
 

 

 
Abstract—High population and irregular urban development in 

Kabul city, Afghanistan's capital, are among factors that increase its 
vulnerability to earthquake disasters (on top of its location in a high 
seismic region); this can lead to widespread economic loss and 
casualties. This study aims to evaluate earthquake risks in Kabul's 
13th district based on scientific data. The research data, which 
include hazard curves of Kabul, vulnerability curves, and a 
questionnaire survey through sampling in district 13, have been 
incorporated to develop risk curves. To estimate potential casualties, 
we used a set of M parameters in a model developed by Coburn and 
Spence. The results indicate that in the worst case scenario, more 
than 90% of district 13, which comprises mostly residential 
buildings, is exposed to high risk; this may lead to nearly 1000 
million USD economic loss and 120 thousand casualties (equal to 
25.88% of the 13th district's population) for a nighttime earthquake. 
To reduce risks, we present the reconstruction of the most vulnerable 
buildings, which are primarily adobe and masonry buildings. A 
comparison of risk reduction between reconstructing adobe and 
masonry buildings indicates that rebuilding adobe buildings would be 
more effective. 
 

Keywords—Earthquake risk evaluation, Kabul, mitigation, 
vulnerability.  

I. INTRODUCTION 

FGHANISTAN is a landlocked country in central Asia 
with an approximate population of 32 million. It is a 

country in which various types of disasters such as floods, 
draughts, earthquakes, and avalanches occur every year, which 
always lead to casualties and widespread loss of property. 
Although earthquakes are one of the most life-threatening 
hazards in Afghanistan, unfortunately, less attention has been 
paid to them. For over 4000 years, the occurrence of 
destructive earthquakes in Afghanistan has led to the loss of 
lives; in the last 10 years, more than 7000 people lost their 
lives because of earthquakes [1]. 

Years of war have left the Afghan people burdened with 
widespread infrastructure damage, especially in the city of 
Kabul. In recent years, a rapid increase in urbanization after 
the afghan civil war (1996-2001) has led to an irregular 
development of the city of Kabul because of the construction 
of low-strength dwellings; all this was the result of 
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unemployment, concentration of economic activity in Kabul, 
and finally migration of people to Kabul from surrounding 
villages. Consequently, because of the absence of relevant 
research for evaluating earthquake risks in Kabul, the 
vulnerability of this city to earthquakes has increased. This 
issue is most visible in the 13th district of Kabul. Besides the 
poor state of most residential buildings and high population 
density of the district, a comparison between areas occupied 
by residential dwellings and other facilities show that urban 
development in district 13 does not follow a logical process 
considering its population growth [2]. 

Research concerning earthquake hazard analysis in 
Afghanistan was undertaken by the United States Geological 
Survey (USGS) in cooperation with the United States Agency 
for International Development (USAID), which resulted in 
hazard curves being developed for Afghanistan's major cities, 
including Kabul, as well as the preparation of seismic hazard 
map of Afghanistan for 2% and 10% probability of 
exceedance in the next 50 years. According to Fig. 1, the 
50%g peak ground acceleration (PGA) is estimated for the city 
of Kabul at 2% probability of exceedance over the next 50 
years, which is equivalent to an intensity of VIII. 
Consequently, there is likely to be sever shaking and heavy 
damage to unreinforced masonry buildings [1]. 

The main objective of this research was to evaluate 
earthquake risks in terms of economic loss and casualties in 
Kabul's district 13. We evaluated the current situation in the 
district to understand to what degree the population and 
dwellings are currently exposed to potential loss of life and 
damage from a probable future earthquake. To evaluate this, 
we used risk curves, which we compiled using the hazard 
curves for the city of Kabul from the USGS's report and 
vulnerability curves for residential buildings in Iran (owing to 
a lack data for residential buildings in Afghanistan). Our risk 
analysis was scenario based. In each earthquake scenario, an 
envisaged picture of the incident demonstrates a different level 
of damage and casualties. The level of damage for different 
building types is then converted into damage ratios of each 
building type and following that economic loss is calculated. 
For the casualties calculation, a model by Coburn and Spence 
was applied. 

To reduce the risk, we applied a hypothetical mitigation 
policy including replacement of some traditionally constructed 
dwellings with reinforced concrete buildings. Using risk 
calculation, it is decided which dwellings are most vulnerable 
to earthquake exposure. The mitigation policy was 
subsequently applied to the adobe and masonry buildings, 
which are the most vulnerable building typologies. Then 
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although the mentioned policy is not cost-effective from an 
economic point of view for both typologies, it can reduce the 
expected number of casualties for both typologies. This 
reduction for adobe building is greater than that of masonry 
for both daytime and nighttime earthquake scenarios. 

APPENDIX 

A. Mean Damage Grade 

Damage grade is a value from 1 to 5 that is given to a 
building corresponding to its level of damage by an 
earthquake. Mean damage grade is a parameter that is 
representative of the damage grade for a set of buildings [7], 
[14]; it is calculated as: 

 

2.5 1 tanh
. ∙ .

.
																									.             (1) 

 
In (1), μD refers to mean damage grade, parameter I is the 

intensity of an earthquake, and VI is the vulnerability index 
that is adopted based on Iranian building construction data for 
the current building typologies [5]. 

Damage ratio is the ratio between the costs of repair of a 
damaged building to the construction cost of that building. 
Damage ratio can be calculated using the following formula 
[5], [13]: 

 
0.0004 0.0854 0.0085 																	.         (2) 

 
To express the scenarios in terms of magnitude, the 

following relationship between intensity and magnitude of an 
earthquake has been used [15]: 
 

1.7 2.8                                                                   (3) 

B. Estimation of Casualties 

To estimate the human casualties of different earthquake 
scenarios, Coburn and others have proposed a set of M 
parameters through which we can estimate casualties in the 
following model [6], [7]: 

 

∙ 1 ∙ 2 ∙ 3 ∙ 4 5 ∙ 1 4 											.    (4) 
 

in which KS is the number of casualties, C is the number of 
collapsed buildings (which here is assumed to be equivalent 
with the percentage of the damage ratio), M1 is the occupancy 
rate obtained based via the questionnaire survey for each type 
of house, and M2 is the occupancy at the time of the 
earthquake. For daytime and nighttime, this factor is obtained 
via the questionnaire survey. Parameters M3, M4, and M5 are 
chosen from Tables IV-VI [6]. 

The building typologies adobe, masonry, and steel frame 
with masonry walls are assumed to be in the category of 
Masonry, reinforced concrete and steel frame with bracing in 
the category for RC for adjusting parameters M3, M4, and M5. 
For the current scenarios, we have assumed the situation 
“community incapacitated by high casualty rate” for M5. 

 
 

TABLE IV 
M3: ESTIMATED AVERAGE PERCENTAGE OF OCCUPANTS TRAPPED BY 

COLLAPSE [6]  

Collapsed masonry buildings (up to three storeys) 

Intensity VII VIII  IX X 

 5% 30% 60% 70% 

Collapsed RC structures (3–5 storeys) 

Near-field, high frequency ground motion 70% 

Distant, long-period ground motion 50% 

 
TABLE V 

M4: ESTIMATED INJURY DISTRIBUTION AT COLLAPSE [6]  

Triage injury category Masonry RC 

1. Dead or unsaveable 20 40 
2. Life-threatening cases needing immediate 

medical attention 
30 10 

3. Injury requiring hospital treatment 30 40 

4. Light injury not necessitating hospitalization 20 10 

 
TABLE VI 

M5: PERCENTAGE OF TRAPPED SURVIVORS IN COLLAPSED BUILDINGS THAT 

SUBSEQUENTLY DIE [6]  

Situation Masonry RC 

Community incapacitated by high casualty rate 95 - 

Community capable of organizing rescue activities 60 90 

Community + emergency squads after 12 hours 50 80 
Community + emergency squads + SAR experts 

after 36 hours 
20 10 
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