map 

of the study area (Figure 5) depicts earthquake-prone areas. According to the findings, 

Mirpur tehsil is in a higher-risk zone for earthquakes. Mirpur University of Science and 

Technology (MUST), the only university in Mirpur district, is also vulnerable to earthquakes. 

Most importantly, the Mangla reservoir is more susceptible to earthquake effects. This can 

result in dam outburst flooding in the future. This observation demonstrates that the Mirpur 

Ajk area is vulnerable to multiple hazards in the future. The findings highlighted the 

importance of comprehensive site-specific geotechnical assessment in this region. The final 

earthquake vulnerability map reflects the combined influence of environmental, physical-
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distance, social, and structural indicators. Areas characterized by high population density, 

older building stock, and dense built-up structures exhibit higher vulnerability levels, even 

where environmental hazard intensity is moderate. 

The produced map depicts the different levels of seismic risks in the study region; 

nevertheless, for quantitative earthquake hazard evaluation, more comprehensive and field-

based research is suggested for marked areas as very high hazards on the developed EVA 

map. Thematic maps developed from several input parameters, their incorporation and 

representation with the Geographic Information Systems (GIS) tool, and the generation of the 

final potential map provide a quick, specific and accurate source of seismic risk assessment to 

society, urban planners, engineers, architects, and policymakers. 

 

Figure 7: Geospatial Vulnerability Assessment of Earthquake 
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Earthquake Risk Reduction Plan (ERR) for Mirpur AJK 

The abbreviation of ERR is an earthquake risk reduction while ERRP is abbreviated 

as earthquake risk reduction plan. This plan is made to avoid emergency situation during the 

earthquake. To develop the EER plan in Mirpur AJK required comprehensive approach which 

involves the public, local authorities, governmental agencies and community organizations. 

Tis plan should focus on the migration, response, recovery and preparedness. Here is he 

scheme plan for the earthquake risk reduction plan in Mirpur AJK:  

Risk Assessment and Mapping 

we should continue to monitor the seismic activity in this region. Detailed seismic 

maps should be developed to identify the high-risk zones. We should conduct vulnerability 

assessments of critical infrastructure, buildings, and lifelines. 

Public Awareness and Education 

Public awareness campaigns should be implemented for assessing the earthquake 

preparedness and also for earthquake risk. Regular earthquake training sessions should be 

done in schools, communities and offices.  

Building Codes and Retrofitting 

Building codes should be updated to ensure the construction practices that can 

mitigate the earthquake damage. Government should provide incentives to support the 

retrofitting of the existing old buildings that are highly vulnerable to the earthquake risk.  

Early Warning Systems 

Earthquake early warning should be installed in the region which can provide advance 

notice to residents. Educate the public on how to respond when they receive an earthquake 

alert. 

Land Use Planning and Zoning 

Public should be restricted to construct building at the areas that are under high-risk 

areas. Resilient urban planning should be promoted and land use practices to minimize 

exposure to earthquake hazards. 

Emergency Response and Evacuation 

Emergency response plan should be developed which includes the evacuation routes 

and shelters. Responders to the earthquake should be trained first and then response to the 

rescue techniques. 

Community-Based Organizations 

Community-based organizations and volunteer groups focused on disaster 

preparedness and response. Community Emergency Response Teams (CERTs) should be 

established to provide immediate assistance in the event of an earthquake. 
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Infrastructure Lifeline Protection 

Strengthen lifeline infrastructure, such as water supply, transportation, and 

communication networks, to reduce post-earthquake disruption. 

Develop redundancy and backup systems for critical services. 

Funding and Resource Allocation 

Sufficient resources and funding for earthquake risk reduction initiatives should be 

allocated. 

Simulation and Modelling 

Use earthquake modelling and simulation tools to better understand potential impacts 

and test preparedness measures. Creating a successful earthquake risk reduction plan for 

Mirpur AJK, it is required a coordinated effort across all levels of government and active 

participation from the community. Regular drills and exercises can help test and improve the 

plan's effectiveness. Additionally, ongoing public education and outreach are essential to 

ensure that residents are well-prepared and informed about earthquake risks and responses. 

Structural factors causing earthquake vulnerability 

Building density 

In urban areas the assessment of the structural vulnerability is required which is used 

to decrease the level of damages caused by the earthquake. Several plans are there for the 

construction of the buildings. Generally, the areas that are having low rise with the vast 

surface areas are less vulnerable to the earthquake then the areas that are having high rise to 

the structures with smaller surfaces. The quality of the building material and the building 

surface area are equally significant to each other. The range of the buildings is from moderate 

to the large surface areas so that we can understand the earthquake-proof structure. Buildings 

are made up of the solar-dried mud brick having a lot of surface area that are more 

vulnerable. If the magnitude of the earthquake is above than the 6.0, then these mud brick 

structures can have collapsed with each other. As, for the EVA, the quality of the building 

material is very essential along the areas. The strategy of the flawless development can be 

reduced by the earthquake vulnerability (Panahi et al., 2014). 

Building age 

Building age was distinguished in the three groups: 

• Those that are under 10 years 

• Those that are between 10-30 years 

• Those that is older than the age of 30 years 

In recent ten years, the buildings that are constructed are the new buildings. Many 

residential complexes are constructed at the open spaces that are now being used for the 

residence areas.  In Mirpur city there are 10-30-year-old buildings and that also results in the 

cities recent development. Most significantly, it is predicted that the building that are 30-year-

old are more susceptible to the earthquake as they are not designed with the earthquake 
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engineering in mind. The areas that are crowded by large number of buildings are more 

vulnerable to the earthquake (Martin & Szeliga, 2010).  

Types of building 

The type of the building is determined by knowing the material that was used in the 

construction of the buildings. If the durable materials are used in the construction, then those 

buildings decrease the vulnerability and vice versa. In the event that the materials utilized in a 

structure are tough, the weakness of that area diminishes as well as the other way around. It's 

undeniably true that a portion of the structures in Mirpur are genuinely old and made utilizing 

old methods. Also, most of as of late fabricated structures have disrupted the development 

guidelines and standards. Since construction standards have not forever been adhered to, the 

structures are exceptionally seismic tremor inclined. A brief look at the earthquake clarifies 

which occurred in past years. In this way, considering the muddled review and the restrictions 

of the obtained information in Mirpur, underlying variables, for example, kinds of structures 

per statistics unit are considered. Most of the structures in the review region are made of 

block, concrete, iron, cement and steel structures. Thusly, the structures made of mud 

structures are viewed as less defenseless contrasted with the designs made of block, concrete, 

iron, cement and steel. 

Physical distance factors causing earthquake vulnerability 

According to the study, this shows that all the residents of the city are not having all 

access to the urban facilities. There is a large difference that how the facilities are spread 

along the different areas of the Mirpur city. 

Disaster management centers 

Regions that are near to the DM centers are more likely to get the service quickly than 

the area that is far from the disaster management centers. As the risk of earthquake is lower in 

the regions that are near to the disaster management centers. So, in an earthquake the areas 

that are populated or the vulnerable areas are required for the emergency facilities firstly 

needed assistance and then required to migrate from the affected area to the other area that 

results, the areas near to the DM centers that receive facilities quickly than the communities 

that are away from the disaster management centers. 

Police stations 

There is a lot of contribution of police stations at the time of disasters. These forces 

are always in action to serve to minimize the risk and the serve to the normal people at the 

time of natural disasters. 

Hospitals 

People that are living near to the hospital’s areas are more likely to get the treatment 

quickly then the people living far from the hospitals. 

Road networks 
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As, the road network systems are the important to the critical infrastructures that are 

used for the sustaining systems and also aiding the country recovery. If the road network is 

good, then it can lead to minimize the losses after the phenomenon of the earthquake. 

Open spaces 

This is also important sources that are reducing the vulnerability to the earthquake. 

Vulnerability shows the increasing behaviors, with the decrease of open spaces (Bahadori et 

al., 2017). 

Conclusion 

Earthquakes are among the most hazardous disasters, causing massive damage. To 

ensure an effective post-disaster response, the potential consequences of the disaster in 

regions should be assessed in advance. Seismic vulnerability assessment enables experts to 

assess the potential damage from future earthquakes. Therefore, the aim of the study was to 

assess seismic vulnerability in Mirpur AJK. Mirpur AJK is located in the region that is having 

high seismic zones and is also highly prone to the seismic activity. The study was based on 

the physical and environmental indicators with different sub-indicators were used for the 

vulnerability assessment to earthquake. Multi-criteria decision making (MCDM) is a tool 

which is used to examine and evaluate the several criteria which includes analyzing, store and 

visualizing the data that is based on the decision-making criteria. The MCDM includes AHP 

analysis for the assessment of the vulnerability assessment of earthquake in District Mirpur 

AJK. The vulnerability assessment to earthquake was done by the Analytical Hierarchical 

Process (AHP). The final Earthquake Vulnerability Assessment map of the study area 

represents earthquake-prone areas. According to the findings, Mirpur tehsil is in a higher-risk 

zone for earthquakes. Mirpur University of Science and Technology (MUST), the only 

university in Mirpur district, is also vulnerable to earthquakes. Most importantly, the Mangla 

reservoir is more susceptible to earthquake effects. This can result in dam outburst flooding in 

the future. 

The geospatial vulnerability assessment of earthquake risk in Mirpur AJK, 

underscores the importance of proactive measures to reduce vulnerabilities, enhance 

preparedness, and improve resilience in the face of seismic events. It is important for local 

authorities, policymakers, and the community to work together to implement effective 

earthquake risk reduction strategies and ensure the safety and well-being of the population. 
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