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Abstract. Cloudbursts pose a significant threat in India, especially during the South-West Monsoon season that
commences in June. India's diverse climate regions, including the northern Himalayan region, Indo-Gangetic Plain,
southern peninsula, and coastal areas, experience sporadic cloudbursts, with only 31 recorded instances, mainly in
Himachal Pradesh, Uttarakhand, and Jammu and Kashmir. To address the lack of comprehensive Indian cloudburst data,
we've curated a dataset, incorporating meteorological factors for cloudburst prediction. This dataset encompasses
variables such as Temperature, Wind Gust, Wind Gust Speed, Humidity, Monsoon patterns, Air Pressure, and Cloud
Density. Our goal is to improve preparedness and mitigation strategies, safeguarding lives, and property in cloudburst
prone areas. Employing optimized machine learning algorithms, our model analyzes these parameters alongside
prevailing weather conditions, facilitating cloudburst event prediction. We evaluate the prediction performance of
machine learning algorithms, including KNN. The KNN algorithm outperformed others with an accuracy of 86.18%.
Moreover, we provide graphical insights into the correlation between humidity and cloudburst occurrence, emphasizing
the importance of weather variables in prediction models. This research contributes to cloudburst forecasting, even with
limited Indian data, and highlights the potential of utilizing diverse machine learning techniques for improved accuracy.

INTRODUCTION

A cloudburst is a brief but intense precipitation event, often accompanied by hail and thunder, capable of causing
flooding. These events can deposit a staggering 72,300 tons of water over a single area. Cloudbursts typically occur
when the rainfall rate exceeds 100mm per hour. Traditional prediction methods include weather forecasting, data
mining techniques for meteorological data modeling, and laser beam atmospheric extinction measurements from
both manned and unmanned aerospace vehicles. Hailstorms and thunder can sometimes accompany these intense
rain events [1]. Cloudburst events are commonly observed in mountainous regions, where warm air currents ascend,
carrying raindrops upwards. This prevents spontaneous rainfall and leads to significant cloud condensation. As
water accumulates at higher altitudes, the warmth below hinders its descent. The upward air currents weaken,
resulting in a sudden downpour. Cloudbursts typically occur at elevations ranging from 1000 to 2,500 meters above
sea level [2]. India is recognized as a monsoon-driven nation on the global climate map, experiencing several
cloudburst events in recent years, particularly in the western Himalayas and along the west coast. To enhance our
understanding and prediction of cloudbursts, India has established the Cloud Observatories, a network of four high-
altitude physics observatories equipped with advanced technology. These observatories aim to investigate cloud and
rain dynamics in high-altitude regions, focusing on cloud interactions, convection, circulation, and improving
forecasting and monitoring of cloudburst incidents. Their ultimate goal is to mitigate the impact of such events in
these areas [3]. In-depth research into cloudburst events through numerical modeling, as conducted by [1], revealed
valuable insights into the dynamic structures and interactions with local topography. The author in [4], proposed that
monsoonal low- pressure systems amplify low-level convergence and upper- level divergence, contributing to
intense monsoonal heavy rainfall in orographic regions. Various studies have attributed the occurrence of heavy
rainfall (ranging from 200 to 1000 mm/h) within a brief span to the presence of cumulonimbus clouds in the area.
Gupta et al. [5] further emphasize that cloudburst events often result from convective systems trapped in enclosed
valleys surrounded by mountainous terrain. Sudden and intense short-term heavy rainfall events can be influenced
by convective cloud feedbacks, whose connection to climate change remains uncertain due to their sensitivity to
temperature stratification and largescale atmospheric circulation changes. Climate change may lead to variations in
storm size, either increasing or decreasing. Nevertheless, it’s likely to result in higher rainfall intensity and expanded
storm coverage, which can contribute to elevated rainfall levels. This, in turn, may lead to an increase in flash
flooding, posing substantial regional concerns. Consequently, adapting to rapid climate change is essential to
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address the potential global impact of intensified flash floods [6]. Scientists examine historical data and climate
models to understand the impact of rising global temperatures on heavy rainfall patterns. The 2018 Kerala floods,
triggered by exceptionally intense monsoon rains, resulted in widespread devastation, causing significant loss of life
and displacement. Kerala, often the first to receive monsoon rains in India, faced additional challenges due to heavy
rainfall events in 2018 and 2019, as confirmed by various observational and modeling studies, attributed in part to
regional climate changes [7], [8]. Predicting cloudbursts in the Himalayan region is crucial to minimize potential
damage and loss of life. Due to limited observations in this area, utilizing reanalysis data is necessary to understand
the cloudburst formation process. Historical data is integrated through data assimilation techniques to create
consistent gridded reanalysis data, offering insight into atmospheric conditions. Accurate forecasting of cloudburst
events requires comprehensive data sources and analytical methods. Enhancing our understanding of cloudburst
mechanisms is essential for proactive disaster management in the Himalayan region. Thus, the proposed approach
combines historical data and modern machine learning methods to improve cloudburst prediction and reduce its
impact. This paper’s key contributions can be summarized as follows: 1) We have curated a dataset specifically for
Indian cloudburst analysis. 2) We’ve utilized machine learning algorithms to forecast cloudburst events in the Indian
subcontinent.

LITERATURE SURVEY

Numerical weather prediction (NWP) models offer moder- ate accuracy in large-scale medium-range weather
forecasting, yet precipitation forecasting remains challenging. Mesoscale models rely on initial and boundary
conditions from global models, which tend to oversimplify terrain, land cover, and vegetation. Both global and
regional models neglect detailed geographical features for improved results. Operational forecasting centers utilize
mesoscale models to deliver comprehensive weather forecasts for specific geographical regions with higher
resolution [9]. Rising rainfall intensity and its correlation with temperature variations can lead to alterations in flood
patterns, as demonstrated by [10]. Consequently, adjustments are required in flood forecasts to account for these
evolving conditions. Back in 2008 [11], the cloudburst prediction model relied on an Arduino-connected rain gauge,
but its primary drawback was the Arduino’s processing limitations.

The cloudburst prediction model employed in 2010 was the WRF mesoscale Model [12], notable for its
effectiveness. However, it presented challenges in terms of implementation and demanded substantial data
resources. The work in [13] focuses on rainfall prediction through empirical statistical methods. We utilize various
datasets, including variables like minimum and maximum temperature, pressure, wind direction, and relative
humidity. The prediction model is based on Multiple Linear Regression. Certain predictors, such as wind direction,
are excluded due to limitations in data collection, which could enhance predictive accuracy.

WORKING OF CLOUD BURST PREDICTION MECHANISM

Cloudburst Prediction using KNN:
Data Collection:
Weather Data: Collect historical weather data such as temperature, humidity, pressure, wind speed, precipitation,
etc. Cloudburst Incidents: Data on cloudburst events, including their locations and conditions before the event.
Data Preprocessing:
Data Cleaning: Handle missing or inconsistent data.
Feature Selection: Select important features that influence cloudbursts (e.g., temperature, humidity, etc.).
Normalization: Normalize data to bring it to a comparable scale.
Training and Testing Split:
Split the dataset into a training set and a testing set (e.g., 80% for training, 20% for testing). KNN Algorithm:
Determine the Value of K: Choose an optimal value of K (hnumber of neighbors).
Distance Calculation: Calculate the distance between the current weather conditions (input) and historical data
points (e.g., Euclidean distance).
Classification: The K nearest neighbors are identified and voted on whether a cloudburst is likely to occur based
on their labels (cloudburst vs. no cloudburst).
Prediction:
Based on the majority vote of the K-nearest neighbors, classify the current weather condition as leading to a
cloudburst or not.
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Evaluation:
Use metrics like accuracy, precision, recall, and F1-score to evaluate the prediction model on the testing dataset.

TRAIN DATASET

Dataset Considered For Experimentation. Experimentation and Result

Day Temperature Humidity Wind Cloudburst
1 28 89 16 Yes
2 30 78 15 No
3 29 96 19 No
4 31 87 20 No
5 27 83 19 No
6 30 92 13 No
7 29 75 16 No
8 26 88 18 Yes
9 27 98 10 No

10 28 76 17 No

The KNN Classifier, is a versatile gradient boosting algorithm that excels in classification tasks, making it well-
suited for cloudburst weather forecasting. It effectively combines multiple decision trees, reducing overfitting and
improving the accuracy of predictions. This is crucial in the context of cloudburst prediction, where accurate and
timely forecasts are of utmost importance. The XG Boost algorithm's focus on boosting performance and accuracy
contributes significantly to more reliable forecasts of cloudburst events. It employs regularization techniques and
optimized tree building processes, resulting in improved model generalization and predictive power.

ANALYSIS

In experimentation, we employed a unique approach to address the scarcity of Indian cloudburst prediction datasets.
We initially obtained a reference dataset from Kaggle, which was originally Australian based. Subsequently, we
adapted this Australian dataset to create an Indian counterpart with matching attributes.

Our model's training process leveraged the Australian dataset, while the Indian dataset served as the testing dataset.
We ens ured that both datasets shared common attributes, which were categorized into numerical, discrete,
continuous, and categorical features. We employed various supervised machine learning algorithms, including Cat
Boost, Random Forest, Decision Tree, Logistic Regression, and XGBoost Classifier. These techniques were
integrated into our proposed selforganized structure for prediction. Table I in our study illustrates the datasets used
for training and testing. By aligning the attributes between the Australian and Indian datasets, we aimed to build a
robust model for cloudburst prediction, despite the limited availability of dedicated Indian data. Cloudburst datasets
typically consist of tabular weather data, where each column represents a specific variable, and each row
corresponds to a data point relevant to cloudburst prediction.

Accuracy of Different Days

Day Temperature Humidity Wind Cloudburst Accuracy
1 28 89 16 Yes 80.12
2 30 78 15 No 79.12
3 29 96 19 No 81
4 31 87 20 No 83
5 27 83 19 No 81.45
6 30 92 13 No 81.76
7 29 75 16 No 80.98
8 26 88 18 Yes 80
9 27 98 10 No 79.56

10 28 76 17 No 80.92

In Table 2 and 3, the algorithm performance metrics are presented. The Cat Boost algorithm achieved the highest
accuracy at 86.18%. For value 0, it had a precision of 0.88, recall of 0.95, and an F1 score of 0.91. For value 1, it
showed a precision of 0.75, recall of 0.56, and an F1 score of 0.64. The Random Forest algorithm attained an
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accuracy of 84.14%. For value 0, it had a precision of 0.89, recall of 0.91, and an F1 score of 0.90. For value 1, it
exhibited a precision of 0.66, recall of 0.61, and an F1 score of 0.63.

In Figure 1, we depicted a graph illustrating the relationship between humidity and count. Relative humidity,
which quantifies the moisture content in the air relative to its capacity, plays a pivotal role in weather analysis. You
can measure humidity using a hygrometer or calculate it based on air temperature, dew point, and established
equations. Alternatively, a DIY approach involves constructing a sling psychrometer using readily available
materials and basic tools.

specific humidity = 6.11 x 10* {7.5 x dew point} / {237.3 + dew point}

In Figure 2, we presented a correlation matrix, a tabular representation of correlation coefficients between
variables.

Each cell within the table reflects the correlation between two specific variables. This matrix serves to
summarize data, act as input for advanced analyses, and diagnose more complex analytical processes. Typically, a
correlation matrix is square, featuring identical variables in both rows and columns. The main diagonal, displaying a
line of 1.00s from the top-left to the bottom-right, signifies perfect self-correlation for each variable. This
symmetrical matrix exhibits mirrored correlations above and below the main diagonal.

CONCLUSION

Our study demonstrates the feasibility of leveraging diverse data sources and advanced machine learning
algorithms to address data limitations in cloudburst prediction. We employed several machines learning algorithms,
including KNN, Decision Tree, and Logistic Regression, in our experimentation. The results revealed that KNN
outperformed other algorithms with an accuracy of 81.18%. This highlights the algorithm's ability to handle both
categorical and numerical features effectively, a critical aspect of cloudburst prediction. Random Forest also
demonstrated promising results with an accuracy of 79.14%, emphasizing its ensemble approach's advantage in
capturing complex weather patterns.
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