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Abstract: Tabriz is located in the northwest of Iran. Two huge earthquakes with magnitudes of
7.4 and 7.3 occurred there in 1780 and 1721. These earthquakes caused considerable damage and
casualties in Tabriz. Using the method of scenario building, we aim to investigate what would happen
if such earthquakes occurred in 2021. This scenario building was carried out using deterministic
and GIS-oriented techniques to find the levels of damage and casualties that would occur. This
procedure included two steps. In the first step, a database of factors affecting the destructive power
of earthquakes was prepared. In the next step, hierarchical analysis was used to weigh the data,
and then the weighted data were combined with an earthquake intensity map. The obtained results
were used to predict the earthquake intensity in Tabriz. According to our results, the earthquake
with a magnitude of 7.3 that occurred in 1721 caused huge destruction in the north of Tabriz, as this
earthquake occurred inside the site. However, this earthquake caused minimal damage to the south
of the city owing to the geological situation of this area of Tabriz. The earthquake with a magnitude
of 7.3 that occurred in 1780 caused less damage because of its distance from the site. In the third
step of this analysis, the vulnerability of buildings and the population were examined. According
to the estimates, District 4 would experience the highest damage rate in the earthquake of 1721,
with 15,477 buildings destroyed, while this area would have a lower damage rate in the earthquake
that occurred in 1780. The total casualties in Tabriz would number 152,092 and 505 people in the
earthquakes of 1721 and 1780, respectively.

Keywords: earthquake; intensity; vulnerability; seismic hazard; GIS; Tabriz

1. Introduction

The rapid, unplanned growth of cities along with the excessive growth in population
during the past few decades have led to the use of land that is susceptible to seismic
movement. The lack of suitable urban land for the accommodation of this population has
resulted in the increased vulnerability of cities to natural disasters, especially earthquakes
and landslides. According to the United Nations (UN) and the World Bank, earthquakes
are the foremost factor causing life and financial losses around the world [1–3]. This is
also true in Iran, which is prone to landslides due to its specific geological and climatic
conditions, as well as its topography. This has caused the country to experience incredible
yearly losses [4–6].

The risk of earthquakes resulting in natural disasters has always existed for human
beings. Despite advances in science and technology, earthquakes are still unpredictable,
and frequently cause life and financial losses [7–10]. According to the World Health Orga-
nization (WTO), 1150 major earthquakes have occurred in the current century alone [11].
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Although natural disasters usually occur in developing areas, developed countries tend to
have sufficient resources and equipment to help survivors. However, these are not always
available in developing countries [12,13].

Iran is a developing country that has experienced major earthquakes which have
caused the collapse of many urban and rural houses, and have taken many lives. For
example, in the last few years, more than 170,000 people died during large earthquakes in
Bam, Ahar, Varzaghan, Larijan, Rudbar, Tabas, Kerman, and Torbat Heidarriyeh [14]. The
earthquake of Sare-Pol Zahab, Kermanshah, for example, destroyed most of the villages
in the area and caused great damage to the city. In total, 620 people died [15]. Recently, a
few large earthquakes also occurred which have caused huge damage to cities—e.g., the
Si-Sakht earthquake in Bandar Genaveh [16].

Iran is located on the Alpine–Himalayan folded belt, as well as the compression zone
resulting from the convergence of the Arabian and Eurasian plates. The convergence of
these two plates has caused a regional deformation of the continental crust, with an area
of approximately 3,000,000 km2, making the area one of the largest convergence-bounded
deformed areas on Earth [17]. The convergence of the Arabian and Eurasian plates at a rate
of 2 mm/year has created a complex system of reverse and strike-slip faults (Figure 1a) [18].
Strike-slip faults are among the most important structural elements at the boundary of the
plates [19]. These faults, which have a length of more than 100 km, have been observed
and reported in many seismic continental areas [20].

Figure 1. The tectonics of Iran. (a) is inset map showing Iranian plateu; (b) seismotectonic regions
of Iran.

The core of the formation of the city of Tabriz was near the Tabriz Fault, and over time,
with the growth of the city, it has become closer to the fault, so that today part of the city is
located on the fault.

The 1721 Tabriz earthquake occurred on April 26th, with an epicenter near the west of
the city of Tabriz, Iran, at approximately 7:00 in the morning, one and a half hours after
sunrise. The earthquake was estimated to have a 7.3 magnitude on the Richter Scale. The
earthquake occurred along the North Tabriz Fault (NTF). The population of Tabriz in 1721
was about 500,000 people. Over 80,000 deaths occurred as a result of the earthquake, killing
over one-sixth of the population [21–24].

The largest historical earthquake in Tabriz, in 1780, occurred on January 8, Friday
night, in the southeast of Tabriz. The earthquake was estimated to have a 7.3 magnitude
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on the Richter Scale. The earthquake occurred along the Tabriz Fault (NTF), in which
all of the buildings that had been affected by the 1721 earthquake collapsed, and many
buildings were destroyed. As a result of this earthquake, the palace of the ruler collapsed
and all of its inhabitants were killed. The death toll was estimated at approximately
50,000 [21–24]. Alisha Ark, Kaboud Mosque, and Sahib Al-Amr Mosque were damaged
due to the mentioned earthquakes, and repairs have been performed; however, there are
traces of the earthquake in them.

SEISMOCARE is also a model that runs on an Arc map, and was developed in Greece
to estimate the extent of the damage and vulnerability of an area. This model is used as a
database for storing information [25]. SELENA is a type of software that can be used to
estimate the seismic risk in urban areas using the Capacity Spectrum Method (CSM). The
data required for the software are statistics and data related to buildings, the population,
and the earthquake scenario, etc. This model constructs a shake map and calculates the
probability of economic damage, and the number of lives lost [26,27].

As the vulnerability diagrams differ for different regions of the world, each coun-
try needs to have its specific model to assess vulnerability and carry out rapid damage
assessments. In Iran, the Karmania Hazard Model (KHM) was developed in 2013 by
Hassanzadeh et al. for the city of Kerman. This model has an interactive environment
that provides layers of spatial data and the vulnerability coefficients of buildings and the
population in order to estimate the amount of damage to buildings and facilities that are
necessary to care for survivors and the injured. In this model, surface and subsurface data,
as well as building vulnerability diagrams and resident population statistical data, are used
for the estimation of vulnerability [28].

Based on the above-mentioned statements, the main objective of this research is
to identify vulnerabilities and estimate losses/damages for planning to reduce them.
For this goal, all of the effective parameters—including the geoid shape, topography,
lithology, alluvial thickness, groundwater level, sediments, shear wave velocity, and the
predominant period of the site—were used through interpolation or conversion to GIS
layers to obtain a site amplification map for different areas using the Saati hierarchical
weighting method [29,30].

Then, to obtain the maximum seismic intensity map, the site amplification map was
combined with the modified Mercalli map for both the 1780 and 1721 earthquakes, and
the maximum seismic intensity map was obtained. The information about the types of
buildings in the city of Tabriz was updated using detailed and comprehensive plans and
field observations. Finally, the vulnerability levels of buildings in the city of Tabriz were
calculated for all of the districts for both scenarios of Tabriz’s historical earthquakes.

2. Study Area

The study area is the entire metropolis of Tabriz. Tabriz is located in the center of East
Azarbaijan province. It is the most populous city in the northwest of the country, and the
fifth-largest city in Iran. The city is located 636 km away from the capital city of Tehran. The
average altitude of Tabriz is 1351 m above sea level, and its area is approximately 625 km2.
Tabriz city is located at the eastern end of the Tabriz plain in the Sahand foothills. It is
bordered by the Inali Mountains on the north, the northern slopes of the Sahand Volcanic
Massif on the south, the trails of the Eynali Mountains on the east, and the Tabriz Plain on
the west. Tabriz is like a massive pit surrounded by mountains on three sides. The area to
the west is mainly formed by salt marshes. The altitude of the city is 1350 to 1550 m, the
general slope of which decreases towards the center and west [31–33].

The city of Tabriz was developed mainly based on young alluvium. In addition, the
city spread across sandstone and Miocene marl in the north, and especially the northeast.
It also lies on different areas of Plio-Pleistocene hard conglomerates, sandstones, igneous
rocks, Pleocene tuff, and clastic deposits in the south, southeast, and part of the southwest,
as well as young alluvium in the southwest. The bedrock of alluvium is composed of
Miocene or Pleocene sediments [34–37].
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The northern part of the city has been eroded by alluvial fans, including young or
relatively old alluvial masses of relatively steep slopes and foothills. Upstream, these
sediments join the Miocene (upper red formations). Oun Ibn Ali Mountain, with its red
color due to red marls and sandstones, forms the northern heights of the city. Tabriz’s
northern fault passes between these hard sediments and relatively loose alluvial fans [38,39].
The city of Tabriz has ten districts, the most populous of which is District 4. District 9 is an
uninhabited area [32].

Figure 1a indicates the movement of the Saudi plate towards the plateau of Iran, while
Figure 1b shows the sedimentary and structural conditions of earthquakes in the country.
For a better analysis, Iran has been divided into several segments. This segmentation was
modified by [40,41], and depicts the large fault of Iran.

Figure 2 indicates the location of the faults in the vicinity of the city of Tabriz, and other
faults around the city. This fault has caused earthquakes with high destructive power. The
epicenter of the earthquakes in Tabriz and the surrounding area from 1700 to 2021 [16] is
shown in the figure, and the locations of the different districts of the Tabriz municipality are
also depicted. In order to create the relevant scenario, it is necessary to gain full knowledge
of the status of the faults and earthquakes. Due to the different natural features of each
district of Tabriz, it is necessary to explain their environmental characteristics individually.

Figure 2. Summarized structural map of Tabriz. The seismicity is based on Berberian 1997, the
Centroid Moment Tensor (http://www.globalcmt.org/ accessed on 25 August 2021) and the Inter-
national Institute of Earthquake Engineering and Seismology (http://www.iiees.ac.ir accessed on
25 August 2021) catalogs between 1900 and 2012. North Tabriz Fault (NTF), South Misho Fault (SMF),
and North Misho Fault (NMF).

The active tectonics in the study area, as in other parts of Iran, result from the con-
vergence of the Arabian and Eurasian plates, which, as can be seen in Figure 1, affects the
whole country.

The North Tabriz Fault (NTF) is a complex active fault system that lies below the
city of Tabriz in NW Iran (Figures 1 and 2). It has an average strike of NW–SE over a
length of about 150 km, and appears to be generally close to vertical in the dip. The NTF
merges northwest and southeast with zones of reverse faults, the strikes of which have
more of a tendency toward east–west [42]. Right-lateral movement along this fault has

http://www.globalcmt.org/
http://www.iiees.ac.ir
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been documented from the study of aerial photographs and GPS measurements, and can
also be seen clearly in the field [43–46]. Geomorphic features and paleo seismological
studies northwest of Tabriz city show evidence for repeated surface faulting events along
the NTF [47].

The results of these studies indicate a return period of about 300 years for the Tabriz
earthquake [48,49]. All of the studies conducted have pointed to the right-lateral strike-slip
movement of the NTF due to the general movement of the area, which is the movement
of the Arabian plate to the north [18,42,44,48–54]. In terms of tectonics, there are several
different theories regarding the city of Tabriz.

Based on the studies of Berberian, Iran is divided into regions with similar charac-
teristics, including Zagros of Central Iran, Alborz, and Köpet Dag [31,36]. In terms of
the seismicity in the city of Tabriz, the northern fault has been the source of many large
earthquakes. Studies have shown that two large earthquakes have occurred here that have
almost destroyed the city. The first occurred in 1721 in the west of Tabriz, with a magnitude
of 7.3, while the second occurred in 1780 in the east of Tabriz, with a magnitude of 7.4.
According to Berberian, in the last 76 years, the fault has shown no activity, which indicates
the possibility that a large earthquake could occur [38,43,55]. Hesami et al. (2003) found
the average return period of large earthquakes to be 820 years based on age and the seismic
events observed in the excavated trenches. The fact that the last major earthquake occurred
in Tabriz in 1780 AD indicates that there is an increased seismic hazard in this area [47].

In Figure 2, above, the positions of the 1721 and 1780 earthquakes and their corre-
sponding faults are marked. However, in order to assess the initial seismic hazard, it is
necessary to calculate the magnitude of a potential earthquake in a particular area due to a
particular fault. The estimated value and perceived intensity in Tabriz were calculated for
the fault dataset using various experimental equations. These are summarized in Table 1.

Table 1. Seismic parameters of the faults found in the study area (see Figure 2 for their locations).

Fault Name Length (km)
Magnitude of Possible Earthquake

Average
Magnitude

Perceivable
MMI in TabrizNowroozi [56] Mohajer and

Nowroozi [57] Bonilla et al. [58]

NW-NTF 45 6.7 7 7.5 7 IX+

SE-NTF 46.5 6.7 7 7.6 7.1 VII

SMF 45 6.7 7 7.6 7 VIII

F1 14 6 6.5 6.6 6.3 VII

F2 9.5 5.8 6.3 6.3 6.2 VII

F3 15.3 6 6.6 6.7 6.4 VII

F4 13.2 6 6.5 6.6 6.4 VII

F5 10.2 5.9 6.2 6.4 6.2 VII

Two historic earthquakes with the same destructive power were simulated in the same
situation [59,60]. This value is 10 in the modified Mercalli intensity scale, which amounts to
a huge level of destruction. Due to the location of the fault near the northern part of Tabriz
and the location of the southern fault relatively far from Tabriz, there is the possibility
that a devastating earthquake could take place. A time-series analysis of radar images
of Tabriz from 2004 to 2010 indicates the accumulation of energy in this area, increasing
the possibility of an earthquake with a high destructive power occurring along the Tabriz
fault [61]. Based on the data obtained from earthquakes that occurred in the northwest of
Tabriz, these earthquakes usually occur at a depth of 20 km [58].
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3. Method

Seismic microzoning evaluation is a major factor in the identification of the earthquake
impact on the area. Thus, the effect of earthquakes on the site is assessed using various
factors that determine the site properties. In the process of seismic microzonation assess-
ment, the most important factors are the geology of the area [62]. The estimation of the
seismic hazard for different parts of the world requires different methods and parameters.
Therefore, a standard approach to assess damage has been lacking. This study benefits
from a relational geodatabase for queries. In this study, we used different parameters
and methods with proven accuracy that were utilized in previous studies in Iran. Two
previous earthquakes in Tabriz in 1721 and 1780 were used as the scenarios. In order to
prepare different parameters for the microzonation stages, it is necessary to create a rich
database based on sources from different reputable organizations which include different
parameters. The more we increase the number of effective parameters, the higher the
accuracy will be. The various parameters obtained were collected using field methods and
research. The database could affect other steps of seismic microzonation. However, some
information that was obtained from different organizations is discrete, and this increases
the uncertainty of our calculations. Therefore, we used the shear wave velocity method
close to the surface (down to a depth of 30 km) to reduce the uncertainty [63].

This paper deals with the relationship between a hybrid domain map (micro zoning)
and a definite risk model in Tabriz. Initially, the primary hazard map and local data were
collected from various organizations and stored in a suitable database. The domain map
was obtained with the Vs30 measurements, geological components, and recent reports of
the geotechnical research group of the subway project.

Consequently, each parameter for a hierarchy process approach requires a specific
weight based on expert judgments. We used the KHM (Karmania Hazard Model) standard
method, which was designed to assess building and human losses in Iran. Based on a
GIS-upheld database, the principal tasks of the presented earthquake scenario can be
followed in 3 steps (Figure 3).

The main steps of the scenario are provided in the flowchart below.

Figure 3. Flowchart of the 1721 and 1780 earthquake scenarios.
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Our first step was the construction of a database based on different resources; this
study deals with the relationship between a hybrid domain map (microzoning) and a
definite risk model in Tabriz. Initially, the hazard map and local data were collected
from various organizations and stored in a suitable database. The domain map was
obtained with the Vs30 measurements, geological components, and a recent report of the
geo-technical research group of the subway project [28].

The catalog of ancient earthquakes was obtained from the studies of Berberian, while
the catalog of contemporary earthquakes was obtained from the International Institute of
Earthquake Engineering and Seismography based on the spatial coordinates of magnitude
and depth according to the day/month/year; these are provided in Figure 2 [16,59].

Since the type of land involved is one of the important factors in intensity transmission
in seismic areas, in order to prepare the land layer, a 1:100,000 geological map was obtained
from the Geological Survey of Iran and converted into a GIS layer. This shows that the
lands in the southern and southwestern parts of Tabriz have a special geological uniformity.
The southern lands are located on the Plio-Pleistocene Formation, which is a combination
of conglomerates with volcanic components with high strength (Figure 4c). While the
northern part of Tabriz has a complex composition due to the fault, and is composed of
Miocene sediments with a red conglomerate on Paleozoic rocks, as shown in Figure 4f, the
central part of Tabriz was destroyed by old earthquakes. It is located on young alluvium
and has a low strength (Figure 4f) [39,60,61,64–66].

Figure 4. Effective local factors in the regions of the ten municipalities of Tabriz city. (a) predominant soil map; (b) ground
water map; (c) geology map, (d) alluvial thickness map; (e) topography map; (f) sedimentology map.

In order to evaluate the slope of the region, we used the ALOS 12.5 m digital elevation
model (DEM). Based on the obtained data, it can be seen that the city of Tabriz has a lower
slope in the city center, and an average slope from west to east. The slope of the southern
parts is 5 to 10 degrees [67].

Tabriz is a mountainous city with a high altitude. The altitude of the city starts from
1300 meters and reaches 1750 meters. The central part of Tabriz is located in the low-altitude
range of 1350 meters. The southern parts have an average height of 1700 meters due to
being located at the foothills of Sahand [31,33] (Figure 4e).
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Geoid mapping is another important aspect of seismology. Studies have shown that
there is a significant spatial relationship between slopes and earthquakes. A geoid slope
map was prepared by the International Center for Global Earth Models (ICGEM). To put
it simply, a geoid is a specific equipotential surface of the Earth’s gravitational field that
generally corresponds to the surface of open waters, and not the Earth’s crust. The amount
of geoid in the northwest of Iran—i.e., the study area—is 15 to 25 m [68,69].

Other important parameters used in this study are the thickness of the alluvium
layer and the groundwater layer, which were obtained using the Tabriz district water
organization. In general, 149 shallow wells (average depth: 30 m) were drilled in Tabriz
based on the district’s water information (Figure 4b). It should be noted that—according
to the experts of the water organization—due to illegal drilling, the number of wells is
greater than this. In this study, we used the wave-cut methodology to investigate the
effect of earthquake waves on the soil conditions in 21 stations in different areas of Tabriz
(Figure 4). Simply put, when an earthquake occurs, its waves start moving, and when
they reach the Earth’s surface, the geological conditions of the soil and topographic slope
affect the velocity and shear wave of the propagated earthquake. The surface layers are
mainly formed in the central and northern regions of alluvial sediments, while in some
boreholes, there are weak rock layers such as clay and conglomerate. According to these
data, the regional soil can be divided into three general categories, which are listed in
Table 2 [65,70,71].

Table 2. Soil profile classification based on the Iranian Code of Practice for the Seismic Resistant
Design of Buildings: Standard No. 2800 [72].

Soil Type Description Vs (m/s)

I

(a) Igneous rock (with coarse and fine grade texture),
stiff sedimentary rocks and massive metamorphic

rocks and conglomerate. (b) Stiff soils (compact sand
and gravel, very stiff clay) with a thickness more

than 30 m above the bedrock.

>750

II

(a) Loose igneous rocks (i.e., tuff), loose sedimentary
rocks, foliated metamorphic rocks and in general

rocks that have become loose and decomposed due
to weathering (b) Stiff soils (compact sand and

gravel, very stiff clay) having a thickness more than
30 m above the bedrock.

375 ≤ Vs ≤ 750

III

(a) Rocks that are disintegrated due to weathering.
(b) Soils with medium compaction, layers of sand
and gravel with medium intra-granular bond and

clay with intermediate compaction.

175 ≤ Vs ≤375

The southern part of Tabriz has conglomerate igneous rocks and, as shown in Table 2,
they have a high thickness and can resist earthquakes. The central area of Tabriz, which is
similar to a pit, generally consists of soft sediments with a low thickness that is not resistant
to earthquakes.

The data collected from different organizations have discrepancies and shortcomings,
reducing their accuracy. These shortcomings, such as the distribution of earthquakes and
water wells, which are discrete spatial data and show the trend of changes in a particular
context within the environment, should be ameliorated. However, these are place-bound
and only give information about one place. They can be converted into networks through
interpolation to show the changes across the whole surface. In this research, the Kriging
method was used, which is the most well-known method used in soil science and geology.
Kriging is a geostatistical estimation method based on a weighted moving average that
estimates unknown values using the values of known points and a semi-variogram. The
semi-variogram is the spatial distance-based variance that represents spatial correlation.
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The estimated values for unknown points are a linear combination of the values of
adjacent samples (1); therefore:

µ̂k =
n

∑
i=1

λixi, (1)

where µ̂k is the Kriging estimate and λi is the weight vector assigned to the sample. In other
words, a Kriging or estimated value is obtained by assigning λi weights to known values
measured at adjacent points. In this method, after measuring the value of the variable for
multiple samples, along with its position, the value of the variable in the unsampled points
can also be estimated according to its position and distance from the known points. This
study was performed using the Kriging interpolation tool in ArcGIS software [73–75].

Based on the parameters required in the KHM model, in order to produce the site
resonance map the various parameters mentioned above were used, and the map was
produced using the AHP weighting method [29,30,76]. The results were weighted based
on expert opinions (Figure 5). According to Saaty’s methodology, in order to calculate the
parameter weights the values of the columns were added together and divided by the
sums of the columns. Thus, the numbers were normalized. Then, the averages of the rows
of the normalized table were the relative weight of the measures. The binary comparison
of the indicators shows that the geological characteristics and alluvium thickness will have
the highest impact and importance. The other parameters are on the next level. In the next
step, using the results of pairwise comparisons, a score of between 1 and 9 was assigned to
each of the parameter elements (Figure 5), and they were weighted.

Figure 5. Final analytical hierarchy process adoption for the influential parameters.

One of the advantages of hierarchical analysis is the consistency control in decision-
making; in other words, in the process of hierarchical analysis, the consistency of the
decisions can always be calculated and judged as good, bad, acceptable, or unacceptable.
The acceptable range of inconsistency in any system depends on the decision-maker, but in
general, Saaty suggests that if the decision inconsistency is higher than 0.1, the decision-
maker should reconsider their judgment. In order to produce a site amplification map,
the weights obtained from the hierarchical method were applied, these layers were added
together, and then the generated map was normalized; the seismic microzonation map
(Figure 6) is produced by overlaying and combining the five layers (Figure 5, obtained
from Equation (2)).

I = ∑ Gi MiTiWiSi (2)

where, I is the seismic amplitude map in area I, Gi is the geology and sedimentology in
area I, Wi is the ground water level in area i, Ti is the alluvial thickness in area i, Mi is the
Microtremor measurement in area I, and Si is the slope map in area i.
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Figure 6. Seismic amplitude map. The numbers are municipal areas of the city.

In the weighting of the elements of the site, geological elements with a weight of 0.28
were more important than the other elements (Figure 5). The alluvial thickness follows the
geological characteristics in terms of importance, but unfortunately the alluvial thickness
layer did not address all of the details due to some uncertainties. Other factors were placed
on the next level.

As shown in Figure 6, the northern regions have less strength than the southern ones,
as is shown in Equation (2). The areas next to the fault are not in a good position in terms
of the site characteristics, and they have the highest level of vulnerability. The highest
strength is related to the southern regions of Districts 2 and 3, while the lowest is related to
Districts 1 and 6, which have the highest level of vulnerability.

3.1. Seismic Analysis

As observed, the Tabriz fault is adjacent to the city of Tabriz. Due to the high seismic
activity of this fault, an earthquake would strongly affect the buildings and inhabitants of
the city. Table 1 also provides information about this fault. The random seismic analysis
method has already been used in Tabriz to investigate ground movements during an
earthquake using the logic tree method. The minimum and maximum Peak Ground
Acceleration (PGA) found were 0.13 g/0.17 g, 0.22 g/0.33 g, and 0.30 g/0.8 g for the return
periods of 75, 475, and 2475 years, respectively. The results also showed that the PGA
values were highest above the bed and lowest in the northwestern and southeastern parts
of Tabriz, respectively [64].

The seismic hazard is the hazard associated with potential earthquakes in a partic-
ular area. According to the updated hazard maps, the Tabriz fault could bring about a
large earthquake of between 6.7 and 7.6 Richter; this is shown in Table 1. Although the
Probabilistic Seismic Hazard Analysis (PSHA) is well known to be the best method for
seismic hazard studies [77], it is mostly theoretical, and may lead to overly conservative
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public policy [54,63]. This is in contrast with the deterministic method, which is easily
applicable in the GIS environment. Deterministic Seismic Hazard Analysis (DSHA) will
be more useful due to fault consideration, especially in cases where the tectonic features
are fully active and defined, as they are in the Tabriz region. In this approach, the method
considers the largest and most valid ground movement [34,54,78–80].

In order to prepare the fault parameters before defining the seismic scenario, the fault
angle was calculated through the azimuth angle and the Linear Directional Mean (Table 3).

Table 3. Fault model elements of the source earthquake.

NW(NTF) Descriptions SW(NTF) Descriptions

Starting point in UTM
coordinates (X,Y) (624,555.925,4,213,508.213) Starting point in UTM

coordinates (X,Y) (695,684.635,4,171,469.647)

Ending point in UTM
coordinates (X,Y) (584,957.047,423,450.388) Ending point in UTM

coordinates (X,Y) (656,284.161,4,195,468.117)

Reference point in UTM
coordinates (X,Y) (606,924.994,422,636.423) Reference point in UTM

coordinates (X,Y) (649,478.624,4,195,826.304)

Magnitude (Mw) 7.3 Magnitude (Mw) 7.4

Length (km) 45 Length (km) 46.5

Strike (deg) 270 Strike (deg) 270

Dip (deg) 90 Dip (deg) 90

Then, using the information obtained in Table 3, we simulated the same fault with
the same characteristics as the earthquakes of 1721 and 1780 using the Euclidean distance
tool. Additionally, this distance describes the relationship between a cell and a source, and
the distance will be used as a corresponding damping coefficient. The distance is 150 km
from the fault. In this study, we used the modified intensity. The seismic intensity was
obtained using specific formulae for the region. Each region has its specific coefficients.
In Iran, the decrease in intensity has been investigated in some studies; the results of the
most important of these were used in this study. The equations of Ambraseys, Melville,
and Chandra were used for the study area [81–83]:

I0 = 1.3Ms + 0.09, (3)

I = I0 + 0.453 − 0.00121R − 4.96Log(R + 20). (4)

In (3, 4), I0 is the intensity at a distance of R km from the surface fault, Ms is the
magnitude of the earthquake at the surface wave magnitude scale, and I is the earthquake
intensity at each arbitrary point.

Figures 7 and 8 show the raw intensity of the seismicity. Figure 7 shows an earthquake
with a magnitude of 7.3, which is due to the proximity of the fault to the site, causing a
high destructive power or a modified Mercalli power of 9, which is also very destructive.
However, the 1780 earthquake, despite its magnitude of 7.4, had a lower modified Mercalli
power due to the distance of the fault from Tabriz.
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Figure 7. Intensity map of a 7.3 (1721) magnitude earthquake (the Roman numerals represent the Modified Mercalli Intensity).

Figure 8. Intensity map of a 7.4 (1780) magnitude earthquake (the Roman numerals represent the Modified Mercalli Intensity).
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Therefore, for the deterministic seismic analysis in Tabriz, an intensity reduction
equation compatible with the site should be selected, and then the magnitude of the
earthquake should be calculated. Using damping equations, it can be shown how strongly
the earthquake is felt in each area. The vulnerability diagram is used to analyze the
vulnerability of buildings in Iran as a function of the Modified Mercalli intensity. Therefore,
instead of using damping equations based on PGA or PGV, the damping equations based
on the MMI, which are given in Equitation 1, were used. The results are plotted in
Figures 7 and 8 for the 1721 and 1780 earthquakes, respectively. This shows the high
magnitude of the earthquake that took place in 1721.

In order to produce the final map of the magnitude of the earthquake in the city of
Tabriz, it is also necessary to take into account the effect of the site. For this purpose, a site
intensity map was first prepared and then combined with the earthquake intensity map in
Figures 7 and 8 for the 1721 and 1780 earthquakes.

GSM = ∑ SI (5)

where GSM is the ground shaking map, S is the seismic amplitude map, and I is the
intensity map.

The ground shaking map of the earthquake, which is shown in Figure 7 for the 1721
earthquake and Figure 8 for the 1780 earthquake, was combined with the seismic amplitude
map in Figure 6, and the final map was obtained.

3.2. Vulnerability

Vulnerability is generally used to determine the ways in which buildings and com-
munication networks are damaged in an event. The examination of the vulnerability
of existing buildings is a way of predicting the damage from possible earthquakes [84].
Vulnerability analysis is the process of estimating the vulnerability of certain elements
that are potentially at risk due to catastrophic hazards. The most important factors that
increase the vulnerability of cities include being located on faults, having a high population,
not observing construction standards, having large amounts of informal housing, having
unprincipled high-rise buildings, using low-quality materials, having an absence of crisis
management programs, and having a lack of general training [85–87].

The following is an analysis of the vulnerability of buildings and the population to
the two earthquake scenarios of 1721 and 1780.

3.2.1. Vulnerability Analysis of the Buildings

The earthquake resistance of buildings varies from region to region and from country
to country. Even if the buildings are similar in appearance to each other, they may be
different in terms of their earthquake resistance characteristics. The relationship between
the earthquake and the damage ratio is not always the same. Therefore, collecting records
of catastrophic earthquakes and extracting the damage function based on local experience
is one of the best methods for estimating damage. When the relationship between earth-
quake motion and the damage ratio is determined, it becomes possible to estimate the
damage caused to a large number of buildings in a large city according to these criteria. In
order to evaluate the buildings in Tehran based on the information of buildings in such
earthquakes as Ghaenat, Lordegan, and Ardakan, and based on the evaluation of JICA
experts, vulnerability diagrams were devised for different types of buildings. The Modified
Mercalli Intensity Scale (MMI) was used to produce JICA vulnerability diagrams according
to the type of structure, the year of construction, and the number of floors of the buildings.
The building vulnerability diagram based on JICA studies is provided in the following [88].

Figure 9 was obtained using the vulnerability diagram made by Hassanzadeh et al. [28]
based on their observations of earthquakes in Iran. It was modified based on the Mercalli
magnitude scale. It shows the extent of the building destruction based on the Mercalli
magnitude scale and the type of structure involved. It also classifies the extent of the
building destruction into six general categories, as shown in Table 4 [28,88].
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Figure 9. Fragility curves of 6 building types in the study region as a function of the Modified
Mercalli Intensity scale (MMI) [88].

Table 4. Description of the building damage level estimated by Hassanzadeh et al. [35] and the
corresponding damage level estimated by EMS 1998 [89].

Destruction Level Damage Percent Description

No destruction (D6) 0–2 Damages are underestimate

Light destruction (D5) 3–10 Very tiny cracks

Moderate destruction (D4) 11–30 5–20 mm cracks are observed in
the building

High destruction (D3) 31–60
>20 mm cracks are observed and
some components of the building

such as walls are destroyed

Very high destruction (D2) 61–80 A part of the roof and one
building’s wall is destroyed

Totally destroyed (D1) 81–100 Entire of roof and more than one
building’s wall destroyed

According to Table 4, level D1 is the highest level of destruction, meaning that all of
the walls and roofs of the structure are destroyed. Level D2 is the next level, meaning a
very high rate of destruction, with a large area of the structure being destroyed (at least
60% of the structure is destroyed; all or part of the roof may be destroyed). Then, level
D3 means a high level of destruction, causing >20 mm cracks in the walls and ceilings.
The cracks widen due to aftershocks. The destruction rate of the structure is at least 30%.
Level D4 is the average level of destruction, damaging at least 11% of the structure and
leaving 5–20 mm cracks. Level D5 brings about very few cracks, and its destruction rate is
3–10%. At level D6, there is no damage to the building. This condition generally occurs for
structures made of reinforced concrete and located at a great distance from the epicenter.

For this study, we collected information from municipality buildings and field obser-
vations. This information is in the form of readable maps in the Arc GIS software. The
information that was prepared in the field was in the form of the IDs of buildings and data
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columns in Excel. Then, using the tools available in Arc GIS, we joined new data with the
existing data through a common field. Descriptive tables can be used to identify the type
of structures (using editor tools and update and intersect commands). The current data
included descriptive and spatial information that was updated through the tools used for
Arc GIS. In general, the conditions of the structures in Tabriz are provided separately in
different municipality areas in the form of tables and maps.

In the city of Tabriz, there is no known and fixed model for the construction of
buildings in urban areas or towns. As a result, in each district of the city, we are facing
different shapes and types of structures, which have been constructed throughout time.
This makes it impossible to relate each area to one type of structure. Accordingly, this study
has based its study criteria on the five main classifications of the structure types that are
reflected in Figure 17 by collecting information about the type of structure of the buildings
in each district. Sample images of each of these classifications are given in Figures 10–14.
These images will give you an idea about each category.

Figure 10. RC moment-resisting or shear-wall frame building.

Figure 11. Steel-1 structures up to 3 floors.

Figure 12. Steel-2 structures with more than 3 floors.
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Figure 13. Surrounding masonry wall with an interior steel column.

Figure 14. All interior and exterior walls are made of cement blocks.

Table 5 shows the conditions of the structures in the city of Tabriz and its different
districts. In Table 5, RC means reinforced concrete for all buildings with any number of
floors. shows several examples in the city of Tabriz. District 3 of Tabriz is ranked first
among all of the districts of Tabriz. The neighborhoods of Shahrivar, Kooche Mehran, Saeb,
and Pasteur consist of new buildings with strong structures due to developments and
renovations. The second type of structure is Steel-1 structures, which are made of steel.
They are up to three floors high. These structures are the most frequent ones encountered.
In terms of frequency, this type of structure is the most common in District 4. As mentioned
previously, this area is densely populated, and all kinds of urban textures can be observed
in it. Older structures have been renovated in the last twenty years. Most of the structures
are made of steel, which is both less expensive and more resistant than older structures.
The third type of structure again includes steel buildings, but with the difference that
these types of structures generally have more than three floors. shows several examples of
this type of building, mostly in areas that began to develop apartments twenty years ago.
This type of structure is more frequently seen in District 1. The fourth type of structure is
those that have been built with masonry walls, and that generally do not observe safety
principles. These structures are mostly found in suburban areas, and are used by those
who only seek shelter. They can be found in other areas as well, but only in very small
numbers. These structures are generally old. These structures were far more common
before 2011 [31], with their number decreasing due to population growth, the development
of the city, and growing awareness of the importance of building safety. New buildings
have since replaced them. Figure 13 shows two examples of these structures. These are
structures that are made entirely of cement blocks. This type of structure is very rare in the
city of Tabriz. More examples are shown in Figure 14.
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Table 5. Building classes and the numbers of buildings.

Type of Building Structure

RC Steel-1 Steel-2 BS/SS Cement Block Total

District 1 9049 26,180 3033 3967 1 42,230

District 2 10,154 9599 10,634 13 0 30,400

District 3 16,351 43,107 3220 145 1 62,824

District 4 9801 67,627 1909 467 0 79,804

District 5 8488 6048 1128 12 3 15,679

District 6 2000 11,373 813 704 86 14,974

District 7 4649 21,329 1359 1 0 27,338

District 8 3363 17,381 1216 135 2 22,097

District 10 2944 39,392 2348 1557 16 46,257

Total 66,799 242,036 25,660 7001 106

According to the statistical information shown in Table 5 and Figure 15, District 4
has the largest number of buildings (79,804), as well as the largest population among the
10 districts of Tabriz. A total of 12% of these buildings are made of reinforced concrete, 84%
are of type-1 steel, and 2% are of type-2 steel. Less than 1% of the buildings are made of
other materials which do not observe engineering principles, using masonry walls. Due
to its great age, District 8 (the core of the city, including important historical monuments
which survived the historic earthquake of Tabriz, such as the Blue Mosque) is of great
importance both inside and outside the country. In this district, 15% of the structures are
made of reinforced concrete, mostly in the south of the district. A total of 78% are type-1
steel structures that have been renovated in the last 10 to 20 years. Next, 5% are type-2 steel
structures. Additionally, <1% are other types of structures.

Figure 15. Diagram of the status of structures according to the districts of the Tabriz municipality.

In general, the city of Tabriz has the highest number of type-1 and -2 steel struc-
tures, which has greatly improved the seismic conditions of the city compared to the last
10 years [33].

Figure 16 shows the distribution of different types of buildings in various districts of
Tabriz. These are located in all of the regions, with the exception of District 9. As can be seen,
District 5 (Figure 16e) is in better condition than the other districts; most of the buildings in
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this district are made of concrete. This is because this is one of the affluent neighborhoods
of Tabriz, and the buildings here are completely suitable and newly constructed. District 1
(Figure 16a) of Tabriz has 42,230 structures. The majority of the structures in the eastern
part are concrete, while in the western part most of the structures are type-1 steel. District
2 (Figure 16b) of Tabriz, with 30,400 structures, has a better structural condition, and is
improving this situation currently. District 3 (Figure 16c) of Tabriz has the highest number
of structures, with 16,351 concrete structures. District 4 (Figure 16d) of Tabriz is in first place
in terms of the number of structures, with 79,804. Of these, 67,627 are type-1 steel structures.
Additionally, District 6 (Figure 16e) of Tabriz is in a similar situation to District 4 of Tabriz,
with most of the structures in this area being type-1 steel. District 7 (Figure 16g) of Tabriz,
because it has mostly been used for residential complexes, has type-1 steel structures. It is
over 45 years old. District 8 (Figure 16h) of Tabriz is a historical area with 22,097 structures,
most of which are type-1 steel. District 10 (Figure 16i) of Tabriz, with 46,257 structures, is
one of the smallest areas, and is the most marginalized.

Figure 16. Status of the structural dispersion in the Tabriz municipality areas. (a) district 1; (b) district 2; (c) district 3;
(d) district 4; (e) district 5; (f) district 6; (g) district 7; (h) district 8; (i) district 10.

Figure 17 shows the altitude of Tabriz, especially in the suburbs. As shown, the
buildings in these areas do not have enough strength, and create an unsuitable urban
fabric. Three areas in the northwest of Districts 1 and 10, and the north of District 4 were
organically and quickly filled by immigrants; the structures here are largely unacceptable.
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Figure 17. General condition of the unsuitable urban fabric in Tabriz.

3.2.2. Population Vulnerability Estimation

The consequences of accidents include mortality, injury, and damage to property,
products, services and infrastructure. These cause impacts on lifestyles and social and
psychological dimensions.

Three-quarters of the world’s population has experienced at least one of the four
leading causes of death in recent decades. The number of people injured in the last two
decades has risen to more than 1.5 million. A total of 1 in every 3000 people who are at risk
are killed [90,91].

The most effective way to manage these crises is risk management. Risk management
is a process that identifies the level of influence of a hazard in a community; this information
is used to decide on measures to reduce the effects of hazards and deal with them. This
process is conducted according to the benefits and costs of risk reduction.

The scenario presented in this report provides a basis for the estimation of the casual-
ties caused by these earthquakes. The number of casualties could be effectively used in
planning the preparation and adjustment of response operations in crises [91].

In this study, the results of the fragility function presented by the JICA were used. In
that report, the solution presented by Coburn et al. was used [92].

The casualties of an earthquake occur due to various mechanisms, such as the collapse
of buildings, car accidents, heart attacks, and others. Coburn et al. showed that, in most
earthquakes, casualties are mainly caused by the collapse of buildings. This factor causes
more than 75% of casualties. If we exclude secondary accidents following an earthquake,
this figure could reach approximately 90%. The remaining 25% of the casualties are caused
by non-structural factors or subsequent hazards [92].

The rate of casualties in earthquakes that cause low or moderate damage to <5000 build-
ings is very variable. In these earthquakes, the number of people injured and killed due
to non-structural and medical causes makes up a significant share of the total number of
casualties. This is due to a combination of different factors, and is largely unpredictable.
In more devastating earthquakes, which this study focuses on, the collapse of buildings
or landslides account for the majority of deaths [93]. According to JICA studies [88]
(Figure 18), the coefficients are such that their relationship with the number of casualties
holds for the past earthquakes in Iran. These studies also assume that the earthquake
occurs at night, and that all residents are at home. Considering the diagrams below, it
is interesting that the resulting losses are low (about ten percent) up to a magnitude of
eight, and this value reaches 50% and 80% at magnitudes of 9 and 10. Another point is the
difference between the loss numbers during the day and night. Casualties are much higher
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at night, when all of the occupants are indoors, than during the day, when the occupants
are more likely to be outdoors or in the more resistant structures of work buildings, etc.

Figure 18. Observations of the casualty ratios in past earthquakes in Iran based on JICA studies [87].

3.3. The Proportion of Casualties in Past Earthquakes in Iran

Considering the above items, as shown in Figure 19, relief aid reduces the amplitude
of the diagrams, and thus the proportion of casualties is reduced accordingly. Once the
building classes and the number of individuals affected are identified, the probability of
casualties (the number of deaths, hospitalized injured, and non-hospitalized population)
can be considered, based on questionnaire surveys and reports of previous earthquakes.
This is summarized in Table 6. The human vulnerability function (Equation (5)) can then
be found for the categories of the buildings and the number of people exposed to an
injury level.

H = ∑ BPi ∗ PKi, (6)

where H is the population vulnerability, BPi is the number of people in the buildings in
each specific damaged zone, and PKi is the injury probability state (died, hospitalized
injured, non-hospitalized, and not injured).

According to the statistics of 2015, the city of Tabriz is the most populous region in
northwestern Iran [31] and, according to the statistics published in the statistical yearbook
of 2019, the population of Tabriz will see a growth rate of 1.1 percent, based on the statistical
estimates of the Plan and Budget Organization [94]. A statistical rate of population growth
of 1.1% estimates that the population will be 1,842,904, of which the majority will live
in District 4, with a population of 444,443, as shown in Figure 19. District 10 also has a
high density, with a population of 321,519, who are generally marginalized. The western
area of District 1 also has a high density. District 9 is empty of inhabitants because it was
constructed only recently. It can be concluded that areas with time-worn and marginal
textures have higher population densities. In the south of Tabriz, in District 2, a certain small
area also has a high density. This area is a village that has turned into an urban texture. It has
a high population density, and demonstrates the direct relationship between marginalized
areas and population density: wherever there is marginalization, a high population density
can also be observed. The reported population is related to the neighborhoods of urban
areas. In this study, using the building block data obtained, we matched the population of
each neighborhood to the building blocks based on the average numbers of households,
families, and floors, in order to obtain an estimation of the vulnerability of the population.
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Figure 19. Population density of Tabriz city in 2019.

Table 6. Classification of the expected population damage based on questionnaire surveys and
reports of previous earthquakes in Iran [94]. Karmania Hazard Model User Manual. Kerman, Iran:
Kerman Disaster Management.

Type of Destruction Status of People Damage %

No destruction

Dead 0
Hospitalized 0

Non-hospitalized 1
Not injured 99

Light destruction

Dead 2
Hospitalized 5

Non-hospitalized 9
Not injured 84

Moderate destruction

Dead 4
Hospitalized 9

Non-hospitalized 15
Not injured 72

High destruction

Dead 13
Hospitalized 17

Non-hospitalized 23
Not injured 47

Very high destruction

Dead 16
Hospitalized 22

Non-hospitalized 28
Not injured 34

Totally destroyed

Dead 41
Hospitalized 16

Non-hospitalized 21
Not injured 22
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4. Results and Discussion

The model applied to the scenario of the two historical earthquakes in the city of Tabriz
shows the affected area, while the level of destruction of the buildings shows the levels of
day and night casualties for the entire city of Tabriz. These results allow decision-makers to
plan what actions must be taken. Figure 20, which illustrates the 1721 earthquake, shows
that the northern part of Tabriz mostly has a high vulnerability to a modified Mercalli
magnitude of 9 in the north and a magnitude of 5 in the south. As stated above, District 10
is not in a good condition, and is one of the most marginalized areas of Tabriz. District 1 is
located in an area with a maximum intensity of 9, and it has a high level of vulnerability.
According to the above, the eastern part of the district is in a better condition in terms of its
structures and population, but the western part is in an unfavorable situation. District 9
of Tabriz is uninhabited, and has only a small number of buildings, so it was ignored in
this study. Districts 2 and 3 are in good condition, and, as we go up, the vulnerability rate
increases. The reasons for this are the conditions of both the sites and structures in these
areas, which are generally old structures with low strength.

Figure 20. Ground shaking map illustrating the regional extent of the intensity that can be expected
from a magnitude 7.3 (1721) earthquake on the North Tabriz Fault.

According to Figure 21, an intensity of 5 to 8 was obtained in the 1780 earthquake.
The Modified Mercalli Intensity of 8 is generally observed in Districts 1 and 5. Other
districts are in better condition. Districts 2 and 3 are better than the others in terms of their
vulnerability. In general, the intensity decreases from the center and northeast to the south
and northwest. The lowest intensity can be found in District 5.
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Figure 21. Ground shaking map illustrating the regional extent of the intensity that can be expected
from a magnitude 7.4 (1780) earthquake on the North Tabriz Fault.

4.1. Estimation of the Structural Vulnerability to the Tabriz Earthquake in 1721 with a Magnitude
of 7.3 Richter

Figure 22 indicates the damage caused to buildings based on the earthquake scenario
in the west of Tabriz. As shown in Figure 22, the southern part of Tabriz has a low destruction
rate, the main reason for this being the presence of the foothills of Sahand Mountain and
the existing natural conditions—i.e., strong bedrock—as well as other factors influencing
its vulnerability. The southeast of Tabriz is generally a very suitable area, both ecologically
and tectonically, and the buildings located in this area are generally engineered strong
buildings. This area of the city is generally highly developed, but the neighboring areas
are still being developed due to the conditions mentioned. These are some of the most
dynamic urban areas in Tabriz. The south of Tabriz includes District 2, which is the most
developed and dynamic area of Tabriz. This area is located in the south of Tabriz, and
has structures of acceptable quality. This district is the most developed area of Tabriz
after District 1, and it is the second district in terms of its many floors. Only a small part
of this district has unsuitable urban textures, which is the region that was transformed
from a rural area to an urban area only recently, and which is currently under construction
to improve its conditions [33]. District 3 is a very wide area that includes three types of
textures: old textures, new and engineered textures, and marginal textures. It includes the
areas of Maralan and Imamiyeh. Under these conditions, the texture becomes older as you
move from the south of the district to the north. However, extensive renovation has been
carried out in this area. As we travel towards the south, although the tectonic conditions
become better, the buildings can be seen to be increasingly unacceptable in terms of urban
planning. This has caused a great deal of damage to these buildings, and in general, the
center of District 3 in Tabriz is in a more favorable condition due to the renovations that
have been performed.
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Figure 22. Extent of the destruction of structures for the 1721 earthquake with a magnitude of 7.3.

District 10 is a suburban area where unprincipled construction is generally dominant,
with masonry walls and poor access ways. There are very unfavorable conditions in this
district. Generally, this district was developed by suburban inhabitants, and it is considered
to be the most marginalized region of Tabriz. The structures are in unfavorable conditions,
the access ways are unpromising, and the education quality here is low. The inhabitants
of this region generally migrated from the villages of East Azerbaijan and settled in these
areas, causing its very high density.

District 1 (Figure 23a), with the highest number of unsuitable structures, was damaged
at a rate of 81–100%. According to our field visits, it was observed that all of the structures in
this area were of very low quality, and were expected to have unsuitable conditions during
earthquakes. It should be noted that the western part of District 1 is in a poor condition.
However, the eastern part of this district is in a better condition. As expected, the most
favorable building conditions could be seen in District 2 (Figure 23b), which has suitable,
high-strength structures for dealing with an earthquake scenario. District 7 (Figure 23g)
is important, as it is in a good condition due to both its natural conditions and durable,
suitable buildings. The residential complexes of this area are typically durable and newly
constructed, and show a good performance. This area generally has suitable structures. It
was originally a rural area that evolved into an urban one. It was able to quickly adapt to
urbanization, and now features numerous residential complexes. Some marginalized areas
still exist there, but the buildings have been somewhat rehabilitated [33]. District 8 of Tabriz
has an old texture and encompasses the Tabriz bazaar, which hosts a large population who
come to buy from the bazaar. The existence of a market or bazaar doubled the importance
of this area in terms of vulnerability. There are many important buildings in this area that
are recognized globally (as a world hertitage), including the Grand Bazaar of Tabriz; the
Blue Mosque, most of which was destroyed by a serious historical earthquake in Tabriz;
and the Arg Alishah, which is a remnant of the historical period of Iran. Additionally, there
are many museums in this district. Despite its small population, this area is very important
due to the existence of historical sites, necessitating appropriate measures to be taken to
protect them from destruction. These valuable buildings form a large part of the identity
of the city [33]. This area of Tabriz is being renovated very slowly, and the relief process
would be very difficult if an earthquake were to occur. In District 8 (Figure 23h) of Tabriz, a
large number of structures were destroyed, with the main reason for this being the natural
conditions and, most importantly, high numbers of old structures in this area.
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Figure 23. Extent of the destruction of structures for the earthquake of 1721 with a magnitude of 7.3 Richter, by municipal
area. (a) district 1; (b) district 2; (c) district 3; (d) district 4; (e) district 5; (f) district 6; (g) district 7; (h) district 8; (i) district 10.

Figures 24 and 25, and Table 7, indicate the structural destruction status in different
districts of Tabriz. For example, District 4 (Figure 23d) has unfavorable conditions. We
found a 60–80% destruction rate for 60,205 buildings. These values are very high compared
to those for the other areas. In this district, these are typical buildings that are old, with
weak structures, meaning that they could not resist the earthquakes.

Figure 24. Graph showing the level of destruction of some of the buildings for the earthquake that
took place in 1721.
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Figure 25. Status of District 1 of Tabriz.

Table 7. Number of buildings damaged in terms of the level of destruction for the 1721 earthquake.

Vulnerability Level

D1 D2 D3 D4 D5 D6 Total

District 1 18,320 22,807 538 15 547 6 42,230

District 2 12 16,285 349 8 11,474 2272 30,400

District 3 578 22,817 6678 29,147 3302 302 62,824

District 4 15,477 60,135 30 35 4125 2 79,804

District 5 1803 5150 851 158 7162 555 15,679

District 6 8844 5919 8 3 200 0 14,974

District 7 5835 4347 0 12 17,144 0 27,338

District 8 1585 15,211 26 5097 38 140 22,097

District 10 21,364 24,457 17 0 419 0 46,257

Total 72,198 177,128 8497 34,443 44,411 3277 -

As can be seen in Figure 25 (area B), District 1 has two different textures. In the east,
a completely standard texture is observed, with new buildings and large houses. The
inhabitants of this area are generally rich. However, the more distance we travel from the
east to the west, the more suburban textures we can observe. This area has a completely
non-standard urban fabric. The access here is highly unsuitable, and the structures are
completely non-standard and made of low-quality materials. Despite being close to rich
neighborhoods, poor inhabitants reside in this area who are not economically capable of
improving the conditions of their structures. As can be seen in Figure 25 (area A), the
buildings west of District 1 are generally suitable and strong buildings; in contrast, in
the marginal area, the buildings are generally unsuitable. Thus, this area contains two
completely separate and unequal regions. Faced with the 1721 earthquake, the eastern
part has a high resistance, access to aid, and better access ways, while the western part has
inadequate access to aid and is more likely to face serious problems.
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4.2. Estimation of the Structural Vulnerability to the Tabriz Earthquake in 1780 with a Magnitude
of 7.4 Richter

As can be seen in Figures 26 and 27, and Table 8, in the southeast of Tabriz the
earthquake induces the lowest amount of damage compared to the 1721 earthquake.
Accordingly, the highest amount of damage is likely to occur in the east of Tabriz, which
would be closer to the center of the earthquake. Districts 1, 2, and 5 would be exposed to
the highest magnitude of the earthquake, but due to the high quality of the structures in
these areas and the suitable natural conditions, they would have a low rate of destruction.
The highest level of destruction is 31–60% for Districts 10, 3, and 4, which would experience
a higher level of destruction than the others. In general, District 6 has a lower destruction
rate than the other regions due to its distance from the epicenter. According to field visits, it
was observed that the main factor causing District 6 to be safe from damage is its distance
from the epicenter. Therefore, a less severe earthquake would hit this area, meaning that
it would be in better condition. Although District 10 is also far from the epicenter, it
would suffer a D3 destruction level due to the existence of time-worn buildings in the
suburban area.

Figure 26. Extent of the destruction of the buildings according to their municipal area for the
earthquake of 1780.

Figure 27. Graph showing the level of destruction of different buildings for the earthquake of 1780.
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Table 8. Number of buildings damaged in terms of the level of destruction for the 1780 earthquake.

Vulnerability Level

D1 D2 D3 D4 D5 D6

District 1 0.0 10,760.0 17,831.0 13,347.0 182.0 110.0 42,230

District 2 18 1169 12,749 10,963 5501 0 30,400

District 3 0 3001 39,726 18,039 14 2044 62,824

District 4 91 737 36,790 37,494 4553 139 79,804

District 5 45 5490 10,144 0 0 0 15,679

District 6 0 492 8003 502 5923 54 14,974

District 7 0 0 9476 15,810 302 1750 27,338

District 8 14 1634 17,228 3021 200 0 22,097

District 10 0 51 42,796 3410 0 0 46,257

Total 278 12,756 190,259 106,784 27,265 3987

4.3. Estimation of the Human Casualties of the 1721 Earthquake in Tabriz, with a Magnitude of 7.3

Tables 9–18 shows the number of casualties in the city of Tabriz after the 1721 earth-
quake. As can be seen, the death rate would be 22,280 at night. According to Tables 10,
13, 15 and 18, a large number of these casualties would come from Districts 1, 4, 6, and
10, which accommodate most of the population and have largely unsuitable structures.
A total of 802,087 people would remain healthy and not be injured; most of these people
would be residents of Districts 2 and 3, which, as can be seen from Tables 9 and 17, have
suitable structures. Districts 4, 3, and 10, due to their high population, would have high
rates of casualties. District 4 would have the highest mortality rate. The inappropriate
structures, old textures, and poor access ways in this area make it a primary target for
improvements to crisis management. District 3 is generally a suitable area, and is close
to areas with an old texture, meaning that it will have a higher mortality rate according
to Figure 27. This necessitates the creation of a comprehensive plan to renovate this area.
The south of Tabriz, due to its large areas of open space, could be a good area in which
to establish relief bases. The existence of several large parks, as well as large amounts of
unused land in the south of District 3, makes this area a much more suitable place than
District 4 for carrying out relief operations. District 10 would experience serious effects in
an emergency due to the compact texture of its completely un-engineered structures and
large population. Therefore, this area is in a completely unfavorable condition, and will
face serious problems in providing aid. Due to the small width of the passageways in this
area, it will require aid from the air. Despite its low mortality rate, District 8 needs proper
planning for aid due to its old fabric, poor access ways, and small number of street ways.

Table 9. Mortality rate in Tabriz city for the 1721 earthquake.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 152,092 150,175 7154 7742 5116 0 322,280

Dead(D) 38,023 37,544 1789 1936 1279 0 80,570

Hospitalized(N) 59,353 206,491 9356 17,420 12,791 0 305,411

Hospitalized(D) 27,893 97,040 4397 8187 6011 0 143,527

Non-hospitalized(N) 77,901 262,807 12,658 29,034 23,024 215 405,637

Non-hospitalized(D) 52,212 123,519 5949 13,646 10,821 101 206,248

Not injured(N) 81,610 319,122 25,866 139,364 214,886 21238 802,087

Not injured(D) 252,827 680,493 42,900 169,792 237,706 21352 1,405,070
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Table 10. Number of casualties in the 1721 earthquake in District 1 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 34,453 16,738 321 3 50 0 51,565

Dead(D) 8613 4185 80 1 13 0 12,891

Hospitalized(N) 13,445 23,015 420 6 125 0 37,011

Hospitalized(D) 6319 10,816 197 3 59 0 17,393

Non-hospitalized(N) 17,647 29,292 568 10 226 0 47,743

Non-hospitalized(D) 11,828 13,767 267 5 106 0 25,973

Not injured(N) 18,487 35,569 1160 50 2108 27 57,400

Not injured(D) 57,273 75,846 1924 60 2331 27 137,462

Table 11. Number of casualties in the 1721 earthquake in District 2 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 33 17,246 300 2 1519 0 19,099

Dead(D) 8 4311 75 1 380 0 4775

Hospitalized(N) 13 23,713 393 5 3797 0 27,920

Hospitalized(D) 6 11,144 185 2 1784 0 13,121

Non-hospitalized(N) 17 30,180 531 8 6835 150 37,721

Non-hospitalized(D) 11 14,185 250 4 3212 71 17,732

Not injured(N) 17 36,647 1086 38 63,792 14,887 116,467

Not injured(D) 54 78,146 1801 46 70,566 14,967 165,580

Table 12. Number of casualties in the 1721 earthquake in District 3 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 1537 23,671 5629 7559 428 0 38,824

Dead(D) 384 5918 1407 1890 107 0 9706

Hospitalized(N) 600 32,547 7361 17,009 1070 0 58,587

Hospitalized(D) 282 15,295 3459 7993 503 0 27,533

Non-hospitalized(N) 787 41,424 9959 28,348 1927 20 82,464

Non-hospitalized(D) 527 19,469 4681 13,323 906 9 38,916

Not injured(N) 824 50,300 20,351 136,069 17,984 1939 227,467

Not injured(D) 2554 107,260 33,752 165,779 19,894 1949 331,188

Table 13. Number of casualties in the 1721 earthquake in District 4 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 35,340 53,584 22 8 459 0 89,413

Dead(D) 8835 13,396 5 2 115 0 22,353

Hospitalized(N) 13,791 73,679 28 18 1149 0 88,664

Hospitalized(D) 6481 34,625 13 8 540 0 41,668

Non-hospitalized(N) 18,101 93,773 38 29 2068 0 114,009

Non-hospitalized(D) 12,132 44,073 18 14 972 0 57,209

Not injured(N) 18,963 113,867 79 140 19,297 11 152,357

Not injured(D) 58,746 242,808 130 171 21,346 11 323,214
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Table 14. Number of casualties in the 1721 earthquake in District 5 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 5776 6438 864 49 1119 0 14,248

Dead(D) 1444 1610 216 12 280 0 3562

Hospitalized(N) 2254 8853 1130 111 2798 0 15,147

Hospitalized(D) 1059 4160 531 52 1315 0 7118

Non-hospitalized(N) 2959 11,267 1529 185 5037 43 21,020

Non-hospitalized(D) 1983 5296 719 87 2367 20 10,472

Not injured(N) 3099 13,682 3125 889 47,008 4293 72,096

Not injured(D) 9602 29,175 5183 1083 52,000 4316 101,359

Table 15. Number of casualties in the 1721 earthquake in District 6 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 3380 883 1 0 4 0 4267

Dead(D) 845 221 0 0 1 0 1067

Hospitalized(N) 1319 1214 1 0 9 0 2543

Hospitalized(D) 620 570 1 0 4 0 1195

Non-hospitalized(N) 1731 1545 2 0 17 0 3295

Non-hospitalized(D) 1160 726 1 0 8 0 1895

Not injured(N) 1813 1876 4 2 157 0 3851

Not injured(D) 5618 4000 6 2 173 0 9799

Table 16. Number of casualties in the 1721 earthquake in District 7 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 10,312 2998 0 2 1478 0 14,791

Dead(D) 2578 750 0 1 370 0 3698

Hospitalized(N) 4024 4122 0 5 3695 0 11,846

Hospitalized(D) 1891 1937 0 2 1736 0 5567

Non-hospitalized(N) 5282 5247 0 8 6651 0 17,187

Non-hospitalized(D) 3540 2466 0 4 3126 0 9136

Not injured(N) 5533 6371 0 37 62,076 0 74,018

Not injured(D) 17,143 13,585 0 45 68,668 0 99,441

Table 17. Number of casualties in the 1721 earthquake in District 8 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 379 1418 2 119 0 0 1918

Dead(D) 95 355 0 30 0 0 479

Hospitalized(N) 148 1950 3 267 1 0 2369

Hospitalized(D) 69 916 1 126 1 0 1113

Non-hospitalized(N) 194 2482 3 445 2 1 3127

Non-hospitalized(D) 130 1166 2 209 1 0 1509

Not injured(N) 203 3013 7 2138 19 81 5461

Not injured(D) 629 6426 12 2605 21 81 9774
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Table 18. Number of casualties in the 1721 earthquake in District 10 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 60,883 27,199 15 0 58 0 88,156

Dead(D) 15,221 6800 4 0 15 0 22,039

Hospitalized(N) 23,759 37,399 20 0 146 0 61,323

Hospitalized(D) 11,166 17,575 9 0 68 0 28,819

Non-hospitalized(N) 31,184 47,598 27 0 262 0 79,071

Non-hospitalized(D) 20,901 22,371 13 0 123 0 43,408

Not injured(N) 32,669 57,798 56 0 2446 0 92,969

Not injured(D) 101,208 123,247 92 0 2706 0 227,253

The important point about District 8 is that it is generally a commercial area and,
at night, is generally empty of inhabitants. However, in the morning a large number of
people from different parts of Tabriz, and even other cities, come to this area to shop or
for other reasons. Tabriz Bazaar is located in this area, and it hosts a large number of
people every day. Therefore, in the event of an earthquake in the morning, the area will
face extensive life and financial losses. Sending aid to this area through mechanized means
will be virtually impossible. Because Tabriz Bazaar is a covered area, in addition to the
historical significance of the region, the need for saving people doubles the importance of
this area, meaning that a proper plan is required for crisis management.

4.4. Estimation of the Human Casualties of the 1780 Earthquake in Tabriz, with a Magnitude of 7.4

Table 19 shows the proportion of casualties in Tabriz. There would be fewer casualties
caused by the 1780 earthquake than the number caused by the earthquake that occurred in
1721. As previously mentioned, the distance of the fault from the site and the conditions
of the areas close to the epicenter indicate the good conditions of the city. Less than ten
percent of Tabriz’s population would be affected by this earthquake. However, according
to Tables 19–28, District 1, which would experience 364 deaths in an earthquake taking
place at night, would have the highest death rate among all of the districts, followed by
District 4, with 283 deaths.

Table 19. Mortality rate in Tabriz city for the 1780 earthquake.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 452 13,391 138,619 22,598 2104 0 177,166

Dead(D) 113 3347 34,654 5649 526 0 44,291

Hospitalized(N) 176 18,413 181,271 50,847 5260 0 255,969

Hospitalized(D) 83 8653 85,187 23,895 2472 0 120,292

Non-hospitalized(N) 232 23,435 245,248 84,746 9468 216 363,347

Non-hospitalized(D) 155 11,014 115,267 39,830 4450 101 170,819

Not injured(N) 243 28,457 501,160 406,781 88,371 21,404 1,046,420

Not injured(D) 753 60,683 831,190 495,598 97,756 2151 1,507,500
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Table 20. Number of casualties in the 1780 earthquake in District 1 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 207 134 7959 3272 987 0 559,12

Dead(D) 52 33 1990 818 247 0 3140

Hospitalized(N) 81 184 40,810 7362 2468 0 50,220

Hospitalized(D) 38 86 4891 3460 1160 0 9635

Non-hospitalized(N) 106 234 8214 26,912 4442 0 13,331

Non-hospitalized(D) 71 110 6619 5767 2088 0 14,654

Not injured(N) 111 284 77,628 89,258 461,41 0 525,129

Not injured(D) 344 605 72,647 75,171 86,445 0 290,166

Table 21. Number of casualties in the 1780 earthquake in District 2 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 49 1238 10,970 2902 728 0 15,887

Dead(D) 12 309 2742 726 182 0 3972

Hospitalized(N) 19 1702 14,345 6530 1820 0 24,417

Hospitalized(D) 9 800 6741 3069 856 0 11,475

Non-hospitalized(N) 25 2166 19,408 10,884 3277 0 35,760

Non-hospitalized(D) 17 1018 9122 5116 1540 0 16,812

Not injured(N) 26 2631 39,659 52,244 30,584 0 125,144

Not injured(D) 81 5610 65,776 63,651 33,832 0 168,949

Table 22. Number of casualties in the 1780 earthquake in District 3 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 207 134 7959 3272 987 0 55,912
Dead(D) 52 33 1990 818 247 0 3140

Hospitalized(N) 81 184 40,810 7362 2468 0 50,220
Hospitalized(D) 38 86 4891 3460 1160 0 9635

Non-hospitalized(N) 106 234 8214 26,912 4442 0 13,331
Non-hospitalized(D) 71 110 6619 5767 2088 0 65,414

Not injured(N) 111 284 77,628 89,258 46,141 0 525,129
Not injured(D) 344 605 72,647 75,171 86,445 0 290,166

Table 23. Number of casualties in the 1780 earthquake in District 4 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 208 657 26,636 8352 507 0 36,360

Dead(D) 52 164 6659 2088 127 0 9090

Hospitalized(N) 81 903 34,831 18,793 1268 0 55,876

Hospitalized(D) 38 424 16,369 8832 596 0 26,259

Non-hospitalized(N) 106 1149 47,125 31,322 2282 8 81,992

Non-hospitalized(D) 71 540 22,149 14,721 1073 4 38,558

Not injured(N) 111 1396 96,298 150,344 21,299 766 270,215

Not injured(D) 345 2976 159,714 183,170 23,561 770 370,537
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Table 24. Number of casualties in the 1780 earthquake in District 5 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 144 6864 10,304 0 0 0 17,312

Dead(D) 36 1716 2576 0 0 0 4328

Hospitalized(N) 56 9437 13,475 0 0 0 22,968

Hospitalized(D) 26 4435 6332 0 0 0 10,794

Non-hospitalized(N) 74 12,011 18,230 0 0 0 30,315

Non-hospitalized(D) 49 5645 8568 0 0 0 14,263

Not injured(N) 77 14,585 37,253 0 0 0 51,916

Not injured(D) 240 31,101 61,786 0 0 0 93,126

Table 25. Number of casualties in the 1780 earthquake in District 6 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 0 73 970 19 110 0 1172

Dead(D) 0 18 242 5 28 0 293

Hospitalized(N) 0 101 1268 42 276 0 1687

Hospitalized(D) 0 47 596 20 130 0 793

Non-hospitalized(N) 0 128 1716 70 497 1 2411

Non-hospitalized(D) 0 60 806 33 234 0 1133

Not injured(N) 0 156 3506 337 4637 50 8685

Not injured(D) 0 332 5814 410 5130 50 11,737

Table 26. Number of casualties in the 1780 earthquake in District 7 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 0 0 5310 2726 26 0 8062

Dead(D) 0 0 1328 681 7 0 2016

Hospitalized(N) 0 0 6944 6133 65 0 13,143

Hospitalized(D) 0 0 3263 2882 31 0 6176

Non-hospitalized(N) 0 0 9395 10,222 117 75 19,810

Non-hospitalized(D) 0 0 4416 4805 55 35 9311

Not injured(N) 0 0 19,198 49,068 1094 7468 76,827

Not injured(D) 0 0 31,840 59,781 1210 7508 100,340

Table 27. Number of casualties in the 1780 earthquake in District 8 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 3 152 1305 70 2 0 1533

Dead(D) 1 38 326 18 1 0 383

Hospitalized(N) 1 209 1706 158 6 0 2081

Hospitalized(D) 1 98 802 74 3 0 978

Non-hospitalized(N) 2 267 2309 264 10 0 2852

Non-hospitalized(D) 1 125 1085 124 5 0 1341

Not injured(N) 2 324 4718 1267 98 0 6409

Not injured(D) 6 690 7825 1544 108 0 10,173
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Table 28. Number of casualties in the 1780 earthquake in District 10 of Tabriz.

D1 D2 D3 D4 D5 D6 Total

Dead(N) 0 57 38,670 948 0 0 39,675

Dead(D) 0 14 9668 237 0 0 9919

Hospitalized(N) 0 78 50,569 2133 0 0 52,780

Hospitalized(D) 0 37 23,765 1002 0 0 24,804

Non-hospitalized(N) 0 99 68,416 3555 0 0 72,071

Non-hospitalized(D) 0 47 32,156 1671 0 0 33,873

Not injured(N) 0 121 139,807 17,065 0 0 156,993

Not injured(D) 0 257 231,875 20,791 0 0 252,923

5. Conclusions

We implemented two historic earthquake scenarios from 1721 and 1780 using the
Karmania Hazard Model, which is a GIS-based damage model [28]. The earthquake micro-
zonation map, ground shaking map, and building and population maps were produced in
this process. In order to construct these scenarios, we used the latest GIS layers (historical
and instrumental earthquake catalogs, active fault maps near the site, geology information,
underground water, etc.) together with a deterministic seismic hazard analysis to create
maps to show the intensity of the ground shaking. The damage map of the city was created
using the existing fragility curves and building types. Considering this information, the
human losses were also extracted from the updated GIS population layer. As the structural
conditions show, District 1, District 4, District 10, and District 8 would be less durable in
the event of an earthquake. The simulation of historical earthquakes helps us to evaluate
the resilience of the city to the earthquakes that occurred in 1721 and 1780. The models
used for the damage assessment and to estimate the human losses show that this city
is still vulnerable to large earthquakes, and that there would be considerable numbers
of casualties. Therefore, obtaining realistic damage information for possible earthquake
scenarios is important and will help to improve scenario-based studies in the future. The
major points of this study are as follows:

• In the scenario of the earthquake of 1721, the majority of the buildings would be in
the D2 damage level (very high destruction).

• In the scenario of the earthquake of 1789, the majority of the buildings would be in
the D3 damage level (high destruction).

• The results of this study should be considered in disaster planning.
• These scenarios should be used to encourage people who live in seismically active

areas to be aware of seismic hazards.
• Researchers should create vulnerability maps to prevent construction projects from

being carried out in highly vulnerable regions of cities.
• These scenarios show that some historical and old buildings need immediate retrofitting,

which should be carried out on time.
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