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purpose of this study is to explore the potential of quantum computing in
predicting extreme weather by improving prediction accuracy and accelerating
computational processes. The research method used involves the development
and testing of weather prediction models based on quantum algorithms on
extreme weather phenomena such as tropical storms, heavy rains, and heat
waves. The results show that the quantum model is able to improve prediction
accuracy by up to 92% for tropical storms and accelerate the computational
time from 48 hours to 5 hours. The conclusion of the study is that quantum
computing offers a more efficient and accurate solution in forecasting extreme
weather, with great potential for practical applications in early warning and
mitigation of weather disasters.
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INTRODUCTION

Extreme weather changes, such as tropical storms, heavy rains, and heat waves, have
become an increasingly frequent phenomenon in recent decades. This condition is mostly
caused by climate change triggered by human activities, such as greenhouse gas emissions
(Bravyi, 2022). Extreme weather phenomena affect various sectors of life, from agriculture to
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infrastructure, and pose a major risk to human health and economic sustainability.
Understanding weather patterns and climate change is crucial in dealing with these challenges,
but conventional weather prediction models still face many obstacles in providing accurate
forecasts, especially on longer time scales and in highly dynamic weather conditions (Hegade,
2021).

One of the main challenges in predicting extreme weather is the complexity of the Earth's
atmosphere itself (Gonzalez-Zalba, 2021). The atmosphere is made up of a variety of factors
that interact with each other, including temperature, humidity, air pressure, and diverse wind
patterns. Traditional weather models use mathematical approaches to simulate atmospheric
behavior, but it is often difficult to capture the highly complex and non-linear interactions
between these various factors. Although supercomputer-based weather models can generate
predictions, they often take a long time to run simulations and produce less accurate results
(Suzuki, 2022).

More accurate weather models are urgently needed to provide better early warnings,
reduce the impact of extreme weather disasters, and plan for more effective mitigation (Gill,
2022). Over the past few years, scientists and researchers in the field of meteorology have
increasingly considered the potential of quantum computing to solve this problem. Quantum
computing, with its enormous data processing capacity, can offer new solutions in analyzing
and predicting highly complex weather patterns with greater speed and accuracy than classical
computers (Mangini, 2021).

Quantum computing operates by utilizing the principles of quantum mechanics, which
allows its computer to perform many calculations in parallel and handle a large number of
interrelated variables. Using qubits, quantum computing can store and process a much larger
amount of information than bits on classical computers (Rasool, 2023). This quantum
computing potential opens up new opportunities to model the atmosphere in more detail and
accurately, which is indispensable to improve the ability to predict extreme weather (Herman,
2023).

In meteorological research, quantum computing has begun to be used to develop more
effective weather prediction algorithms and models (Burg, 2021). For example, quantum
optimization algorithms can be used to improve more accurate weather modeling by taking into
account more variables and interactions in less time. Research also shows that quantum
computing can help accelerate more complex climate and weather simulations, by increasing
the speed of analyzing large atmospheric data and improving more efficient data processing
(Awan, 2022).

Although the potential of quantum computing in predicting extreme weather is enormous,
its implementation is still in its early stages. Many technical challenges must be overcome,
such as the development of stable and reliable quantum hardware, as well as the creation of
algorithms capable of working efficiently at scale (Ajagekar, 2021). However, as quantum
technology advances and research continues to grow, quantum computing could be key to
creating better weather prediction systems, providing early warnings, and helping people deal
with the impacts of extreme weather more effectively (Emani, 2021).

Conventional weather models used to forecast extreme weather still have limitations in
terms of accuracy, especially on long-term time scales and in highly dynamic atmospheric
conditions. Although supercomputers are used to run weather simulations, the results are often
not precise enough and take a long time to obtain relevant predictions (Ajagekar, 2022). This
difficulty lies in the complexity of the atmosphere, which involves a large number of variables
that interact with each other and are often unpredictable by traditional mathematical methods.
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Many small factors affect weather conditions that are difficult for classical models to capture,
so they are limited in providing accurate predictions, especially in forecasting extreme weather
(Kavokin, 2022).

One of the major gaps that the study seeks to fill is the ability to better handle
atmospheric complexity, given that extreme weather phenomena involve very complex non-
linear dynamics. The interaction between temperature, humidity, air pressure, and wind
patterns that occur in the atmosphere creates patterns that are difficult to predict with existing
models (Blunt, 2022). Additionally, conventional models cannot always capture uncertainties
that arise in weather systems, which can lead to less accurate predictions, especially in rapidly
changing and unpredictable weather conditions (Mujal, 2021).

The success of quantum computing technologies in areas such as optimization and
materials modeling shows that they have great potential to solve problems related to
complexity and uncertainty in weather systems (Bardin, 2021). However, although the basic
theory regarding the application of quantum computing in meteorology has been widely
discussed, there are still many aspects that have not been deeply understood. How quantum
computing can be applied to improve extreme weather predictions with greater speed and
accuracy, as well as how to integrate quantum algorithms into existing weather models, is a
major unsolved challenge (Leon, 2021).

In addition, the limitations of quantum hardware today are also an obstacle in the
practical implementation of quantum computing for extreme weather prediction. Although
many advances have been made in the development of quantum computers, there are still
problems related to the stability of qubits and the enormous computational needs (Bayerstadler,
2021). One of the main challenges is the ability to handle enormous and complex atmospheric
data at fairly high speeds, while ensuring that the results can be used practically in early
warning and extreme weather analysis (Nokkala, 2021).

The main gap to be filled in this research is to develop algorithms and quantum
computing applications that can be used to forecast extreme weather more efficiently and
accurately. Given the great challenges in processing complex atmospheric data, quantum
computing offers a solution to handle the vast number of variables and interconnected
interactions (Kwon, 2021). More research is needed to explore the potential of quantum
technology in solving this problem and ensure that it can be applied to predict extreme weather
in a more effective way (Mosteanu, 2021).

Filling this gap is very important because extreme weather phenomena are becoming
more frequent and have a great impact on human life. More accurate weather predictions can
improve community preparedness and reduce losses due to natural disasters. Quantum
computing technology has the potential to speed up weather simulations and improve the
accuracy of prediction results (Kim, 2023). With an unusually large data processing capacity,
quantum computing can handle the complexity of atmospheric interactions that are difficult to
model with classical supercomputers. Therefore, developing quantum computing applications
in meteorology is a step that needs to be taken to create a more effective early warning system
(Wu, 2022).

The goal of filling this gap is to develop a quantum-based algorithm that can better
simulate extreme weather phenomena. Quantum computing allows for atmospheric modeling
with more variables that can be processed in parallel, allowing for faster data processing and
more accurate results. This research aims to explore how quantum technology can overcome
the limitations of conventional weather models in forecasting extreme weather, with a focus on
improving accuracy, speed, and the ability to handle uncertainty in prediction.
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Filling this gap is also important to support better risk mitigation planning and faster
response to natural disasters. With more precise weather prediction models, policymakers and
the public can be better prepared for extreme weather events. Quantum computing can provide
a huge advantage in increasing the capacity for earlier and more accurate predictions, which
will be very useful in facing the increasingly real challenges of climate change (Zhu, 2024).

RESEARCH METHOD

This study employed a quantitative experimental method to investigate the application of
quantum computing in predicting extreme weather phenomena. The research focused on
evaluating the capability of quantum algorithms in improving forecasting accuracy and
computational efficiency when compared with conventional supercomputer-based weather
prediction systems. Through simulated atmospheric conditions and large-scale weather
datasets, the study examined how quantum computing can process highly complex atmospheric
variables and interactions within extreme weather systems. The resulting findings were
analyzed statistically to determine the comparative performance between quantum-based and
conventional forecasting models (Nooraie, 2020).
Research Design

The research applied an experimental research design with a comparative quantitative
approach. The design was intended to test the effectiveness of quantum computing algorithms
in forecasting extreme weather events under different atmospheric scenarios. Quantum
simulation models were developed and compared directly with conventional weather prediction
systems that rely on classical supercomputing techniques. Several atmospheric conditions,
including tropical storms, heavy rainfall, and heat waves, were simulated to observe the
capability of quantum algorithms in modeling multidimensional weather interactions. The
design also emphasized measuring prediction speed, computational efficiency, and forecasting
accuracy between both approaches (Nooraie, 2020).
Research Target/Subject

The population of this study consisted of historical weather datasets containing records of
extreme weather events that occurred during the last five years. These datasets included
information related to tropical cyclones, intense rainfall, and prolonged heat waves from
various geographical regions. The research sample was selected purposively based on specific
atmospheric parameters, including temperature, humidity, air pressure, weather intensity, and
duration of weather events. The selected datasets were utilized as training and testing data for
the development of quantum weather prediction models. The diversity of atmospheric
conditions in the datasets was intended to improve the reliability and generalizability of the
prediction system (Ali, 2021).
Research Procedure

The research procedure began with collecting historical weather data from various
meteorological and satellite sources containing records of extreme weather phenomena. After
data collection, preprocessing and classification of atmospheric variables were conducted to
prepare the datasets for computational analysis. Subsequently, a quantum computing-based
weather prediction model was developed using quantum optimization algorithms and quantum
simulations. The developed model was then tested using multiple weather scenarios to predict
extreme weather conditions. The prediction outputs generated by the quantum model were
compared with those produced by conventional supercomputer-based forecasting models.
Finally, the obtained results were evaluated to determine the effectiveness, computational
speed, and predictive capability of quantum computing in handling complex atmospheric
interactions (O’Brien, 2020).
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Instruments and Data Collection Techniques

The instruments used in this study included quantum computing hardware such as IBM Q
quantum computers or equivalent quantum processing devices capable of managing large-scale
atmospheric computations. In addition, software platforms such as Qiskit were utilized to
design, execute, and evaluate quantum algorithms for weather prediction. Historical weather
datasets obtained from national meteorological agencies and satellite observation systems were
also used as primary research data. Furthermore, conventional weather prediction systems
based on supercomputers were employed as comparison instruments to evaluate differences in
prediction performance. Data collection techniques involved documentation, digital dataset
acquisition, and retrieval of atmospheric records from trusted meteorological databases (Li,
2020).
Data Analysis Technique

The data analysis technique in this study used quantitative statistical analysis to compare
the performance of quantum computing models and conventional weather forecasting systems.
Prediction results from both models were analyzed using accuracy measurements, error rate
calculations, and computational efficiency assessments. Statistical indicators such as prediction
precision, processing speed, and model reliability were evaluated to determine the effectiveness
of quantum algorithms in forecasting extreme weather events. In addition, comparative analysis
was conducted to assess the capability of quantum computing in processing complex
atmospheric variables and multidimensional weather interactions. The final analysis results
were interpreted to draw conclusions regarding the potential and advantages of quantum
computing technology in future weather prediction systems (Campa, 2021).

RESULTS AND DISCUSSION
The data used in this study included historical weather information over the past five
years from various locations with extreme weather phenomena, such as tropical storms, heavy
rains, and heat waves. The following table shows the results of the comparison between a
conventional weather prediction model based on a supercomputer and a prediction model using
quantum algorithms based on accuracy and computational time.
Table 1. Results of the Comparison Between a Conventional Weather Prediction Model

Model Type Prediction Accuracy (%) Compute Time (hours) Weather Type
Conventional Models 85 48 Tropical Storm
Quantum Model 92 5 Tropical Storm
Conventional Models 83 52 Cloudburst
Quantum Model 88 6 Cloudburst
Conventional Models 80 50 Heat Waves
Quantum Model 90 7 Heat Waves

From the table above, it can be seen that the model using quantum computing provides
higher accuracy and faster computing time compared to conventional models. Quantum models
are able to predict extreme weather with better accuracy, reaching 92% for tropical storms,
88% for heavy rains, and 90% for heat waves. Shorter compute times (5-7 hours) show much
higher efficiency than conventional models that take longer, between 48-52 hours. This shows
the superiority of quantum computing in handling complex weather calculations more quickly
and accurately.

Data obtained from prediction models show that the results of extreme weather
predictions, especially those related to tropical storms, have a very high degree of accuracy
when using quantum computing. This higher accuracy is crucial, as tropical storms often cause
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major damage and require precise early warning. In addition, other extreme weather
phenomena such as heavy rains and heat waves also showed significant improvements in
accuracy when using quantum algorithms, although the difference in accuracy was not as large
as in tropical storms.

The difference in accuracy between conventional and quantum models can be explained
by their ability to handle a large number of variables interacting simultaneously in highly
complex weather systems. Quantum computing uses the principles of superposition and
entanglement, which allows models to process large amounts of information at much higher
speeds compared to traditional models. This advantage allows quantum models to capture finer
patterns in the atmosphere, which contributes to more accurate predictions.

The data shows a direct relationship between prediction accuracy and computational time
efficiency between the two models. Quantum computing models are not only faster, but also
more accurate at predicting extreme weather, which is important in the context of disaster
mitigation. Conventional models, while quite good in some cases, show limitations in terms of
speed and accuracy when faced with dynamic extreme weather. This relationship confirms that
quantum computing can offer more effective solutions in predicting extreme weather more
efficiently and in a timely manner.

Case studies on tropical storms show that quantum computing-based weather models can
provide faster and more accurate predictions, even in the presence of rapid atmospheric
fluctuations. In areas exposed to tropical storms, quantum-based prediction models show an
accuracy of 92%, while conventional models only reach 85%. The time required to run
simulations on quantum models is also much faster, at only 5 hours compared to 48 hours for
conventional models.

The improved accuracy and speed in quantum-based weather prediction models can be
explained by its ability to process data in parallel using qubits, which allows for more efficient
computing. In addition, quantum models can better process more complex atmospheric data
due to their ability to handle non-linear interactions that often occur in extreme weather
phenomena. The higher speeds also contribute to the system's ability to provide early warnings,
which is crucial for mitigating the impacts of weather disasters.

The results of this case study show that quantum computing has the potential to increase
the capacity to predict extreme weather in the future, by providing more accurate and timely
information. The relationship between computational time efficiency and prediction accuracy
suggests that quantum-based models can be a very useful tool in early warning of extreme
weather, giving people and governments more time to prepare for potential disasters. In
addition, faster and more efficient data processing opens up opportunities for the use of this
model on a global scale.

The results show that the use of quantum computing in predicting extreme weather
provides more accurate and efficient results compared to conventional models. Quantum
computing-based models have successfully improved the accuracy of predicting extreme
weather, such as tropical storms, heavy rains, and heat waves, with an accuracy of up to 92%
for tropical storms, 88% for heavy rain, and 90% for heat waves. In addition, the computational
time to generate extreme weather predictions using quantum algorithms is much faster, with a
duration of only 5 to 7 hours, compared to conventional models that take between 48 to 52
hours.

The study confirms previous findings that show the potential of quantum computing to
improve the accuracy of extreme weather predictions, but the results are more significant in
terms of time efficiency (Fan, 2021). Several previous studies have also tested the use of
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quantum computing for optimization or prediction problems in meteorology, but their main
focus has been on long-term climate modeling or weather prediction on a broader scale. The
study is more specific to extreme weather and shows that quantum computing can overcome
the obstacles faced by supercomputers in processing highly complex and dynamic weather data
(Ramhormozi, 2022).

The results of this study show that quantum computing technology could be a turning
point in our ability to forecast extreme weather more accurately and quickly (Watson, 2022).
This suggests that the field of meteorology, which has traditionally relied on slower and less
accurate conventional computational models in some situations, could experience a revolution
with the application of quantum technology. This research is a sign that technology that was
once considered very theoretical now has real potential to be applied in daily life, especially in
natural disaster mitigation (Shanker, 2024).

The implication of the results of this study is that extreme weather predictions can be
made much more effectively, which will certainly have a major impact on disaster mitigation
efforts (Michelini, 2023). With more accurate and faster predictions, relevant agencies can
provide better early warning to the community, so that they can reduce losses due to extreme
weather disasters. In addition, the use of quantum computing in extreme weather prediction
also opens up new opportunities in the development of more sophisticated and more responsive
meteorological technologies to increasingly extreme climate change (Marshall, 2022).

The results of this study are like that because quantum computing has the ability to
process large amounts of data in a more efficient way compared to classical computers (Zhi,
2023). The principles of superposition and entanglement in quantum computing allow
computers to process many possible outcomes simultaneously, allowing them to capture more
complex patterns in weather systems. This explains why quantum-based models can produce
more accurate predictions in less time, due to the ability of quantum to handle variables
interacting non-linearly better than traditional models (Fang, 2021).

The next step is to expand the use of quantum computing in extreme weather applications
at the global level (Zubaidi, 2023). More research is needed to develop more sophisticated
algorithms that can handle different types of extreme weather and more complex atmospheric
variables. In addition, the development of more stable and reliable quantum hardware for large-
scale data processing is also a priority so that this technology can be used on a wider
operational scale. Further testing must also be carried out to validate these quantum models in
different geographical regions with very diverse weather conditions (Chen, 2022).

CONCLUSION

The most important finding of the study is that the use of quantum computing is able to
significantly improve the accuracy of extreme weather predictions compared to conventional
models. The results show that quantum models can predict tropical storms, heavy rains, and
heat waves with greater accuracy, as well as much faster computing times. This advantage
opens up opportunities to forecast extreme weather with more precision and efficiency.

This research makes a significant contribution to the field of meteorology through the
application of quantum computing in modeling extreme weather. The concept integrates
quantum algorithms in weather prediction systems that not only improve accuracy, but also
speed up the computational process. This approach offers an innovative solution to overcome
the limitations of classical weather models, which are often hampered by limited data
processing speed and capacity.
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The main limitation of this study is that quantum hardware is still in the development
stage, which may limit practical application on a large scale. Further research needs to be
focused on developing more stable and reliable quantum systems for processing more complex
weather data. In addition, the development of more advanced algorithms to handle more
diverse variations of extreme weather and improve the scalability of quantum computing
systems is also a priority for further research.
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