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Providing a reliable estimation of fatalities and economic
loss after a major earthquake is of great importance for
effective emergency response and disaster management.
This is a valuable information for decision makers to allocate
available resources and facilities in proportion to spatial
distribution of casualties and severity of damage. There are
several examples of destructive earthquakes in the world
and Iran that lack of appropriate emergency response caused
further damages and casualties. This shows the importance
of developing Earthquake Rapid Loss Estimation systems.
One of the most important steps for developing such systems
is adopting appropriate algorithms for estimation of fatalities
and economic loss. Thus, this project focuses on developing
appropriate empirical models to estimate the number of
fatalities and economic loss based on seismic characteristic
of Iran.

With respect to the lack of necessary information about
the types and vulnerability of structures and the basic
concept of the rapid loss estimation systems (providing a
reliable estimation of fatalities in the first hour aftermath of
event), in this study three empirical models for estimating
the fatalities were developed. To this end, two reliable
databases encompasses the number of fatalities and the
affected population in the past earthquakes were compiled
(for the events occurred after 1962). In the first fatality
model, only the data of fatal earthquakes was used. This
issue imposed a systematic bias to the results. The second
fatality model was developed based on data of fatal and
non-fatal earthquakes of Iran. This procedure significantly
improved the results. However, the uncertainties of input
parameters were not considered in the second model. In
fact, the number of fatalities in strong earthquakes is an
unknown parameter. Thus, this uncertainty should be
properly considered in the analysis. For considering such
uncertainty, the third model was developed using the fuzzy
regression and Monte Carlo simulation approach. The
general procedure of fuzzy regression using Monte Carlo
simulation approach is illustrated in Figure (1). The final
model shows the lower value of fatality rate in comparison
to available fatality model in literature. The final model has
also good compatibility with real data of Bam (2003) and
Ahar-Varzaghan (212), Iran earthquakes.

It should be noted that the estimation of fatality is a
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complex procedure, and many interdependent factors
affect it that should be identified and properly modeled.
Therefore, the fatality models are generally associated with
lots of uncertainties. Similarly, the proposed fatality model
in the present study provides a rough estimation of deaths.
However, it is believed that the model can provide an initial
number of deaths after strong earthquakes before ground
data or information is received.

Also, two models for estimating the economic losses
were developed in this study. In the first model, known
as direct approach in literature, the economic losses was
determined by providing a reliable database of structures and
developing appropriate fragility/vulnerability curves. Based
on the available information, buildings were categorized
into 19 different types based on construction material,
quality and height. This classification was done based on the
available information about the buildings in national scale.
The most reliable information in this regard was provided
by Statistical Center of Iran. One of the main challenges of
performing this approach was compiling a reliable database
on building in grid cells of 1x1 km. For this purpose, the
data of Statistical Center of Iran with resolution of city level
and the population information of LandScan were used for
compiling the building database. The aforementioned model
was used for estimating of annual earthquake loss of building
in Tehran based on the Monte Carlo simulation Method. In
the second approach, known as indirect method in literature,
the economic loss was determined based on macro-economic
parameters such as GDP. The basic premise of this method
is the existence of a direct relationship between losses and
the economy of the region. For developing the model, a
reliable database of economic losses in past earthquakes
was compiled. Then, by assessing the appropriateness of
different fictional forms, an empirical model for estimating
of economic loss was developed. It should be emphasized
that due to lack of information regarding the past seismic
events, this model is associated with uncertainties. This
issue is more complicated for urban earthquakes. Therefore,
using direct approach for quantifying the economic loss in
urban region can be recommended.

Keywords: Disaster management; Rapid loss estimation
systems; Fatality models, Loss models
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