Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2013.14.3.1489
cooperation Society
Vol. 14, No. 3 pp. 1489-1494, 2013

Building GIS Application Model in Support of Tsunami Relief
Effort

Asha Nilani Liyanage', Heewon Lee'" and Seok-Hwan Lee’

'Division of Architecture, Sun Moon University

’Department of Urban Design & Development, Kyungsung University

2] A de= AT GIS o§5Y 75 I 9+

OFAF 2[OFLIAY, 0|5, O|AEF
7

MSrhstn ZiEsl, CPMstm SAIZ st

Abstract Tsunami happens rarely enough to allow a false sense of security, but when they do occur, there
may be just minutes or hours for people to reach a safe location. Natural disasters like tsunami are inevitable
and it is almost impossible to fully recoup damages caused by the disasters. However, it is possible to
minimize the potential risk by developing early warning strategies. GIS modelling with its geoprocessing and
analysis capability can play a crucial role in efficient mitigation and management of disaster. This study aims at
developing integrated spatial information system processing model supporting tsunami evacuation action planning
using geo-information technology such as GIS. The integration process classified into four phases. And in each
phase, required input data and GIS processes are decided. The main effort in minimizing casualties in tsunami
disaster is to evacuate people from the hazard area before tsunami strikes by means of either horizontal or
vertical evacuation. The study provides essential spatial information for local decision making related with
people's evacuation in tsunami-prone areas based on a modeling approach transferable to other coastal areas.

2 o sufoleh el AUIUS S dolifis Aol Yolit A% IR £ e Akl Jusiol,

Jet oy, ANTE PUSHEE olo] that thl WS Fasth Auult Aol 1 WS 2y Brshe
HE Aol Bobsols Ao AnAA S Folel oGO NGRS ALet i aek olele e
o slsha g AdRE glstol Gise] AemRAY 53 BV G839 vk @ 5 gk £ gk
o 5% z2AY
wge st s 1 Bao] gtk Aujule] A9 FE fult ATE WYAGoRRE SR, EL 44

ule] 9ol GlojAl GISe| Aelgn ZeAl 71%E olgstel tuAS Syl Wad AR §
Yo

Hom olFAlL A3} Blo] glowl, ol Slat thuie Bheel WYL 4TAR LE show], 2t wAvkt Ba
3 AdolEE Atk AERYL oleldt 4UAS FUstel AFRYOR AAskgch £ Aol HYH wy
o o) wAle] glegloleE Helstel utn] WAle] lElL SStEAl] A8 A Aol thuie wIF ot
3

of 282 + ok

Key Words : Tsunami evacuation, GIS, Process modelling

1. Introduction coast of Sumatra, Indonesia, the Sumatra-Andaman
earthquake resulted in tsunami, a huge wall of water
1.1 Background waves. With a magnitude of between 9.1 and 9.3, it is the

On December 26, 2004, with an epicenter off the west third largest earthquake ever recorded on a seismograph
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caused by seduction and triggered a series of devastating
tsunami along the coasts of most landmasses bordering
the Indian Ocean, killing over 230,000 people in fourteen
countries, and inundating coastal communities with waves
up to 30 meters (100 feet) high. It was one of the
deadliest natural disasters in recorded history. Indonesia
was the hardest hit, followed by Sri Lanka, India, and

Thailand[1].
Tsunami mean "harbor wave" in Japanese term.
Underwater earthquakes, landslides, or other major

deformations that cause large vertical displacements of
water generate tsunami[2].

Tsunami is most common in the Pacific Ocean, with
small, nearly undetectable tsunami occurring regularly.
Although wave height is relatively small in open seas,
when the tsunami hits the coastline, it may rise to several
meters and can cause loss of lives and property damage
when comes to shores. Major tsunami events are
extremely rare, though the Indian Ocean tsunami of
December 2004 showed that major tsunami events can
have devastating effects over very large area[3].

Though human cannot prevent tsunami, as it is a

natural occurrence, we can minimize the damage.

1.2 Objectives and Methodology

This paper discusses the areas which we can apply GIS
applications to minimize the damages occurred by
tsunami, and will propose a model which we can utilize
with GIS model builder application (the interface used to
build and edit geoprocessing models in ArcGIS program/
http://wiki.gis.com/wiki/index.php/GIS Glossary/M) to
make 'run-up plans (the maps and methods that used for
evacuation in case of emergency). By this system, people
can integrate tsunami analysis tools into a GIS workplace.
Further, this provides concepts to identify the
implementation of technology and the data implementing
ideas for calculations that needed in an emergency
situation.

To fulfill above mentioned objectives, this study
mainly focused on how to make 'run-up' plans, widely
means as an evacuation plans.

the flow or the model builder function of GIS.

This focuses mainly with
It will
discuss about the phases and flows for building up the
‘run-up' models in ArcGIS process, and this geoprocessing

(A GIS operation used to manipulate GIS data. A typical

geoprocessing operation takes an input dataset, performs
an operation on that dataset, and returns the result of the
operation as an output dataset. Common geoprocessing
operations include geographic feature overlay, feature
selection and analysis, topology processing, raster
processing, and data conversion. Geoprocessing allows
for definition, management, and analysis of information
used to form decisions/ http://wiki.gis.com/wiki/index.php
/GIS_Glossary/G) -based model can be used to automate,
run, and re-run a ArcGIS process. This model is
especially useful for complex data processing flows that

need to be executed rapidly during and disaster situation.

2. GIS Possibilities for Tsunami
Disaster Management

Since tsunami is natural disaster it is impossible to
forecast the exact date and time of its occurrence to fully
prepare people evacuation. But, we can prepare and
manage this situation with use of technologies like GIS.
(geographic information system) The tsunami disaster
management can be classified into two part: pre-disaster
management and post-disaster management.

GIS technology can be effectively used to both pre-
and post-disaster planning. Planning for pre-disaster
management involves predicting the area and time of a
possible disaster and the impacts on human life, property,
and environment. Pre-disaster management concerns with
the measures to prevent negative impacts from hazard
events and to be better prepared for those that are not
prevented whereas post-disaster relief and recovery
measures. Pre-disaster management is risk management
that has

three components: risk identification, risk

reduction, and risk transfer and preparedness, the
post-disaster phase is devoted to emergency response,
rehabilitation and reconstruction[4].

GIS allows quickly accessing and visually displaying
critical information by location that helps in developing
action plans[5]. Emergency disaster management requires
response, incident mapping, establishing priorities, developing
action plans, and implementing the plan to protect lives,
property, and the Effective

management requires assimilation and dissemination of

environment. disaster

preplanned, historical and real-time information to many
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sources. To deal with this issue, not only basic activities
but also technological solutions should be used. In this
sense, information about human populations, infrastructure
and other spatially distributed data can be managed by the

use of GIS technologies.

3. Building GIS Model: Phases and
Flows for 'Run—Up' Plans

Modeling processes are divided into four main phases,
which is interrelated to one phase to another. Since GIS
model builder contains mainly three flows, namely input,
process and output, following four phases will be
described according to those three flows.

Modeling for Mapping and Analysis Task Lists:

-Phase One: Build up evacuation zone map.

-Phase Two: Build up emergency evacuation routes

map.

-Phase Three: Build up emergency resources location

map.

-Phase Four: Build up at-risk population map.

3.1 Phase One (Build Up Evacuation Zone
Map)
Purpose of the first phase is mainly defining the

warning areas in post disaster time. It shows the areas

which can be damaged due to tsunami.
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[Fig. 1] Phase 1 model of Evacuation Zone Map
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3.1.1 Input data

As the first phase of the modeling, size of tsunami
should be input to the system. This is done after the
earthquake happened. The size of tsunami depends with
the several factors as follows; The magnitude of the

earthquake / Energy released by earthquake / Distance
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between earthquake happen place and causing area/ Other
factors (Depth of the sea earthquake happen, current

weather conditions, etc.)

3.1.2 Process

Classify the evacuation zone areas according to the
height from the sea level; (00-10m) Elevation height /
(10-20m) Elevation height / (20-30) Elevation height.
This leads to make results of phase one according to the
size of tsunami waves and its height given by input of

phase one.

3.1.3 Output

The zoning of risk zone map is the output of phase
one. These zones will be used to prioritize evacuation
efforts and allocate guard and rescue personnel and

emergency resources and supplies.

3.2 Phase Two (Build Up Emergency
Evacuation Routes Map)

Transportation facilities can itself suffer from both
artificial and natural disaster. Transportation system can
play crucial role in disaster response if it monitored well
and assessed properly. An effective transportation system
provides much help to take and the affected peoples to
safer places and rescue and relief material to the disaster
hit areas within very short time. Therefore, as th second
phase model build emergency evacuation route map
mainly for; Evacuation the population in the area of the
event / Provide emergency access to the site of the
incident / Allow the public to bypass the affected area /
Respond to the impacts of restrictions to access in the
affected area.
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3.2.1 Input data
The output of phase one will be the main input for
phase two. Further it will basically overlap with base map

of the area and detailed routes maps.

3.2.2 Process

With the results that found in phase one and the road
maps, the process should be gone through the processing
of; Achieving minimum traffic congestions / Showing
more than one optional route and several usages of routes
for different areas while it should consume minimum

time, allocating maximum speed.

3.2.3 Output

Shows the emergency routes map to reach safer zones.
This map is massively helpful for the peoples who are in
the dangerous areas, and also people who are going to aid

for the risk areas.

3.3 Phase Three (Build Up Emergency
Resources Location Map)

With optimal utilization for relief and evacuation
purposes, a reliable map portraying the location of the
emergency resources like water, service units, food
warehouses, transport and communication networks and
other utilities is very crucial in disaster management with
acquisition of real-time(RT) information about the status

of the resources.
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[Fig. 3] Phase 3 model of Emergency Resources Location
Map

3.3.1 Input data
The result of phase two will be the main input for

phase three. Further it will overlap with base map of the

area, resource location maps.

3.3.2 Process
This will process important location such as schools,

hospital, fire station, emergency shelters, etc. and

resources with the emergency route map.

3.3.3 Output
Resource location map is the output of this phase, a

map which can highly be used in an emergency situation.

3.4 Phase Two (Build Up At—Risk Population
Map)

The main purpose of this is to determine the at-risk
population in an emergency situation. Identifying most
risky areas and high population dense areas, this can be
used mostly by those as aid organization to reach those

sites by vertical transport devices.
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[Fig. 4] Phase 4 model of At-Risk Population Map

3.4.1 Input data
With the output of phase three, it will overlap with the

population map.

3.4.2 Process
Estimate the at-risk population within each zone as
well as the base map calculated and process the at-risk

population map.

3.4.3 Output

As the output of the final phase can determine the
at-risk population, emergency evacuation helping can be
patched according to the results shown at-risk population

map.
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[Fig. 5] Combined Model for Tsunami Relief GIS Application

4. Conclusion

detailed
The following final

By overlapping four phases, the final
evacuation map can be made.
combined model shows the connection between the all
four phases and their results.

The main outcomes of the study elaborate several uses
of GIS that can help to evacuate from risk, in determining
the inundated buildings and roads and calculating the
optimum routes to the closest facilities in case of tsunami
emergency, based on the source data gathered.

It is also vital that human should have learnt from the
experience of previous disasters, by capturing and
archiving the GIS methods that worked, by documenting
lessons learned, and by iterating designs and plans.

This study will help to improve preparation of the
the

government in case of a tsunami disaster. Inundation map

evacuation plan which can be organized by
generated for the study by the result of a tsunami
simulation is a guide for areas to be protected and
evacuation map and network analysis conducted for the
case of emergency is a guide map for the hot points
which should be evaluated for the rescue operation at the

first place.
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Catastrophic events like tsunami, earthquakes, and
floods cannot be eliminated, however, precautions system
always should be developed. Especially by the help of
developing technologies, the preparedness to those kinds
of events can be possible. By using GIS in this sense, the
risk maps and evacuation plans can be arranged for
disaster management and those outputs can be used in the
emergency action plans, for making emergency decisions

and future decisions for new city planning implementations.
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