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Article 

Earthquake Risk Increasing Severity and Urgent 
Need for Disaster Management in Afghanistan 
Noor Ahmad Akhundzadah 

Department of the Natural Resources and the Environment, School of Agriculture and Life Sciences,  
Cornell University, Ithaca, New York, USA; naa54@cornell.edu; Tel.: 607-624-0385. 

Abstract: Afghanistan is located on the Eurasian tectonic plate's edge, a highly seismically active region. It is 
bordered by the northern boundary of the Indian plate and influenced by the collisional Arabian plate to the 
south. The Hindu Kush and Pamir Mountains in Afghanistan are part of the western extension of the 
Himalayan orogeny and have been uplifted and sheared by the convergence of the Indian and Eurasian plates. 
These tectonic activities have generated numerous active deep faults across the Hindu Kush-Himalayan region, 
many of which intersect Afghanistan, resulting in frequent high-magnitude earthquakes. This tectonic 
interaction produces ground shaking of varying intensity, from high to moderate and low, with the epicenters 
often located in the northeast and extending southwest across the country. The reoccurrence and severity of 
earthquakes have been increasing since 1900. This study maps Afghanistan's tectonic structures, identifying 
the most active geological faults and regions with heightened seismicity. The increasing trend in recurrence 
and intensity of the earthquakes are drawn. Historical earthquake data were reviewed, and recent destructive 
events were incorporated into the national earthquake dataset to improve disaster management strategies. 
Additionally, the study addresses earthquake hazards related to building and infrastructure design, offering 
potential solutions and directions to mitigate risks to life and property. 
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1. Introduction 

Tectonic earthquakes in the Himalayan region result from the subduction of the Indian 
continental plate under the Eurasian plate [1,2]. The Hindu Kush Mountains, part of this active 
tectonic region, extend from the northeastern to southeastern parts of Afghanistan and into 
surrounding areas [2,3]. The region underwent intensive folding, thrusting, and faulting during the 
Mesozoic and Cenozoic eras. These deformations in the Himalayan region generally follow 
northwest-southeast and east-west trends [4]. The northward underthrusting of the Indian crust 
beneath Eurasia generates numerous earthquakes, making the region one of the most seismically 
hazardous areas on Earth [5,6]. This region frequently experiences destructive earthquakes, 
propagating seismic waves throughout Afghanistan and surrounding regions [7,8]. Consequently, 
northeastern Afghanistan is at the center of high earthquake hazards. 

Afghanistan has been affected by destructive seismic activity for centuries, particularly in its 
northeastern region [8]. Annually, the country experiences moderate to strong earthquakes that cause 
damage, economic losses, and fatalities [9]. Since 1900, there has been an increasing trend in 
earthquake recurrence, with approximately 100 damaging earthquakes recorded [10]. Over the past 
30 years, earthquakes have resulted in more than 10,000 fatalities [11]. Strong earthquakes occur every 
few years in and around Afghanistan. For instance, a Mw7.5 earthquake in the Hindu Kush 
Mountains in 2015 caused 117 fatalities and destroyed over 7,000 houses [12]. In 2019, an Mw6.1 
earthquake struck Badakhshan province, while in 2021, an Mw5.1 earthquake hit Kabul, with no 
fatalities and minimal damage [13]. In June 2022, a Mw6.2 earthquake struck southeastern 
Afghanistan, resulting in over 1,163 fatalities, 3,600 injuries, and the destruction of about 1,000 houses 
[14]. More recently, on March 21, 2023, a Mw6.5 earthquake shook Jurm, Badakhshan, without 
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causing any fatalities. Each of these earthquakes was followed by aftershocks and recurring activity 
near the main shock centers. 

The impact and vulnerability to earthquake hazards in Afghanistan are exacerbated by several 
factors, including the distribution of active faults, settlements in disaster-prone areas, unreinforced 
buildings, and the lack of a comprehensive disaster management system. Additionally, poverty, 
conflict, and instability in the country contribute to its susceptibility [15]. Therefore, effective 
earthquake disaster management is essential for reducing risk and vulnerability, and it forms the 
foundation for the country’s long-term sustainability. Over the past two decades, Afghanistan’s 
disaster risk management efforts have focused on response and recovery [16]. However, the 
Government of the Islamic Republic of Afghanistan (GoIRA), working with development partners 
like the World Bank, United Nations agencies, and international NGOs, has also initiated efforts to 
develop Disaster Risk Management (DRM) systems and integrate Disaster Risk Reduction (DRR) into 
national development strategies [17]. GoIRA included DRM and DRR in its national development 
strategy [18,19]. Despite these efforts, many DRM and DRR policies and plans remained in draft form 
[20]. The prolonged war and conflict further exacerbate Afghanistan’s vulnerability to natural 
disasters [21]. Insecurity and conflict contribute to state fragility, increasing socioeconomic 
vulnerability, while natural disasters cause frequent loss of lives, livelihoods, and property, resulting 
in migration and displacement [22,23]. These interconnected issues intensify the impacts of disasters, 
even though Afghanistan has significant potential to mitigate disaster risks. 

This study focuses on detecting the increasing trend in earthquake recurrence since 1900. It 
reviews the quality of construction concerning earthquake intensity and conducts a seismic risk 
analysis based on significant historical records around tectonic fault zones using ArcGIS Pro. The risk 
assessment combines hazard, exposure, and vulnerability in the analysis. The paper concludes with 
constructive recommendations for earthquake risk mitigation, addressing a critical gap that could 
significantly enhance disaster risk reduction efforts. 

2. Materials and Methods 

2.1. Tectonic Structure of Afghanistan   

Afghanistan is situated on the edge of the Eurasian plate within the active tectonic region of the 
Alpine-Himalaya orogenic belt. This belt was formed during the ongoing collision between the 
Indian, Arabian, and Eurasian plates, a process that began in the Late Paleogene and continues to the 
present day [24,25] as illustrated in Figure 1. Afghanistan shares hundreds of kilometers of active 
plate boundaries along its western, southern, and eastern edges. To the west, the Arabian plate moves 
northward relative to the Eurasian plate at a rate of approximately 31 mm/year [26]. This active 
boundary extends northwestward through the Zagros region of southwestern Iran [27]. The plate 
motion in this region has significantly deformed Iran and the surrounding areas, creating major 
structural features, including north-south-trending and right-lateral strike-slip fault systems along 
Iran's eastern boundary with Afghanistan. East-west-trending reverse and strike-slip faults are 
intermittently distributed throughout Afghanistan [9]. 

Along Afghanistan's eastern margin, the Indian plate moves northward relative to the Eurasian 
plate at an average rate of about 34.4 mm/year [28]. The collision between the Indian and Eurasian 
plates occurs at various measured rates, averaging ~13 mm/year [29,30]. This ongoing collision has 
created a broad, transpressional plate boundary zone that trends southwestward from the 
Hindukush region in northeastern Afghanistan, through Kabul, and along the country's eastern side 
(Wheeler et al., 2005). This zone features major north-northeast-trending, left-lateral strike-slip faults 
and is characterized by historical and contemporary seismic activity. 

The Makran subduction zone, a region of significant geological activity, lies between the 
overriding Eurasian and subducting Arabian plates (Figure 1). This zone results from the northward 
subduction of the oceanic portion of the Arabian plate beneath the Lut and Afghan blocks in the 
northwestern Indian Ocean [31,32]. The region's tectonic setting is complex due to its location at a 
triple junction with the Indian plate. Southwestern Pakistan, southeastern Iran, and southernmost 
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Afghanistan comprise a broad transpressional fold and thrust belt characterized by south-southeast-
verging, north-dipping thrust faults and associated east-northeast-trending folds [33,34]. This 
seismically active area frequently produces large-magnitude earthquakes, including a recent Mw7.7 
earthquake in September 2013 in Balochistan Province [31]. 

Seismicity increases in northeastern Afghanistan, where a zone of deep earthquakes is associated 
with the northward subduction of the Indian plate beneath Eurasia. This zone, a promising area for 
future research, extends beneath the Hindukush and Pamir Mountains [9,35]. In the Pamir and 
Hindukush regions, the seismogenic zone starts at a depth of 50 km, extending to around 250 km, 
and displays several subduction-related features, such as crustal thrust faults and a local zone of high 
seismicity [36,37]. 

 
Figure 1. Tectonic setting of Afghanistan and the surrounding regions. The bold arrows show the 
relative direction and velocities of the Eurasian (EU), Arabian (AR), and Indian (IN) plates. The small 
arrows show EU and IN transform boundaries labeled in red. 

Some faults in Afghanistan are considered active based on historical records, recent significant 
earthquake activity, and surface ruptures. Earthquakes in Afghanistan and the surrounding region 
have caused, and will likely continue to cause, severe damage through solid ground shaking, surface 
fault ruptures, liquefaction, and landslides. This underscores the urgent need for continued 
monitoring. Notably, on June 22, 2022, a devastating Mw6.2 earthquake struck southeastern 
Afghanistan, causing widespread destruction [38,39].  

2.2. Regional Tectonic Framework and Associated Fault Systems   

The Hindu Kush and Pamir Mountains in Afghanistan are part of the Himalayan orogeny, 
uplifted by the collision between the Indian and Eurasian plates. This tectonic event and its associated 
movements have generated several active deep faults in the Hindu Kush-Himalayan region, 
extending across Afghanistan [25,40] as shown in Figure 2. The boundary of the Himalayan tectonic 
region extends to the foothills of the Sulaiman Mountains in the west, the Indo-Burmese Arc in the 
east, and the Himalayan Front in northern India [41]. Earthquakes in this region are the episodic 
release of accumulated tectonic strain and stress, resulting in motion or slip between crustal blocks 
and causing significant damaging shaking [42]. Additionally, the relative motion between the Indian 
and Eurasian plates in the west and south of the Himalayan front is oblique, leading to strike-slip, 
reverse-slip, and oblique-slip earthquakes, as well as associated displacement along faults and fault 
zones [28,43]. As illustrated in Figure 2, Afghanistan and neighboring countries share the same 
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tectonic region and exhibit a similar tectonic structure. The fault systems that traverse Afghanistan 
also extend into the surrounding regions. Ruleman et al., (2007) identified any fault within 100 km of 
Afghanistan’s political borders as a potential threat to the country's population and infrastructure 
[44]. 

The primary active fault systems in Afghanistan include the Chaman, Hari Rud, Central 
Badakhshan, and Darvaz faults, along with numerous more minor subsidiary faults and fault zones 
that accommodate movement between these major faults [44–46]. These faults are associated with 
both shallow and deep high-magnitude earthquakes. Figure 2 highlights earthquakes that occurred 
in the region between 1964 and 2004, adapted from the USGS database [27]. High-magnitude 
earthquakes along these fault systems have recently impacted Afghanistan and surrounding areas 
[5,47]. In the western part of the country, earthquake activity originating from the Arabian Plate has 
caused deadly quakes in eastern Iran [32]. 

 

Figure 2. Regional tectonic and geological faults network with historical earthquakes in Afghanistan 
and surrounding regions between 1964 and 2004. 

2.3. Tectonic Zones of Afghanistan  

Afghanistan consists of a complex assemblage of crustal and oceanic blocks, forming several 
unique terranes that were welded onto the southern margin of the Eurasian plate during a series of 
accretionary events beginning in the Paleozoic and continuing to the present [44,48–50]. The 
geological structure of Afghanistan is dominated by the Mesozoic (Cimmeride) and Tertiary 
(Himalayan) orogenic episodes, which have shaped and continue to shape the country's mountainous 
regions and dramatic landscape [51,52]. Afghanistan has been classified into four distinct 
seismotectonic regions, each with different geological histories and structures [46,49,53], as outlined 
in Figure 3.  
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Figure 3. Tectonic zones and major fault systems of Afghanistan (red lines) (adapted from Wheeler et 
al., 2005). 

The Transpressional Plate Boundary region marks the boundary between the Eurasian and 
Indian plates, resulting from continental collision and moving northward at a rate of approximately 
39 mm per year [44,45]. This boundary is located south and east of the Afghan Block. It includes the 
eastern portion of the Hindu Kush and Pamir mountain ranges and the Sulaiman fold-and-thrust belt 
in southern Afghanistan (Fig. 3). The western and northern boundaries of this zone are defined by 
the left-lateral Chaman and Central Badakhshan fault systems, respectively. The Chaman fault, in 
particular, exhibits significant tectonic activity, including recent earthquakes, making it the most 
seismically active zone in Afghanistan, except for the eastern part of the North Afghan Platform.  

The North Afghan Platform lies north of the Hari Rud fault zone and west of the Central 
Badakhshan fault system, encompassing the Tajik Basin [44,45] (Fig. 3). The Darvaz fault is 
particularly active in this region. This zone represents the southern margin of the Eurasian 
continental plate and is relatively tectonically stable. It consists of a deformed basement of 
metamorphic and igneous rocks formed during the Carboniferous-Permian Hercynian Orogeny [39]. 
The eastern part of the North Afghan Platform, incorporating the Darvaz fault, is more seismically 
active than the rest of the platform. 

Middle Afghanistan is a narrow zone located immediately south of the North Afghan Platform 
and forms part of the right-lateral Hari Rud fault zone [44,45]. It acts as the boundary between the 
North Afghan Platform, the Afghan Block, and other terranes to the south [54]. The Hari Rud River 
flows along a central downfaulted graben within the suture, south of the Paropamisus Mountains. 
The Accreted Terranes region lies south of Middle Afghanistan and includes numerous external 
folded, faulted, partially metamorphosed, and deformed blocks. These blocks form the mountains 
and plains of the Farah, Helmand, and Arghandab areas, created during the Mesozoic Cimmerian 
Orogeny, which involved the closing of the Paleo-Tethys Ocean [44,45,55] (Fig. 3). This region is 
seismically quiescent. 

Identifying these tectonic zones, as per Wheeler et al. (2005) and Ruleman et al. (2007), allows 
for the distribution of earthquake magnitudes across various faults and regions of Afghanistan. 
Generally, tectonic activities, earthquakes, and deformation in Afghanistan and the surrounding 
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region are driven by the collision between the northward-moving Indian and Eurasian plates [44,56]. 
This movement has created active Quaternary faults across the country, producing moderate to high-
magnitude, potentially damaging earthquakes. Afghanistan's crust is segmented by a complex fault 
network of various ages and directions of movement, as shown in Figure 2. Ancient earthquakes 
along these faults have caused varying degrees of slip over time. Due to the temporal and spatial 
migration of stress and strain within the region, some faults remain active, causing recent destructive 
earthquakes, while others have become dormant or quiescent [57–59]. 

2.4. Data  

In this study, many papers, reports, and books were reviewed, and existing earthquakes and 
tectonic databases were used. The United States Geological Survey (USGS) recently investigated 
seismic activities in Afghanistan [60], focusing on geological faults, seismic zones, and the creation of 
earthquake hazard maps. This research also included a historical earthquake database [60,61]. 
Moreover, we utilized data from the Risklayer online database for historical and recent earthquakes 
[13]. The main geological faults crossing Afghanistan and connections to surrounding regions and 
plate boundaries were derived from the ArcGIS REST Services Directory [29,62]. This study reviewed 
USGS reports and various databases, incorporating recent earthquake data into the existing 
databases. Afghanistan's tectonic settings, active faults, and seismic regions were digitized and 
mapped using updated data in ArcGIS Pro [63]. In addition, newly available earthquake records 
enhanced earthquake hazard maps and historical earthquake databases. Based on this data, a 
simplified approach to Earthquake Disaster Risk Reduction (DRR) in Afghanistan was proposed. 

Due to decades of protracted war and conflict in Afghanistan, much of the data recording 
infrastructure has been destroyed [64]. This has severely hindered research efforts, as the availability 
of accurate data is limited. National-level Disaster Risk Management (DRM) remains challenged by 
inconsistent hazard and vulnerability data. Data collection and field observations are further 
constrained by security issues, creating significant gaps in the seismic record, particularly between 
1980 and 2002. Despite these challenges, the State Ministry for Disaster Management and 
Humanitarian Affairs (DMHA) and national and international partners established a national 
disaster information management system. However, this system became inoperable after the collapse 
of the government of the Islamic Republic of Afghanistan (GoIRA). Fortunately, advancements in 
remote sensing technology have made quantitative risk assessments feasible, even in data-scarce 
regions [65,66]. 

ArcGIS Pro was utilized to create tectonic and earthquake hazard maps, as well as to analyze 
the available data [63]. The topographical maps and satellite imagery data are from various sources, 
such as Esri, USGS, the Food and Agriculture Organization (FAO), and the National Oceanic and 
Atmospheric Administration (NOAA).  

3. Results and Discussions  

Afghanistan is in a seismically active region, with earthquakes primarily caused by tectonic 
activity resulting from the interaction between the Indian, Eurasian, and Arabian plates. The country 
is crisscrossed by numerous active faults, meaning they have shown movement within the 
Quaternary Period (the last 2.58 million years). Some of these active faults, such as those in northern 
Afghanistan, particularly in the Badakhshan province, are central to major earthquake activity. The 
tectonic boundaries in and around Afghanistan create concentrated zones where the Earth's crust is 
under stress, leading to episodic ruptures or movements manifesting as earthquakes. 

Earthquakes have caused significant destruction in Afghanistan, particularly near fault zones 
and tectonic boundaries between Afghanistan and the surrounding area (Fig. 2 & 3). The historical 
records of seismic events show that the country has experienced recurrent and powerful earthquakes, 
some of which originated in surrounding countries but had severe impacts within Afghanistan. 
Notably, since 1900, earthquakes have increased in and around Afghanistan, raising concerns about 
the country's vulnerability. 
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A key challenge in Afghanistan is the widespread vulnerability of infrastructure and 
populations to seismic activity. Earthquake-resistant infrastructure is uncommon, and many areas, 
especially rural regions, are densely populated without proper disaster mitigation strategies. The lack 
of early warning systems, emergency preparedness, and infrastructure to withstand earthquakes 
exacerbates the risk. While earthquakes cannot be predicted, their hazards can be mitigated by 
reducing people's and infrastructure exposure, risk, and vulnerability through infrastructure 
improvements, education, and strategic urban planning. The following sections discuss historical 
earthquakes in Afghanistan, infrastructure vulnerability, and population risk and provide 
recommendations for earthquake risk management strategies for the country. 

3.1. Historical Earthquakes in Afghanistan  

The historical earthquake records offer crucial insights for hazard assessment and disaster risk 
management, particularly as population growth and vulnerable infrastructure have amplified the 
risk of earthquake-induced damage. Research on Afghanistan's seismic history has faced 
considerable challenges, mainly due to protracted conflict and the destruction of research institutions. 
Despite these setbacks, modern efforts have resumed to collect and analyze seismic data. The USGS, 
for instance, has developed a database to map the country's earthquake vulnerabilities. This work 
follows earlier contributions from researchers like Ambraseys and Bilham (2003) and Dewey (2006), 
who investigated Afghanistan's historical seismicity (Figure 4). These studies indicate that 
earthquakes have been documented for over a millennium, with records dating back to A.D. 734. One 
of the earliest notable earthquakes occurred in A.D. 819, with an estimated magnitude of Ms7.4 in 
northern Afghanistan, causing extensive destruction and numerous casualties. Compiling more than 
1,300 historical earthquakes in the database, these records help create a foundational understanding 
of Afghanistan's seismic risks. The United Nations Environmental Program (UNEP) [67–69] has also 
contributed to this effort, emphasizing the intersection of environmental disasters and earthquake 
risk. Their work, alongside that of the World Bank [11], highlights the need for comprehensive 
disaster risk profiles to inform risk management strategies in the region. Given Afghanistan's history 
and current seismic vulnerability, robust earthquake disaster mitigation measures, strengthened data 
collection and research infrastructure are critical for its long-term resilience. 

 

Figure 4. Historical earthquakes and magnitudes in Afghanistan's main tectonic zones and fault 
systems. Modified from Wheeler et al. (2005) and Dewey et al. (2006). 
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The increasing trend of recorded earthquakes greater than 5M in Afghanistan and its 
surrounding regions, as depicted in Figures 5(A) and 5(B), suggests growing seismic activity over the 
centuries. In Figure 5(A), the graph illustrates earthquakes from 700 to the present, while Figure 5(B) 
focuses on those recorded since 1900. This rise in seismic activity may be attributed to several factors, 
such as improved monitoring techniques over time, population growth in earthquake-prone areas, 
or regional geological shifts. However, it is essential to analyze whether the actual frequency of 
earthquakes has increased or if this trend reflects better recording technologies and larger 
populations that report seismic events. 

 
Figure 5. Increasing trend in earthquake recurrence from 700 to the present. 

Figure 6 illustrates the locations, magnitudes, and focal depths of historic earthquakes within 
Afghanistan and its surrounding regions. Earthquakes are classified based on focal depth: shallow 
earthquakes occur between 0 and 70 km, intermediate-depth earthquakes range from 70 to 300 km, 
and deep-focus earthquakes occur between 300 and 700 km [70]. Intermediate-depth earthquakes 
result from deformation within the subducted lithosphere beneath the Eurasian Plate rather than the 
shallow interfaces between the subducting and overriding plates. These earthquakes generally cause 
less surface damage than shallow-focus earthquakes of similar magnitude. However, large 
intermediate-depth earthquakes can be felt over great distances. Occasionally, deep-focus 
earthquakes exceeding 300 km also occur beneath northeastern Afghanistan [71]. 

Afghanistan's most tectonically active area is the Transpressional Boundary region (Fig. 3), 
which includes the Hindukush deep seismic zone, known for high-magnitude deep earthquakes. In 
contrast, the central and western parts of the country remain largely seismically inactive. 
Additionally, the southeastern region is marked by the left-lateral, strike-slip Chaman fault, 
Afghanistan's fastest-moving fault. For example, a segment of the Chaman fault near Kabul ruptured 
in 1505, causing widespread devastation. Another significant event was the M7.6 earthquake in 
Quetta on May 30, 1935, which occurred in the Sulaiman Range, killing 30,000 people and affecting 
60,000 more beyond Afghanistan’s borders. In Afghanistan, even moderate earthquakes with 
magnitudes between 5.0 and 5.9 have caused considerable destruction and fatalities, which is why 
the earthquake catalog includes all events with magnitudes greater than M5. 
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Figure 6. Historical earthquakes with their magnitudes and focus depths in and around 
Afghanistan. 

3.2. Recent Seismicity and Earthquakes in Afghanistan  

Figure 7 illustrates the seismotectonic map of Afghanistan and its surroundings, highlighting 
recent earthquakes from 1990 to 2004. This period saw a significant number of seismic events, with 
some notably destructive ones summarized below: 

June 21, 2022: A magnitude M6 earthquake with a 40-km deep epicenter struck near Khost 
Province. This earthquake resulted in 1,150 casualties, 3,000 injuries, and damaged 10,000 homes 
across Khost and Paktika provinces [72]. The most affected areas in Khost were Sperah and Barmal, 
while Nikeh, Ster Giyan, and the Ziruk area in Paktika Province were also severely impacted. The 
earthquake caused a landslide in Khost, which killed ten people and injured 25. The event was 
characterized by predominantly strike-slip faulting, with either a left-lateral slip on a northeast-
striking fault or a right-lateral slip on a northwest-striking fault [47,72]. 

October 26, 2015: An M7.5 magnitude earthquake occurred southwest of Jurm in Badakhshan 
Province, near the Hindukush region. This event was due to reverse faulting at an intermediate 
depth, approximately 210 km below the Hindukush Range in northeastern Afghanistan [73]. Focal 
mechanism solutions suggest rupture on either a steep, south-dipping reverse fault or a shallow, 
north-dipping thrust fault. 

October 2005: The deadliest earthquake in recent history struck the Kashmir region of Pakistan, 
near the eastern border of Afghanistan, with significant regional impacts [74]. March 2002: An M7.4 
magnitude earthquake struck just 20 km west of the October 26, 2015 event, with similar depth and 
thrust fault orientation. This earthquake caused over 150 fatalities and damaged or destroyed over 
400 houses due to a seismogenic landslide. In December 1983, an M7.4 earthquake occurred at a 
similar depth, 8 km south of the October 26, 2015, event. This quake resulted in 26 fatalities, hundreds 
of injuries, and extensive infrastructural damage. 

Afghanistan requires a comprehensive disaster database and a robust national disaster 
management system. This should include mapping tectonic structures and active faults and creating 
interactive earthquake hazard maps. By integrating available national data with global geospatial 
data, we can better understand earthquake-prone regions and areas at higher risk of seismic disasters. 
Historical earthquake databases provide valuable information on seismological data, building 
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damage, social losses (deaths, injuries, homelessness, and affected populations), and economic 
impacts. This data is crucial for understanding global economic and social losses and their effects on 
Gross Domestic Product (GDP) and Human Development Index (HDI) [10].  

 

Figure 7. Recent earthquakes in Afghanistan were recorded from 1990 – 2022. 

3.3. Earthquake Hazard Map of Afghanistan  

Figure 8 illustrates the earthquake hazard map of Afghanistan, segmented into six seismic 
regions categorized by shaking intensity, ranging from low (light blue) to high (red). USGS initially 
developed this hazard map [9]. The region near the Central Badakhshan, Darvaz, and Chaman faults 
has experienced the highest levels of shaking and destruction from historical earthquakes. It also 
exhibits the most significant geomorphic evidence of ongoing tectonism [43,44], thus indicating the 
highest seismic hazard. The second-highest seismic hazard is found in the dispersed areas associated 
with these major fault zones. Shaking and major events along the faults resonate and attenuate 
throughout these regions. The most seismically active areas extend from the Darvaz-Badakhshan 
fault system in the east to the North Afghan Platform in central-western Afghanistan, marking a 
significant transpressional plate boundary zone. 

The region marked in pink represents the third highest seismic activity, notably around the Hari 
Rud fault. In the western part of the country, the Arabian fault and transtensional strike-slip faulting 
along the Iran-Afghanistan border contribute to seismic activity [75–77]. The remaining regions are 
relatively seismically calm, primarily covering the accreted terranes. Detailed descriptions of these 
seismic regions are provided in the legend on the right side of Figure 8. 
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Figure 8. Earthquake hazard map of Afghanistan with seismic regions defined on the right of the map 
(modified after Boyd et al., 2007). 

3.4. Socioeconomic and Environmental Vulnerability to Earthquakes in Afghanistan   

The socioeconomic and environmental vulnerability to earthquakes in Afghanistan is deeply 
intertwined with its history of conflict, natural disasters, and lack of infrastructure. Decades of war 
and instability have severely disrupted the country's socioeconomic development, leaving millions 
in poverty and rendering Afghanistan highly vulnerable to disasters, including earthquakes 
[21,78,79]. The war has damaged infrastructure, made proper disaster management nearly 
impossible, and weakened the institutions responsible for sustainable development and risk 
mitigation. 

Earthquakes have been a constant threat to Afghanistan, and despite being historically prone to 
seismic activity, the country lacks adequate disaster preparedness measures. The high population 
density in vulnerable rural areas, insufficient technical knowledge for disaster management, and 
ongoing environmental degradation have heightened the risk. This has left communities exposed to 
catastrophic loss of life, livelihood, and infrastructure. Environmental factors like climate change 
have exacerbated the situation by affecting vital natural resources, particularly water and agriculture 
[80]. Extreme climate events like floods, droughts, and earthquakes continue to compound the 
existing vulnerabilities, leading to food insecurity, economic instability, and displacement. 

Efforts to mitigate earthquake risk and improve socioeconomic conditions must prioritize 
comprehensive disaster risk management strategies. These include enforcing construction codes, 
utilizing land use management, and relocating populations from high-risk areas. Such measures, 
alongside fostering political stability and responsible leadership, are crucial for building resilience 
and reducing reliance on international aid. The path to socioeconomic and environmental 
sustainability in Afghanistan depends on integrating natural disaster preparedness into national 
policies, promoting peace and stability, and addressing the ongoing environmental challenges that 
have worsened due to man-made and natural factors. 
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3.5. Construction Vulnerability Against Earthquake  

Afghanistan's construction landscape is highly vulnerable to earthquakes due to traditional 
construction methods, insufficient adherence to building codes, and limited awareness of seismic 
risks. Historically, Afghan people have built houses in disaster-prone areas, often overlooking 
modern safety standards. Cultural beliefs, such as the view that natural disasters are divine 
punishment, can also hinder efforts to mitigate disaster risk. Consequently, a significant portion of 
the housing stock, particularly in rural areas, consists of unreinforced mud, brick, and masonry 
structures highly susceptible to earthquake damage [81]. 

Most of the older buildings and many contemporary ones are built without modern seismic 
reinforcement. In rural Afghanistan, houses are often constructed using traditional materials such as 
stone and mud (adobe), while in urban centers, clay brick masonry, concrete block masonry, and 
Reinforced Concrete (RC) buildings are more common. Although RC buildings are more resistant to 
earthquakes, they are still vulnerable if not properly designed or constructed according to seismic 
codes. A lack of awareness about disaster vulnerability and the economic constraints many face mean 
that earthquake-resistant construction is often neglected. 

Recent attempts to address this include introducing a building code by the GoIRA in 2012 [82], 
intended to ensure sustainable and resilient construction. While the public and private sectors have 
made some progress in adhering to these codes, many buildings still fail to meet them. Afghanistan's 
built environment remains at high risk without widespread adherence to seismic codes. 

Scientific approaches developed by Boyd and colleagues (2007) for predicting ground shaking 
could inform better construction practices and retrofitting efforts [9]. Additionally, improved 
building standards, retrofitting vulnerable structures, and public awareness campaigns are critical to 
reducing Afghanistan's seismic risk, as Haziq and Kiyotaka noted [83]. 

3.6. Earthquake Disaster Risk Reduction Measures in Afghanistan  

Earthquake Disaster Risk Reduction (DRR) in Afghanistan has faced significant challenges over 
the past two decades, mainly due to the focus on security, which consumed more than half of the 
national budget. Despite this, some progress has been made in disaster management with the support 
of international donors like the World Bank, UN organizations, and international NGOs. These efforts 
aimed to develop Disaster Risk Management (DRM) systems and incorporate DRR into 
Afghanistan’s development strategies [18,19]. 

The Government of the Islamic Republic of Afghanistan included DRM and DRR in its national 
development plans but primarily focused on response and recovery activities rather than preventive 
measures. Disaster management frameworks remained in the draft stages, and risk reduction was 
not fully implemented [20]. The disaster management process is cyclical, involving five 
interconnected stages: 1) Mitigation and Control, 2) Preparedness, 3) Disaster Inducing, 4) Response, 
and 5) Recovery [84,85]. However, significant gaps remain, particularly in implementing construction 
codes and conducting comprehensive seismic assessments. While still in the early stages, the hazard 
maps are crucial for identifying vulnerable areas and guiding the design of critical infrastructure such 
as power plants, dams, and major transportation routes. 

For effective earthquake DRR in Afghanistan, the immediate focus should be improving hazard 
mapping, enhancing building safety, and reinforcing critical infrastructure. Public awareness and 
education, combined with engineering interventions, will form the backbone of future risk mitigation 
efforts in the country. 

4. Conclusions and Recommendations  

Afghanistan has a significant earthquake risk due to its tectonic activity, historical earthquake 
events, and socio-economic vulnerabilities such as poverty, lack of political stability, and inadequate 
disaster preparedness. High seismic activity in Afghanistan is caused by active geological faults, such 
as Chaman, Hari Rud, Central Badakhshan, and Darvaz, which make it highly vulnerable to 
devastating earthquakes. Socio-economic vulnerability is due to poverty, political instability, and 
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poor disaster management systems, which leave communities exposed and unprotected during 
seismic events. Therefore, Afghanistan's weakened governance, stemming from decades of conflict, 
exacerbates the risk that natural hazards will result in large-scale disasters with significant 
humanitarian and economic costs. Based on the causes mentioned above and their effects, the 
following recommendations are proposed:  

Comprehensive Earthquake Hazard Mapping: A scientific, detailed earthquake hazard map 
should be developed to identify fault lines, vulnerable areas, populations, and assets. This would 
help assess risk and identify safer relocation zones in highly exposed regions. 

Establishing a National Disaster Management System (DMS): A DMS should encompass all 
phases of disaster management—mitigation, control, preparedness, response, and recovery. It must 
be supported by a trained, well-equipped team capable of analyzing risks, mobilizing resources, and 
responding effectively. Although Afghanistan may struggle with resource constraints, a community-
based DMS with international support could be feasible and impactful. 

Raising Public Awareness: Communities should be educated about earthquake-resistant 
building practices using locally sourced materials and methods. Voluntary relocation of people in 
high-risk zones should be encouraged, with adequate support for rebuilding in safer areas. 

Earthquake Monitoring and Early Warning Systems (EWS): An up-to-date earthquake 
database and the installation of seismographs and an EWS are crucial for disaster preparedness. 
Although USGS has some historical data, local monitoring systems must be upgraded and expanded, 
offering real-time data to improve earthquake prediction and emergency response. 

National Construction Codes: Afghanistan should adopt and enforce a national construction 
code for all buildings, including masonry and mud, to ensure they are resilient to seismic forces. 
Poorer communities should receive support and training in implementing these codes effectively. 

Implementing these recommendations would reduce Afghanistan's vulnerability to seismic 
hazards and mitigate the catastrophic impacts of future earthquakes. They will strengthen the 
country's disaster response capacity, support resilient infrastructure development, and empower 
communities through awareness and preparedness, contributing to Afghanistan’s long-term 
sustainable development. 
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