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The November 12, 2017 Sarpol-e Zahab earthquake (Mw 7.3) occurred at 18:18
GMT (21:48 local time) and affected vastly the western part of Iran especially the
Kermanshah province. The death toll was at least 620, the total number of injured
people just the day after the earthquake was 5346 and around 70000 people were
left homeless. This study aims to estimate the distribution of physical damages to
the building stock using our domestic model and to calculate and validate the
associated casualties under Sarpol-e Zahab earthquake event using a global model
with some modifications. This region has been chosen because it has suffered major
losses due to the recorded high PGA value of 684 gal and also due to the fact that
some adequate field surveys and documentations were completed for this event.
Since accurate building distribution maps are not available or accessible, to
develop a spatial building database, a dasymetric mapping technique has been
employed by merging a grid world population distribution map and the national
census data. OpenQuake platform is utilized to simulate the ground motion field
and to assess  the physical damages and human loss. The results were compared with
the actual observed data and showed relatively a proper match.
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ABSTRACT

1. Introduction

A severe earthquake of Mw 7.3 struck western
part of Iran especially Kermanshah province on
2017.11.12 at 21:48 local time, at a depth of ap-
proximately 18 km. Since the earthquake ruptured
near Sarpol-e Zahab city (37 km), it is named as
"Sarpol-e Zahab Earthquake". IRSC (IRanian
Seismological Center) reported that the epicenter
was located at 34.77°N and 45.76°E [1]. According
to USGS (United States Geological Survey) analysis,
the earthquake was an oblique-thrust-faulting event,
the nodal plane of which had a strike, dip and rake
angles of 351°, 16° and 137° respectively [2]. IIEES
(International Institute of Earthquake Engineering
and Seismology) report indicated that one section of

MFF (Mountain Front Fault) faults with a lower dip
angle (10° to 15°) plane caused the event [3].

For this event, 112 accelerograms were recorded
in Iran. The maximum recorded peak ground ac-
celeration was 684 gal (almost 0.697 g) at SPZ
station, which is the nearest station to the epicenter,
located at 34.46°N and 45.87°E, Sarpol-e Zahab city,
with Vs30 equal to 619 m/s [4]. The intensity of ground
motion in that area is found to be between IX and
X in MMI scale. More than eight cities and 1930
villages suffered damages as reported. The death
toll surpassed 620 and thousands of people were
injured. Sarpol-e Zahab city and its vicinities suffered
most building damages and casualties.
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Sarpol-e Zahab earthquake is just an example of
natural catastrophic events that have occurred or
can occur in urban area causing devastating
damages in the future. Catastrophe modeling is a
way to predict the consequences of any probable
natural phenomena. It helps to improve short-term
as well as long-term planning for disaster and risk
management. These models need to be verified by
actual events and observations. This paper presents
a risk model for Sarpol-e Zahab earthquake to
predict the building physical damages and the
associated casualty loss. It also compares the
results with some reconnaissance observations. For
this purpose, OpenQuake platform is utilized for
simulating the seismic scenarios. The fragility and
vulnerability functions that were developed for
the WP4 module (Risk Assessment Module) of
GEM-EMME (Global Earthquake Model - Earth-
quake Model of the Middle East) project for Iran
[5-6] were selected to predict physical damages.
The global casualty model de-veloped by Coburn
et al. [7] has been modified according to local
parameters and then applied to predict the human
loss.

2. Reconnaissance

Damage Observation is a general term used in
identifying and categorizing damages by human
perception from a scene. This is also referred as
Visual Damage Assessment. Ground Truth is
referred to information provided by direct observa-
tion. However, in disastrous events where direct
observation may take days and completed with
exhaustive efforts, in other words time-consuming
and expensive, damages can be deduced from visual
study of Very High Resolution (VHR) satellite
images more easily and relatively faster. This is done
with the expense of omitting some obscured
damages mostly because VHR optical satellites
usually images the scene from the nadir position or
with relatively smaller incidence angle.

UNITAR's Operational Satellite Applications
Programme-UNOSAT team (mainly composed of
GIS and imagery analysts, remote sensing experts,
geologists, etc…) is delivering imagery analysis and
satellite solutions for the purpose of humanitarian
relief, human security, strategic territorial and
development planning. For this event, UNITAR-
UNOSAT has provided rapid damage maps of

hard hit cities and villages according to their protocol
and resources [8]. Because of its nature that is
related to the visual damage assessment from
satellite imagery, the data always lacks the accuracy
and the necessary detailing and needs to be cross
checked/validated with the ground truth.

Google has developed and provided tools such as
Google Person Finder, Google Crisis Map, Google
Public Alerts, Google Maps, Google Earth, Google
Fusion Tables, Google Docs, and Google Sites to help
crisis responders and affected people to communi-
cate and stay informed. For this event, Google Crisis
Maps were published through Google services [9].

Sarpol-e Zahab Earthquake was felt by all west-
ern and central provinces in the country and also on
tall buildings in Tehran. Eight cities, Ghasr-e Shirin,
Ezgeleh, Salas-e Babajani, Gilan-e Gharb, Sarpol-e
Zahab, Dalahoo, Eslamabad-e Gharb, Javanrood, and
1930 villages suffered destructive damages [3].

Sarpol-e Zahab city and two highly hit villages
namely; Shahrak-e Zeraee and Ghara-Belagh-Azam,
both adjacent to the northwest of the city were se-
lected for this study. For this area, a reconnaissance
trip has been conducted by the authors where the
extent and the general aspects of building damages
were observed. The construction types were mostly
low-rise poor masonry or weak steel structures with
infill brick walls.

In these areas, Shahrak-e Zeraee had experienced
the most devastation with about an estimated figure
of 60% damage ratio dominated by collapsed
dwellings. This village experienced 35 deaths. For
Ghara-Belagh-Azam, the destruction was slightly
lower but accounted for at least 40%-50% and the
death toll was 21.

In Sarpol-e Zahab city, the widespread de-
struction on poor quality buildings were reported
and many recent constructions were collapsed. The
northern-west area comprised of rather newly built
dwellings but without proper earthquake resistance.
The southern band of the city contained vulnerable
older buildings mostly situated in older urban
fabrics. In general, around 60% of buildings, mostly
made of brick and weak steel frames in southern
band and 20% to 30% on the northern band of
Sarpol-e Zahab city were destroyed or seriously
damaged and considered as total loss [10-11].
Figures (1) and (2) shows some of the collapsed
buildings of the area.
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Figure 1. Some of the collapsed buildings of Shahrak-e Zeraee.

Figure 2. Some of the collapsed buildings of Ghara-Belagh-
Azam.

3. Seismic Loss Modeling

Science, technology, engineering knowledge, and
statistical data are combined together to simulate the
impacts of natural hazards in terms of damage and
loss. Loss modeling is performed according to two
general visions: 1) probabilistic, estimating the range
of different potential catastrophes and their corres-
ponding losses, and 2) deterministic, estimating
the losses from single hypothetical or historical
catastrophic event [12]. A scenario risk model
generates a simulated event and estimates the
amount of losses regarding magnitude, intensity, and
location of the event concerning the elements at risk
(inventory).

According to Equation (1), a loss model has
three basic components namely hazard, exposure or
inventory and vulnerability where their cross-
influence indicates the expected loss. In following
sections, each of the mentioned components are
described for this case study.

Seismic Loss = 
Seismic Hazard  Exposure Vulnerability× ×         (1)

3.1. Seismic Hazard Assessment

In case of an earthquake scenario modeling, the

hazard component is estimated as the mean of the
selected intensity parameter at sites of interest
regarding the rupture and site parameters.

OpenQuake is employed to assess seismic
hazard and risk in this study. In order to compute
the hazard distribution, some soil parameters are
required in GMPE equations. These parameters are
the averaged shear wave velocity measured in the
uppermost 30 meters of the soil column (Vs30

 ) and
depths to the 1 km/s and 2.5 km/s shear-wave
velocity interfaces. In this research, the proxy method
reflecting the correlation of Vs30

  to topographic
slope "Global Slope-Based Vs30

 " as developed by
USGS has been used [13-14]. Figure (3) displays the
resulting soil classification based on Iranian seismic
code 2800 in Sarpol-e Zahab sub-province.

Four ground motion prediction equations have
been chosen for the region of study; Akkar et al. [15],
Campbell and Bozorgnia [16], Chiou and Youngs [17]
and Akkar and Cagnan [18]. The area under study

Figure 3. Soil classification of Sarpol-e Zahab sub-province
based on USGS-Vs30 adapted to Iranian Seismic Code 2800.
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has been meshed with grids of 0.005° by 0.005°. The
rupture is assumed to be a 25 by 60 km planar fault
rupture according to the empirical relationship among
magnitude with rupture surface [19]. The location of
the rupture plane is set according to the IIEES report
on rupture model of Sarpol-e Zahab earthquake [3].
To describe the attitude of the planar surface, the dip
angle is assumed to be 14°, and the strike and rake
angles are 351° and 137° according to USGS [2].
Figure (4) displays the map for the assumed rupture
plane along with the known trace of MFF fault.

Figure 5. Simulated PGA distribution of Sarpol-e Zahab city with neighboring villages.

Figure 4. Plan view of assumed rupture plane and MFF fault
known trace.

Figure (5) displays the resulting PGA map of
Sarpol-e Zahab city and nearby villages from
scenario hazard analysis. As it is seen, the PGA at
SPZ station is estimated to be lower than the re-
corded PGA.

3.2. Population and Building Inventory

To prepare a GIS-based building inventory for
loss modeling, "population" and "building" data sets
are required. Information on the physical character-
istics of the elements at risk typically consists of
structural type, construction year, number of stories,
occupancy, number of occupants, etc.

In Iran, a quinquennial national census program
updates the national population and building statistics
with some limited spatial and attribute details. The
latest published census data (2016) was collected
from survey forms and relevant to housing units. In
this dataset, building statistics are presented for ad-
ministrative divisions of provinces and sub-provinces.

Although the national census program data
collection covers the whole country in both rural and
urban areas and usually with a high rate of citizen's
contribution, there are always some shortcomings.
The current census data collection in the country lacks
the accuracy and the completeness for it is based on
filling quick survey questionnaires. Not all surveyors
have the required expertizes to assess the buildings
attributes correctly, and in many cases the owners
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have very limited knowledge in answering to the
questions properly. Besides, considering the cover-
ing and the claddings in the typical structures, the
building type assignment has a tendency to be from
guesses. Moreover, the questionnaires do not reflect
all required information to create an ideal building
inventory. Furthermore, such forms are based on
housing unit statistics and do not reveal information
regarding individual buildings (i.e. no data indicating
the number of stories for the building stock).

Nevertheless, the national census program
provides very useful information and statistics for
large scale risk analysis. The compilation of housing
statistics along with the population distribution data
sets such as LandScan database (worldwide grid
population) [20] create a geospatial database with
uniform spatial resolution through a process of
dasymetric mapping. In this technique, a coarser
spatial data is disaggregated to a finer spatial units
conserving relative homogeneity. In this paper,
LandScan 2014 global population database at 30
arc-seconds (1 km or finer) is used for Sarpol-e Zahab
sub-province. This grid data is calibrated according
to the national census data according to a procedure
suggested by Mansouri and Amini-Hosseini [21].
The building inventory is created in grid format
concerning the regional distribution statistics and
the norms and patterns for the residential population.

Based on 2016 census data, the population of
Sarpol-e Zahab sub-province and Sarpol-e Zahab
city is 85342 and 45481, respectively. Figure (6)
represents the gridded population of Sarpol-e Zahab
sub-province from LandScan 2014 as calibrated by
the 2016 national population census data.

The building typology of National census data-
base is provided as: "Steel structures", "Concrete
structures", "Etc." and "Unknown". "Etc." type
includes 'brick and steel or stone and steel', 'brick
and wood or stone and wood', 'cement block', 'brick
with or without stone', 'wooden', 'adobe and wood',
'adobe' and 'etc.'.

GEM-EMME fragility and vulnerability curves
for Iran [5-6] are selected to estimate the con-
sequences of simulated scenario. In this classi-
fication for Iranian building typology, buildings are
categorized in four general classes of Adobe,
Masonry, Steel Frame and Concrete Frame. Some
of these classes are graded based on levels of

Figure 6. Calibrated LandScan 2014 gridded population of
Sarpol-e Zahab sub-province.

earthquake resistant design or quality of construction
as poor, mediocre and good quality of construction.
It is assumed that the construction quality of steel
and concrete frame buildings is poor, mediocre and
good if they have been built before 1996, between
1996 and 2006 and after 2006, respectively. The
selected building typology tags for these building
subclasses are S3, S2 and S1 for steel frames
and C3, C2 and C1 for concrete frames. Masonry
buildings are divided into two classes of unreinforced
masonry (M23) and reinforced masonry (M1),
which have poor and good construction quality
respectively. Adobe buildings (AD) built at all times
are assumed to be extremely vulnerable. Based on
the norm for the building construction in the area, it
is assumed that buildings of different types are low-
or mid-rise.

According to the field surveys and refining/
comparing the databases for the last two national
census programs, it is inferred that "brick and
steel or stone and steel" buildings have mostly weak
steel structures. Consequently, they have been
categorized as poor steel construction (S3). It is also
assumed that "Unknown" building typologies have
a similar seismic behavior to M23 (poor masonry)
buildings. Table (1) shows the structural typology
tags as assigned to the census building classification.

Figure (7) depicts the buildings parcel map
of Sarpol-e Zahab city and nearby villages pro-
vided basically by OpenStreetMap, where some modi-
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Figure 7. Buildings parcel map of study region - according to OpenStreetMap with some modifications.

fications and additions were made in this study.
From this map, the total number of buildings in
Sarpol-e Zahab city is counted as 9635. Studying
the 2016 census data, 12850 housing units are
reported for this city. It should be noted that there
are always sources of errors in the census database,
some building footprints are associated with
multi-story constructions and/or some of the build-
ings have different land-use other than residential.
Considering a portion of parcels as non-residential
buildings, it is estimated that the number of housing
units is less than 2 times of buildings in overall
sense. This rough estimation indicates that the
building stock is dominated by low-rise buildings.

Table 1. Building typology tag assignment. Nevertheless, some few mid-rise buildings were
observed that are mostly among new constructions.
For Shahrak-e Zaraee, 167 households were re-
corded in the census data while the count of building
parcels was 277 from the modified OpenStreetMap.
The 2016 national census indicated 203 households
in Ghara-Belagh-Azam that matched well with the
number of building footprints as observed from
satellite images.

Classifying the housing data according to the
construction year will reflect also the quality of the
construction because of aging and also the level of
earthquake design/practice being implemented in
different epochs. Unfortunately, for the most recent
census program (2016), the construction year has
not been collected nor reported. As an alternative,
the building census data of 2011 has been utilized
as a complementary dataset for it reflects the
construction year for major portions of the building
taxonomy. Table (2) shows the number of housing
units regarding typology and construction year based
on census 2011 data, and Table (3) represents the
difference in total number of different building
types between the two consecutive census programs.
As it is seen, due to the significant differences in the
total numbers, one cannot simply infer that positive
differences would be equivalent to new constructions
during this 5-year period, or negative differences
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Table 2. Number of housing units according to typology and construction year for 2011 Census.

Table 3. Difference in building types between two consecutive census programs.

cannot be justified as destruction. The main reason is
believed to be mostly due to census data collection
level of expertise. As an example, the total number
of "Unknown" structures has been reduced in
census program 2016. In order to make use of the
distribution of buildings age from the census 2011
data, some steps were taken. First, in cases where
such differences where positive, the number of
building units constructed during recent five years
was assumed to be the same as the past five years
considering the construction increase rate, of about
13 percent. The residual has been distributed for
all construction periods regarding the relative
abundance of each data bin (temporal data).
Negative differences were observed in building
types assumed to have low quality regardless of
their construction year. They have been simply
subtracted from the total amount of census data
2011. Table (4) represents the final distribution of
different building types for this study.

A known source of possible errors is due to
inevitable assumptions that must be made in order
to complete and to classify the building typology
and the associated structural attributes into distin-
guishable taxonomies. Such assumptions will
certainly  affect the results of risk/loss computation.
Nonetheless, it is worth evaluating the significance
of such misclassification into the final results. For
example, assigning the "brick and steel or stone and
steel" as M23 rather than S3, would have around 13
percent higher estimated loss for that specific class
and about 5 percent when considering the entire
portfolio. Taking "Unknown" building class as M23
seems logical because usually unknown structural
types refer to the older building stocks (frameless
structures) where the owners or the surveyor are
not able to distinguish or identify. In this case, if the
"unknown" buildings are tagged as other structural
class, the deviation in the final results would have
been insignificant, for that less than 0.1 percent of
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the entire stock is actually reported as "Unknown".
Moreover, it has been assumed that there is no
reinforced masonry building (M1) in the study area;
therefore, the age of the construction would affect
only the steel and concrete classes that represent
almost 84 percent of the building stock. The result
of an extreme case of misclassifying a sample "poor
quality" steel or concrete frame (S3 or C3) as "good
quality" (S1 or C1), would cause 62 percent and 54
percent estimated lower loss, respectively for that
individual building. It should be pointed out that the
building pool is always a blend of buildings with
various ages and different engineering practices that
tend to average out the results.

3.3. Physical Loss Assessment

A vulnerability curve is a relation between the
building damage or loss and an earthquake intensity
parameter such as PGA. For the vulnerability
assessment, it is necessary to categorize the building
types and to assign the vulnerability functions
accordingly. As described earlier, major building
types in Iran are adobe, masonry, reinforced concrete
and steel. For GEM-EMME building typology
tailored for Iran, damage curves were derived using
the EMS-98 procedure and calibrated for empirical
and analytical results and expert judgment [5-6].
Figure (8) represents the expected damage ratio of

Table 4. Final distribution of different building types (housing
units) for this study.

Figure 8. Expected damage ratio of different building types
[5-6].

different building types.
In this research, the expected physical loss ratio

of buildings of Sarpol-e Zahab and nearby villages
has been assessed with two hazard inputs: 1) the
estimated PGA distribution from earthquake scenario
modeling, and 2) uniform PGA distribution equal to
the recorded PGA at SPZ station.

For developing spatially distributed building
inventory, two distinct methods were employed in
this study. The first scheme used the aforementioned
calibrated LandScan grid map. This scheme is suited
for larger scale calculations (i.e. regional or country
wide database setup) that would otherwise be
hardware demanding and time consuming. Figure (9)
depicts the expected physical loss ratio map
corresponding to the LandScan grids as calibrated
to the census statistics for 2016. Besides, a method
envisaging the building footprints as building parcels
(Figure 7) has been employed for its comparable
better and finer resolution of the building stock. The
parcel-scale distribution of the expected physical
loss ratio is depicted in Figure (10).

The total physical loss ratio has been estimated
to be 45 percent for the case where spatially dis-
tributed PGA is modeled. Table (5) represents the

Table 5. Damage state distribution of buildings.
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Figure 9. Grid-based distribution of expected physical loss ratio.

Figure 10. Parcel-based distribution of expected physical loss ratio of Sarpol-e Zahab city (right) and nearby villages (left).

approximate percent of buildings in each damage
state. When the uniform and constant PGA of 0.697
g is accounted for the hazard input, the estimated
physical loss ratio resulted in 60 percent.

3.4. Human Loss Assessment

According to Coburn and Spence human loss
model [7], the "lethality ratio" of building stock
must be determined to estimate the casualties due
to earthquakes. This is the ratio of the number of
people killed to the number of occupants present in
collapsed buildings at the time of the earthquake.
Equation (2) calculates the human loss for each
building type. In order to estimate the proportions of
the people rescued and trapped at each stage, a set
of M-parameters is used. D5 is the total number of

collapsed structures. Figure (11) shows D5 as a
function of PGA for different building types accor-
ding to a study completed by Mansouri and Amini-
Hosseini [21], and Mansouri et al. [6]. Table (6)
shows the M-parameters determined for Sarpol-e
Zahab earthquake human loss modeling. The ratios
of occupancy at time of earthquake (M2) and
proportion of occupants trapped by collapse (M3)
are determined regarding to the preparedness of
people due to the several foreshocks.

( )( )5 1 2 3 4 5 1 4 

Ks

D M M M M M M

=

 × × × × + − 
   (2)

The result for human loss estimation along with
observed casualties is summarized in Table (7).
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To calculate the estimated human loss, both
approaches of PGA distribution (as described in
section 3.3) have been considered.

The total estimated human loss in both methods
are higher than the reported actual death toll. One
major justification can be the lack of data related
to missing persons. The death toll mostly covers
only the recorded death by medical jurisprudence
authority or other medical organizations, and po-
tentially does not reflect accurately the number of
burials by the local people considering critical
post-event situations. Therefore, the reported
casualty data is usually underestimated. On the other
hand, the population for the study area at the time of
the event is not necessarily equivalent to the census
data. Another noteworthy factor is the very high
sensitivity of the casualty result to the uncertain
input parameters as D5 and all M-parameters. The

Table 6. Determined M-parameters for human loss estimation.

Table 7. Recorded and estimated casualties.

Figure 11. Variation of D5 with PGA for different building types
[5-6].

building damage and the casualty modeling have
sources of aleatory and epistemic uncertainties.
Moreover, the consequences of destructive earth-
quakes cannot be completely and accurately
modeled utilizing only a few parameters. For
example, a peak ground acceleration value is used as
the only parameter to describe the ground shaking
severity.

4. Conclusion

Catastrophe loss modeling is an important
component of any risk management strategy. It is
the process of calculating the estimated loss due to
a catastrophic event such as an earthquake. Loss
modeling helps the authorities to predict, manage
and mitigate damages due to natural events. The best
approach to verify a loss model is to compare and to
calibrate the estimated results with actual/empirical
outcomes. This paper presents an earthquake model
to predict the building physical damages and the
associated casualties for the case of Sarpol-e Zahab.
A high PGA value of 684 gal has been recorded for
at the SPZ station (in Sarpol-e Zahab city), and also
some adequate field surveys and documentations
were completed for this event. OpenQuake platform
has been employed to calculate a distribution of
ground motion intensity considering the sources and
some inferred site conditions. A spatial building
database has been developed by dasymetric map-
ping technique by merging a grid world population
distribution map and the national census data.
OpenQuake platform has been also utilized to
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simulate the ground motion field and to assess the
physical damages and human loss. The total physical
loss ratio between 45 to 60 percent were estimated
for residential buildings. Poor quality of construction
of buildings is the main source of devastations. It
is evaluated that 95 percent of adobe buildings
and 82 percent of unreinforced masonry buildings
experienced unrepairable damages. The results have
been compared with the actual observed data
showing a relative proper match. The ratio of people
killed to the number of people present at the region
of study at the time of earthquake is estimated as
0.023. The total expected human loss as calculated
by the global model overestimates the actual figure.
This is believed because people have been alert
by some foreshocks and many quitted their home
thereafter, and also because some levels of training
were introduced (i.e. school earthquake drills) to
the citizens.

Some additional future researches will be bene-
ficial in enhancing the outcomes of this present
investigation. A more complete soil information
(or model) and site effect evaluation will help in
calculating the ground shaking intensity distribution
more accurately. Moreover, the development of a
building database reflecting individual building
information in detail is desired. Considering the local
construction practice, it will be useful to develop
fragility curves and vulnerability functions for the
nominal building taxonomies specific to the study
area. The vulnerability functions utilized in this
present work have been derived previously accord-
ing to the typical building inventory for the country.
Recently, some relevant studies have started to
model the seismic performance of the local existing
buildings and also to derive the empirical fragility
functions associated to the 2017 Sarpol-e Zahab
earthquake. This current work may be regarded as
the risk/loss computation engine to assist a future
disaster monitoring in a systematic manner.
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