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ABSTRACT

Whether disasters are natural or manmade, they present enormous issues to our lives, properties, and earth; thus, we indeed require
formidable strategies for dealing with them. By playing a game-changer role in how we handle disasters, Geographic Information
Systems (GIS) have provided us with some of the most important information we need to know about catastrophes, in the form
of key maps, to get prepared, to issue an early warning, to respond swiftly, to fix the damage and to ensure that further trouble
does not arise in the future. GIS draws information in a collection of locations: aerial and ground sensor networks, statistics about
the population involve the ability to see the potential point of danger, calculate who is most vulnerable, and determine the help
location. During the preparation, GIS can map hazardous areas, identify strategic resources such as hospitals and schools, and
map exit routes. On the arrival of the disaster, it maintains the system of alarms, monitors the ongoing threats, and facilitates the
supply of aid. The GIS is used to gauge the damage and organise reconstructions and shorter-term safety measures in the aftermath
of the commotion. The cases of Hurricane Katrina, the Indian Ocean Tsunami, and Covid -19 pandemic indicate the versatility
and utility of GIS in any type of disaster. Nevertheless, it has drawbacks: it is expensive, the information is not always ideal, and
trained specialists are required. Nevertheless, it is even better with the advancement of science in the field of technology, Al IoT,
drones, and mobile GIS. Ultimately, GIS can pivot baffling map information into vivid insights, assist us in making brilliant
decisions, and strengthen groups of people.
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INTRODUCTION
Nature presents the world with colossal issues, and human-induced disasters pose

immense challenges to properties, people, and the Earth. It can devastate them and
cost them tonnes of money, besides leaving the social front all messed up. Over the
past few decades, we have observed an increasing number of catastrophes, floods,
hurricanes, earthquakes, tsunamis, forest fires, technological accidents, and health
epidemics. This demonstrates the fact that having good disaster management plans
is very important.

Disaster management is not simply a question were turning around and speeding
supply anywhere so that they can arrive to pick up the lost or transported supply:
this requires not only fast availability but also accurate, timely and location agency
information such that the leaders can see what, where, when and how to do it. In
this regard, GIS has transformed things. It also allows individuals to seize, store,
examine and display maps with information to assist in all aspects of disaster
responses.
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GIS draws onto itself loads of information: satellite photos,
remote sensing, sensor networks, demographic data, maps to
infrastructure (network). That allows the officials to observe
where life-threatening elements reside, identify vulnerable spots
and make speculations about the possibilities. GIS assists
disaster managers with layers and dynamic maps to identify
high-risk locations, evacuation and shelter planning, and
simulation of scenarios to prepare them better.

GIS ensures that all that is in an active disaster is alive. It follows
moving hazards, such as floodwater or fire fronts, assists those
responding to localise areas in immediate need, as well as
maximises rescue unit, medical response, and supply locations.
Now that the worst is past, nonetheless, GIS is still relevant
because it is used to measure the extent of the damage and
reorganise, rebuild and hazard maps to ensure that people are
better off in future. Long-term planning and resiliency also
ensure the strengths of GIS to blend past information with
forecasting capacity to allow governments to develop data-based
policies that reduce the social, economic, and environmental
impacts.

There is also ease of conversation with the public raised by GIS.
It depicts explicit images of dangers, hazard areas, and exit
routes, providing locals with opportunities to take action to
prevent complications. This is because GIS can expand with
technology, such as integrating GIS with AI, IoT devices,
drones, and phones, among others. It has become a key part of
present-day emergency preparedness and response.

Overall, Geographic Information Systems help to fill the gap
between Geographic data and real-life actions. They break
complex map data into actionable ideas, increase disaster
preparedness, accelerate response, and contribute to the creation
of resilience over time in response to hazards that are
unpredictable and hard to prevent.

Understanding GIS

GIS can be described as a tool of invention that would enable
individuals to collect, store, examine, and disseminate maps and
geographic data to make higher-quality choices and New York
expenditures, particularly in the case of a natural catastrophe. It
merges computing, software, data, and individuals that address
their business to process place-based and descriptive
information in order to map, model, and visualise complex
things.

The layers of the system are made of all sorts of info:
topography, land use, the number of people in a place, highways,
rivers, and dangerous locations; in the old technologies, one
could hardly notice the pattern, but in the system, it may be seen
very well. It is powered by cutting-edge technologies such as
satellite images, the global positioning system, and sensors that
ensure that information is precise and truthful.

GIS comes in very handy in disaster planning because the leader
is informed of the locations of the at-risk areas and where a
disaster may occur, enabling them to make intelligent decisions,
evaluations, and selections. As an example, flood maps and who
lives where and where buildings are could be matched to identify
the most vulnerable communities. And you can mingle
earthquake risk information with building code to make a
building a safer place. In addition to being able to evaluate risk,
GIS allows you to look at the possibilities of the situation in
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design scenarios, such as a simulated wildfire or storm surge, to
test the various possible emergency responsibilities and derive
optimal resource utilisation.

GIS is also used to facilitate the sharing of information by
various groups, including the B. And, GIS can expand through
other emerging technologies, such as machine learning and IoT,
thus allowing it to project/image and track disasters in real time.
In a nutshell, GIS is more than a map; it is a complete decision-
supporting machine, which translates geographic data into
practice, making it crucial in understanding, handling, and
responding to all disaster issues.

GIS In Disaster Management

Preparedness

GIS is significant during the preparedness stage of disaster
management because law enforcement officials can map prone
areas to hazards like floods, earthquake faults, landslides, and
even cyclone or hurricane routes. With this spatial data overlaid
onto data regarding critical infrastructure such as hospitals,
schools, transportation systems, water supply, and
communication lines, emergency responder teams can be able to
identify wvulnerable populations and work out specific
emergency response strategies. GIS is also useful in calculating
the most appropriate place of evacuation shelter, pre-positioning
of resources, and layout of the mass communications in advising
citizens against risks and preventive measures. Such as the road
density and accessibility by analysing population using GIS,
such homes, in case of floods or storms, would be identified and
in need of evacuation.

Early Warning Systems

During the early warning, GIS really ties together real-time data
and information accessed by satellites, weather stations, river
gauges, sensors, and even through social media in providing
timely notifications about an approaching disaster. This enables
the authorities to visualise the trajectories of hazards and areas
that they could affect so that relevant warnings about hazardous
products are effectively brought to the vulnerable groups. To
illustrate, in the case of a flood, water can be modelled in GIS
across cities and bars to start emergency supplies, engage rescue
operations and move victims effectively. Early warning with the
help of GIS saves many lives, but the property will also be saved,
as preventive actions can be taken in advance, before the disaster
occurs.

Response and Relief Operations

GIS will be invaluable during the response stage when it comes
to situational awareness and coordination. It assists the disaster
management agencies in the identification of the fatality areas,
damage to the infrastructure and arrangement of the deployment
of rescue teams, medical support and relief divisions. GIS may
collaborate with satellite images, aerial shots, and firsthand
accounts of situations on the ground, allowing the identification
of the most affected areas, prioritisation of interventions, and
enhanced logistics. GIS may also be used to continuously track
the progress of accidents in real-time, like tracking wildfires by
the use of vegetation and wind data or view the progress of
floodwaters in towns and cities so that timely adjustments can
be made to response actions.



Recovery and Mitigation

During the recovery and mitigation stage, GIS can be used to
help in the assessment of damage after a disaster, the planning
of sabotage after a disaster and long-lasting mitigation
outcomes. Western agencies can assess the weaknesses that
might recur frequently by merging historical data of disasters,
present demographic, environmental, and infrastructural data to
enforce zoning ordinances and develop resilient infrastructural
projects. Predictive modelling can also be carried out using GIS,
which enables agencies to model the way things could happen if
a disaster were to occur and determine what mitigation
measures, they should expect to use in the event of such an
eventuality. Also, GIS can be used to conduct ongoing
cooperation between government bodies, non-governmental
organisations, and the population, enhancing their understanding
through equal access to maps and spatial data, which makes their
work more effective and does not require transparency.

Integration of Technology into the Future

GIS proliferates, integrated with new technologies, including
artificial intelligence, machine learning, IoT sensors, drones,
and mobile applications, with a significant impact to stimulate
its predictive, analytical, and operational capacities. This
integration enables real-time, correct risk evaluation and
decision-making intervention. With time, GIS has changed
disaster management by enabling chronic to focus less on
disasters and more on their prevention, response, and recovery,
which has allowed citizens to be better prepared to respond to
and recover from disasters and consequently, this has led to
safety and longevity.

Applications of GIS In Disaster Management

Hurricane Katrina (2005, USA)

One of the largest disasters that has taken place in the US was
Hurricane Katrina, and it clearly showed how GIS helps
coordinate. Maps showing who was and was not flooded in New
Orleans and around the area were done using GIS technology to
allow the emergency service providers to identify the most at-
risk areas and target their rescue efforts accordingly. They have
gone beyond that by merging satellite imagery with kingdom
aerial photography as well as population and infrastructure data
to locate those stranded, deploying rescue teams, and providing
makeshift housing. The GIS road map allowed the guys to figure
out escape paths to use that did not involve danger, and live
monitoring helped to track the movement of flood water and
label the areas that would only get worse. Generally, it seems
that GIS gave everybody, federal through local agencies, a much
better understanding of what was happening and assisted one
another, but everyone did hit certain places where data was not
as accurate and up to date as everything was when things fell
apart.

Indian Ocean Tsunami (2004)

The Indian Ocean Tsunami of 2004 struck a variety of nations
and caused death and destruction to an enormous number of
individuals and resources. GIS also played a crucial role in
aftercare and response, because when agencies could wait to
combine all data (satellite images, topography, and the number

of people in an area), they could securely calculate the most
impacted coastline and deliver assistance where it was most
critically needed. GIS maps also made it possible by assisting
the NGOs and the government folks to queue food, medicine and
shelters to benefit the most vulnerable communities earlier.
Moreover, the disaster-inspired hazard maps were used in future
strategies, such as improved communication, through which
they offer more efficient warning mechanisms and community-
based preparedness measures to enhance resilience in regions
susceptible to tsunamis.

Health Epidemics and Pandemics

GIS are well-known for their use in natural catastrophes, but
they are also very useful in health-related emergencies, such as
pandemics and epidemics. In the early phases of epidemics, GIS
technology was utilised more and more to keep track of how
illnesses spread, identify locations that were at high risk, and
help public health officials make decisions. Authorities could
keep an eye on the spread of illness and find hotspots with the
use of GIS dashboards that showed infection rates in real time.
GIS also helped manage hospital capacity and resource
allocations by combining data from hospitals and other
healthcare institutions. Using geographical analysis, public
health authorities could see where diseases were most common
and decide which actions to take first, including sending medical
supplies and setting up quarantine zones. GIS also helped
organise vaccination efforts by making maps of people and
important infrastructure. The addition of real-time data to GIS
systems made it possible to quickly respond to new health
concerns, showing how important it is becoming for managing
health crises. These features show how useful GIS may be for
controlling and lessening the effects of pandemics even before
COVID-19 became a worldwide problem.

Other Applications

In addition to such giant cases, GIS has played a super role in
flood prevention, earthquakes, wild, hurricanes and industrial
accidents all over the globe. It works to predict earthquakes in
Japan, and forecast tsunamis; it tracks bush fires and maps
evacuations in Australia. In towns, GIS supports flood
prediction and facility development plans in reducing
susceptibility. GIS also allows local individuals to leap into
hazard maps, early warning and durability resources,
consequently, making disaster mitigation more credible and
participatory.

These real-life instances certainly indicate that GIS is not an
instrument in mapping, but a complete decision support system
that enhances prep, response, recovery and mitigation of any
disaster. Acting as an integration or business tool, GIS enables
authorities and communities to make smart, data-driven
decisions to save lives, safeguard objects, and create resilience
over time.

Advantages of GIS in Disaster Management

GIS comes in and helps in dealing with disasters. It assists in
viewing it all simultaneously by having real-time maps of
hazardous areas, individuals facing danger, as well as important
details such as power lines. In so doing, those in charge get to
know immediately the dimension of the problem. It simplifies
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decision-making when deciding whom to assist since the data
will inform you of which locations are in the worst condition and
assist in planning relief operations and evacuations more
precisely. Other types of information, like the historical
information of the past disasters, may be combined with the facts
of the environment (or demographics/building) using GIS to
determine which group of people is at the highest risk of
exposure. This assists in identifying the most vulnerable
categories and devising permanent solutions. One of my
favourite features is that it keeps everyone on track--maps and
dashboards make government, NGOs, and a variety of
personalities read from the same accurate information, which
can then be used to collaborate and remain sincere. Also, GIS
could simulate various what-if scenarios and project what events
are needed to occur and, therefore, planners could evaluate every
possible strategy and construct a stronger, more resilient
infrastructure. All that makes Disaster preparedness and
recovery pretty hippier.

Challenges and Limitations

Despite being fantastic, GIS has issues, especially during a
disaster. A major problem is the cost - installing and maintaining
GIS is extremely expensive in both money and quality
equipment, which most small countries or agencies simply
cannot afford. You also need the individuals who know how to
decode the data with the assistance of an expert, and there are
not enough qualified GIS specialists available. When the data is
out of date, missing or incorrect, you will be making the wrong
choices that you will regret. Combining GIS with other
emergency systems, the collaboration of more than one agency
becomes a nightmare to contemplate, particularly when any
tremendous or somewhat conglomerative calamity occurs. As
GIS is location-based, security and privacy must be managed
accordingly to prevent even one misunderstanding of its abuse.

Future Perspectives and Future Trends

The future of using GIS in disaster work is looking promising,
given the new technology constantly being introduced. Using
Al, machine learning, and predictive analytics combined with
GIS yields better predictions of our disaster impact, revealing
disaster trends, and improving how we react to them. IoT
devices, drones, and mobile geographically information systems
applications deliver real-time information in hard-to-reach
areas, enhancing situational awareness and early warning. GIS
at the community level is also on the rise, where early warnings
and planning may be carried out, community-stated and plans
made, all of which strengthen communities together due to
interactive maps. Cloud GIS systems allow plenty of agencies to
share and cooperate in the event of a disaster. In general, all
these alterations are enabling GIS to be no longer a proxy
instrument only initiated within a reaction framework but also to
contribute to long-term advancement planning, urban design,
and combating climate change.

CONCLUSION

In the new dynamic world, both natural and technological
disasters such as floods, hurricanes, earthquakes and tsunamis,
forest fires and even pandemics are increasingly frequent and
violent. That is why Geographic Information Systems or GIS

will now play an extra important role as far as disaster
management is concerned. GIS coordinates information
involving location, satellites, drones, and real-time data, among
others, to have a complete picture of the happening scenario. It
demonstrates the locations where hazards are likely to be
created, the locations of significant buildings, and the
distribution of people. Through this knowledge, leaders are able
to eliminate risks, map means of departure, distribute supplies
within the shortest time possible, and prevent issues before they
become slimy.

GIS also contributes to the prep component of disaster work. It
enables leaders to anticipate potential threats in advance,
educate communities about ways to keep safe, and design
emergency strategies that best suit individuals likely to become
the biggest victims.

The alerts sent by GIS-based early warning systems arrive in
good and sufficient time. That allows communities to intervene
before a disaster strikes and potentially reduce casualties and
damaged property.

GIS software allows placing the entire scenario into perspective
fast in the midst of the disorder, the most at-risk locations, and
dispatching rescue, first aid, and supplies to all locations in need.
It receives satellite, drone, loT device data, and ground reports
to ensure that authorities are aware of precisely what is going on
and have the chance to switch the plan in case the situation
changes.

Even with the immediate backlash, GIS remains a significant
factor in assisting in the reconstruction and maintaining the
reduced threat in the future. Through analysis of past disasters,
population trends, nature and built environment, GIS assists in
creating foolproof, tougher infrastructure that may withstand
future earthquakes.

Post-disaster GIS techniques allow specialists to estimate the
severity of the damage, identify angles that continue to occur,
and develop a solution to address them. It is an instrument that
examines the immediate solutions as well as the distant
irregularities.

Criminal acts such as Hurricane Katrina, the Indian Ocean
Tsunami, and COVID-19 demonstrate how GIS comes in handy.
It saves lives, allocates resources judiciously, and allows a large
number of entities to organise efficiently. Recent technologies,
such as Al, machine learning, IoT, phones, etc., continue to
make GIS predictions even better, enabling officials to identify
when danger strikes and prevent it before it runs out of control.
Nevertheless, GIS is not all roses and thorns. It is extremely
expensive, you require intelligent individuals to operate it, your
information may be erroneous or missing, and with numerous
systems in play, coordinating a large event is not an easy task.
Nevertheless, new cloud applications, cheaper applications, and
collaboration between communities, non-profit organisations
and nations are repairing those issues and making even GIS
more effective.

In principle, GIS provides the transformation of raw spatial
information into conventional, usable data. And that will assist
in preparing people for disasters, finding rescue quickly, and
dragging individuals out of harm, and the technology can be
applied to city planning, combating climate change, and shaping
communities in a way that is sustainable.
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Since calamities continue to harass nations all over the place, it
is pertinent that geographic information technology remains
current so that governments, first and uniform people can have
a chance to keep the world secure, save lives, and bounce back
in a manner that not only restores normalcy but also excels in
the new way.

Ultimately, the GIS disaster work is quickening the human
recovery time and success in disaster management and
enhancing disaster preparedness is creating a society better
equipped, smarter, tougher in the future.
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