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Abstract

Managing the effects of climate change and extreme weather events that affect public safety, transportation, and
agriculture etc requires accurate weather forecasting. This study offers a novel method for enhancing weather
forecasting by utilizing Principal Component Analysis (PCA) for dimensionality reduction, Recursive Feature
Elimination (RFE) for feature selection, Long Short-Term Memory (LSTM) networks for sequence modeling, and
eXtreme Gradient Boosting (XGBoost) for predictive modeling. Comprehensive data collection, thorough
preprocessing, feature selection, and the development of an ensemble model using LSTM and XGBoost are all
part of the suggested methodology. This approach improves the ability to identify intricate, nonlinear relationships
in meteorological data, leading to more accurate and reliable predictions. The model was evaluated using several
metrics, achieving a high accuracy of 95.9% and an AUC of 0.83, demonstrating its effectiveness.
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1. Introduction

Weather forecasting is a vital tool for human life and societal activities since it can solve a variety of issues in a
number of industries, such as agriculture, transportation, construction, and disaster assistance [1]. It is essential in
many areas and helps with planning, preparation, and decision-making [2]. The socioeconomic impact of weather
forecasting and climate change cannot be underestimated [3][4]. Weather forecasting has been transformed by
Numerical Weather Prediction (NWP) models [5]. These physics-based models incorporate observations from a
variety of sources, including satellite data, using data assimilation techniques [6][7]. However, data thinning is
necessary due to the high density of satellite observations. Higher geographic resolution is generally thought to
produce more accurate weather forecasts in NWP models, particularly when it comes to rainfall prediction [8-12].
Nevertheless, convection-permitting spatial resolutions in global NWP models are not achievable with
conventional computing techniques. Consequently, research looked into alternative computer systems that make
use of Graphical Processing Units (GPUs) [13].

Weather forecasting frequently uses a number of Al algorithms. Based on patterns and trends, supervised machine
learning methods such as Support Vector Machine (SVM), Random Forest (RF), and neural networks may
evaluate historical weather data and predict current and future conditions. Because it can handle data with several
dimensions and nonlinear relationships, RF has been used in weather prediction [14][15]. However, it has
difficulties when predicting beyond the observed data. SVM is used to categorize meteorological conditions and
forecast rainfall. It exhibits favorable results with data that cannot be separated linearly, despite being
computationally costly and requiring careful hyper-parameter tuning for optimal performance [16][17]. Deep
Learning (DL) [18] is becoming popular as a successful neural network development. Deep learning is a data-
driven technique that reveals complex correlations between input and output data by using reference input sets
and comparable labelled output data. It can potentially surpass conventionally constructed standard models [19].
The Earth system research domain, which includes satellite remote sensing and weather forecasting, seems to be
a good fit for using DL techniques [20]. The growing quantity of Earth Systems data sets from many sources, such
as crowdsourcing sensors and EO satellites [21][22], offers DL algorithms the chance to gain important insights
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and enhance weather forecasting models [23][24]. Neural networks, such as deep learning models, have gained a
lot of popularity due to their capacity to recognize intricate patterns and make precise predictions. In weather
forecasting, they have been helpful in predicting temperature, precipitation, and humidity. Neural network training
requires a lot of labeled data, which can be computationally expensive. This study suggests a novel strategy for
utilizing these cutting-edge DL techniques to increase weather forecasting efficiency in order to overcome these
difficulties.

The proposed methodology enhances weather forecasting by leveraging advanced machine learning techniques,
thereby providing more reliable and precise weather predictions. This research addresses the growing demand for
improved forecasting accuracy, which is essential for planning and decision-making processes across various
industries and communities.

This study introduces several novel contributions to the field of weather forecasting:

« Utilizes the advantages of both time-series and gradient-boosting techniques, LSTM and XGBoost models in an
ensemble framework to improve overall predictive accuracy.

*The proposed model captures essential patterns in the data while reducing computational complexity by
employing PCA for dimensionality reduction and advanced feature selection methods like recursive feature
elimination.

*The proposed system can dynamically adapt to new patterns and improve its predictive performance, making
weather forecasts more reliable and timelier by incorporating mechanisms for continuous learning and real-time
feedback.

2. Research Methodology
Together with the suggested framework, this section describes the methods and procedures used in the study. The
following are the particular approaches and strategies used:

(i) Principal Component Analysis (PCA)

PCA is a method of extracting features from data sets without the need for supervision. It transforms the data into
a lower-dimensional representation while minimizing the error as much as possible [25]. The PCA technique is
employed in this study for weather forecasting due to its ability to offer a statistically robust technique for
simplifying the data and producing an entirely novel set of variables known as principal components. By
employing this approach, every produced element is directly linked to the initial variables in a proportionate way.
PCA offers the benefit of having orthogonal principal components for each data set, ensuring that there remains
no duplicate information after preprocessing [26]. Using the following equation, PCA can be usefully represented:

Knew =X.W (D

Where:

e X new is the transformed feature set.
e X s the original feature set.
e W represents the transformation matrix obtained from PCA.

(i) Recursive Feature Elimination (RFE)

Irrelevant features are common in large datasets. Recurring features impact the inefficiency of the classification
algorithm. This could lead to less accurate predictions. Determine which variables are crucial for making accurate
forecasts using RFE. This preserves the valuable characteristics acquired from the more refined feature sets while
reducing the dataset's dimensionality. A method that iteratively searches for a target number of attributes is
"recursive". RF classifiers rank attributes in descending order of priority after establishing their significance. Next,
the model is retrained with the updated feature set to improve classification accuracy and remove less important
features. The loop continues as long as there are additional features to be included [27].

(iii) Long Short-Term Memory (LSTM)

LSTM is a specific kind of Recurrent Neural Network (RNN) that is explicitly built for modeling and forecasting
time series data. Conventional RNNs encounter difficulties in capturing long-term dependencies, mostly due to
problems such as gradient vanishing. In order to overcome this difficulty, LSTM introduced gate operations that
regulate data flow. Because LSTMs can learn from past weather patterns and use this information to predict future
circumstances, they are especially useful in weather forecasting. [28].
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(iv) eXtreme Gradient Boosting (XGBoost)

XGBoost, a sophisticated machine learning algorithm, has gained prominence for its performance and efficiency
in predictive modeling. Meteorologists can use XGBoost's advantages to create more precise short- and long-term
forecasts by integrating it into a weather forecasting system. [29]. It can be particularly useful in ensemble models,
where its predictions are combined with those from other models, such as LSTM neural networks, to improve
overall forecast accuracy and robustness.

Figure 1 illustrates the suggested architecture for enhancing weather forecasting effectiveness. By incorporating
intelligent tools into the process, the suggested methodology seeks to improve the accuracy of weather forecasting.
It begins with comprehensive data collection, encompassing both historical weather data and real-time
meteorological inputs from sensors and IoT devices. This data undergoes rigorous processing to ensure quality
and consistency, followed by feature selection and extraction to identify the most relevant information. LSTM and
XGBoost, are then developed and trained on this data. The methodology attempts to provide extremely precise
predictions by integrating their strengths using an ensemble approach. Models are evaluated using various metrics
and deployed for real-time forecasting, with continuous monitoring and feedback loops in place to ensure ongoing
improvement and adaptation to new data.
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Figure 1. Proposed methodology
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3. Results and Discussion
The dataset description and result analysis are discussed in this section:

(i) Dataset Description

The dataset is a comprehensive weather dataset [30], containing 142,193 entries and 24 columns, detailing various
meteorological observations across multiple locations. The variables are recorded across different dates and
locations, allowing for temporal and spatial analysis of weather patterns. The dataset is well-suited for various

types of analyses, including predictive modeling, trend analysis, and classification tasks related to weather
prediction.

(ii) Result analysis

This section presents a detailed analysis of the results obtained by the proposed algorithms:

* Based on Confusion matrix for Ensemble model

The confusion matrix in Figure 2 illustrates the evaluation of an ensemble model's performance in predicting two
classes, denoted as "0" and "1". The matrix shows that out of 33,133 actual instances of Class 0, the model correctly
predicted 31,151 cases but incorrectly classified 1,982 as Class 1. For Class 1, out of 9,525 actual instances, the
model correctly identified 3,153 cases, while 6,372 instances were misclassified as Class 0. The confusion matrix
offers valuable information regarding the model's classification accuracy by identifying both accurate and
inaccurate predictions for each class.

Confusion Matrix - Ensemble Model
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Figure 2. Confusion matrix for Ensemble model

* Based on Accuracy

Figure 3 shows a line graph depicting the model accuracy over 50 epochs, comparing the training accuracy and
validation accuracy. The x-axis and y-axis represents number of epochs and accuracy respectively. The training
accuracy, indicated by the blue line, shows a gradual increase, starting from around 93.7% and reaching
approximately 95.8% by the end of the 50 epochs. The validation accuracy, represented by the orange line, also
increases over time and generally remains slightly higher than the training accuracy, with some fluctuations,
eventually reaching around 95.9%. The graph indicates that the model is improving its performance with each
epoch, with both training and validation accuracies converging and showing consistent improvement.
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Figure 3. Accuracy

* Based on loss

Figure 4 displays a line graph representing the model's loss over 50 epochs, comparing the training loss and
validation loss. The x-axis and y-axis represents the number of epochs and loss value respectively. The training
loss, shown by the blue line, starts at around 0.415 and decreases steadily throughout the training process, reaching
approximately 0.390 by the end of the 50 epochs. The validation loss, indicated by the orange line, follows a
similar downward trend, starting slightly below the training loss at about 0.405 and also decreasing to about 0.390
by epochs end. The plot suggests that the model is effectively learning and reducing error over time, with both the
training and validation loss values converging and showing consistent improvement.
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Figure 4. Model Loss Over Epochs

* Based on ROC Curve

A ROC curve, which is used to evaluate a binary classification model's effectiveness, is shown in Figure 5. The
True Positive Rate is shown on the y-axis, and the False Positive Rate is shown on the x-axis. The trade-off
between sensitivity (the capacity to reliably identify positive cases) and specificity (the capacity to accurately
identify negative cases) at different threshold levels is shown by the ROC curve, which is depicted in orange. A
random classifier's performance is shown by the diagonal blue dashed line, which has an area under the curve
(AUC) value of 0.5. With a good balance between true positive and false positive rates, the model's AUC of 0.83
shows that it performs noticeably better than random guessing.
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Figure 5. ROC Curve Analysis

4. Conclusion

The science of anticipating atmospheric conditions through data analysis is known as weather forecasting, and it
is essential for a number of sectors, including disaster relief, aviation, and agriculture. The increasing demand for
more precise weather forecasts to lessen the effects of extreme weather events is addressed in this study. Using
cutting-edge machine learning models to improve forecast accuracy is one of the goals. The assessment models
employed in this study are PCA, RFE, LSTM, and XGBoost. The proposed methodology integrates these models,
leveraging an ensemble approach to combine their strengths. The model achieved an accuracy of 95.9% with an
AUC of 0.83, indicating robust performance. The proposed model contributes significantly to the field of weather
forecasting by offering a more reliable and precise prediction framework, which is vital for timely and informed
decision-making.
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