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Abstract

Earthquake is one of the most important environmental hazards associated with massive casualties and pecuniary losses. The
earthquake of November 12th, 2017 in Ezgele, Kermanshah has been one of the most destructive earthquakes ever happened in
Iran; in this study, considering the importance of the issue, we have evaluated its tangible and intangible effects. Our research
data include radar images from Sentinel 1, statistical information on earthquake stress and damage estimates obtained via
extensive fieldworks. ARCGIS and GMT software were used as research tools. Interferometric synthetic aperture radar (In
SAR) was also used to analyze data. To achieve the desired goals, first the tangible effects of earthquakes were estimated using
results obtained from fieldwork and documentary data from relevant organizations. Then, radar images were used to evaluate
the intangible effects of earthquakes and the effects of stresses on urban areas, plains and slopes. The obtained results show
that longitudinal cracks, slips and building collapses have been the most significant reported tangible impacts. Also, the most
important intangible impacts of the earthquake across the study area are +917 to -613 mm vertical displacement, in cities, plains

and slopes, which can cause a lot of damage in the near future.
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1. Introduction

Many countries around the world face many challenges caused by
the environmental hazards [1,2]. Annually, we see environmental
hazards, in addition to human losses, also cause a lot of damage
to infrastructure which in turn, can severely affect the economic
situation of the regions [3,4]. Earthquake is one of the natural haz-
ards associated with a lot of damages [5-7]. Large earthquakes as
the most devastating natural disasters are always associated with
massive casualties and pecuniary losses in addition, human infra-
structures can also be severely damaged [8-13]. Seismic potential
varies in different regions and Iranian plateau is one of the areas at
major risk of earthquake. Considering the fact that Iranian plateau
is located on the Alpine-Himalayan seismic beltm About 8% of the
world's earthquakes and about 17% of the world's largest earth-
quakes occur on it [ 14]. In this region, the highest seismic potential
belongs to the Zagros area. According to Mirzaei, more than 50%
of recorded earthquakes in Iran, occurred in Zagros zone, so that in
recent years, many earthquakes have occurred across this region.
It is noteworthy that Zagros is also considered as the most seismic
building zone in Iran [15].

Due to the above, many regions in Iran, especially the Zagros
Zone, are exposed to earthquakes. The destructive and historic
earthquake on November 12th, 2017 in Ezgele, Kermanshah, with
a moment magnitude of 7.3 has been one of the recent earthquakes
occurred in Zagros resulted in a large number of casualties and ex-
tensive pecuniary losses in Kermanshah province. The earthquake
had many tangible and intangible impacts, among which the de-
struction of residential areas, roads, bridges and the occurrence of
mass movements are among the most important tangible impacts
as a result of which hundreds of people living in the western parts
of Kermanshah province lost their lives. Beside these, it is very
important to pay attention to numerous intangible impacts resulted
by the earthquake, the most important of which is the vertical dis-
placement of the ground surface across the residential areas, plains
and hillsides overlooking them. Obviously, these kinds of impacts
may cause several harmful consequences.

Various studies have been conducted on calculating the amount of
vertical displacement of the earth using radar interferometry meth-
od including Cigna et al in which authors have estimated the verti-
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cal displacement in the region of Piana degli (Italy) at about 5.5 to
6.4 mm per year [16]. In Abir et al the vertical displacement in the
Kohat Plateau (in northern Pakistan) has been estimated as -7 to
-10 cm per year [17]. Bateson et al has estimated the subsidence of
the Acque albule plain at about 80 mm during 2007 to 2010 [18].
Ho et al have evaluated the rate of subsidence in Hanoi, Vietnam
[19]. In Du et al., ground subsidence in Leizhou Peninsula (China)
is estimated at 32 mm per year [20]. N

guyen Hao & Takewaka have estimated the rate of ground subsid-
ence in Nam Dinh between -21 to +2.5 per year [21]. Zhao et al.,
estimated ground displacement in the coastal areas of Shanghai,
China at about -30 cm per year [22]. In Zhang authors estimated
the ground subsidence in Wuhan, China, between 27.8 and 51.56
mm per year [23]. Hu et al estimated the average annual ground
subsidence in Los Angeles at 7.5 mm [24]. Yang et al have esti-
mated the amplitude of vertical displacement caused by the dev-
astating earthquake in Ezgele, Kermanshah between +90 and -60
mm [25]. Among the studies conducted in Iran, Torani et al have
estimated the ground subsidence in Gorgan to be around 4.8 cm
per year [26]. Fathollahi et al., have estimated the subsidence of
Maroon oil field at 5.9 cm per year [27]. Hashemifard et al., have
estimated the maximum annual subsidence rate in Gachsaran For-
mation around the Anbal salt mine at 3.5 cm [28]. In Mehrabi and
Porkhosravani the displacement caused by the Bam earthquake in
2004 was estimated to be between +34 and -24 cm [29]. Maghso-
di et al have estimated the annual ground subsidence in the west
of Tehran at about 15 cm [30]. Considering the above-mentioned
cases, the purpose of the present study is to evaluate the impacts

resulted from destructive earthquake in Ezgele, Kermanshah on
11/12/2017, as well as to analyze its tangible and intangible im-
pacts using radar interferometry technique.

2. Materials and Methods

2.1. Study Area

The scope of the present study, based on the political divisions,
consists of western Iran, between the two provinces of Kurdistan
and Kermanshah within which the cities like Sarvabad, Kamyaran
(in Kurdistan province), Paveh, Javanrood, Ravansar, Sarpol Za-
hab, Qasr Shirin and Kermanshah (in Kermanshah province) are
included. According to the divisions made by Agha Nabati, this
region is located within the area of Zagros Fold Belt and High
Zagros Zone.

Also, its northeastern parts are located in the Sanandaj-Sirjan zone.
As the region is located within the Zagros belt and adjacent to ma-
jor faults such as the main Zagros fault, its seismic potential is very
high to the extent that more than 50% of Iran's earthquakes have
been recorded in the Zagros belt. In terms of geomorphological
features, this region consists of mountains and plains between the
mountains, in addition, in this area there is a great climate diversity
due to its high-altitude differences (about 300 m) so that its north-
ern part and the Shahu and Kosalam mountains have cold and wet
winters and mild summers on the other hand, the southern regions
have warm and dry summers and cold and semi-humid winters. the
location map for the area under study is shown in Figure 1.

35°25'N

35°0'N

34°35'N

Figure 1: Location Map of Study Area
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2.2. Data Used

Documentary information and library studies, data obtained from
field observations, a 30-meter SRTM digital elevation model, and
sentinel images constitute our research data set. ARCGIS software
(for mapping and final output) and GMT (for radar interferometry)
were used as the most important research tools. In this research,
the data were analyzed in several stages as follows:

* Step 1: In this step, data obtained from field observations in addi-
tion to statistical information obtained through organizations were
used to investigate the tangible impacts of the Ezgele earthquake.
Actually, at this stage earthquake destructive effects on urban and
rural districts, as well as its effects on roads and slopes have been
studied.

* Stage 2: In this stage, radar interferometry method was used to
measure the vertical displacement of the area and through which

the indirect effects of the earthquake were investigated. In this
method, different radar images with phase values and rejection
wave amplitude, from the earth feature to the sensor, are combined
with each other forming an image called interferogram [31]. In-
terferogram is an image produced by considering the phase dif-
ferences between two geometrically overlapped images obtained
at two different times, 469) [32]. It's worth mentioning that back
geocoding was conducted in two approximate and accurate stag-
es, because an Interferogram, represents phase difference between
the two images indicating the difference in distance between the
feature and the sensor in both imaging times. Different variables,
including the ground displacement, have been extracted in frac-
tions of a centimeters with an accuracy of 10 meters. Two images
from Sentinell (07/11/2017 and 19/11/2017) were used to perform
RADAR Interferometry which are shown in Table 1.

Product
Satellite Date Pass | Polarization | Baseline
Type
Sentinel- | 2017/11/07 SLC | Descending \'A% 0
1
Sentinel- | 2017/11/19 SLC | Descending \AY 14.2
1

Table 1: Image Specifications (12/11/2017)

* Stage 3: the tangible and intangible effects of the earthquake on
the slopes were evaluated at this stage. For this purpose, first the
coherence map of the region before the earthquake was prepared
based on the photos captured on 26/10/2017 and 07/11/2017. In
this way, areas of low coherence are identified including vegeta-
tion areas, steep areas, and areas located at the radar blind spot.
In the next step, the coherence map of the area, before and after

the earthquake (2017/11/07 and 2017/11/19) has been prepared.
Using this method, areas with low coherence not affected by the
earthquake, were identified. The results, then, were compared with
the results obtained through field observations and the exact loca-
tion of areas subject to mass wasting (movements) like falling and
sliding were also identified. Flowchart in Figure 2 shows the steps
that have been taken during the research.

Uplift —— Interferometry
Unvisible
effer.ts
Subsidence Interferometry
Earthquake
effects Destruction of ) -
Settlement |1 Field visit
) Interferometry and
Visible effects Landslide field visit
Debris Interferometry and

field visit

Figure 2: The Study Steps Flowchart
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3. Results and discussion

Due to the magnitude of the earthquake in Ezgeleh region, the
surrounding towns and villages have been severely affected by
its tangible and intangible effects. Among its tangible effects are
the deaths and injuries of large numbers of people, the widespread
destruction of residential areas and other related damages. In ad-
dition to these visible impacts, many intangible effects have been
also associated with this earthquake, and we used remote sensing
methods to estimate those effects. We will explain both of these
effects in detail later in this study

3.1. Assessing the Tangible Impacts of an Earthquake

The tangible effects of the earthquake in the Ezgele region were
very large with much more severity in areas near the epicenter
than in other areas. The earthquake has caused extensive destruc-
tions in residential areas, damaging a total of 10 counties and about
1,900 villages. Rural residential zones, especially the villages like

Salas-e-Babajani and Sarpol-e-Zahab, experienced the highest rate
of destruction due to proximity to the epicenter and the lack of
structural strength and necessary standards. The same reasons have
caused the highest rate of destruction in the cities of Sarpol-e Za-
hab and Tazehabad. According to statistics provided by Iran Foren-
sic Medicine (2017), Ezgele earthquake caused nearly 620 deaths
and 9000 injuries. Meanwhile, the highest death and injuries were
related to Sarpol-e-zahab, Salas-e-Babajani and Qasr-e-Shirin cit-
ies, respectively. On the other hand, the statistics provided by the
Housing Foundation, 2019, in relation to the amount of damages
caused by the Ezgele earthquake, show that about 12,000 urban
and rural housing units have been 100% destroyed. According to
the assessments conducted by Housing Foundation, 2019, about
103 thousand urban and rural housing units has suffered general
and minor damages (Table 2). a map of the most affected areas is
shown in Figure 3. The highest rate of destruction has been ob-
served in landforms and rural and urban districts across this area.

Number of | Number of
Number of | Number of | buildings buildings most  affected
casualties Injuries completely partially Areas
destroyed destroyed
Sarpol Zahab,
More  than
620 More than 9000 | 12000 103000 Salas-e-
Babajani

Table 2: Damages Caused by the Ezgele Earthquake (on 12/11/2017)

Y Earthquake Center Y Earthquake Center
= city N = City N
e Village Radians o Village Vertical displacement (mm)
[ Landform 2 70 0 [ Landform 613 917
0 5 10 20 0 5 10 20
[ county border - - e ssss———Km | County border ‘ ‘ —— — KM

Figure 3: Map of the Areas with most Earthquake Tangible Impacts
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Due to the proximity of Salas-e-Babajani county to the earthquake
hypocenter, the extent of the devastation has been very wide in this
region such that 202 villages in this area have been damaged, of
which 21 villages have been destroyed by more than 50%. More-
over, the residential areas in Taze-Abad, the center of Salas-e-Ba-
bajani county, has been widely destroyed (Figure 4: A) (Housing
Foundation, 2019). On the other hand, Sarpol-e-Zahab, the other
county adjacent to the hypocenter, has had the highest rate residen-
tial areas of destruction, so that, according to the report published
by the Kermanshah Governor's Office (2019), about 36000 resi-
dential units have suffered minor to sever damages with rural areas
have been faced with greater vulnerabilities. The rate of destruc-
tions in Sarpol-e-Zahab was also high, for example, a considerable
part of the Mehri housing Project area in this city was destructed
(21 blocks out of a total of 24 Mehri housing blocks in the city,

were severely damaged and 3 blocks were completely destroyed)
(Figure 4: B). In addition to the mentioned cities, the surrounding
areas were also greatly affected by this earthquake, for example,
in Qasr-e Shirin, we saw the destruction of 960 urban and rural
housing units, moreover, the rural districts of Gilan-e-Gharbia city,
located near Sarpol-e-Zahab city, have been destroyed by 15 to
100 percent. Some of other urban and rural districts have been
associated with a lot of damages include cities of Kermanshah, Ra-
vansar, Javanroud (Figure 4: C), Paveh, Dalahou, West Islamabad
and neighboring provinces including Kurdistan, Liam, Hamedan
and Lorestan. After the earthquake, in addition to the destruction
and damage to residential areas, facilities, agricultural and garden
lands, roads and communication routes were also largely destroyed
which will be discussed in the following sections.

Figure 4: Image of the Destruction of Residential Areas Caused by the Ezgele Earthquake in Tazehabad (A), Sarpol-E-Zahab (B), Ja-

vanroud (C) (Kermanshah Governor's Office, 2017)

3.2. Assessing the Intangible Impacts of an Earthquake

Findings from analyzing Sentinell images using radar interferom-
etry method (Figures 5 and 6) show that after the Ezgele earth-
quake, the northern half of the region has subsided and the south-
ern part has also heaved (uplifted). Based on the obtained results,
the maximum ground subsidence was 613 mm, while the hypocen-
ter of the earthquake shows the maximum subsidence; the farther

we go from the hypocenter, the smaller the subsidence will be. In
addition, the maximum ground heave was 917 mm, the highest of
which was close to the earthquake hypocenter. The results of mea-
suring the region vertical displacement indicate the significant im-
pact of Ezgele earthquake on vertical displacement of the region.
Considering the importance of the matter, in the following, we will
evaluate the impact of this movements on the region.
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Figure 5: Interferogram Map of the Under-Study Area (before and after the Earthquake)
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Figure 6: Map of the Region Vertical Displacement (before and after the Earthquake)

After preparing the region vertical displacement map, the earth-
quake intangible impacts on the cities and landforms have been
evaluated, as follows:

3.3. Intangible Impacts on the Cities
In addition to numerous tangible impacts resulted by the Ezgele
earthquake, there are various intangible impacts on the region, one

of the most important of which is the ground vertical displace-
ment. Considering the magnitude and intensity of the earthquake,
wide vertical displacements was created manifested as ground
subsidence in northern parts and as ground heave in southern
parts. Vertical displacement of the ground may have direct effects
on structures in residential areas, by destructing the foundations
of buildings and structures, many of which may become apparent

Curr Res Env Sci Eco Letters, 2024
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over time. Given the importance of the issue, we decided to evalu-
ate the vertical displacement of the ground across the urban areas
located within the study area, which is presented in Table 3 and

Figure 7. The obtained results showed that, due to its proximity to
the earthquake hypocenter, Sarpol-e-Zahab, with a ground heave
of 319-676 mm, had the highest vertical displacement.

Max Min Max Min
RO . . . RO . . .
City | Displaceme | displaceme City | Displaceme | displaceme
W W
nt nt nt nt
Sarpolzah
1 676 319 6 | Kamyaran -31 -8
ab
Ghasrhiri Kermansh
2 -71 -15 7 +45 -42
n ah
Tazehaba
3 q -279 -265 8 Paveh -198 -113
4 | Javanrod -76 -44 9| Sarvabad -90 -34
5| Ravansar -46 -12 - - - -

Table 3: Calculating Vertical Displacement of the Ground, Caused by the Ezgele Earthquake, in Different Cities within the
Under-Study Area (in Millimeters)

800

Displacement/mm

=—@— Min displacement

city

=—@— Max Displacement

Figure 7: Diagram of the Vertical Displacement Rate, Caused by the Ezgele Earthquake, in Cities Across the Study Area

3.4. The Intangible Impacts of the Earthquake on Landforms
The shape of the earth changes over time [33]. Vertical displace-
ment of the earth surface, including subsidence and/or upheave,
which can be caused by various factors such as earthquakes, is
one of the observed changes in the shape of the earth [34]. Ezgele
earthquake was one of the earthquakes that caused many chang-

es in the region. This earthquake has caused changes in plains,
slopes and mountainous areas. In this section, we will describe
these changes

3.5. Evaluating the Earthquake Impacts on Plains
Plains are one of the geomorphological units (Figure 8) has been
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affected by the Ezgele earthquake. The results of the evaluations
indicate that the Ezgele earthquake has directly caused the vertical
displacement of the ground in plains across the region. So, it is
very critical to assess the rate of displacements observed in each of
these plains. Considering the results of the evaluations conducted
on the plains, it is concluded that when measuring the rate of ver-
tical displacement of the region, all factors should be considered
simultaneously, for example, land subsidence observed in an area
can not only be attributed to the decreased groundwater levels, be-
cause, based on our research results, tectonic movements in many
plains may cause land subsidence or upheave. Accordingly, any

changes made in plains can cause different problems and errors
in various calculations, like calculating the rate of groundwater
depletion, during development planning. The map of the vertical
displacement of the studied plains and the calculation of the ver-
tical displacement of the plains are presented in Figure 9, Table 4
and Figure 10, respectively. Since the earthquake hypocenter was
in the west of the study area, the plains of this region are more af-
fected than anywhere else. After evaluating the calculations, it was
found that the highest rate of displacement has occurred in Dash-e
Zahab, so that due to the Ezgele earthquake, this plain suffered
from 382 to 917 mm ground heave.

45°40'E 46°0'E 46°20'E 46°40°E 47°0'E 47°20°E
1 1
NG A\ \ AP

. \ Nolefes ~ ] =
5 N o e el S
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z { z
3 g
S 13
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[=] [=]
S 8
3 3

. -3 ; A .‘\ : '

45°40'E 46°0'E 46°20'E 46°40'E 47°0'E 47°20'E
Legend
Geomophological units
% Earthquake Center [ mountain ol N
e City LT hin flood plain o .= 49 A &
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Figure 8: Map of Geomorphological Units of the Region
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Figure 9: Map of Vertical Displacement Across the Plains within the Study Area
R Max Min Max Min
0

Plain Displaceme | displacem | Row | Plain Displaceme | displacem

w
nt ent nt ent

1 Sarqaleh | +416 +147 7 Karanda +76 +8
2 Hor -438 -294 8 Ravansar | -43 +6
3 Zahab +917 +382 9 Panjabi +29 -10
4 Direh +582 +120 10 Mahidasht | +41 +12

Ghasrshir
5 . +306 -96 11 Kamyaran | -23 -3

in

Kermansh
6 Bionic +61 +4 12 " +43 -6
a

Table 4: Calculating the Vertical Displacement Caused by the Ezgele Earthquake in the Plains Across the Under-Study Areas
(in Millimeters)
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Figure 10: Graph of Vertical Displacement in Plains within the Study Area

3.6. Evaluating the Earthquake Impacts on Slopes

Direct impact on the occurrence of mass movements has been an-
other important effect of the Ezgele earthquake. The destructive
power of the Ezgele earthquake has caused to stimulate the slopes
prone to landslides, as a result of which landslides and fallings
have been occurred in those slopes. Based on field surveys con-
ducted in the region, the most important landslides were observed
in the slopes of the RI jab mountains as well as the northern slopes
of Dalahoo mountain. On the other hand, the most important land-
slips were also in the Piran waterfall area, Babayadgar valley and
the northern slopes of Dalahoo mountain. There were both tangible
and intangible impacts on slopes in the study areas so that, vertical
displacement were created in most of the slopes while no signifi-

cant landslide and mass movements were observed. Yet, in some
other areas, such as the slopes of Mela Kabod village, the earth-
quake has caused mass movements that are quite tangible. In order
to investigate the areas have been exposed to landslides, we have
used radar images and field surveys results. For this purpose, first
the coherence map of the region, before the earthquake, was pre-
pared based on the photos captured on 26/10/2017 and 07/11/2017.
In this way, areas of low coherence were identified (without the
impact of earthquake) (Fig. 11: A). Then, the coherence map of the
area, before and after the earthquake (2017/11/07 and 2017/11/19)
has been prepared. In this way, areas of low coherence, with and
without the impact of the earthquake, were identified.

45°55'E

Legend

*  Village
[ Landslide
[ Dpebris

coherence

High A
. 0 15 3 6
N —

Low Km

Figure 11: Coherence Map of the Region Images A) before and B) after the Earthquake
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Evaluating the region post-earthquake coherence map has illus-
trated the decreased coherence rate for many regions the reason
of which is the direct impact of the earthquake and resulted land-

slides. Figure 12 shows the coherence map of areas affected by
landslides, in which regions with low coherence without the effect
of earthquake are highlighted.

Village

-

[} tLandslide N

] Debris A
] lowcoherenceares ‘mmr—iser—u Sk

Figure 12: The Coherence Map of Areas with Mass Movements

After preparing the coherence map, the interferogram map of the
images has also been prepared. For this purpose, an interfero-
gram map with the coherence coefficient of 0.12 was developed
in which areas with mass movement are marked due to their low
coherence rate and worthless pixels. In the next step, as shown

in Figure 13, another interferogram map with the coherence co-
efficient of 0.00001 was prepared in order to present the full-field
interferogram. After that, the vertical displacement map was also
prepared based on a region with the average land subsidence up to
203 mm and land upheave of 803 mm.

Figure 13: Interferogram Map with A) the Coherence Coefficient of 0.12 B) the Coherence Coefficient Of 0
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Figure 14: The Region Vertical Displacement Map from 07/11/2017 To 19/11/2017

By evaluating the results obtained from analyzing the radar images
and field surveys, it was found that the largest sliding mass, with
an area of about 5 km, is in the slopes located in the west of the
villages of Mela Kabod and Ghouch-bashi (Figures 14: L1 and
15: A). Moreover, as a result of the earthquake, numerous cracks
have also been created on the slopes adjacent to Ramakiramazan
village (Figure 14: L2) and the northern slopes of the Dalahoo
mountain (Figure 14: L3-4). In addition to causing landslides, the
Ezgele earthquake has also caused many landslides across the area
most of which have been on the slopes adjacent to the link roads
and near the city of Sarpol-e-zahab. Factors such as the presence
of detached materials remained from previous landslides, severe
tectonic fragmentation, steep slopes resulted by the differences

A

in erosion intensity between the hard-upper layers and the softer
underlying layers, are considered as the causes of this condition.
Baba Yadegar Valley is another affected region with falling mass
movements (Figure 14: D2). There has been an area of 2.6 square
kilometers affected by rocks fallings. The phenomenon of land-
slides has also been observed in other areas such as the heights
of Piran Falls (Figure 14: D1 and Figure 15: B) and the northern
Dalahoo mountains (Figure 14: D3). Except for the above, most
of the slopes of the region have not changed significantly, how-
ever, various vertical displacements have been observed across
these slopes. This displacement can cause the ground to rupture
and become unstable and consequently, making them vulnerable
to subsequent earthquakes.

Figure 15: Images of Mass Movements Occurred Across the Area: A) Landslide in Male Kabod B) Falling in Piran Waterfall

4. Conclusion
Evaluating the tangible and intangible effects of the Ezgele earth-
quake has shown that it has been associated with many adverse

effects. Based on the data collected from field observations and
related organizations, it has caused nearly 620 deaths and 9000
injuries, about 12000 urban and rural housing units has com-
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pletely destroyed and 103000 units have suffered different levels
of damages; all of the above confirm the high destructive power
of the Ezgele earthquake. In addition, the results obtained from
the radar interferometry method showed that under the influence
of earthquake, the region has experienced numerous vertical dis-
placements. Maximum land subsidence and land heave (uplift)
observed across the region were 613 mm and 917 mm, respec-

Displacement(mm)
676 319 i
| a

tively. After measuring the vertical displacement extent across the
region, the rate of vertical displacement observed in different cities
within the study area has also been calculated. According to the
results, the city of Sarpol-e-zahab, among others, with 319 to 676
mm ground upheave, had the highest vertical displacement due to
its proximity to the earthquake hypocenter and the geological bed
of the plain (Figure 16).

N

Figure 16: Google Earth Map of Vertical Displacement Observed in Sarpol-E-Zahab

Although vertical displacements in urban areas were completely
imperceptible, in the long run it can have negative effects on con-
structions, especially heavy structures. Next, the amount of vertical
displacements and changes made on the landforms were also eval-
uated. For this purpose, first the amount of vertical displacement of
plains located in the area has been calculated. After evaluating the
calculations, it was found that the highest amount of displacement
has occurred in Dasht-e Zahab, with 382 to 917 mm ground heave.
Despite the intangibility of the displacements, any changes made
in plains can cause different problems and errors in various calcu-
lations, like calculating the rate of groundwater depletion, during
development planning. Slopes are one of the landforms have un-
dergone many changes, especially the slopes close to the earth-
quake hypocenter. By evaluating the results obtained from analyz-
ing the radar images and field surveys, it was found that the largest
sliding mass, with an area of about 5 km, is in the slopes located in
the west of the villages of Mela Kabod and Ghooch-bashi. More-
over, as a result of the earthquake, numerous cracks have also been
created on the northern slopes of Dalahoo mountains. On the other
hand, the most important landslips were also in the Piran waterfall
area, Babayadgar valley and the northern slopes of Dalahoo moun-
tain. Considering the above-mentioned facts, it is obvious that the
Ezgele earthquake had many tangible and intangible impacts, ad-
dressing them, especially intangible ones, is of great importance.
Overall, the results obtained in the present study indicate the fact

that large earthquakes can be associated with many tangible and
intangible impacts and it is necessary to evaluate all of them pre-
cisely. That is why, contrary to some other studies (Yang et al,
2019., Zhao et al, 2019) which have assessed either the economic
and social effects of earthquakes or the resulting vertical displace-
ments, separately, in this study, we have considered both tangible
and intangible effects simultaneously.

Data Availability Statement

The datasets generated during and/or analyzed during the current
study are not publicly available due [REASON(S) WHY DATA
ARE NOT PUBLIC] but are available from the corresponding au-
thor on reasonable request.
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