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Abstract — Urban areas can face various disasters all at once
because they are intricate and susceptible. So, we require a
good plan to make cities less susceptible to disasters and
respond well when they happen. The aim is to create a user-
friendly and accessible platform that provides real-time
information during emergencies to people. It highlights the
importance of timely and accurate information in disaster
response. This research seeks to identify the essential features
required for a complete disaster mapping system and evaluate
the effectiveness of the proposed system through users. This
research results in the development of a mapping system that
enhances community flexibility and preparedness when
dealing with emergencies. Furthermore, by implementing
effective disaster preparedness and response strategies, urban
areas can significantly reduce the extent of damage caused by
disasters.
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I. INTRODUCTION

In our world today, we are seeing more and more complicated
disasters. These happen when natural events mix with
problems in our communities. These problems lead to
significant impacts on the environment, the economy, and
daily lives. These impacts could be put into two main
categories: direct and indirect losses. Direct losses happen
right after a disaster, like when an earthquake destroys
buildings or a flood makes bridges unusable. Indirect losses
are disruptions in crucial social services and functions. In
simpler terms, it means that important things we rely on every
day, like electricity, phone service, transportation, and
healthcare, can stop working properly during and after a
disaster. In these tough situations, finding the best way to get
from one place to another becomes very important. We
usually have two choices: the shortest route, which is the
quickest way in terms of distance, and the optimal route,
which is the fastest in terms of time. But when disasters strike,
the optimal route is often the better choice. This is because
the shortest path might not be the quickest because of things
like traffic, road conditions, and the number of people in the
area. So, getting help to the right place as fast as possible is
the priority.

During times of disaster, road networks play a
critical role in the safe evacuation of vulnerable communities
and the swift delivery of aid to affected areas. Well-
maintained roadways serve as essential components in
navigating the challenges posed by catastrophic events,
acting as the critical arteries through which disaster response
efforts flow. As such, the presence of alternate routes and
contingency plans is paramount to ensuring road
infrastructure remains resilient even in the face of damage.
Moreover, urban road systems serve as the vital lifelines of
contemporary cities, facilitating the flow of goods and

individuals, while also serving as a valuable repository of
geographic data for urban areas. The harm inflicted upon
these road networks during a disaster has a profound impact
on the broader societal infrastructure.

In this research, a road network with critical
information has been developed to enhance disaster response
and minimize losses. This study presents an emergency
evacuation strategy, incorporating the utilization of mobile
navigation applications, to pinpoint the safest pathways to
refuge and circumvent hazardous zones. This approach excels
at identifying and bypassing disaster-prone regions through
spatial data analysis, ensuring efficient evacuation during
complex disasters. Mobile navigation applications enhance
safety and prevent issues like traffic accidents, dispersing
people to various shelters via multiple routes. It underscores
the importance of a well-structured road network, disaster
plan, and tech tools in protecting communities during crises.

Il. RELATED WORK

Simulation-based studies for disaster responses have shown
significant progress. In a study, an investigation was carried
out to model the distribution of evacuation centres and
categorize urban dweller types for route selection in an urban
setting during periods of heavy rainfall. [1] And, in another
study of an emergency mobile facility, a routing model was
presented, offering an effective solution for emergency
mobile facility routing during emergency events by
constructing a well-connected road network for rapid
evacuation.[2]

Many studies have employed Dijkstra-based
algorithms like the A* algorithm for finding the shortest path.
One study focused on discovering the shortest paths in
directional and dynamic graphs using Dijkstra and data-
reduction techniques.[3]

In one study, researchers examined a Dynamic
Vehicle Navigation System that uses real-time traffic data but
overlooks road width and mass density. A recent innovation
introduced a unique disaster management system with GIS
web services and AJAX for faster spatial data loading in web
browsers, reducing loading times.[4]

This paper explores enhancing road networks during
disasters. Instead of a single layer, multiple layers are
employed to depict how roads function during emergencies.
The network identifies safe routes by considering the
conditions and risks of specific disasters, such as floods or
fires.

I1l. METHODOLOGY

A comprehensive road network strategy has been
meticulously devised to adapt seamlessly to evolving road
systems, including the construction of new roads and
extensions of existing ones. This strategic framework is also
adept at handling intricate scenarios posed by disasters, such
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as potential hazards in specific regions and the need for
adjusted evacuation routes. The proposed strategy is
structured around three essential components: the GIS-based
road network, disaster-related data, and designated safety
zones.

The GIS-based road network section encompasses
an array of spatial information, including road addresses,
unique road identifiers, latitude and longitude coordinates,
road dimensions (length and width), and related attributes.
Conversely, the disaster information component is dedicated
to the precise geographical delineation of areas directly
impacted by disasters, while the safety zone aspect compiles
critical information concerning shelters and hospitals. This
includes details on their capacity, physical locations, and
coordinates.

To ensure collaboration among these components, a
robust interconnection scheme has been devised.
Specifically, the GIS-based road network and disaster
information components are harmonized based on their
geographical locations, thereby creating overlapped regions
that were pertinent. Furthermore, the integration between the
GIS-based road network and the safety zone section is
facilitated through the linkage of shelters and hospitals with
the nearest road segments, employing their map coordinates.
This modular organization of data allows for targeted
alterations to—specific —information. elements without
necessitating a comprehensive overhaul of the entire plan.
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Fig. 1: An outline of the intricate approach for responding to
complex disasters.
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Fig. 2: Multilayered Road Network

The utilization of the A*algorithm is instrumental in
determining the shortest route, specifically from an initial
starting point to a designated safe location. This algorithm is
lauded for its prowess in discerning the most efficient
pathway between two points, and it operates on the
foundation of heuristic insights and a cost function expressed
as:

f(n) = g(n) +r * h(n)
Herein:

— f(n): Represents the cumulative path cost, comprising
g(n) and h(n).

— g(n): Denotes the path cost from the origin to node n.

— h(n): Signifies the estimated path cost from node n to the
destination.

— r: Signifies the disaster risk factor.

— Itisimportant to note that the same fundamental equation
is retained but with a distinct notation for the sake of
clarity. Specifically:

— g(n): This is computed as the summation of road lengths
along the route to the current point.

— h(n): This is calculated employing the Haversine
formula, providing an estimate of the path cost from node
n to the intended destination.

— Cost: Refers to the measurement of evacuation time,
factoring in the overall travel distance.

— Disaster Risk Factor: Imposes a weighted value (r)
within the heuristic function h(n).

— r:Isinstrumental in the identification of disaster-affected
roads, signifying those that have incurred damage.

— These roads are categorized based on the geographical
data related to disaster-affected areas and the present
Geographic Information System (GIS) data. The road
risk mapping classifies roads into two primary
categories:

—  When r = 1, roads are deemed normal and devoid of
disaster-related risks.

— When r > 1, it implies that roads are susceptible to
disaster-induced damage.

The elevation of r denotes an increase in risk, and
subsequently, the cost associated with any route traversing
these compromised roads also escalates. Consequently, roads
marked with a disaster risk factor greater than 1 are excluded
from the route-planning process.

It is relevant to acknowledge that the nature and
extent of damage, as well as the affected regions, can
fluctuate contingent on the specific type of disaster. Hence,
the value of r is adjusted to align with the unique
characteristics of each disaster scenario. In total, the value of
r assumes various levels to reflect the diverse risk profiles of
roads in consonance with the nature of the disaster
encountered. Quantum Geographic Information System
(QGIS) was used to build the maps and all the other
information.

Therefore, a safety zone layer is thoughtfully
composed, housing essential information regarding shelters
and hospitals, including capacity data, physical addresses,
and geographic coordinates. This safety zone layer is
seamlessly linked with the road network layer through the
strategic connection of the nearest road segments with these
vital facilities, all arranged through the perspective of
location data. This approach to data structuring and
integration ensures an agile and robust framework for
comprehensive geographic analysis. Implementing the above
approach and developing a mobile navigation application for
use on smartphones, has the potential to significantly assist
individuals caught in disaster situations.[5]
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A. Case Study:

Urban rainstorms are a frequent challenge during the rainy
season in many areas. This study focuses on urban regions
prone to such rainstorms. These situations often lead to
complex damage, necessitating robust disaster management.
The study showcases the planning of evacuation routes to
enhance urban rainstorm preparedness and response.

This scenario centres around a localized yet intense
rainstorm. In this simulation, we consider an hourly
precipitation rate of 80 mm, leading to significant river
inundation. The extent and depth of flooding on roads are
intrinsically linked to the volume of precipitation. It is
essential to recognize that vehicles can still navigate roads
that are partially submerged. Therefore, we calculate the
route cost by assessing the risks associated with flooded
roads, and this is done by adjusting the value of 'r' to address
the specific challenges posed by flooding. The route cost is
directly tied to the time it takes for a vehicle to traverse a
particular road segment. Consequently, we adjust the r value
based on the expected vehicle speeds associated with
different risk levels on these flooded roads.

Based on research findings, we know that the
optimal driving speed during heavy rain is approximately 40
km/h. On roads with flooding depths ranging from 0.2 to 0.4
meters, this speed drops to about 25 km/h. Therefore, we
assume that the route cost for a road with shallow flooding is
1.2 times that of a standard, unflooded road.

Safety guidelines consistently emphasize the danger
of using roads submerged to a depth exceeding one-half of
the tire height, which is approximately 0.3 meters. With this
guideline in mind, we configure 'r' values as follows:

— 'risassigned a value of 1 for normal roads with flooding
depths less than 0.2 meters, indicating they are relatively
safe for travel.

—  Lowe-risk roads with flooding depths ranging from 0.2 to
0.4 meters receive an 'r' value of 1.2, signifying a
moderately higher level of risk.

— For high-risk roads submerged to depths exceeding 0.4
meters, 'r' values are set at 8 or higher, highlighting an
extreme risk level and strongly discouraging the use of
these roads.

— Now, let us consider a different scenario: envision a
coastal town during the monsoon season. Heavy rains
lead to various road flooding situations:

— Roads with flooding depths less than 0.2 meters are
classified as normal, receiving an 'r' value of 1.

— Those submerged to depths between 0.2 and 0.4 meters
are considered low-risk, assigned an 'r' value of 1.2.

— Roads submerged beyond 0.4 meters are designated as
high-risk and are given 'r* values of 8 or more, indicating
extreme danger and rendering these roads unfit for travel.

As it finds the high-risk, low-risk, route for
evacuation that means the algorithm works adequately.

IV. ANALYSIS

The incorporation of a mobile navigation application into the
disaster response management plan discussed in this study is
a significant advancement. The qualitative evaluation and
case studies have already highlighted the effectiveness of the
multilayered road network approach, and the addition of the
mobile app further enhances its utility. The mobile navigation
application serves as a real-time lifeline for individuals facing
disaster scenarios. With its user-friendly interface, it provides
immediate access to critical information about evacuation
routes, disaster-specific zones, and available shelters. This
empowers individuals to make informed decisions about their
safety during high-stress situations, relying on their
smartphones as a vital resource.

Furthermore, the application bridges the gap
between theory and practice. While the framework provides
a robust strategy for disaster response management, the
mobile application brings it to life, making it accessible to a
wider audience. It transforms complex multilayered network
data into an easily understandable format, ensuring that the
public can benefit from the research's insights. Therefore, the
integration of a mobile navigation application into the
disaster response management plan significantly improves its
practicality, adaptability, and responsiveness. It empowers
individuals to take control of their safety during disasters,
enhances the effectiveness of the framework, and contributes
to the development of more resilient and secure communities.

V. CONCLUSION AND FUTURE WORK

This paper delves into the complexities of disaster response,
intending to prevent the harmful effects that often occur when
natural disasters and social disasters intersect. To achieve
this, it proposes the creation of secure evacuation routes,
using a highly structured, multilayered road network that is
specifically designed for disaster response management. This
approach considers the diverse risk levels associated with
various categories of disasters, resulting in a comprehensive
disaster response framework that helps mitigate the
vulnerability of urban areas to natural hazards that can evolve
into complex social disasters.
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To enhance this framework, future efforts should
centre on addressing the issues related to traffic congestion
and reducing its impact. This could involve the provision of
multiple evacuation routes that consider real-time road traffic
dynamics. In summary, integrating a mobile navigation
application into disaster response management plans
represents a significant advancement in disaster preparedness
and response. This empowers individuals to make informed
decisions during crises and supports the development of
resilient and secure communities.
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