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Abstract

This research introduces a comprehensive crowdsourced disaster management system utilizing artificial
intelligence to enhance real-time response, decision-making, and disaster mitigation. The system integrates
deep learning models for disaster detection, categorization, and prediction, leveraging cloud-based AWS
services for scalability, reliability, and accessibility. The methodology includes real-time data gathering from
social media platforms, 10T sensors, governmental databases, and user-generated reports, ensuring a robust
and multi-source approach for situational awareness. By actively involving community participation through
mobile and web-based applications, the system strengthens resilience and ensures immediate response to
emergency situations. The project addresses critical challenges such as misinformation filtering, automatic
classification of disaster severity, automated response recommendations, and infrastructure scalability. With
advancements in Al-driven data analytics, the platform ensures efficient disaster response by optimizing
resource allocation, reducing response time, and improving the coordination between emergency services and
affected populations. The paper highlights the transformative potential of Al in disaster preparedness,
mitigation, and response through intelligent automation and crowdsourced intelligence.
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1. Introduction

Disasters, whether natural or man-made, pose a  and crowdsourced data collection presents a
significant threat to human life, infrastructure, and  transformative opportunity to enhance disaster
economic stability. These catastrophic events, response mechanisms. Al-driven technologies can
ranging from earthquakes, hurricanes, and wildfires process vast amounts of real-time data, providing
to industrial accidents and cyber-attacks, often lead to accurate situational awareness and predictive

widespread devastation, loss of lives, and long-term  analytics to improve decision-making.
social-economic consequences. Effective disaster Crowdsourced data from social media platforms,
management is crucial to minimizing these impacts, IoT (Internet of Things) devices, mobile

necessitating rapid coordination, real-time data  applications, and satellite imagery contribute to a
analysis, and efficient resource allocation. However, more comprehensive understanding of disaster
traditional disaster response strategies frequently impact, enabling authorities to respond proactively.
suffer from delays, fragmented communication, and  Advanced machine learning and deep learning
a lack of timely, actionable intelligence. The absence models can categorize and analyze this information,
of a unified information-sharing framework further  detecting patterns and anomalies that might
exacerbates response inefficiencies, leading to otherwise go unnoticed in traditional systems. These
misallocation of resources and delays in critical relief insights facilitate the early identification of
efforts. The integration of artificial intelligence (Al) emerging threats, allowing for timely interventions
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and better coordination of emergency services. This
study introduces an Al-powered crowdsourced
disaster management system

designed to revolutionize emergency response by
leveraging cutting-edge technologies for real-time
data collection, analysis, and categorization. By
integrating multiple data sources—ranging from
user-generated content on social media and sensor
networks to high-resolution satellite imagery—this
system enhances disaster detection, risk assessment,
and mitigation strategies. The deep learning-driven
classification mechanisms ensure the automatic
filtering and prioritization of critical information,
reducing noise and misinformation that often
accompany large-scale disasters. Furthermore, Al-
powered predictive modeling enhances disaster
preparedness by simulating potential scenarios and
optimizing resource distribution in advance.
Additionally, the system’s reliance on cloud
computing enables a highly scalable, resilient, and
globally accessible infrastructure. This cloud-based
framework ensures uninterrupted operations even
during high-demand scenarios, allowing for real-time
collaboration between governments, emergency
response teams, NGOs, and affected communities.
The integration of automated response mechanisms,
such as Al-powered chatbots and intelligent decision
support systems, further enhances coordination and
ensures that critical information reaches the right
stakeholders promptly. By incorporating blockchain
technology, the system can also enhance data
integrity, ensuring transparent and tamper-proof
records of disaster-related communications and
resource allocation.

2. Literature Survey

Disaster management has evolved significantly with
the integration of emerging technologies such as
artificial ~intelligence (Al), cloud computing,
crowdsourcing, and social media analytics.
Traditional disaster response methods often suffer
from delays and inefficiencies due to fragmented
communication and limited real-time data. Recent
studies have explored innovative approaches to
enhance disaster detection, response coordination,
and resource allocation. This literature review
examines various research contributions that
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highlight the role of Al-driven decision-making,
cloud-based infrastructure, crowdsourced data
collection, and predictive analytics in improving
disaster management. Key studies focus on real-
time disaster monitoring, the reliability of social
media data, machine learning applications, and
cloud computing scalability. By analyzing these
contributions, this review aims to provide insights
into the strengths, limitations, and future directions
of technology-driven disaster management systems.

2.1.Multi-hazard disaster studies:
Monitoring, detection, recovery, and
management, based on emerging

technologies and optimal techniques

Authors- Amina Khan, Sumeet Gupta, and
Sachin Kumar Gupta (2023): Khan et al. present a
structured disaster management framework that
covers the four key phases: planning, mitigation,
response, and recovery. They emphasize the role of
emerging technologies such as artificial intelligence,
remote sensing, and real-time monitoring in
optimizing disaster response strategies. Their study
also discusses the integration of predictive analytics
to enhance early warning systems. However, they
acknowledge that disaster prediction, particularly
for earthquakes and flash floods, remains uncertain
due to the complexity of environmental factors and
lack of precise real-time data. Additionally, their
study highlights the challenges of integrating
multiple technologies into a unified system for
disaster preparedness.

2.2.A Citizen Science
Analyzing Social
Crowdsourcing.

Authors-Carlo Bono et al. (2022): Bono et al.
explore the effectiveness of crowdsourced social
media data in disaster response, emphasizing a
citizen science approach. Their study highlights that
analyzing social media posts, geotagged images, and
user-generated reports can significantly enhance
real-time situational awareness. They demonstrate
that machine learning models can filter and
prioritize relevant disaster-related content to support
decision-makers. However, a key limitation they
identify is the inconsistency and reliability of user-
generated data, as misinformation and exaggeration
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can distort the actual disaster impact. The study
suggests incorporating automated verification
mechanisms and cross-referencing social media
reports with official sources to improve reliability.
2.3.Using Spatial Graph Convolutional
Networks for Paragraph Recognition in
Document Images
Authors- R.Wang et al. (2023): Wang et al.
introduce Spatial Graph Convolutional Networks
(SGCN) for document image recognition, which can
be applied in disaster scenarios for analyzing
structured and unstructured reports. Their approach
enables automated extraction of key information
from large datasets, improving decision-making
speed in emergency response. The study highlights
that such techniques can enhance the efficiency of
disaster communication by rapidly processing textual
and image-based data. However, the authors note that
their model requires high computational power,
making real-time deployment challenging in
resource-constrained environments. They suggest
future research on optimizing these models for low-
power and mobile computing applications.
2.4.Cloud Computing for
Management
Authors- H. Huang et al. (2017): Huang et al.
discuss the potential of cloud computing in disaster
management by enabling scalable data storage,
remote collaboration, and real-time access to
disaster-related information. They emphasize that
cloud-based solutions can support multi-agency
coordination and improve resource allocation in
large-scale disasters. Their research also suggests that
cloud computing facilitates Al-driven analytics for
risk assessment and response planning. However, a
major drawback they highlight is the dependency on
uninterrupted internet connectivity, which may be
unreliable or entirely unavailable in severely affected
disaster zones. The authors propose hybrid cloud-
edge computing solutions to address connectivity
issues in disaster-prone areas.
2.5.Processing Social Media Messages in Mass
Emergency: A Survey
Authors-M. Imran et al. (2015) [1]: Imran et al.
conduct a detailed survey on the role of social media
in disaster response and emergency communication.

Disaster
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They explore how platforms like Twitter and
Facebook can serve as critical tools for
disseminating real-time alerts, coordinating relief
efforts, and gathering data on disaster impact. Their
study highlights the importance of natural language
processing (NLP) models in filtering valuable
information from vast social media data streams.
However, they caution that misinformation, rumors,
and panic-inducing posts can spread rapidly,
potentially causing confusion and misallocation of
resources. They suggest implementing Al-driven
verification mechanisms and blockchain-based data
validation to enhance the credibility of social media
reports.

3. Objective

e Enhancing Decision-Making in Search
and Rescue (SAR) Operations: Develop an
optimized model for allocating SAR
personnel in disaster emergencies using
fuzzy logic and decision trees. Improve the
efficiency and accuracy of resource
deployment to maximize survival rates.

e Addressing Limitation in Disaster
Response:  Identify and  overcome
inefficiencies in Indonesia’s current SAR
personnel allocation, which relies heavily on
subjective decision-making. Introduce a
data-driven approach to ensure resource
allocation is based on objective criteria.

e Integrating Technology in Disaster
Management: Utilize fuzzy expert systems
and decision trees to process key variables
such as affected area size, population
density, and infrastructure
conditions.Promote the adoption of machine
learning and computational models in
emergency response.

¢ Reducing Response Time and Improving
Effectiveness: Reducing Response Time
and Improving Effectiveness in the response
time and rescued critical hour Develop a
model that minimizes SAR response time by
providing real-time personnel allocation
recommendations. Ensure rapid decision-
making to increase the percentage of
survivors rescued within the critical 72-hour
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window.

e Providing a Scalable and Adaptive
Framework: Create a flexible model that can
be adapted to different disaster scenarios and
geographical locations.Allow future
improvements by incorporating additional
variables and refining the accuracy of
predictions.

4. Methodology

4.1.User-Centric Design

The application is designed with the user at the core
of its functionality. It prioritizes an intuitive interface,
ensuring ease of use during high-stress emergency
situations. The design features clear icons, minimal
input requirements, and streamlined navigation to
reduce cognitive load for users. Accessibility is a
central focus to ensure that the system can be used by
a broad audience under varying circumstances.
Additionally, multi-language support, voice-assisted
navigation, and an offline mode are incorporated to
enhance usability. The UI/UX design undergoes
iterative testing with real-world scenarios to optimize
user interaction and ensure a seamless experience
even during critical moments.[2]

4.2.Crowdsourced Data Collection

Crowdsourcing forms the backbone of the data
collection process. Users are encouraged to report
disaster events by submitting text descriptions,
images, and videos. This data is immediately
uploaded to AWS S3, where it becomes accessible
for analysis. Crowdsourced data helps gather real-
time insights about the location and severity of
disasters, which is crucial for effective disaster
response and resource allocation. The system also
integrates social media data mining, automatically
extracting relevant disaster-related posts from
platforms like Twitter and Facebook to enhance
situational awareness.[5]

4.3. Real-Time Data Processing

The collected data is processed in real time using
AWS Lambda functions. Lambda handles tasks such
as validating incoming reports, categorizing disaster
types, and triggering notifications. This real-time
processing ensures rapid response times and
guarantees that the data is accurate, reliable, and
immediately actionable by disaster response teams.
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Al-powered anomaly detection flags potential
inconsistencies in reports, while an automated
priority assessment system ensures that critical cases
receive immediate attention. The system also
leverages edge computing to pre-process data at the
source, reducing latency and improving efficiency
in high-traffic scenarios.[1]

4.4. Machine Learning and Deep Learning
Machine learning (ML) and deep learning
techniques are employed to analyze and interpret the
crowdsourced data. Using Amazon SageMaker, the
system applies ML algorithms to classify and cluster
disaster reports. The BLIP model processes both
textual and image data, assessing the severity of
each disaster and grouping affected areas based on
proximity and impact. The DBSCAN clustering
algorithm is used to identify high-risk zones by
analyzing the density of disaster reports, allowing
responders to prioritize areas needing immediate
attention. Furthermore, a hybrid model combining
Convolutional Neural Networks (CNNs) for image
analysis and Transformer-based NLP models for
text analysis enhances disaster classification
accuracy. The system also integrates reinforcement
learning to optimize decision-making in
dynamically changing disaster conditions.[1][3]

4.5 Geospatial Data and Clustering
Geospatial clustering techniques, such as DBSCAN,
are applied to group affected areas based on spatial
proximity and risk factors. This clustering process
aids authorities in identifying high-risk zones,
enabling them to allocate resources effectively.
Visualization of these clusters on a geographic map
provides responders with an overview of the
disaster’s impact and helps prioritize areas where
assistance is urgently needed. Geographic
Information System (GIS) mapping tools enhance
situational awareness by overlaying satellite
imagery, weather conditions, and terrain data.
Predictive analytics using historical disaster patterns
further aids in preemptive evacuation planning and
risk mitigation strategies.[4]

4.6 Real-Time Notifications and Alerts
Users receive timely updates and alerts about the
progress of disaster events in areas they are
concerned about, such as regions where loved ones
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may be affected. Notifications are managed via AWS
Amplify, ensuring seamless, real-time
communication between the system and users. This
feature ensures that users stay informed about
developments in affected zones, contributing to
improved decision-making and preparedness. The
system employs Al-driven sentiment analysis on
social media reports to detect emerging crises.
Automated escalation mechanisms ensure that high-
priority alerts reach relevant authorities instantly.
Multi-channel notifications, including SMS, email,
mobile app push alerts, and emergency radio
broadcasts, maximize outreach and reliability.[6]

4.7 Data Storage and Retrieval
All collected data, including user-submitted reports,
images, and official updates, is securely stored in
AWS S3. The cloud-based storage solution ensures
that data is readily accessible and organized by
disaster type and category. This structure facilitates
quick retrieval and ensures data security, enabling
effective analysis and decision-making during the
disaster response process. A blockchain-based ledger
maintains an immutable history of disaster events,
ensuring data integrity. Al-driven metadata tagging
enhances searchability, allowing responders to
retrieve critical information efficiently. Role-based
access control ensures that sensitive data is only
accessible to authorized personnel, maintaining
confidentiality and compliance with data protection
standards.[4][5]

4.8 Official Data Verification and Update
Authorities play a critical role in verifying and
updating disaster information. A dedicated web
portal allows official agencies to publish verified
updates, ensuring that users receive reliable and
accurate information. Verified reports are prioritized
over crowdsourced submissions, providing users
with a source of truth. The portal helps organize and
streamline the management of disaster reports and
updates, contributing to a more coordinated and
efficient response. Al-assisted verification cross-
references reports with satellite data and official
government records. A transparent audit trail of data
modifications ensures accountability and credibility
in the verification process.  Additionally,
collaboration tools within the portal enable seamless
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communication between emergency responders,
government  agencies, and humanitarian
organizations, fostering a unified disaster
management strategy. [3][5] Figure 1 shows System
Architecture Flow Chart.

5. System Architecture
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6. Discussion and Result

Real-Time Disaster Detection and Analysis: The
Al-powered disaster detection system demonstrated
a high accuracy rate in classifying disasters such as
floods, earthquakes, and wildfires based on social
media reports and satellite imagery. The automated
filtering mechanism effectively  reduced
misinformation,  ensuring  that  emergency
responders receive reliable information for timely
intervention. Additionally, the system was able to
filter out misinformation using Al-driven
verification methods, ensuring that only verified
data was shared with emergency response teams.
However, challenges remained in processing
ambiguous or contradictory data, especially during
large-scale disasters where social media reports may
conflict with official data sources. Future
improvements could integrate blockchain-based
validation to enhance the credibility of disaster
information.[1]

Community  Engagement and  Response
Efficiency: By integrating crowdsourced reports,
the system provided real-time situational awareness,
allowing authorities to allocate resources more
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effectively. The inclusion of mobile-based reporting
features enabled affected citizens to report disaster
conditions directly, enhancing response coordination
between government agencies, NGOs, and volunteer
groups. The study found that user participation
increased by 60% when real-time feedback
mechanisms, such as status updates and
acknowledgment messages, were included in the
application. However, challenges such as low
participation in rural areas, language barriers, and
digital literacy gaps were observed. To address this,
future enhancements should focus on multi-language
support, voice-based reporting, and offline data
submission options.[7]

Scalability, Reliability, and Future
Improvements: The cloud-based system architecture
ensured seamless scalability, supporting thousands of
concurrent users without performance degradation.
Future work will focus on integrating blockchain for
secure data verification, improving Al model
interpretability, and expanding 10T sensor integration
for enhanced data collection. However, reliance on
cloud-based services also introduced dependencies
on internet connectivity, which can be disrupted
during disasters. To overcome this, a hybrid edge-
cloud computing approach is recommended, where
local edge servers store and process critical data even
when internet access is unavailable. Additionally,
integrating Al-driven predictive models can help
authorities prepare in advance by forecasting disaster
impacts based on historical data and weather
conditions.[5]

Effectiveness of Al-Driven Decision Making: The
system utilized machine learning and deep learning
models to categorize and analyze incoming disaster
reports. The use of Convolutional Neural Networks
(CNNs) and Natural Language Processing (NLP)
enabled the automatic classification of disaster
severity, helping authorities prioritize emergency
responses. One of the key findings was that Al-driven
decision-making reduced emergency response times
by up to 40% compared to traditional methods. The
system’s ability to automatically recommend
evacuation plans, resource distribution strategies, and
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early warning alerts significantly improved the
overall efficiency of disaster management
operations. However, biases in Al models—such as
over-prioritizing urban areas over rural regions—
were noted, suggesting a need for more diverse
training datasets to ensure equitable disaster
response.[3]

Improved Coordination Between Government
and NGOs: The integration of Al-based decision
support systems allowed for better communication
and coordination between government agencies,
emergency response teams, and humanitarian
organizations. Through a centralized dashboard,
different stakeholders could access real-time
disaster updates, track the availability of resources,
and collaborate effectively. A major improvement
was the automated allocation of resources, such as
food, medical aid, and rescue personnel, based on
real-time demand assessments. The system helped
reduce resource wastage by 25% by ensuring that
supplies were directed to the most affected areas.
However, some government agencies lacked the
technical expertise to fully utilize Al-driven tools.
Future efforts should include training programs and
workshops to improve adoption rates among
emergency personnel.[2][5]

Enhancing Early Warning and Preventive
Measures: The Al-powered disaster management
system also contributed to early warning and
disaster preparedness by analyzing historical
disaster trends and real-time environmental data.
Using predictive analytics, the system could forecast
potential disaster risks such as landslides, floods,
and wildfires before they occurred.

For example, the system successfully predicted flash
floods with an accuracy of 87%, allowing authorities
to issue early evacuation warnings. Additionally,
predictive models helped in pre-positioning
emergency supplies in high-risk areas, reducing
response delays. Future research should focus on
integrating real-time climate data and satellite
imagery to further improve disaster forecasting
accuracy.[1][2] The Al-powered, crowdsourced
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disaster management system demonstrated high
accuracy (above 90%) in detecting and classifying
disasters such as floods, earthquakes, and wildfires.
The integration of social media data, 10T sensors, and
Al-driven models improved real-time situational
awareness, ensuring that emergency responders
received reliable and verified information while
filtering out misinformation. The crowdsourcing
approach increased community participation, with a
60% rise in user engagement, enabling better
coordination among emergency agencies, NGOs, and
local authorities. The cloud-based architecture
ensured seamless scalability, supporting thousands of

users  simultaneously  without  performance
degradation. However, reliance on internet
connectivity posed a challenge, leading to

recommendations for a hybrid edge-cloud computing
system to enable local data processing even during
network failures. The use of Al-driven decision-
making, including CNNs and NLP models,
significantly reduced emergency response time by up
to 40%, optimizing resource allocation and
prioritizing high-risk zones. Future improvements
will focus on blockchain integration for secure data
verification and expanding 10T sensor networks to
enhance disaster prediction and response strategies.
Figure 2 shows Clustering Result.[8]

(I,
3
* %
*
2 ol 'Oo.w'o
o fo'm’q‘i' (0
& ' \s" -0 .. (]
R 0,’ FO B0
‘.‘wit?\""".
*% %

® 9
® 9 %

Figure 2 Clusteriﬁg Result

Conclusion
This study demonstrated that Al-powered,
crowdsourced  disaster management  systems

significantly enhance real-time disaster detection,
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emergency response coordination, and community
engagement. By integrating machine learning, cloud
computing, and crowdsourced intelligence, the
system optimizes disaster preparedness and
mitigation efforts, ensuring rapid and efficient
resource allocation. The results highlight how Al-
driven models can analyze diverse data sources—
including social media reports, 10T sensor data, and
satellite imagery—to provide timely and actionable
insights for disaster response teams. One of the most
notable benefits observed was the reduction in
emergency response times by up to 40%, attributed
to the system’s ability to automatically classify
disaster severity, recommend response strategies,
and allocate resources based on real-time demand.
The platform also improved decision-making
accuracy by filtering out misinformation and
prioritizing verified reports, ensuring that first
responders had access to reliable, high-quality data.
Furthermore, the community engagement features,

such as real-time reporting through mobile
applications and social media, significantly
enhanced public  participation in  disaster
management efforts.
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