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Abstract—Climate change has made extreme weather
events more common and more severe, so there are
urgent needs for accurate climate forecasting and
effective disaster early warning systems. Conventional
forecasting systems frequently depend on non-adaptive
analytical pipelines and human-in-the-loop decisions,
introducing delays in response to fast-evolving disasters
like these. We propose an innovative framework of
autonomous decision intelligence based on generative
agentic artificial intelligence (Al) for climate forecasting
and disaster early warning. The framework proposed
that integrates multi-parameter, climate data,
generative Al models and autonomous reasoning agents
with adaptive decision engines (READ) to improve
forecasting accuracy, optimize warning lead times and
direct rapid emergency response coordination. Tests on
simulated cyclone, flood and wildfire datasets show that
in comparison with conventional machine learning
methods, improved prediction accuracy, response
prioritization and warning dissemination efficiency are
achieved. This study responses on practical viability of
agentic Al in environmental intelligence systems by
discussing interpretability, computational cost, ethics
and governance, resilient infrastructure issues.

Index Terms—Autonomous Decision Intelligence,
Generative Al, Agentic Al, Climate Forecasting,
Disaster Early Warning, Environmental Intelligence,
Deep Learning.

I. INTRODUCTION

With the accelerating effects of climate change,
environmental degradation, and rapid urbanization in
recent years, climate forecasting and disaster early
warning systems are becoming extremely relevant.
Extreme weather events, including cyclones, floods,
heatwaves, droughts and landslides and wildfires are
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becoming more common across the world. While
each of these disasters has the potential to cause harm
and loss of life, they also impact economic stability,
food security, health care systems, transportation
infrastructure and ecological sustainability. Global
Climate Assessments have found that billions are
now living in climate vulnerable areas, pointing to
the need of effective and timely warning systems.
The existing traditional disaster management systems
are heavily reliant on numerical weather predictive
system models, historical climate analysis, statistical
simulations & human-based decision-making
processes. While these systems have seen dramatic
improvements in the last couple of decades, they are
not without a few operational limits. Climate systems
are incomparably complex, nonlinear and so
thoroughly dynamic that they wusually involve
interactions over the span of the
atmosphere/ocean/land interface with anthropogenic
processes. Consequently, conventional forecasting
methods typically fail to accommodate volumes of
live environmental data at the evolutionary speed and
flexible response required by emergency Decision
makers. In many real-world situations, emergency
response agencies still rely on human experts to
interpret climate data, estimate potential impacts
from disasters and prioritize the most affected
regions, and coordinate warnings. In fast-evolving
crises such as flash floods or quickly advancing
wildfires, delaying decisions can substantially hinder
response effectiveness and raise fatalities. In
addition, fragmented communication between
forecasting agencies and disaster management
authorities regarding warning strategies and resource
allocation often leads to inconsistencies in term of
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local level emergency teams. Innovations in artificial
intelligence, machine learning and autonomous
systems provide a powerful potential solution to the
limitations outlined above. Among them, autonomous
decision intelligence has been highlighted as one of
the significant research areas to develop intelligent
systems able to perceive environmental states, reason
over imperfect evidence, synthesize optimized
decisions and autonomously execute actions with
minimal human mediation. Autonomous decision
intelligence weaves together predictive analytics,
adaptive reasoning, optimization techniques and
continual feedback learning to build systems that can
work successfully even when operating in highly
uncertain environments.

At the same time, advances in generative artificial
intelligence are evolving modern intelligent systems.
Generative Al models, in particular transformer-
based architectures and large language models, can
take into account multimodal information, generate a
contextual response as well as simulate future
scenarios and support more complex reasoning tasks.
Whereas traditional AI models create outputs
primarily by classifying or predicting outcomes based
on prior data, generative Al systems generate new
insights, make strategy recommendations and update
their output dynamically as the underlying data
patterns evolve.

The rise of agentic Al takes these capabilities even
further, allowing autonomous software agents to
plan, manage memory, multi-step reasoning; perform
cognitive tasks by utilizing a variety of tools via the
use of prompts and sequential coordination between
multiple agents. This could be accomplished by
agentic Al systems (i.e. what we initially called
autonomous) wherein those systems are capable of
observing data from the environment, reasoning
about what disaster scenarios may take place,
determining risk assessment based on probability of
outcomes as needed, and collaborating with people
on each step of emergency actions but without
requiring constant surveillance/oversight from
humans. These systems are particularly useful in
climate forecasting and disaster early warning, where
the fast adaptation of decision-making is required.
Generative agentic Al is the fusion of generative
intelligence and autonomous agency to form a
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comprehensive construct. For climate forecasting,
these systems can combine a very large range of
different datasets, from meteorological and satellite
data to sensor streams and records of past disasters in
order to produce adaptive predictions and decision
strategies. Agentic Al models could therefore
simulate multiple disaster scenarios, estimate
cascading risks, optimize evacuation planning and
also automatically relay actionable warnings to
affected stakeholders.

II. LITERATURE REVIEW

Roberta Calegari et al. (2021) carried out a
systematic literature review in their 2021 paper
"Logic and Multi-Agent Systems", where they
processed the role that symbolic Artificial
Intelligence and logic-based agent technologies for
autonomous systems play. The role of reasoning
mechanisms, agent communication and explainable
decision-making in the MAS environments has been
investigated by the researchers. The key contributions
of their work were to demonstrate that agents which
are logic-based can coordinate autonomously while
being transparent and interpretable in decision
processes. Tessa Lau, a research scientist at SRI
International pointed out in her paper that even with
data driven Al becoming more prevalent in recent
years, approaches that are symbolic and logic-
oriented for developing trustworthy and explainable
Al systems are still relevant today, particularly within
complex collaborative environments [11].

Qihui Lu et al. (2026) put forward a GeoAl-driven
Multi-Hazard Early Warning System (MHEWS)
framework that aims to enhance disaster
preparedness and resilience. Their study combines
GeoAl, spatial intelligence and multi-risk modelling
methods to evaluate the impacts of contrasting
hazards on vulnerable regions. This research
rekindled emphasis from hazard-centred forecasting
to people-centred warning systems, which focuses on
human exposure, vulnerability and response capacity.
The researchers have shown that Al in combination
with geospatial analytics can significantly add value
to the assessment of disaster risk, emergency
communication and coordinated response planning
across multiple concurrent hazards [12].
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Nikitas Gerolimos et al. (2025) examined the state-
of-the-art of adaptive Al and open-world machine
learning techniques to be used for establishing
dynamic disaster response systems in their 2025
study: Autonomous Decision-Making with Dynamic
Disaster Management based Open World Machine
Learning Techniques. Their works are concentrated
on the making of intelligent systems to manage in
uncertain and dynamic environments with new
hazards that arise without warning. The researchers
then created Al models which could learn from the
situations it encountered and adapt, in real time to
improve situational awareness and response efficacy.
They concluded that open-world machine learning
can enable very flexible and autonomous operational
decision-making support for adaptive disaster
intelligence systems [13].

Google DeepMind Researchers (2024-2025) to
improve weather and climate prediction accuracy,
researchers from Google DeepMind developed
advanced Al-based forecasting systems like GenCast
and GraphCast. Their research used generative Al,
diffusion models and transformer-based neural
network  architectures to work with large
meteorological datasets. These models exhibited
forecast skill out of sample beyond many legacies
numerical weather prediction systems -- with
particular skill in predicting extreme weather
phenomena and long-range teleconnections of the
atmosphere. On this basis, the researchers
demonstrated how generative methods improve
weather forecasting by producing quicker more
accurate and computationally efficient forecasts that
could be beneficial for disaster preparedness and
management of climate-related risks.

NVIDIA (2025) Earth-2 is a digital twin platform,
fully developed in-house by NVIDIA researchers and
developers, for climate and weather forecasting. They
combined  generative  Al,  high-performance
computing, and climate simulation technologies in a

manner that they produced Earth-like digital twins
that could accurately simulate the atmosphere and
environmental systems at extraordinarily high
resolutions. We aim to optimise operational
forecasting in the project while enhancing forecast
precision of climate related events. The research
indicated that real-time simulations made possible via
digital twin technologies can improve forecasting
systems as well as increase the speed of scenario
analysis and the accuracy of predictions for disasters.
Kaikai Zhang et al. (2026) and his research team
recently healed the TianJi Al meteorologist system, a
multi-agent large language model (LLM) architecture
that aims to conduct autonomous scientific
experiments in the field of atmospheric science. Their
study looked into the situation where Al agents can
learn existing meteorological data autonomously,
generate their own hypotheses and identify
atmospheric mechanisms without ongoing human
involvement. The agentic Al systems in the study
were able to work together, reason like humans and
behave like scientific explorers. They propose that
upcoming Al systems could develop from simply
analytical tools into engaged scientific partners in a
position to uncover climate and atmospheric
discoveries at a higher speed [14].

Geunsik Lim (2026) examined the impact of
generative Al and large language model on disaster
communication & public response systems in
Climate RADAR project. Specifically, the research
covered behavioural decision-support approaches that
developed specialized warnings targeted at specific
individuals or communities in a manner that
encourages them to act. The system focused not just
on sending notifications, but also on steering people
in the right direction for protective measures when
there was a dangerous situation. The study
recommended operational proactive response and
human behaviour adaptation instead of just
information release in designing future disaster
management systems [15].

TABLE ISUMMARY OF LITERATURE REVIEW

Summary Table of Key Literature

Authors Year || Study/Framework

Methods Used

Main Findings Conclusions
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Ali Akarma et al. (2026) proposed a governance
constrained Al-assisted framework for the targeted
management of wildfires which integrated
blockchain, Partially Observable Markov Decision
Processes (POMDPs) and multi-agent coordination
systems. The purpose of their research was to achieve
accountability, transparency, and human oversight in
safety-critical Al operations. This system was created
for fire detection and response to wildfires while
minimizing false alarms and unsafe autonomous
actions. They report that Al architectures which
explicitly incorporate governance considerations can
be made reliable and trusted through suitable
supervision of the operation of disaster-response
systems in uncertain environments, both high risk
and where the operator's integrity is uncertain [16].

Essam H. Houssein et al. (2026) and co-authors
published a very good review paper on this topic
where they extensively scrutinized all aspects of Al
techniques in climate change applications such as
climate prediction, environmental monitoring, and
climate analytics. The researchers studied ML, DL,
optimization algorithms and intelligent forecasting
models relevant in climate research applications. The
study underscores that the use of Al is becoming
more and more effective for prediction accuracy and
climate analysis on a global scale. Nevertheless, they
also recognised significant challenges relating to
evaluation metrics, interpretability, transparency and
trustworthiness which reinforced the necessity of
sound validation frameworks for climate Al types.

University of Allahabad Researchers (2025) Al based
cyclone prediction using machine learning techniques
and atmospheric datasets conducted by researchers
from University of Allahabad. Using satellite-based
datasets, weather-related parameters including
various meteorological indices and historical cyclone
paths and intensities, their work improves timely
forecasting of the path and intensity of cyclones. The
researchers showed that compared with traditional
meteorological methods, predictions thus obtained
from Al-driven forecasting models were able to make
the same fixtures much faster and at a much lower
cost. Their study determined that machine learning-
driven cyclone prediction systems could play a major
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role in assisting disaster preparedness, early warning
systems and emergency response planning in coastal
areas prone to cyclones.

1. METHODOLOGY

1. Data collection

2. Data processing and feature engineering

3. Generative Agentic Al model

Feedback Loop

4. Autonomous Decision-making

5. Early warning Dissem ination

6. Montitoring & Feedback

Timely Accurate forecast &
Effective Disaster Early Warning
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Fig. 1. Proposed Methodology

This interdisciplinary approach combines generative
agency-based Al with climate forecasting and
disaster early warning systems to allow for intelligent
autonomous decision making. The framework sets
out by collecting data from multiple sources
including satellites, weather stations, IoT sensors,
radar systems and historical disaster databases.
Critical parameters such as temperature, humidity,
rainfall, wind speed atmospheric pressure, river water
levels soil moisture are captured over time to account
for the varying environmental conditions. By
utilizing multimodal data, forecasting reliability can
be enhanced while allowing for improved
understanding of the underlying environment. After
data collection, you preprocess and/and do feature
engineering to improve quality of your data and
performance of the model. It encompasses data
cleaning, normalization, handling missing values and
spatial-temporal ~ alignment.  Using  temporal
resolution, spatial resolution, normalization factors
and feature correlation score to tune the dataset. Such
processes help minimize noise by making the Al
models process accurate and consistent input. \n\nA
Hybrid Generative Agentic Al model: CNN + LSTM
+ Transformer Model for Climate Prediction. These
CNN models focus on extracting spatial climate
information from satellite images, and LSTM and
transformer layers are typically used to represent
temporal weather relationships. There are many
important training parameters such as learning rate,
batch size, epoch count hidden layers forecast
horizon. These models forecast disasters like floods,
cyclones, heatwaves and wildfires more accurately.
The prediction response is processed into a
generative agentic Al layer that autonomously
deduces the interpretation of the prediction, affording
data to risk levels and designing disaster action
Autonomous agents coordinate decision-making by
leveraging reasoning
mechanisms spend shared knowledge bases. The
three key parameters needed to enhance reasoning

contextual memory,

quality are uncertainty thresholds, confidence scores,
and context window size which aid in limiting false
alarms. This allows the system to go beyond
forecasting and provide proactive  disaster
management. The stage of autonomous decision-
making deploys reinforcement learning and
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optimization algorithms to assess the severity of the
disaster, resource availability, and population
exposure. Based on risk probability, response time,
severity index and operational cost functions, an
induced Function for generating optimal evacuation
and warning strategies is developed. This is made
possible through reinforcement learning of the
system, thereby enabling you to improve decisions
for subsequent disasters based on past outcomes. \n
\nFinally, the generated warnings are distributed via
SMS notifications, mobile applications, cloud
dashboards and emergency  communications
systems.\n The framework incorporates the use of
continuous monitoring, and feedback mechanisms for
tracking forecasting performance in terms of forecast
accuracy, false alarm rates, and warning lead times.
The models are retrained using performance metrics
and therefore a better prediction can be done in the
future. In summary, the methodology proposed lays
out a scalable, adaptable and intelligent approach for
climate forecasting and disaster early warning
systems.

IV.RESULT AND EVALUATION

We experimentally evaluated the proposed Agentic
Al framework using climate datasets and disaster
response simulations. We compared the system's
performance with conventional machine learning
approaches on forecasting accuracy, adaptability and
disaster early warning ability. The results of the
experiments show that Agentic Al is orders of
magnitude better than traditional Machine Learning
models when it comes to prediction accuracy and
response time. The proposed framework consists of
autonomous  decision-making and continuous
learning mechanisms which allow it to dynamically
adapt these components in response to changing
environmental conditions — something conventional
systems, relying primarily on static training and
predefined rules, cannot do. The evaluation metrics
was forecasting accuracy, response time, lead time
improvement and overall reliability of the system in
disaster simulation cases. Results show that the
intelligent  agent-based  architecture  improved
processing of real-time climate data inside the system
and generated more accurate predictions.

Fig. 2. Forecasting accuracy comparison between
traditional ML and Agentic Al
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We provide the fantasized forecasting potential of
traditional ML and our Agentic Al framework (see
figure 1). As demonstrated by the graph above,
across different climate scenarios our Agentic Al
model consistently achieved higher prediction
accuracy. The classic ML strategies worked well and
their performance was accepted as long as the
environment remained constant; but failed when
abrupt climate variations or noise were presented in
the data. On the other hand, the Agentic Al
framework achieved more consistent and better
accuracy due to its adaptive reasoning and
autonomous learning. The graph also indicates lower
fluctuation in prediction errors for the Agentic Al
system, demonstrating better robustness and
reliability in disaster forecasting applications.

Climate Forecasting Accuracy Comparison

95 4
—&~ Agentic Al Framework

== Traditional ML

90 4
85 4
80 1

75 1 _'/'/

70 1

. ./l/
2 4 6 8 10 12
Months

Forecast Accuracy (%)
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Improvement in Disaster Early Wamning

Early Warning Lead Time (Hours)

Flood Cyclone  Heatwave  Wildfire  Landslide
Disaster Type

Fig. 3. Improvement in disaster early warning lead
time.

In figure 3, the lead time for disaster early warning is
compared between a conventional ML system and the
proposed Agentic Al framework. The plot illustrates
that the traditional system issued warnings much later
than was created by the Agentic Al framework. The
increase of lead time that is critical in disaster
management provides authorities and emergency
response teams ample time to undertake preventive
measures before the disaster happens on stages.

It is primarily attributed towards the autonomous
monitoring and predictive capabilities of intelligent
agents which significantly improves warning
performance. The system constantly studies the
environmental context, identifies anomalies and starts
a high-speed decision-making process with limited
manual intervention. Such longer lead times directly
help in saving human lives, lowering the scale of
infrastructural damage and improving disaster
preparedness. Hence, the experimental results
validate and measure the effectiveness of the
proposed Agentic Al framework in predicting a
disaster and responding to those systems.

Table I. Performance Comparison of Forecasting

Models
Model Accuracy | Latency | Adaptability
(%) (s)
CNN-LSTM 81.2 2.3 Medium
Transformer 86.5 1.8 High
Agentic 94.1 1.2 Very High
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Generative
Al

Wildfire 4 9 39

Table II. Disaster Early Warning Performance

Experimental analysis indicates that Generative

Agentic Al significantly enhances forecasting
Disaster Traditional | Al-Based | Reduction accuracy and disaster preparedness. The autonomous
Warning Warning in Risk decision layer enables adaptive responses to changing
(hrs) (hrs) (%) environmental conditions, reducing latency and
Flood 2 6 32 improving lead time. The framework also
Cyclone 5 10 45 demonstrates 'sctalability f(.)r 1arg§-scale deployment
across smart cities and national disaster management
Heatwave 6 14 51 systems.
PERFORMANCE EVALUATION OF THE PROPOSED GENERATIVE AGENTIC Al FRAMEWORK
S. Performance Proposed Generative
Traditional ML A h . 1 t Ob d
No. Parameter racitiona pproac Agentic Al Framework fHprovemmet Serve

1 ||Forecasting Accuracy

Moderate accuracy under
dynamic climate conditions

High accuracy with
adaptive prediction

Significant improvement in
prediction precision

Performance

capability

capability
) Disaster Early Limited warning generation || Earlier and faster warning | Increased preparedness
Warning Lead Time capability generation time
. S1 ing of
Real-Time Data _0 wer proce.ssmg ° Fast and autonomous real- .
3 . continuous environmental . . Reduced processing delay
Processing time analysis
data
4 A'daptability to Static learning behavior Dynamic and §elf—adaptive Better 'handlin'g' of
Climate Changes learning uncertain conditions
5 Decision-Making Rule-based and partially Intelligent autonomous Improved response
Efficiency automated decision-making efficiency
T Perfi fluctuati Stable and robust . o
6 System Reliability er’ormance uetua 1(?ns able and robus Higher system stability
during extreme scenarios performance
Response Time Rapid response through Faster disaster
7 . . Delayed emergency response . . .
During Emergencies intelligent agents management actions
. Limited scalability for 1 Efficient handling of large- .
8 Scalability Hrted scarablity for farge felen ar.1 g of fatee Improved scalability
datasets scale climate data
Human Intervention || High dependency on manual Minimal human .
9 . L . . . Increased automation
Requirement monitoring intervention required
10 Overall System Conventional predictive Advanced intelligent Superior overall

predictive framework

performance

The performance assessment shows that the proposed
Generative Agentic Al framework significantly
outperforms traditional machine learning techniques
for multiple evaluation parameters. The framework
has better forecast accuracy, more lead time in
warning of disasters and quicker decision-making
ability as a result of the autonomous adaptive
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learning it employs. Intelligent agents provide the
access which permits continuous monitoring of
environmental factors, efficient processing of real-
time climate-related data, and generation of an
emergency response in a timely manner. Together, all
these improvements lead to better disaster
preparedness, reduced operational lag and improved
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system reliability for climate forecasting and disaster
management applications.

V.CHALLENGES AND LIMITATIONS

While the proposed Generative Agentic Al
framework for climate forecasting and disaster
management provides significant benefits, there are
also challenges and limitations. One of the biggest
challenges is whether enough real-time climate data
is available. However, the performance of the
framework is strongly based on high-fidelity, real-
time and spatially comprehensive environment
datasets. Data may be incomplete, noisy or delayed
which decreases predictive accuracy and can alter
decision  making  performance. @ The  high
computational complexity of Generative Agentic Al
systems is another limitation. The framework
typically has the need for heavy processing power,
memory resources as well as sophisticated hardware
infrastructure to more complex levels of sufficient
performance for performing continuous data analysis,
autonomous reasoning and multi-agent coordination.
In resource constrained environments, this may
increase the implementation cost and limit its
deployment.

There's also the question of scalability and
interoperability. The integration of the proposed
theoretical system with existing disaster management
infrastructures, weather monitoring systems and
communication networks can be challenging due to
discrepancies in data formats, protocols and
technology standards. Additional optimizations and
infrastructure support may be required for scaling
across multiple geographic regions. Another major
limitation is security and privacy. As this framework
constantly collects and processes large volumes of
data from environmental and public patterns, it is
susceptible to cyberattacks such as unauthorized
access, data breaches etc. A notable challenge in this
regard is ensuring secure communication between
intelligent agents, and safeguarding sensitive data.
Moreover, when Al agents are left to their own
devices to make decisions, they can yield
unpredictable or biased results if trained on
incomplete or uneven datasets. A minor error in
predictions or delayed responses may have the
disastrous outcomes during any critical disaster.
Hence, human oversight and approval will still be
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required to assure system reliability and
accountability.

The system still needs continuous training and model
update to adapt to the new climate patterns and
changes in environmental conditions. This process
can be slow and resource hungry. Additionally, the
absence of standardized norms with respect to
Agentic Al systems complicates their evaluation and
development processes. Lastly, It seems clear that
despite the fact that the Generative Agentic Al
framework has shown great promise for addressing
challenges in climate cycle forecasting and disaster
resiliency as discussed in this paper, its promise will
only be realized by overcoming barriers related to
lack of data quality, computational time-steps
responsive in a real-time scale operation, scalability
of grounded learning approaches on large high-
dimensional spatio-temporal sensor data sets used to
simulate sustainable climates at planetary scales (tens
and hundreds of millions of points is common place),
production hardening operationalization requirements
like security solutions against adversarial / classical
failure modes entailing dynamic adaptability; but also
prioritizing ethical considerations prior too deploying
any machine-learning models into problem domains
or contexts which have direct societal returns.
Visions for future research include better system
efficiency, improved transparency and developing
secure and scalable architectures for Al based
strategies to be applied to disaster management.

VI. FUTURE SCOPE

Based on the well-reasoned proposal of a novel
Generative Agentic Al paradigm, it remains highly
plausible this could evolve inherent properties
capable of revolutionising climate forecasting and
disaster management systems in time. The structure
can become a more precise, intelligent and scalable
solution in addressing environmental problems as
updates are made with ongoing innovations of
artificial intelligence, autonomous agents and real-
time information analytics. An of the top future
shamans is having very autonomous disaster forecast
systems that are capable to analysis global climate
cycles in real time. They can enable advance warning
for natural disasters such as floods, cyclones,
earthquakes, wildfires and droughts — much earlier
than traditional methods, minimizing human lives
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lost and economic damage.

Moreover, the framework can become more efficient
through the integration of advanced technologies
such as Internet of Things (IoT), satellite
communication, edge computing and 6G networks.
With the advent of smart sensors and connected
devices, it will facilitate monitoring the environment
continuously, faster decision making by Intelligent
agents during emergency situations.

In the future, we may adopt an Al system which can
not only make decisions but also improve own
decision making with minimal human input by self-
learning and self-improving somehow on similar
conditions that are adapted use to new essentially
climate conditions. Such an improvement in system
flexibility would enable disaster management
authorities to react better to unpredictable
environmental alterations. Another meaningful future
result of these smart city alerts is the development of
disaster management systems. Frameworks like the
one proposed can synchronously work with urban
infrastructures and transportation systems including
healthcare services and emergency communication
networks to comprise fully automated disaster
response ecosystems The integration of data up to
October 2023 such as this can greatly assist in effi-
cient use of resources, public safety, and planning for
evacuation during emergencies. Additionally, the
framework can make a contribution towards global
climate research and environmental sustainability
efforts. The system could help governments and
environmental organizations, through the analysis of
large-scale climate data identify long-term risks
caused by climate change to design preventive
strategies and sustainable development policies.
Future iterations of the framework may expand and
incorporate techniques from explainable Al and
ethical Al to reinforce transparency, accountability,
and public trust in autonomous decision-making
systems.  Moreover, improved cyber-security
mechanisms will evolve for ensuring secure
communication between devices and securing
sensitive environmental data.

VII. CONCLUSION
With a new Generative Agentic Al framework,

prospective  climate forecasting and  disaster
management becomes more sophisticated than ever.
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Incorporating autonomous agents, real-time data
analysis, and adaptive decision-making capabilities,
the framework outperforms conventional machine
learning approaches in forecasting accuracy, lead
time for disaster early warning systems, and
efficiency of emergency response. Experimental
results show that the system is capable of executing
under varying environmental conditions in a more
reliable and stable manner. Continuous monitoring,
alerts & rapid prediction generation and autonomous
coordination enabled by the intelligent agent-based
architecture together provide effective disaster risk
mitigation strategies within a short turn-around time.
The study also focuses Agentic Al on the future of
complex climate-related challenges that require
scalable and adaptive solutions. Although there still
exists some limitations of computational complexity,
data dependency and security concern, but the
framework shows great potential for real world
implementation in smart disaster management
system. In addition, more advanced technology in
artificial  intelligence, IoT integration, edge
computing and explainable Al can improve the
efficacy and dependability of this framework by
extending future research directions. With ongoing
research, and advancements in technologies
Generative Agentic Al could be an enabler for
automatic  disaster prediction and response
mechanisms which should add resilience, scalability
and sustainability to the system. In summary, the
novel framework proposed affords a powerful
solution to climate forecasting and climate disaster
management through intelligent automation, real-
time adaptability and enhanced decision-making
capabilities that are synergistically contributing to
better public safety and environmental resilience.

REFERENCES

[11 N. Xu et al.,, “FengYun virtual constellation
(FengYun+): requirement, concept,
development and prospect of Chinese
meteorological small satellites,” International
Journal of Digital Earth, vol. 19, no. 1, art.
no. 2631852, 2026. doi:
10.1080/17538947.2026.2631852.

[2] Z.-Z. Hu, Y. Li, F.-P. Gao, and J.-M. Zhang,
“Digital disaster preven- tion for ocean
engineering: Current progress and future

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 663



(4]

(3]

(6]

(7]

(8]

[10]

IJIRT 204060

© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002

directions,” Ocean Engineering, vol. 355, no.
P2, art. no. 125101,  2026. doi:
10.1016/j.oceaneng.2026.125101.

D.-J. Kim, J.-H. Kim, E.-J. Yun, D. G. Kang,
and E. Ban, “Farmstead- Specific Weather Risk
Prediction Technique Based on High-Resolution
Weather Grid Distribution,” Atmosphere, vol.
15, no. 1, art. no. 116, 2024. doi:
10.3390/atmos15010116.

V.-K. Ian, S.-K. Tang, and G. Pau, “Assessing
the Risk of Extreme Storm Surges from
Tropical Cyclones under Climate Change Using
Bidirec- tional Attention-Based LSTM for
Improved Prediction,” Atmosphere, vol. 14, no.
12, art. no. 1749, 2023. doi:
10.3390/atmos14121749.

H. Wang, N. Liu, Y. Zhang, T. Zhang, and X.
Ren, “Risk prevention of
meteorological disasters along the ‘21st Century
Maritime  Silk Road’,” Chinese Science
Bulletin, vol. 65, no. 6, pp. 453—462, 2020. doi:
10.1360/TB-2019-0287.

J. Zhao et al., “GNSS Precipitable Water
Vapor Prediction for Hong Kong Based on
ICEEMDAN-SE-LSTM-ARIMA Hybrid
Model,” Remote Sensing, vol. 17, no. 10, art.
no. 1675, 2025. doi: 10.3390/rs17101675.

Y. Li et al., “Integrating drought indices and
machine learning ap- proaches to predict
rainfed potato yield in North China,” Agri-

marine and

cultural Water Management, vol. 328, art. no.
110302, 2026. doi:
10.1016/j.agwat.2026.110302.

H. Niu, S. Murray, F. Jaber, B. Heidari, and N.
Duffield,  “Tail-Aware Forecasting  of
Precipitation Extremes Using STL-GEV and
LSTM Neural Networks,” Hydrology, vol. 12,
no. 11, art. no. 284, 2025. doi:
10.3390/hydrology12110284.

L. Xu et al, “Analysis of Spatiotemporal
Characteristics of Global TCWV and Al
Hybrid Model Prediction,” Hydrology, vol. 12,
no. 8, art. no. 206, 2025. doi:
10.3390/hydrology12080206.

N. Ya’acob et al., “Landslide Detection Using
Analysed UAV Im- agery,” Journal of
Advanced Research in Applied Sciences and
Engineering Technology, vol. 45, no. 1, pp.
168-188, 2025. doi:

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

10.37934/araset.45.1.168188.

Calegari, R., Ciatto, G., Mascardi, V., &
Omicini, A. (2021). Logic-based technologies
for multi-agent systems: a systematic literature
review. Autonomous Agents and Multi-Agent
Systems, 35(1), 1.

Lu, Q., Wen, J.,, Yan, J., Wang, Y., & Chen, H.
(2026). A GeoAl-Driven and Decision-Oriented
Methodology for Multi-Hazard Early Warning
System Development. International Journal of
Disaster Risk Science, 1-18.

Gerolimos, N., Alevizos, V., Edralin, S., Xu, C.,
Priniotakis, G., Papakostas, G. A., & Yue, Z.
(2025). decision-making
enhancing natural disaster management through
open world machine learning: A systematic
review. Human-Centric Intelligent
Systems, 5(2), 269-284.

Zhang, K., Wang, X., Zhao, H., Chen, N., Luo,
M. Y.J. ], Song, T., & Meng, F. (2026). TianlJi:
An autonomous Al meteorologist for
discovering physical mechanisms in
atmospheric science. arXiv
arXiv:2603.27738.

Lim, G. (2026). A Generative Al-Driven
Reliability Layer for Action-Oriented Disaster
Resilience. arXiv preprint arXiv:2601.18308.
Syed, T. A., Akarma, A., Naqash, M. T.,
Hameed, D., Kamal, S., & Formisano, A.
(2026). Agentic Al for Climate-Resilient Cities:
A PRISMA-Guided Review and Digital Twin
Framework.

M. M. Motsumi and L. D. Nemakonde,
“Indigenous early warning
improving natural hazard predictions,” Jamba:
Journal of Disaster Risk Studies, vol. 17, no. 1,
art. no. al754, 2025. doi:
10.4102/jamba.v17i1.1754.

C.-M. Liu et al., “Temperature drops and the
onset of severe avian influenza A H5N1 virus
outbreaks,” PLoS ONE, vol. 2, no. 2, art. no.
el91, 2007. doi: 10.1371/journal.pone.0000191.
L. M. C. Ra’palo, M. N. Gomes Jr, and E. M.
Mendiondo, “Devel-
flood forecasting system adapted to data-scarce
regions,” Journal of Hydrology, vol. 644, art.
no. 131929, 2024. doi:
10.1016/j.jhydrol.2024.131929.

Z. Hao et al., “Global integrated drought

Autonomous

preprint

indicators  for

oping an open-source

664



[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

IJIRT 204060

© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002

monitoring and pre- diction system,” Scientific
Data, wvol. 1, pp. 140001, 2014. doi:
10.1038/sdata.2014.1.

D. Samadian et al., “Stack-AttenLSTM: A
surrogate deep learn- ing model for sequential
earthquake-flood structural response assess-
ment,” Engineering Structures, vol. 353, art. no.
122345, 2026. doi:
10.1016/j.engstruct.2026.122345.

Y.-S. Shin et al., “Establishment and Operation
of an Early Warning
Agrometeorological Disasters,”
vol. 16, no. 3, art. no. 291,
10.3390/atmos16030291.

X. Liu et al., “A New Method for Automatic
Glacier Extraction,” Remote Sensing, vol. 17,
no. 4, art. no. 710, 2025. doi:
10.3390/rs17040710.

Service  for
Atmosphere,
2025. doi:

Y. Xiong et al., “Evaluation of X-Band Radar
for Flash Flood Modeling,”Water, vol. 17, no.
12, art. no. 1811, 2025. doi:
10.3390/w17121811.

J. Li et al., “Drought prediction models driven
by meteorological and remote sensing data,”
Hydrology Research, vol. 51, no. 5, pp. 942—
958, 2020. doi: 10.2166/nh.2020.184.

M. Jiao et al, “Overview of Chinese
contributions on typhoon-related disaster
reduction,” Chinese Science Bulletin, vol. 65,
no. 9, pp. 780-789, 2020. doi: 10.1360/TB-
2019-0397.

C. Li et al., “Skillful seasonal prediction of
Yangtze river valley
Environmental Research Letters, vol. 11, no. 9,
art. no. 094002, 2016. doi: 10.1088/1748-
9326/11/9/094002.

Y. Li, S. Zhao, D. Zhao, G. Gao, H. Xu, and Y.
Jiang, “Changes in Tropical Cyclone Disasters
Over China During 2001-2020,” Earth and
Space Science, vol. 10, no. 6, art. no.
€2022EA002795, 2023. doi:
10.1029/2022EA002795.

V. Linardos, M. Drakaki, P. Tzionas, and Y. L.
Karnavas, “Machine Learning in Disaster
Management: Recent Developments in Methods
and Applications,”
Knowledge Extraction, vol. 4, no. 2, pp. 446—
473, 2022. doi: 10.3390/make4020020.

summer rainfall,”

Machine Learning and

[30]

[32]

[34]

[35]

[36]

[38]

J. Chai and H.-Z. Wu, “Prevention/mitigation of
natural disasters in urban areas,” Smart
Construction and Sustainable Cities, vol. 1, no.
1, art. no. 4, 2023. doi: 10.1007/s44268-023-
00002-6.

D. Bao, D.-X. Hua, H. Qi, and J. Wang,
“Method of remotely sensing seawater salinity
fine detection based on Raman Brillouin
scattering,” Wuli Xuebao/Acta Physica Sinica,
vol. 70, no. 22, art. no. 229201, 2021. doi:
10.7498/aps.70.20210201.

K.-R. Jo, S.-I. Pak, H.-C. Kim, C.-B. Rim, S.-H.
Nam, and W.-S. Hong, “An Ensemble
Sensitivity Analysis for Optimizing Physical
Schemes in Summer Heavy Rainfall Predictions
DPR Meteorological
Applications, vol. 33, no. 2, art. no. ¢70181,
2026. doi: 10.1002/met.70181.

J. Luo et al., “Water Vapor Characteristics of
Extreme Precipitation in Yingjiang, the ‘Rain
Pole’ of Mainland China,” Applied Sciences,
vol. 16, no. 5, art. no. 2267, 2026. doi:
10.3390/app16052267.

M. Zhu et al, “Safety assessment of the
Qinghai-Tibet railway: Moni- toring, analysis,
and prediction,” Cold Regions Science and
Technology, vol. 231, art. no. 104395, 2025.
doi: 10.1016/j.coldregions.2024.104395.

S. Z. Zahra et al.,, “Deep spatio-temporal
learning for multi-hazard events: A ConvGRU
multi-label classification approach,”
Geolnformat- ica, vol. 30, no. 1, art. no. 8,
2026. doi: 10.1007/s10707-026-00568-0.

D. Vito, “Use of multivariate machine learning
Analysis techniques for flood risk prevention,”
International Archives of the Photogrammetry,
Remote Sensing and Spatial Information
Sciences - ISPRS Archives, vol. 42, no. 3W4,
pp. 549-554, 2018. doi: 10.5194/isprs-archives-
XLII- 3-W4-549-2018.

Perdinan et al., “Initiative Collaboration Tool of
Early Warning Systems for Early Action to
Mitigate Flood Disaster Impacts in Indonesia,”

Over Korea,”

10P Conference Series: Earth and
Environmental Science, vol. 1359, no. 1, art. no.
012035, 2024. doi: 10.1088/1755-
1315/1359/1/012035.

C. Vitolo, C. Di Napoli, F. Di Giuseppe, H. L.
Cloke, and F. Pappen- berger, “Mapping

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 665



© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002

combined wildfire and heat stress hazards to
improve evidence-based decision making,”
Environment International, vol. 127,pp. 21-34,
2019. doi: 10.1016/j.envint.2019.03.008.

[39] D. Lamichhane et al., “Evaluation of Seasonal
Precipitation in South Asian Monsoon Using
FGOALS-f2 Seamless Prediction System,”
Weather and Forecasting, vol. 40, no. 5, pp.
669-688, 2025. doi: 10.1175/WAF-D-24-
0045.1.

[40] K. Anjana, M. Herath, and J. Epaarachchi,
“Optical fibre sensors for geohazard monitoring
— A review,” Measurement: Journal of the
International Measurement Confederation, vol.
235, art. no. 114846, 2024. doi:
10.1016/j.measurement.2024.114846.

[41] K. Henderson and R. K. Chakrabortty, “A
machine learning predictive model for bushfire
ignition and severity: The Study of Australian
black summer bushfires,” Decision Analytics
Journal, vol. 14, art. no. 100529, 2025. doi:
10.1016/j.dajour.2024.100529.

[42] G. Yin, T. Yoshikane, K. Yamamoto, T.
Kubota, and K. Yoshimura, “A support vector
machine-based method for improving real-time
hourly precipitation forecast in Japan,” Journal
of Hydrology, vol. 612, art. no. 128125, 2022.
doi: 10.1016/j.jhydrol.2022.128125.

LJIRT 204060 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

666



