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Case Report: Geographic Information System for Timely Search 
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Background: Short golden time is important to save the injured in earthquake and to start 
search and rescue (SAR) operation as soon as possible in affected regions. This study evaluated 
application of geographic information system (GIS) for SAR operation in Rigan Town, Kerman 
Province, which was hit by an earthquake of 6.3 Richter scale on December 12, 2010 at 22:12.

Materials and Methods: A GIS-based decision-making system with 99 information layers 
was used to manage the operations in this earthquake. Decisions were made by using available 
information layers and a proportional scenario. The scenario was designed based on depth 
and intensity of the earthquake. All residential areas within the radius of 20 km from the 
epicenter were defined in emergency operation center (EOC) to be considered by SAR teams. 
Accordingly, SAR teams were called and dispatched to the affected area quickly. They were 
guiding using radio navigation. 

Results: The subsequent assessment on 25, 30, and 40 km buffers showed that there was no 
need to increase the field of search and rescue. Field managers were supported with provided 
information about affected people and villages, structural context of buildings, distribution 
of operational equipments, manpower, resources, and access roads. All of this updated 
information was provided by designed GIS.

Conclusion: Although the earthquake happened at 22:12 in a rural region with scattered 
population and 250 km far from decision-making center, the search and rescue operation was 
completed in the shortest possible time at 2:30 morning, next day.
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1. Introduction

arthquake as a devastating phenomenon is 
considered costly and dangerous because of 
its fast, unexpected, and sudden occurrence. 
Located on Himalaya-Alps earthquake belt, 
Iran is among the most earthquake-stricken 
countries of the world [1].

Owing to high occurrence of this phenomenon in Iran, 
familiarity with its properties and paying attention to 
its outcomes and implementing comprehensive disaster 
management programs are crucial. In earthquake disaster 
management, implementing the programs in the shortest 
possible time could result in expected outcomes by the pro-
grammers [2]. Considering the characteristics of an earth-
quake such as sudden occurrence which result in a large 
number of victims and short golden time for rescue, rapid 
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intervention plans for search and rescue operation is a must 
[3].

Although, starting time of search and rescue operation is 
very important, predicting and applying suitable technolo-
gies is very crucial too [4]. Nowadays, GIS applications 
have been taken into consideration in different areas and 
disaster management is not an exception. These systems 
could be applied in all phases of disaster management. In-
formation preparation, as a main element of every opera-
tional system, is only a part of capabilities of GIS [5].

This article introduces the results of applying this infor-
mation system for search and rescue operation in Rigan 
earthquake. This earthquake measuring 6.3 on the Richter 
scale struck Rigan Town in Kerman Province at 22:12 on 
December 12, 2010.

2. Materials and Methods 

Such as other phases of disaster management, suc-
cessful search and rescue operation needs appropriate 
assessment. Therefore, obtaining enough and necessary 
information is the first priority. In this regard, compiling 
and updating information such as recognizing environ-
mental hazards, identifying system vulnerability, deter-
mining available resources, and responding to disasters 
should be done [6].

Having regional risk and vulnerability maps is essential, 
not only to run preventive programs, but also to do response 
plans. In most cases, having some information about exact 
place of schools, dormitories, or crowded places can signifi-
cantly help the relief and rescue teams [7]. 

Necessary resources to respond to disasters could also 
be presented as resource capacity map. These resources 
include all facilities, necessary equipment, and man-
power for response plans and disaster management.

Information of these resources and their locations, as 
capacity mapping project, could be prepared by various 
enterprises and organizations. Also patterns, methods, 
and their results must be shared.

Kerman Province capacity mapping project was per-
formed by Red Crescent Society of Kerman Province in 
association with Kerman Governor’s Office of Disaster 
Management.

Project objectives were determined based on neces-
sary information to perform a comprehensive disaster 
management. The lesson learned of Bam earthquake on 

December 26, 2003 was used in determining these ob-
jectives too.

Required information was prepared in the 99 informa-
tion layers of GIS which could be used in decision mak-
ing for disaster management. Some samples of these 
layers were political division, population, number of 
households, medical centers, search and rescue teams, 
police posts, airports, road network, railway network, 
fuel storage and water supply network.

Like other GIS based projects, a variety of reports and 
outputs could be produced in the form of standard tables 
and maps on the base of information layers [5]. Figure 1 
demonstrates an example.

Case review

An earthquake with moment magnitude 6.3, hit south 
east Iran at 28.35 degrees north latitude and 59.24 de-
grees east longitude at 22:12 local time (18:42 GMT) 
on December 12, 2010. The region was 120 km south-
east of Bam in Kerman Province in a widespread rural 
region which 260 of those villages were inhibited [8].

Emergency operation center (EOC) of Red Crescent 
Society of Kerman Province was in charge of com-
manding search and rescue operation. As soon as Geo-
physics Institute of University of Tehran announced the 
earthquake, populated areas of affected region were 
identified using 20-kilometer buffer zone around the 
epicenter on demographic layers of the system.

The aforementioned areas were defined using related 
information layers for an imagined scenario of earth-
quake, proportional to its depth and intensity (Figure 2).

The lesson learned of Bam earthquake on Decem-
ber 26, 2003 was used in defining expected damaged 
zone. It was shown that the worst damage of Bam earth-
quake was concentrated within the 16 kilometers radius 
around the city [9].

The subsequent assessment on 25, 30, and 40 kilo-
meter buffers showed no need to increase the field of 
search and rescue. Field managers were supported with 
provided information about affected population and vil-
lages, structural context of buildings, distribution of op-
erational equipments, manpower, resources and access 
roads. All of this updated information was provided by 
designed GIS.
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At the same time, available search and rescue teams 
were informed, organized and dispatched to the geo-
graphic locations of affected people with the quickest 
access ways for determining and evaluating the status 
of affected areas.

Having information about affected people, available 
facilities and resources in places near the earthquake-
stricken areas helped managers send the necessary re-
sources as quickly as possible to the field.

In spite of a vast area, difficult geographical and tem-
poral condition, search and rescue teams were managed 
to determine casualties, triage and transfer the injured 
people to the nearest medical centers. There was no ad-
ditional manpower and equipment in the scene.

Although, this operation was performed late at night in 
a vast area far from command center, search and rescue 

operation finished at 2:30 AM on December 21, 2010. 
Also, no rural region was neglected by search and res-
cue teams.

3. Results

After initial assessment, developing timely and effec-
tive life rescue in an integrated disaster management 
plan is essential to reduce casualties.

Capabilities of the designed GIS-based decision-
making system provided the possibility for the EOC to 
consider all residential areas within the radius of 20 km 
from the epicenter.

Although the first buffer zone was made on the base 
of previous experiences [9], the subsequent assessment 
on 25, 30, and 40 km buffers showed that there was no 
need to increase the field of search and rescue.

Figure 1. Political division and rural road network in Rigan region.
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Informing, organizing, dispatching and guiding teams 
were conducted by the geographical locations and using 
remote navigation equipment. The mentioned items had 

an unavoidable role in recognizing the area which was 
affected by earthquake. They also decreased the time of 
justifying and dispatching teams significantly, and ulti-

Figure 2. Used buffer zones on demographic layers of the system in Rigan earthquake.
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mately the search and rescue was operated as quickly 
as possible.

4. Discussion

Because of variation in related conditions, there are 
few reports about comparing the time for rescue opera-
tion in destructive earthquakes [10]. To the best of our 
knowledge, search and rescue was done quicker and 
more efficient.

Although the first 72 hours after the earthquake is 
called the golden time for rescue, but more saving in 
time results in less casualties.

Developing related tools and or models which use all 
effective factors in evaluating search and rescue time 
could help managers to critique this process correctly.

Besides having information system, accessing to a 
safe and efficient data-transfer network in disaster con-
ditions is inevitable. This network with the capability of 
saving, classifying, and processing data could prepare 
necessary reports in the forms of maps, graphs, dia-
grams or tables.

Defining common objectives and unique methods for 
collecting data and required regulation to oblige all or-
ganizations for sharing their existing statistics and infor-
mation in this network is crucial.

Determined access levels for different organizations 
in using this network can prevent some problems in 
response operation, especially the related issues such 
as “evaluation, search, rescue and relief.” This kind of 
decision-making about access levels should be in charge 
of national disaster management organization.

5. Conclusion

Sharing information on hazards, vulnerabilities and 
capacities by specialized organizations and updating 
this information must also be considered a part of ne-
cessities and prerequisites of this program. 
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