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ABSTRACT

The speed of relief in the early hours after a major earthquake plays a huge role in reducing
earthquake casualties in an urban area. In this study, the design and implementation of a seismic
damage estimation system in GIS environment was proposed as a proposed solution to accelerate
relief. The design documentation for the system, including two earthquake risk and damage
assessment modules, was presented as a tool in the ArcGIS environment, and the implementation
was performed using the Python programming language in this environment. The risk module
estimates the maximum acceleration and intensity in a network of earthquake points with
experimental models. With the resulting map, cities can be prioritized on a small scale in terms of
earthquake risk. The damage module calculates the amount of damage to the structure by entering
the properties of the structure and using the vulnerability function. The system was implemented
for four possible scenarios for the metropolitan area of Tehran and the results showed that with a
platform with typical hardware specifications in less than an hour, the damaged areas in this
metropolitan area can be identified. These maps will be very effective in two phases of pre-
earthquake mitigation and post-earthquake relief.

Relief, Crisis
Management.
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Extended Abstract societies. A large earthquake can destroy a city in a
matter of seconds. In the twentieth century, an
1- Introduction average of about 17,000 people were killed each
year by major earthquakes (Scawthorn & Chen,
arthquakes, due to their sudden 2002; Mohanty et al. 2016). Iran's seismic history
occurrence, have always been the shows that, on average, a major earthquake occurs in
most  surprising among  other the region every few years. The effects of these
natural  disasters in  human earthquakes indicate the high vulnerability of the

country to large earthquakes (Berberian 2014).
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under rubble or injured is dramatically reduced in
time, and it almost disappears after a few hours. Due
to the fact that in the traditional case, the relief
process is such that after the earthquake and the
location and magnitude of the earthquake, the relief
forces are evenly distributed in the settlements
around the epicenter. The relief process and the
extent of earthquake damage (in the form of field
data collection) are done simultaneously. However,
depending on the type of soil and the condition of
the structures, residential (or non-residential) areas
may be more distant than nearby areas. Therefore,
the distribution of relief forces and equipment in this
type of relief is not optimal, and this wastes the
golden time to save human beings. The use of
experimental models to estimate the amount of
ground movement and damage caused by
earthquakes in the first minutes after an earthquake
is the solution to this problem.

2- Study Area
Tehran metropolitan area.

3- Material and Methods

The main purpose of this study is to design and
develop a location system based on earthquake
damage estimation in ArcGIS environment. For this
purpose, the maps produced in the seismic rapid
response system are divided into two groups: hazard
maps and vulnerability maps. Therefore, the system
consists of two modules of danger and damage.
Here, the purpose of estimating earthquake risk is to
produce maximum maps of earth movement due to
an earthquake and in general to provide information
that is related only to the characteristics of the
earthquake, the distance of the site from the
earthquake and construction conditions and not the
condition of buildings. By implementing the
functions of the maximum reduction relationship
between movement and intensity in the earthquake
risk module, it is possible to generate an earthquake
risk map in this module. Damage module estimates
the physical damage to the structure based on the
physical characteristics of the structure and the
amount of ground movement. The vulnerability
function is implemented in this module. This
function receives the amount of ground motion
entering a structure due to an earthquake and the
characteristics of the structure as input and uses the
available experimental curves to estimate the
damage. These types of maps show the amount of
damage or the percentage of probability of any type
of structural failure.

4- Result and Discussion

After developing the system and implementing it as
a tool in the ArcGIS software toolbox, the system
was technically evaluated with seismic scenarios. To
assess the risk module, three seismic scenarios were
considered in the country and to assess the damage
module, four possible seismic scenarios were
considered for Tehran. Table 1 and Figure 1 show
the scenarios used to evaluate the earthquake risk
module, along with the timing results and one of the
results, respectively. To evaluate the damage
module, four seismic scenarios threatening the city
and Tehran province were considered. Ruptures in
Mosha, South Rey, North Tehran and Parchin faults
were selected for this purpose. Damage estimation
performance was evaluated in terms of speed and
results. Input parameters for module execution
include scenario specifications and layer of urban
blocks in Tehran province. The characteristics of the
scenarios and the time results of the calculations are
given in Table 1.

Table 1: Specification table of possible seismic
scenarios and results of scenarios

Number | Scenario | name fault | Coordinates on the Great Model | execution
name center of the time
earthquake
1 masha | Fault masha | 514043 | 359751 1.5 BSSA | 56%:32"
South | Fault South | 513074 | 35,5646 6,7 B 1:05":28"
Ray Ray
3 North | Fault North | 51,0119 35,8120 6,9 CY | 1:05:28"
Tehran | Tehran
4 parchin | Fault | 518201 | 354580 7.2 ASK | 1:05":28"
parchin

5- Conclusion

Due to the seismicity of the country, the necessity of
using a seismic damage estimation system by the
relief forces seems necessary. Such a system can be
applied in two stages of mitigation and relief
measures. Execution of the hazard and damage
module for a scenario of about 30 minutes prepared
a damage map within a radius of 20 km of an
earthquake. In the first half hour after an earthquake,
this map helps managers and decision makers
determine which city (s) or residential area near the
earthquake is most at risk. In the next step, damage
maps for higher risk cities can be prepared based on
the prioritization of residential areas near the
earthquake. As shown in the output maps of the
implementation of the damage module for the city of
Tehran, vulnerable areas in each scenario as well as
the central areas of Tehran, which are highly
vulnerable in most scenarios are easily identified.
Therefore, it can be concluded that the
implementation of possible scenarios and stacking of
results for different regions of the country can result
in vulnerable areas of cities. As a result, in the pre-
earthquake stage, the damage assessment system can

2



Geography and Territorial Spatial Arrangement, Volume 11 Serial Number 41 Autumn 2021

be used to identify vulnerable areas in order to
prioritize preparedness, renovation and improvement
plans.

Keywords: Damage  estimation,  Earthquake,
Geography information system, crisis management,
Tehran city
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