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Abstract

During the past five decades, natural hazards such as floods, earthquakes, severe storms and tropical cyclones, droughts,
wild land fires, and also manmade disasters such as Nuclear disaster, oil spills, and terrorist attacks have caused major loss
of human lives and livelihoods, the destruction of economic and social infrastructure, as well as environmental damages.
Disaster reduction is both an issue for consideration in sustainable development agenda and a cross cutting issue relating to
social, economic, environmental and humanitarian sectors. These important features have to analyze and there is a need to
study. Though, in recent years the Open GIS technology standards have been developed by several agencies, which provide
the basis for utilization of geographic information services, also gives an opportunity for data interoperability, data integration
and data sharing between different emergency management agencies, However finding suitable services and visualization of
geospatial information for decision makers is still a crucial task. Objective of this paper is to assess the state of art literature
review in different methodologies of utilizing geospatial technology in managing both natural and manmade disasters
dedicated by different authors and also to find new direction in this important area.
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INTRODUCTION

A disaster is defined as a serious disruption of the functioning of
a community or a society causing widespread human, material,
economic or environmental loss that exceed the ability of the
affected community or society to cope using its own resources.
Disasters interrupt the society by claiming lives, creating victims and
destroying infrastructures and houses. Disasters also have negative
impacts on the environment as they affect natural resources.
Therefore, considering society, economy and environment as the
three main components of sustainable development, disasters have
a negative impact on sustainable development which making
appropriate management of disaster a necessity.

When a disaster occurs, funds and budgets that have been
assigned for development purposes are diverted to respond to that
disaster and returning quality of life to normal. It is estimated that 70-
80% of information is resolvable to geographic location, therefore the
nature and characteristics of geographic information (Gl), and the
way in which it is used, is paramount in managing crises effectively.
Therefore spatial data and related technologies have proven to be
crucial for effective collaborative decision-making in disaster
management. However, current studies show that although spatial
data can facilitate disaster management, there are substantial
problems with collection, access, dissemination and usage of
required spatial data for disaster management. Such problems
become more serious in the disaster response phase with its
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dynamic and time-sensitive nature.
Natural and manmade disasters

Disasters may be natural or manmade. Natural disaster like
earthquake, flood, tsunami, etc will occur and it is not possible to
prevent them. Nevertheless their effect on human health and
property can be mitigated effectively if appropriate anticipatory
measures based on Geospatial technology in a timely, coordinated
manner is planned and implemented in each phase of operation like
relief, rehabilitation and reconstruction. Earthquakes are caused by
the motion of tectonic plates - individual sections that make up the
earth's surface like panels on a football. Immense strain accumulates
along fault lines where adjacent plates meet. When the rock
separating the plates gives way, sudden seismic ground-shaking
movements occur. The point where the seismic activity occurs is the
epicenter, where the earthquake is strongest. The seismic waves
usually travel out from the epicenters, sometimes creating
widespread destruction as they pass. Earthquakes lead the list of
natural disaster in terms of damage and human loss and they affect
very large areas, causing death and destruction on a massive scale.
Cyclones are the deadliest of all natural disasters worldwide
associated with strong winds, storm surges, heavy precipitation and
floods. The property damage caused by winds depends on quality of
construction and maximum wind speed. Storm surges which are
rapid increase in sea-level along the coast due to strong winds
driving the water ashore cause maximum damage. When rain falls, it
drains down from hillside to streams, along rivers and out into sea.
When this rainfall is incessant, the land becomes saturated and the
natural drainage system fails. The upper reaches of rivers quickly fill
and force the excess water downstream. In the lower reaches water
flows slower. Here the river swells and begins to break its banks.
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This results in flooding of the plains especially the low-lying flat wide
areas in the lower reaches of a river.

A tsunami is a chain of fast moving waves caused by sudden
trauma in the ocean. They can be generated by earthquakes,
volcanic eruption or even impact of meteorites. Tsunamis are not
tidal waves as they are not caused by changes in tides. They are
most common around the edge of the Pacific, where more than half
the world's volcanoes are found. These seismic surges can assault
coastlines, often with little or no warning. Tsunamis are rare in the
Indian Ocean. The tsunami of December 2004 started with an
earthquake off the north Sumatra Coast which generated devastating
tsunami waves affecting several countries in South East Asia.
Landslides are frequent and annually recurring phenomenon in hilly
areas. Outward and downward movement of mass, consisting or
rock and soils, due to natural or man-made causes is termed as
landslide. High intensity rainfall triggered most of the landslides. As
long as landslides occur in remote, unpopulated regions, they are
treated as just another denudation process sculpting the landscape,
but when occur in populated regions; they become subjects of
serious study. Most of the landslides occur due to exhaustive
deforestation for the development of urbanization and plantation. In
these areas rainwater directly penetrates into the soil and cause
landslides.

Among the manmade disasters, probably the most devastating
(after wars) are industrial disasters. These disasters may be caused
by chemical, mechanical, civil, electrical or other process failures in
an industrial plant due to accident or negligence, which may cause
widespread damage within and/or outside the plant. The worst
example globally was the Methy! Iso-cynate gas leak in 1984 from
the Union Carbide Factory in Bhopal which has so far claimed more
than 20,000 lives and injured few million personals besides stunting
the growth of a generation born from the affected population. This
disaster triggered a completely new legal regime and practices for
preventing such disasters. With increased emphasis on power
generation through nuclear technology, the threat of nuclear hazards
has also increased. The Department of Atomic Energy (DAE) has
been identified as the nodal agency in the country in respect of
manmade radiological emergencies in the public domain. Nuclear
facilities in India have adopted internationally accepted guidelines for
ensuring safety to the public and environment. Apart from this there
is also a threat of nuclear disaster through terrorist attack in any of
the major cities in India. To overcome this kind of disasters proper
decision support system is essential.

Disaster management using GIS

Most of the Natural and manmade Disaster management
activities can be accomplished faster by the help of Geographic
Information system (GIS), a computerized data base, analyze and
visualization system of spatial data. Geographic Information Systems
(GIS) provide a range of techniques which allow ready access to
data, and the opportunity to overlay graphical location-based
information for ease of interpretation. They can be used to solve
complex planning and management problems. The disaster
management consists of three important phases as Pre disaster
phase (planning, preparedness and mitigation), On-Disaster phase
or impact phase (response, recovery, evacuation, etc.) and post
disaster phase (Rehabilitation, damage Assessment, providing food
and medical facilities, etc). All phases of emergency management
(reduction, readiness, response and recovery) can benefit from GIS,
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including applications related to disaster management systems, a
critical element in managing effective lifelines in an emergency.
Considering GIS as underpinning technology for spatial technologies
and its role in facilitating data collection and storage as well as
facilitating decision-making based on spatial data processing and
analysis, GIS is a good tool for improving decision-making for
disaster management.

The Geographic Information System (GIS) - based
methodologies are now being developed for disaster loss estimation
and risk modeling. These data can be used not only for real - time
damage assessment but also for long term planning of efficient land
use measure and adoption of building codes (minimum construction
standards) or retrofitting methods. The easy availability of such
maps, which include details of infrastructure, roads, hospital, school,
shelters, engineering structure etc. simplify disaster management
and rehabilitation efforts.

In this paper, we survey the literature to identify potential
research directions in disaster operations, discuss relevant issues,
and provide a starting point for interested researchers. From the
literature review it has been concluded the most of the authors
worked on the following unique three phases of disaster.

Pre-disaster Phase

Prevention or mitigation is not at all possible for most of the
disasters. The time for warning, protective action and possible
evacuation of the population may be possible just before the disaster
strikes. The effectiveness of protective actions will largely depend on
the level of preparedness of the population particularly at community
level. The community must be prepared to understand and react to
the warning. Sudden natural disasters often do not allow enough
time for the implementation of protective measures. In long - term
disasters or when an Early Warning System in effective, protective
measure will depend on the awareness and preparedness of the
community, of the local authorities and of the health staff. During this
phase, several activities such as mapping of potential risks,
Vulnerability analysis Inventory of existing resources were prepared
using GIS.

On-disaster Phase

The movement the disaster strikes is time for destruction, injury
and death. It may last a few seconds, as is the case of earthquakes,
or days or weeks as is the case of floods and drought. The effects of
the impact on healthy vary widely according to several factors, such
as the nature of the disaster itself, population density, pre-disaster
health and nutritional status, climate, organization of health services,
etc. Immediately after impact is the time for rescue, relief and
assistance to the victim. In the immediate post-impact period, the
local community is isolated and many of the most pressing rescue
tasks are accomplished by the survivors themselves with the locally
available resources. GIS can be effectively utilized to analyze the
worst situation. Shortest route and the emergency evacuation route
maps were generated using GIS to serve the affected community.

Post-disaster Phase
The relief phase should lead to the Damage assessment,

rehabilitation, reconstruction, rebuilding and restoring of pre-disaster
conditions. Damage assessment for residential buildings and
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infrastructures may be done for predicting total property damage to
the city. For this the latest remote sensing data collected after
disaster is incorporated with GIS for generating new thematic maps.
Initiatives towards rehabilitation should start immediately after the
impact phase and gradually increase during the emergency and
reconstruction phases. The rehabilitation measure and their effects
on the long-term global development of the affected community
should be carefully considered. Too often, measures decided in a
hurry tend to obstruct further re-establishment of normal living
conditions. However, disasters can also have positive effects in the
long run and be considered as an opportunity for development. The
additional resources available, the new attitudes and cohesion
developed by the community and the strengthening of operational
capabilites at all levels can all be used to accelerate the
development process of the affected country.

SATELLITE IMAGERY OF A CITY

(Raster Data)
GEOGRAPHICAL
ATTRIBUTE DATA LClIZenieine INFORMATION
{Vector Data) SVSTEN
DISASTER
MANAGEMENT USING
GIS
PRE DISASTER POST DISASTER PHASE
PHASE »DAMAGE ASSESSMENT
»PREPARDNESS ON DISASTER PHASE »REHABILITATICN
»PREVENTION »SCENARIOS USING »SUGGESTION FOR
SPLANNING SOMEMODEL S CITY PLANNERS
DECISSION
SUPPORT SYSTEM

Fig 1. Flow Chart diagram for Disaster Management using GIS

LITERATURE REVIEW
General

Disaster operations management is an increasingly important
application area for the developing techniques of service science.
This paper examines the use of topic maps, a semantic technology,
within this environment, and provides a preliminary discussion of the
benefits that its implementation can provide in the capture and
exchange of contextual information.

Disaster response becomes more sophisticated, it is possible to
envisage emergency coordination centres having their own remotely
piloted vehicles (RPV) that can be launched from the roof of their
building. Using existing technology, such an aircraft could be
positioned using GPS and could carry a small video camera and
transmitter, similar to that used by television companies for sporting
events. One can envisage a computer display showing the digitized
map of the disaster area with the position of the RPV superimposed.
At the same time, an inset on the screen could show the video
images transmitted by the RPV, giving the response coordinator first
hand information from the site of the emergency. To calibrate the risk
model, past casualties recorded were used. The final outputs include
a set of indicators for measuring levels of risk on a country by
country basis, a global database on hazard frequencies, an
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evaluation of the population exposed and the identification of socio-
economical parameters for estimating human vulnerability to natural
hazards.

Role of Geospatial Technology in Earthquake Hazard
Management

From their study insists, Geographical Information Systems
(GIS) are in a state to be used almost in every phases of a disaster
management. Creating the scenarios, determining the risks,
generating the sustainable plans, implementing the applications are
the examples to use GIS for mitigation phase of a disaster
management cycle (DMC). Urban and regional planning activities
also play important roles in mitigation phases. Similar to planning
process, DMC mostly requires integrated data from multiple sources
and coordinated institutional structure. Although GIS tools are able to
handle different datasets for spatial analysis; integration of that data
and organizing the institutes requires modern approaches or
frameworks such as Spatial Data Infrastructures (SDI). Present a
method of earthquake damage detection by comparing the optical
images with panchromatic bands for the Gujarat, India earthquake,
which occurred on January 8, 2001, before and after earthquake.
They investigate the pre- and post- event satellite images through
calculating the differences in the reflection intensity of the two
images, which showed significant changes in the reflectance due to
earthquake disaster

Role of Geospatial Technology in Flood Hazard Management

Satellite SAR image such as Radar sat SAR or ERS SAR is
geometrically corrected and matched with the data from the GIS
database such as land use or the geometrical-corrected Landsat TM
image. The flood extent can be extracted from SAR image by visual
interpretation or automatic extraction with support of DEM or Landsat
TM. The flood extent can be overlaid with the data such as land use
data from GIS database or Landsat TM and the results such as map
and table can be obtained by using GIS. Peak-flow magnitude
estimates enable the computation of corresponding flooded areas
using Manning’s equation and GIS processing. This —regression
method is processed on two test-zones situated in North and South
America

Role of Geospatial Technology in Coastal Hazard Management

The earthquake was followed by tsunami, surge of waves that
killed nearly a quarter of a million people, mostly in Indonesia, Sri
Lanka, and India. The earthquake shaking and subsequent tsunami
caused substantial damage to structures that include buildings,
harbors, overhead water tanks, seaport control towers, and so on.
Other important structures, for example, dams, bridges, hangars,
and so on, also suffered minor damage without disrupting their
functioning. Reinforced concrete structures on the islands were the
worst performers, while traditionally constructed timber and masonry
structures performed well in response to ground shaking. The
mandatory Indian Standards were not complied within the design of
many recent structures on the islands located in the most severe
seismic zone in India.

A study was conducted to review and evaluate existing
emergency evacuation procedures for the Gulf Coast, and to make
recommendations for the use of advance technologies to enhance
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evacuation procedures. An advisory committee of transportation and
emergency management officials was involved throughout the
project. The study included the examination of existing emergency
evacuation plans, interviews with involved individuals and agencies,
identification of technologies that can be adopted to improve
planning and management of evacuations, simulation of evacuation
traffic flows, and other technical steps.

Role of Geospatial Technology in Man Made Disasters
Management

The Detonation of a Single Nuclear Bomb or —Warhead Would
Cause a Local Disaster on a Scale That Few People in the World
have seen and survived. The effect of a single bomb would depend
on its power, and where it exploded — high in the air or at ground
level and whether in a densely populated and built-up area like a city
or in open country like an attack on a missile silo. The nuclear bombs
available to the great military powers of the world range in power
from several megatons down to a few kilotons. A megaton is the
explosive power of one million tons of TNT. A kiloton is the power of
one thousand tons of TNT. Bombs likely to be available to terrorist
organizations or governments other than the great military powers
would be in the 10- to 100-kiloton range. An atomic bomb explosion
results in a great amount of damage due to blast and fire, followed
by the highly radioactive fallout. At Chernobyl there was no nuclear
detonation so the initial local damage was limited to the Unit 3
Reactor Building and adjacent structures. However, the amount of
radioactive material released during the accident was far more than
would have resulted from a nuclear explosion. The fire in the reactor
core burned for approximately three weeks and a huge quantity of
fallout was produced. Large areas around the power plant had to be
abandoned and contamination was spread as far as Western
Europe, Africa and the Far East.
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CONCLUSION

In this paper a general review of disaster management for both
natural and manmade disasters using Geospatial technology and
Geographical Information system (GIS) was presented. From this
literature review it has been concluded the most of the authors
worked on the unique three phases of disaster management such as
Pre disaster management, on disaster management and Post
disaster management. This paper also concludes that using Geo
spatial technology the disaster could not be able to completely
mitigate but to some extent the administrators could use this
technique for planning preventive measures before disaster and to
react during emergencies situation. It is also appropriate to review
the work so far accomplished in different fields of various disasters
and to identify the necessary directions for future research.
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