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This paper assessed the sensitivity of seismic losses to the geographic resolution of
building exposure model. One of the key steps of seismic risk assessment is providing
an accurate and reliable building inventory. Generally, building exposure model is
derived from various sources of information with different degrees of quality and
accuracy. Therefore, compilation of exposure model is a complex process that is
associated with uncertainties. In this regard, selecting the most appropriate geo-
graphic resolution of building exposure model is a challenge. There is a trade-off
between the accuracy of ground motion values in the centroid of grid cells and
computation efficiency. On the one hand, selecting a higher resolution will result in
less efficient computing. Increased grid cell size, on the other hand, will impose
uncertainty on the results due to inaccuracy in estimating ground motion values in
the proper location of buildings. The purpose of this study is to address this question
"what is the impact of geographic resolution of exposure model on the seismic risk
assessment?" To do so, a sensitivity analysis with three distinct levels of resolution
was performed in Tehran, Iran, as a case study, to evaluate the impact of exposure
model resolution on estimated losses. The results showed that total damage over the
region is almost insensitive to the resolution of exposure models; while, a more
accurate damage map with lower standard deviation is achieved by refining resolu-
tions. This is an important outcome that will assist researchers performing seismic
risk assessment in large geographic areas, like countries or provinces, to be aware
of the effects of geographic resolution of exposure model on results.
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ABSTRACT

1. Introduction

Proper estimation of seismic damage, economic
and human losses from a possible future earthquake
is an important subject to national authorities,
regional governments, financial institutions, in-
surance and reinsurance industries. Such studies
provide the key information for decision makers
to take proper steps towards risk mitigation actions.
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The basic three components of seismic risk
assessment are: 1) seismic hazard, 2) exposure
model and 3) fragility or vulnerability models [1].
The seismic hazard provides information regarding
the surface ground motion shaking values in the
region of interest. The term "exposure" refers to
any element at risk including buildings, population
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and life-line systems. The main concentration of
this study is building exposure model. Building
exposure model generally contains information
like the location, structural characteristics, built-
area, content value of buildings at risk. The third
component of seismic damage and loss estimation
are fragility or vulnerability curves. The vulnerability
curves express the ratio of loss to the total exposed
economic value; while, fragility curves describe the
probability of exceeding a certain damage state
threshold from a given ground motion level [2].

Each of the aforementioned components is
associated with uncertainties that should be iden-
tified, quantified and incorporated in calculation
effectively. Crowley [3] provides a comprehensive
discussion regarding the uncertainties of risk
assessment. According to Crowley [3], exposure is
typically derived from poor data with a large
number of assumptions, and is arguably the most
uncertain component of risk assessment. The
report published by Organization for Economic
Cooperation and Development (OECD) [4] also
indicated that exposure model is an important
factor in seismic risk assessment and associated
with uncertainty that should be modelled prop-
erly [5]. All aforementioned studies highlighted
the key role of exposure model in seismic risk
assessment. Despite the key role of exposure
model on seismic risk assessment, the exposure
model is rarely considered as an uncertain param-
eter in practice. Generally, exposure models suffer
from incomple-teness (lack of proper information)
and inaccuracies (uncertainties in their exact
location). In the common practice of seismic risk
assessment, the building inventories are typically
modelled as aggregated within administrative units
or grid cells. Even, in the case of accessing an
ideal database (i.e., building by building) for com-
putational efficiency (particularly in case of a
large-scale region), the exposure database is often
modelled as aggregated within grid cells. Clearly,
this aggregation will impose uncertainties on the
results. Most of this uncertainty stems from
inaccuracies for estimating the ground motion
values in grid cells (a coarser resolution of grid
cells imposes higher uncertainties on ground
motion values due to ambiguity in estimating
distance of site from epicenter).

The above issue has been discussed in few
studies in a quantitively manner. Bazzurro and
Park [6] indicated that aggregating building
portfolio at the zip code level leads to an under-
estimation of losses in low return period. Similar
conclusion was also provided by Bal et al. [7] and
Scheingraber and Kaser [8]. Bal et al. [7] assessed
the impact of geographic resolution of exposure
model on seismic losses in four distinct geo-
resolution levels. Their results showed that the
average total damage over the region is almost
insensitive to the resolution of exposure models;
while, a more accurate damage map with lower
standard deviation is achieved by refining reso-
lutions. Dabeek et al. [9] also evaluated the impact
of exposure model on seismic losses, in terms of
Annualized Earthquake Loss (AEL), in 35 countries
of Europe. Their results indicated that the value
of AEL will may leads to a bias of 27% in different
geo-resolutions of exposure model. They stated
that keeping the spatial resolution of exposure
under 240 arc-second leads a bias of less than 5%.

By considering the aforementioned explan-
ations, this study assessed the impact of geographic
resolution of exposure model on seismic risk
assessments in Tehran, Iran. Generally, the building
exposure model in Iran is derived from information
provided by Statistical Center of Iran (SCI) [10].
This is the official center for compiling information
regarding the buildings and population in Iran.
SCI [10] provides information in census blocks
(the highest available geographic resolution).
However, in many large-scale studies, such as
countries and provinces, researchers used a coarser
resolution of exposure model. This simplification
is employed for increasing the computation
efficiency. As a case  in point, Motamed et al. [11]
performed a seismic risk assessment with an
exposure model with grid-cells size of 10 km ×
10 km for whole of Iran, which is significantly
lower than available information provided SCI [10].
Similarly, Mansouri et al. [12], as a part of GEM-
EMME project, developed a residential and
population database of Iran in grid cells of 5km ×
5km. Shahbazi et al. [13] also developed a
buildings inventory by resolution of 1 km × 1km for
entire Iran for introducing a loss transfer functions
to model seismic financial loss. To assess the impact



JSEE / Vol. 23, No. 3, 2021 69

Assessing the Sensitivity of Seismic Loss Estimation to the Geographic Resolution of Building Exposure Model

of these varied geographic resolutions on seismic
risk assessment, in the present study, a sensitivity
analysis is performed.

In following sections, first, a discussion about
available uncertainties regarding the geographic
resolution of exposure model was represented.
Then, a sensitivity analysis was performed to
evaluate the impact of exposure model resolution
on seismic risk in Tehran, capital of Iran, as a case
study. To do so, the losses, in terms of mean
damage ratio, in three distinct levels of exposure
model resolution were estimated for the Ray fault
seismic scenario (6.7 Mw) and results are compared.
In conclusion, a comprehensive discussion regard-
ing the results and influence of exposure resolution
on seismic risk assessment were presented.

2. Uncertainties of Building Exposure Model
in Seismic Risk Assessment

Development of a reliable building exposure
model will improve the estimation of seismic risk
assessment. This is an important step that involved
several simplifications and uncertainties. Alongside
the uncertainty due to the incompleteness and
inaccuracy, in the case of aggregated exposure
model, the spatial resolution of exposure model
imposes uncertainties on results. Thus, selecting
appropriate size of grid cells is an important issue
in developing of exposure database. This parameter
has a direct impact in both accuracy and com-
putational efficiency. In fact, there is a trade-off
between the accuracy of seismic risk assessment
and computational efficiency. On the one hand,
selecting a finer grid cell with higher resolution will
reduce the computation efficiency. On the other
hand, increasing the size of grid cell will impose
uncertainties on the results from inaccuracy of
ground motion shaking values within the grid cell
as the representative the distribution of building
inventories within the grid cells.

In the aggregated exposure model, generally,
the ground motion value of a single point within the
grid cell or administrative unit is used as input to
the fragility and vulnerability models. Accordingly,
this approach cannot capture the inherent spatial
correlation of ground motion shaking in the
smaller scale geo-resolution. That is, for all assets
in the grid cell the same sample of GMPEs

uncertainty is implemented, this means that there
is a full spatial correlation of ground motion
shacking for all assets in the grid cell; while in
reality each asset will subjected to the different
ground motion shacking [3, 6]. In addition, selecting
the most appropriate point within the grid cells or
administrative unit that is a representative of the
distribution of assets within the grids is a challenging
issue. Generally, it is assumed that the assets are
uniformly distributed within the grid cell and the
centroid of the grid cells is used for estimation of
ground motion shacking. While in the case of a very
unbalanced distribution of building inventories this
simplified assumption may impose a significant
error to the loss estimations [7, 14]. It should be
noticed, if the number of assets and their corres-
ponding distribution within the grid cells are
available, a random sampling of the points based
on the probability distributions of assets and random
sampling of variability of ground motion shacking
can be proposed as an effective approach in
handling of the aforementioned uncertainties.
Although this approach increase significantly the
computational demands when the number of assets
are large.

This study investigates the influence of exposure
resolution on the result of seismic risk assessment.
To this end, Tehran, Iran's capital is used as a case
study. The seismic loss is assessed for three distinct
levels of resolution including, grid cells with size of
1 km × 1 km, 3 km × 3 km and 5 km × 5 km. A
schematic distribution of different sizes of grid
cells is depicted in Figure (1). These grid sizes are
selected by author based on the available in-
formation (the highest available information is
census blocks which are generally in size one km2)
and considering the dimensions of the Tehran
(the lowest geographic resolution in generally
used for seismic risk assessment of the country).

3. Case Study Tehran

According to the recent data provided by SCI,
Tehran has a population around 8.8 million (2016).
This is the most populated and influential city of
the Iran where most of political, economic and
cultural centers are located. The rapid growth of
the city leads to high concertation of population,
construction and infrastructure in the region.
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Therefore, the safety of the city is important for
the government. Tectonically, Tehran located in
the southern edge of Alborz Mountain which is
characterized by large earthquakes [15]. North
Tehran Fault (NTF), Mosha, Ray and Taleghan
are the most important seismic active sources in
this region. Distribution of these seismic sources in
relation to Tehran is demonstrated in Figure (2).
Alongside, the high seismicity of the region, the
high vulnerability of built environment also inten-
sifies the seismic risk of region. This issue indicated
in several studies [1, 16-18]. In a study done by
JICA [16] the potential losses of Tehran in three
distinct seismic scenarios including the rupture of
Mosha, NTF and Ray is evaluated. Their results
indicated that the Ray seismic scenario with 55%
building damage ratio and 383,000 fatalities is the
most vulnerable seismic scenario. In a similar
analysis performed by Mansouri et al. [19], the
rupture of Ray fault has the potential of produc-
ing 68% damages to residential buildings the
Tehran. In that study, it was noticed that Ray fault
has a significant potential of damages and losses
in the southern part of Tehran which is densely
populated region with many old masonry structures.
In the present study, we select the same seismic
scenario for performing the sensitivity analysis. In
following subsections, the seismic hazard, exposure
model and potential damages in Tehran for three
distinct levels of resolution is presented.

Figure 1. Three distinct levels of geospatial resolutions of
compiled exposure models in Tehran.

Figure 2. Distribution of active faults in relation to Tehran Boundaries (numbers are 22 municipal districts of Tehran); fault traces are
taken from Hessami et al. [20].
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3.1. Seismic Hazard Assessment for Ray Seismic
Scenario

The Ray fault has two main segments: 1) north
and 2) south Ray segments. In many studies, like
Moinfar et al. [21], it is believed that that the root
of north and south ray faults is the same and
these are branches of one fault, so in the present
study, a line representative fault model of both
faults is considered in analysis. Summary of the
most important model parameters are listed in
Table (1). To generate the ground motion shacking
map from the rupture of Ray fault, the OpenQuake
program is used. This is an appropriate tool to
incorporate the available uncertainties in seismic
hazard assessment [22]. The uncertainty regarding
the epicenter is considered in analysis through a
random sampling from the fault trace. The iteration
is performed 1,000 times. The magnitude of seismic
scenario is considered 6.6 (Mw). This is in accor-
dance with the relation of Wells and Coppersmith
[23] which estimates the potential magnitude of a
seismic source based on the length of fault. To take
into account the epistemic uncertainties of Ground
Motion Prediction Equations (GMPEs) the logic
tree is employed. In the present study, five GMPEs
of Kale et al. [24], Kotha et al. [25], Akkar and
Bommer [26], Zhao et al. [27] and Idriss [28] are
used. These relations showed good performance
in the statistical tests performed by Firuzi et al. [2].
It should be mentioned that the intra-event
uncertainty of GMPEs is incorporated in calcula-
tion by adding a random coefficients of intra-event
variability (sigma) of GMPEs to logarithm of
median value. The random sampling is carried out
by considering the spatial correlation. The impact
of spatial correlation on seismic risk assessment is
demonstrated in several studies [29-30]. Here, the
spatial correlation model proposed by Zafarani et
al. [31] is used. This random sampling is also
repeated 1,000 times. For deriving the surface
ground motion values, the VS30 data is required. In
the present study, the information provided by

Table 1. Summary of important model parameters for the Ray fault seismic scenario.

JICA [16] is used. JICA [16] by compiling data of
boreholes introduced 41 soil types in Tehran. They
also provided the amplification factor of different
soil types. In this study, the same information is
employed for considering the soil condition.

The surface ground motion values for one real-
ization in different resolution levels are presented
in Figure (3). As depicted, in all geo-resolution
the ground motion values in the southern parts of
the city, nearby the Ray fault, are higher. The
results show that the PGA values in Tehran
varies between 0.1 g to 0.65 g. The results are
in agreement with ground motion shaking maps
provided by JICA [16] and Mansouri et al. [19].
As depicted in Figure (3), by increasing the size of
grid-cells the ground motion values are coarser
and their corresponding spatial correlation is
decreased. For-example, 25 grid-cells of the
smallest resolution constitute one grid-cell of the
lowest resolution. Thus, distribution of ground
motion values in smaller geo-resolution is more
accurate. Consequently, more accurate damage
estimation is derived. This is achieved in the cost
of high computation burden.

3.2. Compiling Exposure Model and Selecting
Fragility Curves

For assessing the possible damages to building
inventories a reliable exposure model and a set of
compatible fragility curve are required. In the
present study, the exposure model is derived from
data provided by SCI on 2016. SCI is the most
important source of information about population
and building inventories in Iran. This center
represents the information about the construction
material, age of structure, built-in area, and popu-
lation. Based on the data of SCI, the number of
residential dwellings in Tehran is around 2,500,000
which cover a wide range of construction types
with different quality and height. This heterogonous
in construction types, quality and height make the
classification scheme a challenge. Here, the building
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This provision contains the minimum load require-
ment on buildings and some technical constructions.
In 1987, the first edition of a new and much more
demanding design code under the title of "Iranian
Code of Practice for Seismic Resistant Design of
Building (Standard 2800)" is represented. The
subsequent editions of this standard with more
rigorous regulation are represented in 1996 (the
second edition), 2005 (the third edition) and 2015 (the
fourth edition). Based on the above explanations,
buildings can be classified into three groups.
Buildings constructed before the year 1986, between
the years 1986 and 2006 and after the year 2006
are considered as low-code, mid-code and high-
code, respectively. Distribution of dwelling based
on the year of construction and construction
material is shown in Figure (4). As it is clear, the
quality of buildings has been changing during the
past 30 years in Iran which is moving from non-
engineering old masonry buildings to the engineering
ones.

Building height is used as the last criteria of
building classification. Regarding the number of
stories, building classified into three groups. The
low-rise building (with 1-3 stories), mid-rise
building (with 4-6 stories) and high-rise building
(with more than 7 stories). This information is
added to the classification from additional database
provided by Tehran municipal. Based on the afore-
mentioned classification scheme, the building
inventories are classified into 19 taxonomies, as pre-
sented in Table (2). Figure (5) shows distribution of
buildings within different grid cells sizes in Tehran.

Figure 3. Distribution of PGA within three distinct levels of
geo-resolution.

inventories are classified into various classes based
on construction material, building quality and height.

Based on the construction material building
inventories are categorized into three groups:
1) Reinforced-concrete 2) Steel and 3) Masonry.
For simplicity, all adobe, masonry, rubble stone and
other types of structures are placed into masonry
class. It should be noticed that classification
scheme is done according to the available census
information. The year of the construction is used
as the second index of classification. The year of
construction is related to the corresponding seis-
mic code used for designing building. The initial
seismic regulation of structures in Iran is provided
in a chapter of Iran's standard No. 519 in 1966.

Figure 4. Distribution of dwelling according to the year of
construction and structural type (M, S and RC are acronyms
for Masonry, Steel and Reinforced-Concrete structures, res-
pectively).



JSEE / Vol. 23, No. 3, 2021 73

Assessing the Sensitivity of Seismic Loss Estimation to the Geographic Resolution of Building Exposure Model

Figure 5. Distribution of dwelling within three distinct levels of geographic resolution.

Table 2. The list of all building classes used in the present study.

As depicted, there is a concentration of buildings in
the middle and southern parts of Tehran, where is
generally the home of low-income people. It should

be emphasized once more that aggregating the
buildings at a lower geo-resolution introduces am-
biguity in the representation of the best point within
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the grid-cells for estimating ground motion values.
For providing a relation between the ground

motion shaking and the probability of exceeding
various damage states a set of fragility curve is
required. Fragility curve is an important component
of seismic risk assessment that should be com-
patible with pre-defined building classes. In the
literature, there are a number of local fragility
curves for typical buildings in Iran [16, 33-34].
Here, the fragility curves developed by Fallah-
Tafti [33] are used. Fallah-Tafti [33] by collecting
a set of existing fragility curves and combination of
them based on the Analytic Hierarchy Approach
(AHP) developed fragility curves with four damage
states (slight, moderate extensive and complete).
The main motivation for employing the proposed
fragility curves of Fallah-Tafti [33] is consistent
their taxonomy with buildings classification scheme
used in this study.

3.3. Seismic Risk Assessment

This section provides the results of seismic risk,
in terms of mean damage ratio, for three distinct
levels of resolution. The analysis is performed
using the OpenQuake software. This is an open-
source and computationally efficient tool for
seismic hazard and risk assessment [35]. The sce-
nario damage calculator of OpenQuake computes
probability of different damage states using the
fragility curves. In the present study, the mean
damage ratio is used for presenting the distribution
of damages throughout the city. The mean damage
ratio (MDR) is derived from Equation (1).

(
) /

i i

i i i

i s s m m

e e c c T

DR N DR N DR
N DR N DR N

= × + × +

× + ×                    (1)

Where the 
iTN  is the total number of dwellings

in the ith grid cell.  , ,  
i i is m eN N N  and 

icN  are the
number of dwelling in each grid cell in damage
states of slight, moderate, extensive and collapse,
respectively. , ,  s m eDR DR DR  and cDR  are corre-
sponding mean damage factor for each damage
state. The definition of damage states is compatible
with HAZUS [35]. In Table (3) the range of
damage factor for each damage state with their
corres-  ponding central value is represented.

Figure (6) shows the distribution of MDR
throughout Tehran in three distinct levels of

resolution. As depicted, most of damage is occurred
in the southern and central parts of the city which
are near the Ray fault. Figure (6) also shows that by

Figure 6. Distribution of mean damage ratio (MDR) throughout
of the region by considering different resolution of exposure
model.

Table 3. The range of damage factor with their corresponding
central value.
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moving towards a smaller resolution, the uncertainty
due to using assumption of uniform distribution of
assets in the grid cells and employing the centroid
of grid cell as representative of grid for loss
estimation will be reduced. Thus, more accurate
results are obtained. In the case of a very un-
balanced distribution of assets in a large-scale grid
cells the implementing of centroid of grid cell may
impose a significant error to the results [7].

In other to evaluate the influence of resolution
of exposure model on total loss, the distribution of
MDR for the whole of Tehran from 1,000,000
iteration of ground motion values and epicenters
is shown in Figure (7). As depicted, the average of
MDR is almost insensitive to the geo-resolution of

Figure 7. Distribution of mean damage ratio (MDR) from 1,000,000
iterations for the whole of Tehran from the rupture Ray fault in
three distinct levels of resolution.

exposure. While their corresponding dispersion is
reduced by moving towards the smaller resolution.
This reduction in tail of dispersion is significantly
related to the consideration of spatial correlation.
At lower resolution, the distance between the grid
cells are higher than finer resolution; subsequently,
their corresponding correlation among grid cells
are relatively weaker than their counterpart in
higher resolution. Thus, the higher variability in
ground motion shaking in lower resolution is ex-
pected that leads to the higher variability in risk
assessment.

Considering the results, it appears that the total
value of damage ratio in a region is almost insensitive
to the size of grid cells. While the total standard
deviation is reduced in the finer resolution. The
question then arises "what is the optimized grid
cell for seismic risk assessment?". The answer is
entirely depended to the purposes of risk assess-
ment. If the aim of performing the seismic risk
analysis in a region is to obtain an overall damage
ratio, instead of undergoing significant computation
demand by adopting a high resolution exposure
model, it is better to lessen the resolution and
optimizing the computational efficiency. While the
aim of seismic risk in a region is to provide a
detailed vulnerability of the region for performing a
risk mitigation actions and programs in a region,
the computation efficiency should be sacrificed to
achieve the most accurate results with lowest
uncertainty.

4. Conclusion

This paper looks at sensitivity of seismic losses
to the geographic resolution of building exposure
model. Exposure model is one of the key com-
ponents of seismic risk assessment. Generally,
exposure models are derived from various sources
that are incomplete in format and accuracy.
Therefore, the compiled exposure models are
associated with epistemic and aleatory uncer-
tainties. Alongside the aforementioned uncertainties,
selecting an appropriate geographic size of exposure
model is an important issue. This factor directly
affects the accuracy and computation efficiency
of seismic risk results. From one point of view,
implementation of the finer resolution exposure
models will result in more accurate outcomes
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with lower uncertainties. However, refining the
resolution will reduce the computational efficiency.
In fact, there is a trade-off between accuracy and
computational efficiency. The present study shed
lights on the sensitivity of seismic risk assessment
to the geographic resolution of building exposure
model. To this end, the seismic risk assessment was
performed for three distinct levels of resolution.
Tehran, capital of Iran, is used as case study region.
The size of grid cells in the highest resolution is
1 km × 1 km and the coarser resolution is 5 km ×
5 km. The results showed that the total value of
damage is almost insensitive to the size of grid
cells; while a more accurate damage map with
lower uncertainty is achieved by refining the
resolution. This is largely due to the consideration
of spatial correlation. At finer resolution, the distance
between the grid cells are lower; subsequently,
their corresponding spatial correlation among grid
cells are relatively stronger than their counterpart
in lower resolution. Thus, the variability in ground
motion shaking in higher resolution is smaller that
leads to the lower variability in losses. In addition, by
moving towards a higher resolution, the uncertainty
due to using assumption of uniform distribution of
assets in the grid cells and employing the centroid of
grid cell as representative of grid for loss estimation
will be reduced. In fact, in the refined resolution
the geometric centroid of grid cells is closer to the
concentration of assets in grid cells.

By consideration of above discussions, this
question arises "To what extent expending time
and resources in refining the exposure model is
reasonable for seismic risk assessments?". The
answer is directly depended on the purpose of
application of seismic risk assessment. If the aim
of seismic risk assessment is to provide an overall
estimation of damages in a very large-scale region,
implementation of a high spatial resolution of
exposure model is not practical. While the purpose
of seismic risk assessment is to provide a risk
mitigation action or emergency response applications
in a region, the expenses of high computational
demand should be acknowledged to achieve more
accurate results with lower uncertainty.
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