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Abstract 
Tehran is one of the most earthquake-prone cities globally. This vast urban center, with a popula-
tion exceeding 10 million, is intersected by several active faults, presenting significant seismic haz-
ards. The occurrence of two Mw ~5 earthquakes in December 2017 near Malard and May 2020 near 
Damavand, further underscores the urgent need for comprehensive studies in the capital of Iran. his 
analysis primarily focuses on the 2017 and 2020 seismic events and their causative faults. Addi-
tionally, we highlight the limitations of Tehran's seismic monitoring and active faults map by ad-
dressing examples of unidentified seismic unrest and faults. By tackling the significant challenges 
of seismic studies and evaluating the preparedness of people and cities for a major earthquake, we 
draw insights from recent earthquakes around Tehran. Results show that the Malard and Damavand 
earthquakes occurred on the previously unknown and Mosha faults, respectively. Sparse seismic 
stations limit route detection thresholds and location accuracy of seismicity near Tehran. In addi-
tion, we show that the dispersion of population and distressed fabrics in Tehran is clustered, and the 
vulnerability to earthquakes is linked to both physical and social factors. This study holds immense 
importance in enhancing seismological research and risk reduction strategies for the Tehran prov-
ince. 
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1    Introduction 
Iran, intersected by several major faults, 
is one of the most seismically active 
countries globally. Throughout both his-
torical and instrumental periods, it has 
experienced numerous destructive earth-
quakes including the 856 Ms 7.3 
Damghan earthquake (Berberian and 
Yeats, 1999; Berberian and Yeats, 2016), 
the 1968 Mw 7.4 Dasht-e Bayaz earth-
quake (Berberian and Yeats, 1999), the 
1990 Mw 7.3 Rudbar earthquake (Ajorlu 
et al., 2021), the 2003 Mw 6.6 Bam earth-
quake (Hesami et al., 2004), the 2012 
Ahar‐Varzeghan Mw 6.4 and 6.2 earth-
quake doublet (Ghods et al. 2015), and 
the 2017 Mw 7.3 Ezgeleh earthquake 
(Jamalreyhani et al., 2022). 
    The capital of Iran is located in the 
earthquake-prone Alborz mountain range 
(Figure 1). The deformation of the Alborz 
range is attributed to the northward short-
ening between the central Iranian block 
and the Eurasian plate. This deformation 
varies in style and intensity across and 
along the belt, causing the Central Alborz 
to exhibit  the highest maximum shear 
strain rate (Khorrami et al., 2019). Since 
the early Pliocene, total shortening at the 
longitude of Tehran in central Alborz has 
been estimated at 30 km (Allen et al., 
2003). 
   Seismicity and tectonic observations 
(Allen et al., 2003; Ritz et al., 2006) sug-
gest that the overall oblique left-lateral 
motion across the Alborz is partitioned 
into separate strike-slip and thrust faults, 
both parallel to the trend of the belt. 
Within the Alborz, the Taleghan, Mosha, 
Firouzkuh, and Astaneh faults define a 
main left-lateral strike-slip corridor attest-
ing to the partitioning of the deformation 
(Ritz et al., 2006; Shabanian and Has-
sanzadeh, 2022). In northern Alborz, the 
most important faults are the Khazar and 
the North Alborz reverse faults, which 
dip southward, whilst in the southern Al-
borz, the main active faults are the Mosha 
and North Tehran Faults (NTF), which 

dip northward (Figure 1). The Mosha 
fault and the Damavand stratovolcano are 
the two predominant features of the 
southern edge of the Central Alborz 
(Solaymani Azad et al. 2011). 
    The primary quaternary active fault 
zones in Tehran and its surroundings 
consist of the Mosha, NTF, Taleghan, 
Eshtehard, Kahrizak, Robat Karim, and 
Pishva faults, as illustrated in Figure 1 
(Shabanian and Hassanzadeh, 2022). The 
Mosha fault is about 200 km long and 
modifies the drainage pattern of the re-
gion (Assereto, 1966). It has accommo-
dated a total left-lateral displacement of 
30–35 km, but its initiation time is not 
well constrained (Allen et al., 2003), and 
the present-day average rate is 3 mm/year 
(Trifonov et al., 1996; Ritz et al., 2006). 
On the other hand, the Mosha fault is one 
of the major active faults in Central Al-
borz due to its historical seismicity and 
its morphological signature (Pedrami, 
1981; Bachmanov et al., 2004). This 
~150 km long, ~N100E trending fault 
represents a potential seismic source 
threatening Tehran (Nazari et al., 2009). 
During the 20th century, no strong seis-
mic events were located in the southern 
part of the Central Alborz; however, sev-
eral events of magnitudes larger than 5 
were associated with the Mosha fault 
zone in the immediate vicinity northeast 
of Tehran (Berberian and Yeats, 1999). 
Most of focal mechanisms obtained from 
body wave modeling (Priestley et al., 
1994; Jackson et al., 2002) or from the 
Global Centroid Moment Tensor (CMT) 
catalog (Ekström et al., 2012) indicate 
either reverse faulting or left-lateral 
strike-slip on faults parallel to the region-
al strike of the belt. Ashtari et al., (2005) 
demonstrated that left-lateral motion on 
both the Mosha and Garmsar faults. 
The Mosha fault is crisscrossed by NTF 
at northern Tehran. This active and long 
fault zone (Solaymani Azad et al., 2011; 
Ghassemi et al., 2014; Tchalenko, 1975) 
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indicates left-lateral strike-slip motion in 
the eastern (Solaymani Azad et al., 2011), 
middle (Abbassi and Farbod, 2009), and 
western (Trifonov et al., 1996) sections. 
Consequently, the Tehran megacity is a 
highly prone to large-magnitude earth-
quakes (Figure 1) (Berberian and Yeats, 
2016; Kamranzad et al., 2020). This city 
serves as Iran's economic, administrative, 
political, and military hub while being 
situated in ahigh-seismicity zone (Ber-
berian and Yeats, 1999; Berberian and 
Yeats, 2016). Tehran has experienced 
several devastating earthquakes in the 
past, including a ~Mw 7-7.4 earthquake in 
1830 that resulted in thousands of deaths 
and injuries (Ambraseys and Melville, 
2005; Berberian and Yeats, 2016).  
   Tehran's susceptibility to high seismic 
hazards, coupled with rapid urbanization, 
population growth, and various vulnera-
bility factors, places it as a seismically 
vulnerable region (Hajibabaee et al., 
2014; Berberian and Yeats, 2016). It 
ranks among the top 20 megacities 
worldwide facing a significant earthquake 
risk (Hajibabaee et al., 2014; Berberian 
and Yeats, 2016; Nazeri and Shomali, 
2019; Kamranzad et al., 2020; JICA, 

2000). Given the high seismic risk and 
vulnerability of Tehran, the government, 
residents, and, notably, the Earthquake 
science community must take proactive 
measures and precautions in preparation 
for potential seismic disasters.  
    The Earthquake science community 
plays a crucial role in providing essential 
insights and expertise to support earth-
quake preparedness and risk reduction 
efforts (Ben‐Zion et al., 2022). Berberian 
and Yeats (2016) conducted the most 
comprehensive study by synthesizing all 
knowledge about regional earthquakes 
and faulting of the past in Tehran and its 
surroundings. However, in their research, 
no earthquakes with M > 5.0 have oc-
curred within a radius of < 80 km around 
the center of Tehran. Since then, two 
2017 and 2020 Mw ~5 earthquakes oc-
curred in the vicinity of Tehran and 
caused several consequences. 
    In this study, we focus on the Decem-
ber 20, 2017, Mw 4.9 Malard and the May 
7, 2020, Mw 5.0 Damavand seismic 
events and their causative faults (Figure 
1). Additionally, we highlight the limita-
tions 

 

 
Figure 1. Tehran megacity and surrounding active faults. Red stars show the location of the 2017 Malard and 2020 
Damavand earthquakes, and cyan beachballs are their focal mechanism solutions obtained in this study using waveform 
modeling. Red circles show the seismicity around Tehran from the IRSC catalog from 1996 to 2023. Green triangles 
show the seismic stations, and black and blue squares show the strong motion stations of the BHRC and TDMMO, re-
spectively. NTH: North Tehran Fault, DMVD V.: Damavand Volcano. Red lines show the active faults (Hessami et al., 
2003; Shabanian and Hassanzadeh, 2022). 
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of Tehran's seismic monitoring, barriers 
that affect scientific efforts, and “earth-
quake culture” (Mileti and Darlington, 
1997) in Iran. We also evaluate Tehran’s 
preparedness based on social and physi-
cal indices, especially urban distressed 
fabrics, to show the possible hotspots of 
damage. By addressing the significant 
challenges of seismic studies and evaluat-
ing the city's preparedness for a major 
earthquake, we draw valuable insights 
from those mentioned above, and the 
February 6, 2023, Mw 7.8 and 7.5 
Kahramanmaraş doublet Turkey-Syria 
earthquakes, emphasizing the need for 
comprehensive studies in the capital of 
Iran. 
 
2    The December 20, 2017, Mw 4.9 
Malard Earthquake 
The December 20, 2017, Mw 4.9 Malard 
earthquake occurred at ~11:30 p.m. local 
time (~8 p.m. UTC) near the town of Ma-
lard, approximately 40 kilometers west of 
Tehran (Figs. 1 and 2). The epicenter was 
close to Eshtehard and the NTF, east of 
the 1876 and northeast of the 1967 earth-
quakes (Berberian and Yeats, 2016). The 
earthquake caused significant damage to 
buildings and infrastructure in the affect-
ed area, including cracks in walls and 
ceilings, as well as power outages, result-
ing in reports of over 100 injuries.  
According to the Iranian Seismological 
Center (IRSC: http://irsc.ut.ac.ir/) cata-
log, seismic unrest began in October 
2017 and comprised dozens of small 
events of Mn ∼ 2–3 south of Karaj city 
(Figure 2). Later, it culminated with Mw 
4.9 Malard earthquakes, which was fol-
lowed by several aftershocks (Niazpour 
and Shomali, 2023) (Figure 2). This pat-
tern, reminiscent of precursory behavior 
observed in other regions (Bletery and 
Nocquet, 2023; Wetzler et al. 2023), 
which could be documented. However, 
due to limited seismic station coverage, 
the recorded data for this seismic activity 
is insufficient, and scientific questions 

remain unresolved. 
Following the earthquake in the Malard, 
residents of Tehran and Karaj fled their 
homes, causing massive traffic jams as 
they sought safety from potential after-
shocks or another large shock. According 
to local reports, 15 million liters of gaso-
line were consumed that night, causing 
more severe air pollution in Tehran after 
the earthquake. Some reports also indi-
cated the disruption of the mobile phone 
network in several areas due to overuse. 
Since the Malard earthquakes, due to the 
lack of data, no detailed scientific study 
has been conducted on this seismic event, 
leaving the mechanism and causative 
fault ambiguous. We use waveform rec-
ords from a few seismic stations (Figure 
1) to obtain the focal mechanism of this 
event.  
    We apply the probabilistic earthquake 
source inversion framework for the point 
source modeling of the Malard earth-
quake (Heimann et al. 2018; Jamalrey-
hani et al. 2022). To solve the nonlinear 
optimization problem efficiently, we use 
Bayesian bootstrap optimization (BABO, 
as implemented in the inversion frame-
work Grond by Heimann et al., 2018). 
This method starts exploring model space 
by taking samples from a uniform distri-
bution within given parameter bounds 
and has been successfully applied to other 
earthquakes in Iran (e.g., Jamalreyhani et 
al. 2021, Hassanzadeh et al., 2024).  
    We conducted the Moment Tensor 
(MT) inversion to fit three-component 
full displacement waveforms in the fre-
quency band of 0.025–0.09 Hz in both 
time and frequency domains. Synthetic 
seismograms were computed using pre-
calculated Green's functions (Heimann et 
al., 2019) based on a modified velocity 
model from the studies of Soltani-
Moghadam et al. (2019) and Shirzad et 
al. (2019). Figure 2 illustrates the focal 
mechanism result of the Malard event and 
waveform fits. Except for the dip, the re-
solved focal mechanisms align with the 

http://irsc.ut.ac.ir/
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Global CMT solution (Strike1, Dip1, 
Rake1 of 71°, 80°, 24°, and Strike2, 
Dip2, Rake2 of 336°, 66°, 169°). The fo-
cal mechanism results using the wave-
form modeling show the strike-slip 
mechanisms, either a right-lateral slip 
striking NWSE or a left-lateral slip strik-
ing NESW. Naserieh et al. (2023), based 
on directivity analysis, suggested the left-
lateral movement for the Malard earth-
quake. However, suspicions arise regard-
ing the presence of a right-lateral ~NS 
striking fault when considering the seis-

mic activity in October on the same fault 
plane as the Malard sequence (Figure 1). 
We also determined a centroid depth of 
11±2 km (Figure 2) and a moment mag-
nitude of Mw 4.8±0.1. The uncertainties 
are estimated based on the bootstrap 
model ensembles and are given as 68% 
confidence intervals (Figure 2). It is 
demonstrated that the north Eshtehard 
fault may extend as a basement fault to a 
depth of approximately 18 km 
(Movaghari and Javan, 2018).  

 

 
Figure 2. a) Waveform fits of December 20, 2017, Mw 4.9 Malard earthquake in time and frequency domains. Red and 
gray waveforms show synthetic and observed records, respectively. Information on the top of the waveform gives station 
names with transverse (T), radial (R), or vertical (Z) components, as well as station distance and azimuth. b) The proba-
bility distribution function of strikes, dips, rakes, and depth is also shown. The solid red vertical line gives the median of 
the distribution, and the dashed red vertical line gives the mean value. The overlapping red-shaded areas show the 68% 
confidence intervals (innermost area), the 90% confidence intervals (middle area), and the minimum and maximum val-
ues (widest area). c) The fuzzy full MT solution. 
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3    The May 7, 2020, Mw 5.0 Dama-
vand Earthquake 
On May 7, 2020, an Mw 5.0 earthquake 
struck the Damavand region of Tehran 
province in Iran. The earthquake occurred 
at a depth of 13 km and was felt in sever-
al nearby cities (Baftipour et al., 2022; 
Azghandi et al., 2023). While there were 
no immediate reports of casualties or sig-
nificant damage, some buildings in the 
affected areas suffered cracks and dam-
age (Zare, 2020). The earthquake also 
caused panic among residents, with 2 
casualties, who rushed out of their homes 
and into the streets. The Damavand re-
gion is located near several active fault 
lines and has experienced several earth-
quakes in the past. The largest and most 
destructive earthquakes in the vicinity of 
the hypocenter of the Damavand earth-
quake were the 1996 Mw 6.5 and 1830 
Mw 7.1 earthquakes (Berberian and 
Yeats, 2016). The preliminary source 
mechanism of the Damavand earthquake 
indicates the strike-slip mechanism, with 
either a left-lateral slip on a near-vertical 
plane striking EW or a right-lateral slip 
on a near-vertical plane striking NS 
(Global CMT; Baftipour et al., 2022). 
Due to the relatively weak magnitude and 
deeper centroid depth of ~13 km (figs. 
S1), which aligns with the Mosha fault 

locking depth (Vajedian et al. 2015), no 
static surface displacement was reported 
in the coseismic interferograms 
(Büyükakpınar et al., 2021). The 
mainshock was preceded by a foreshock 
with Mn 2.9 and followed by a significant 
aftershock sequence, including ten events 
with Mn 3+.  
    The Damavand earthquake was record-
ed by digital accelerometers from the 
strong-motion network in Iran (Figure 3), 
which belongs to the Building and Hous-
ing Research Center (BHRC). The closest 
station (MOA3), with an epicentral dis-
tance of 13 km, recorded the second-
largest peak ground acceleration (PGA) 
of 1.12 m s-2. The largest recorded PGA 
at the station RDH1, with a 22 km epi-
central distance, is about 1.21 m s-2 in 
Rudhen (Momeni and Madariaga, 2022).  
We evaluate the seismic sequence of the 
Damavand earthquake and obtain the MT 
inversion for this event and its larger af-
tershocks (Figure 3). We applied the 
probabilistic earthquake source inversion 
framework using broadband seismograms 
(Figs. 3; S1). We set up the MT inversion 
for the Damavand mainshock to fit three-
component full displacement waveforms 
in the frequency band of 0.025–0.09 Hz 
in time and frequency domains (Figure 
S1).  

 

 
Figure 3. Focal mechanism of the May 7, 2020, an Mw 5.0 Damavand earthquake and its larger aftershocks, and the July 
12, 2020 Mw 4 Firuzkuh earthquake. Red circles are earthquakes with magnitudes larger than 3 around Tehran during 
2020-2023, from the IRSC catalog. Green triangles show the seismic station and black squares represent the strong-
motion stations. Red lines are active faults. DMVD V: Damavand volcano.  
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    The focal mechanism results show that 
the causative fault plane for the Dama-
vand mainshock has a strike of 178°±10°, 
assuming NW-SE fault orientation, based 
on the Mosha fault trace, and a dip of 
60°±2°, a left-lateral strike-slip with re-
verse motion mechanism given a rake of 
140°±10° (Figure 3). Two largest after-
shocks have almost similar mechanisms 
with the Damavand mainshock and con-
firm that they occurred at the same fault 
plane (Figure 3).  
    Our MT inversion for the mainshock is 
in general agreement with the results of 
(Momeni and Madariaga, 2022). They 
also modeled the finite fault that suggests 
the mainshock rupture propagated to-
wards the northwest. This directivity en-
hanced the peak acceleration in the direc-
tion of rupture propagation, observed in 
the strong-motion records. The azimuthal 
pattern of the PGA (higher PGA for sta-
tions in front of the rupture) supports the 
westward direction. This explains why 
people in Tehran and Karaj cities strongly 
felt this earthquake (Momeni and Ma-
dariaga, 2022; Azghandi et al., 2023). For 
instance, the FHS2 station, with a 53 km 
epicentral distance, in front of the rupture 
recorded the PGA of 0.85 m s-2 but the 
ARJ1 station, with a 37 km epicentral 
distance, in the opposite direction, rec-
orded the PGA of 0.13 m s-2. 
    Later after the Damavand earthquake, 
on July 12, 2020, another seismic unrest 
was recorded ~60 km southeast of the 
Damavand earthquake, close to Firuzkuh 
(Figure 3), where we conducted the 
mechanism of a larger event (2020-07-
12T07:19:55 M 4) at a depth of 3 km 
(Figure S2). We set up the MT inversion 
for this event to fit three-component dis-
placement waveforms in five stations in 
the frequency band of 0.02–0.08 Hz (Fig-
ure S2). Results show the shallow strike-
slip motion (Figure 3). Yet, the specific 
fault responsible for this cluster remains 
unidentified, and there have been no re-
ports of an active fault in this region. 

4  Limitations of Tehran's seismic 
monitoring, faults map, and seismolog-
ical data 
Established in 1957, the Institute of Geo-
physics, University of Tehran (IGUT), is 
a leading scientific center, operating 
Iran's largest seismic network, which in-
cludes 126 stations, with short periods 
and broad bands sensors (Hosseini et al. 
2019). These stations are overseen by the 
IRSC. A noteworthy development since 
2015 is the data-sharing collaboration 
between IRSC and the International Insti-
tute of Earthquake Engineering (IIEES), 
which has led to improved seismic station 
azimuthal coverage and relatively re-
duced location errors (Figure 1). The 
IIEES has played a crucial role in earth-
quake reporting and monitoring in Iran 
since 1998 (Hosseini et al. 2019). The 
IRSC waveforms are available for events 
with a magnitude larger than Mn 4 in Na-
nometrics (Y-file) format, and the IRSC 
catalog is available for Mn 2.5+. In addi-
tion, waveforms of IIEES are available 
for events with a magnitude larger than 
Ml 4.5 in the SEISAN binary format. 
    Furthermore, two strong motion net-
works are also operated in Iran (Figure 
1). The Iranian Strong Motion Network 
(ISMN) was established in 1973 and 
overseen by the BHRC (Farajpour et al., 
2018). The ISMN operates a network of 
over 2000 strong motion stations strategi-
cally positioned across the country. In 
addition to ISMN, the Tehran Disaster 
Mitigation and Management Organiza-
tion (TDMMO) recently operated a local 
network in Tehran for the development of 
the early warning system (Figure 1).  
    Seismic coverage in Iran is confined to 
sparse stations, limiting route detection 
thresholds and location accuracies (Ka-
rasözen et al., 2019) and also preventing 
focal mechanisms (Hosseini et al., 2019) 
from being determined for most small-to-
moderate earthquakes (e.g., fore- and af-
tershocks of the Malard earthquake). The 
sparse seismic network and rapid urban 
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development in Tehran and the surround-
ing area, in combination with the proxim-
ity of earthquake faulting, challenge an 
accurate resolution of the active faults 
network geometry (Shabanian and Has-
sanzadeh, 2022). 
    The lack of sufficient seismic stations 
in Tehran poses a significant challenge 
for the earth science community. Without 
an adequate network of monitoring sta-
tions, it becomes challenging to accurate-
ly detect and record small earthquakes 
that might be occurring in the region. 
Small earthquakes, though less destruc-
tive than larger ones, are essential for 
monitoring as they provide valuable in-
formation about the underlying fault sys-
tems and seismic activity in the region 
(e.g., Wang et al., 2014; Ide, 2019). They 
can serve as indicators of potential larger 
seismic events, and studying them is cru-
cial for understanding the overall seismic 
hazard and risk associated with Tehran. A 
comprehensive earthquake catalog ob-
tained from microseismic studies helps 
researchers understand the development 
of mapped surface faults at depth and 
their movement, earthquake recurrence, 
and other geophysical processes (Ross et 
al., 2019). 
 
5   How do physical and social factors 
affect Tehran? 
Implementing urban planning principles 
and enhancing the physical infrastructure 
of a city could contribute to risk reduc-
tion in areas prone to earthquakes (Ci-
borowski, 1982). In this regard, Oki and 
Osaragi (2017) assessed the effects of 
physical indices such as installing fire 
extinguishers, seismo-sensitive breakers, 
street accessibility, and roadside build-
ings in Japan. They discovered that ap-
plying physical systems reduces damage 
significantly (Oki & Osaragi, 2017). Al-
so, Amini et al (2010), and Yaghoob 
Nejad Asl (2018) found that the safety 
and security of urban land use or physical 
aspects of the city is the most important 

indicator toward planning for leveling off 
natural hazards' damages. Furthermore, 
they pointed out that spatial dispersion of 
urban land use, population density, build-
ing density, and size of buildings are cru-
cial for assessing the vulnerability of ur-
ban texture toward earthquakes. Rashed 
and Weeks (2003) have used physical 
indicators such as the function of bridges, 
medical emergency services, hospitals, 
highways, and the cost of building recov-
ery to determine a city's vulnerability to 
earthquakes (Rashed and Weeks, 2003). 
    There are several methods to assess a 
city’s preparedness for natural hazards 
like earthquakes. Physical, social, eco-
nomic, managerial, and political aspects 
are useful indices, all contributing to the 
preparedness of society. Here, we assess 
Tehran's preparedness based on social 
and physical indices, especially urban 
distressed fabrics, to show the possible 
hotspots of damage. 
    Statistics show that Tehran, with 22 
municipal districts, has about 9430625 
people (Tehran Statistical Center: 
https://www.amar.org.ir/english). Spatial 
dispersion of population reveals that dis-
tricts 4, 5, 2, 15, 1, 14, and 8, respective-
ly, with about 4.96 million people ac-
counted for the largest (46%) populated 
regions. Also, an assessment of the densi-
ty indicator shows that the average densi-
ty is 153 people per Hectare, which 
means a high level of concentration in 
Tehran accompanied by population dis-
persion across the districts. The highest 
rate of density belongs to districts 10, 17, 
and 8, with 424, 396, and 375 respective-
ly. In contrast, districts 22, 21, and 9, 
with 40, 41, and 100 people density per 
Hectare, are the districts with low rates of 
concentration. Therefore, it is clear that 
Tehran's population is primari-
ly concentrated in the interior districts 
close to the city center. 
    We employed Moran's spatial autocor-
relation index to assess the spatial pattern 
of the population in Tehran. Based on 

https://www.amar.org.ir/english
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Moran’s principles, autocorrelation 
emerges when there is a connection be-
tween values of a variable situated in 
close geographical proximity. In cases 
where variable values are distributed ran-
domly, no correlation should exist among 

them (Kumari et al., 2019). Moran’s au-
tocorrelation index in Tehran, with an 
index of 0.26 and a z-score of 1.91, re-
veals that the population distribution in 
Tehran is highly clustered (Figure 4). 

 

 
Figure 4. The pattern of population distribution in Tehran based on Moran’s index.  

 
Figure 5. Spatial dispersion of urban distressed fabrics in Tehran. 
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Figure 6. Tehran’s hotspot of damages during the earthquake. 

 
    The second factor impacting Tehran 
during an earthquake is the presence of 
urban distressed fabrics, which, based on 
the latest consensus, encompass about 
3271 Hectares, which represents ~37% of 
Tehran's population (Figure 5). Turning 
to the spatial dispersion of unsustainabil-
ity in the buildings reveals that districts 4, 
5, 6, 21, and 22 have the least amount of 
distressed fabrics in Tehran, while, dis-
tricts 12, 10, and 11 accounted for the 
highest part of urban distressed fabrics 
with 563, 428, and 355 Hectares respec-
tively. 
     Overlaying the layers of population, 
urban distressed fabrics, and density data 
yield a map of hotspots for damages in 
Tehran after the earthquake. The dam-
aged hotspot is divided into a cold and 
hot spot. Hotspots are regions where the 
rate of damage is high due to the high 
concentration of population and urban 
distressed fabrics. Districts 8, 10, 13, and 
17 are completely hot spots, while dis-
tricts 1, 2, 3, 4, 5, 6, 7, 9, 11, 14, 15, 16, 
18, 19, and 21 are partially hot or cold 
spots. In addition, districts 20, 12, and 22 
are completely located within the cold 
spots. These results correlated with the 
risk map of the multi-geo-hazards in Teh-

ran (Zare, 2020) and the higher value of 
annualized earthquake loss suggested by 
Kalantari et al. (2023). 
 
6     Discussion and Conclusion 
Earthquakes in Tehran area are foreseea-
ble and inevitable. Recent years have 
seen growing concern about the potential 
impact of an earthquake on Tehran, par-
ticularly given its high population density 
and inadequate infrastructure to withstand 
seismic activity (Berberian and Yeats, 
2016, and references therein). Recent two 
moderate magnitude earthquakes around 
Tehran (The 20 December 2017 Mw 4.9 
Malard and the 7 May 2020 Mw 5.0 
Damavand earthquakes) highlight the ne-
cessity of detailed studies in the Tehran 
metropolis. Results show that the Malard 
and Damavand earthquakes occurred on 
the previously unknown and Mosha 
faults, respectively. The casualties and 
social consequences following these 
earthquakes indicate vulnerability and 
inadequate earthquake culture (Mileti and 
Darlington, 1997; Karasözen et al., 2023) 
regarding disaster preparedness. A prob-
abilistic seismic risk assessment quanti-
fied Tehran's annualized earthquake loss 
as $1.05 billion (Kalantari et al., 2023). 
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Jaiswal and Wald (2010) highlighted fa-
tality rates in different countries, and due 
to the building construction and quality, 
Iran is 1,000 times more vulnerable to 
earthquakes than California, where the 
annualized direct economic losses from 
earthquakes are estimated to be around $4 
billion (Ben‐Zion et al., 2022), having an 
area approximately 420 times larger than 
Tehran. 
    On February 6, 2023, two destructive 
Mw 7.8 and 7.5 earthquakes at a shallow 
depth of ~7 km struck south Turkey and 
northern Syria (Barbot et al., 2023). 
These earthquakes resulted in over 
50,000 casualties and 100,000 injured 
people. The first Mw 7.8 mainshock oc-
curred at 01:17 AM UTC, and the epicen-
ter is located at a splay fault, 20 km near 
the East Anatolian Fault (Dal Zilio and 
Ampuero, 2023). The second Mw 7.5 
earthquake occurred 9 hours later ~100 
km north of the first shock on the east-
west trending left lateral Sürgü-Cardak 
Fault. These earthquakes highlighted the 
need to strictly apply building codes in 
Turkey (Karasözen et al., 2023). This 
disaster is a significant lesson that should 
be considered for other megacities, such 
as Tehran, to mitigate the impact of fu-
ture earthquakes, such as strengthening 
building codes, retrofitting old buildings, 
and having emergency and disaster plans. 
Moreover, these seismic events under-
score the likelihood of multiple earth-
quakes (e.g. earthquake doublet) in Teh-
ran, given its location intersected by sev-
eral crisscrossed active faults.  
    From the Malard earthquake experi-
ence in 2017, a comprehensive emergen-
cy response plan that includes evacuation 
routes, emergency shelters, and supplies 
is essential. In addition, early warning 
systems can provide crucial time for peo-
ple to evacuate and take necessary pre-
cautions before the earthquake strikes 
(Enferadi et al., 2021). Furthermore, edu-
cating the public on earthquake safety 
measures can help minimize damage and 

loss of life (Mileti et al., 2002; Karasözen 
et al., 2023; Hetényi and Subedi, 2023). 
Iran should invest in public education 
campaigns that teach residents how to 
prepare for earthquakes, what to do dur-
ing and after an earthquake, and reduce 
the gap (Toomey, 2016) between scien-
tific knowledge and action. 
    Collaborative efforts between the 
Earthquake Science community, govern-
ment agencies, and other stakeholders are 
essential to bolster a city's resilience and 
safeguard its population against earth-
quakes (Ben‐Zion et al., 2022). The sci-
entific community needs to garner deci-
sion-makers' attention and secure funding 
resources to advance research, seismic 
monitoring, and the development of in-
novative technologies for possible earth-
quake prediction and risk mitigation. 
Open scientific discussion and data can 
promote and enhance many key aspects 
of modern science (Karasözen et al., 
2023; Dallo et al., 2023). The Global 
Earthquake Science community should 
intensify its efforts to collaborate with 
Iran's local, state, and national govern-
ment agencies. By joining forces, they 
can develop a groundbreaking infrastruc-
ture dedicated to earthquake research 
(Ben‐Zion et al., 2022). This endeavor 
aims to achieve a scale and magnitude 
comparable to the achievements of select 
scientific communities that have success-
fully undertaken similar initiatives. Fur-
thermore, monitoring seismic activity to 
detect changes that could indicate an im-
pending earthquake (e.g., a pre-course 
signal before large earthquakes) requires 
a vast network of sensors. Moreover, so-
phisticated new data analysis tools (e.g., 
Machine learning techniques, see Mousa-
vi and Beroza, 2023) gain insights into 
earthquake processes and yield to signifi-
cantly improve the mitigation of seismic 
risks.  
    Although short-term prediction of the 
magnitude, time, and location of earth-
quakes is currently not possible, behavior 
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that is considered precursory has been 
documented (Bletery and Nocquet, 2023; 
Wetzler et al., 2023). The high-rate GPS 
time series analysis indicates large earth-
quakes often begin with a precursory slip 
phase before the rupture (Bletery and 
Nocquet, 2023). For instance, using 
dense GPS data along this fault, Aktug et 
al. (2016) show two seismic gaps that can 
produce earthquakes M > 7 along the 
East Anatolian Fault System. Further-
more, with the availability of close ob-
servations along the North Anatolian 
Fault, Bouchon et al. (2011) could detect 
that the 1999 Izmit earthquake was pre-
ceded for 44 minutes by a phase of slow 
slip based on evidence of a succession of 
repetitive seismic bursts, accelerating 
with time and increasing low-frequency 
seismic noise. 
     With more comprehensive and effec-
tive earthquake monitoring, it may be 
possible to recognize a preparation phase 
before a significant earthquake in Tehran. 
In addition, due to the rapid urban growth 
in Tehran, geology and remote sensing do 
not significantly contribute to the identi-
fication of faults. Therefore, seismology 
plays a role but requires the dense seis-
mic network to record small earthquakes 
and reveal the geometry and mechanisms 
of faults. Consequently, our knowledge 
about Tehran's faults is limited, such as 
the December 20, 2017, Malard and July 
12, 2020 Firuzkuh earthquake sequence 
(Figs. 2, and 3) in which the specific fault 
responsible for these clusters was uniden-
tified. 
    Tehran's vulnerability to earthquakes is 
intricately linked to physical and social 
factors. The concentration of the popula-
tion in specific regions, as revealed by 
spatial analysis, coupled with the preva-
lence of urban distressed fabrics, accen-
tuates the potential impact of seismic 
events. Identifying hotspots, such as re-
gions 8, 10, 13, and 17, underscores the 
urgency for targeted interventions and 
preparedness measures in these areas. In-

tegrating findings from various studies, 
ranging from urban planning principles to 
density assessments, provides a holistic 
understanding of the challenges Tehran 
faces in mitigating earthquake risks. As 
urban areas continue to expand and face 
the increasing threat of natural disasters, 
the insights gained from this study can 
inform policymakers and urban planners 
in developing more resilient strategies to 
safeguard Tehran's physical and social 
fabric. 
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