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Abstract: Accurate rainfall prediction is critical for water resource management, agriculture, and disaster mitigation. 

Traditional meteorological models often struggle to account for complex patterns in rainfall data. This paper presents a 

machine learning-based rainfall prediction system using meteorological data features such as temperature, humidity, 

pressure, and wind speed. Three models—Linear Regression, Random Forest, and XGBoost—are implemented and 

compared in terms of accuracy and predictive performance. The study finds that ensemble models such as Random Forest 

and XGBoost significantly outperform traditional linear models, reducing prediction errors and improving forecast 

accuracy.  
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I.  INTRODUCTION 

  

Rainfall plays a vital role in various sectors like agriculture, water resource planning, and urban management. Accurate 

and timely rainfall predictions can help mitigate risks associated with floods, droughts, and other weather-related events. 

Traditional rainfall prediction techniques rely heavily on numerical weather prediction (NWP) models, which often face  

limitations  in  terms  of  computational complexity and inaccurate predictions in non- linear and dynamic environments.  

With advancements in machine learning (ML), new opportunities have emerged for applying data-driven techniques to 

predict rainfall. Machine learning models, with their ability to capture non-linear patterns in data, can provide better 

accuracy for rainfall prediction when compared to traditional methods. This paper presents a rainfall prediction system 

that uses meteorological data to forecast rainfall and compares the effectiveness of various machine learning algorithms, 

including Linear Regression, Random Forest, and XGBoost.  

  

II.  LITERATURE REVIEW 

 

Over the years, significant research has been done to predict rainfall using statistical and machine learning methods. 

Traditional approaches such as ARIMA and seasonal decomposition struggle to model non-linear relationships between 

variables [4]. To address these challenges, modern studies have shifted toward machine learning techniques like SVMs, 

ANNs, and decision trees [3], [6].  

Ensemble methods such as Random Forest [1] and XGBoost [2] have gained traction due to their accuracy and robustness 

in complex datasets. Breiman’s Random Forest [1] constructs multiple decision trees and outputs the mean prediction, 

reducing variance and overfitting. XGBoost, developed by Chen and Guestrin [2], uses gradient boosting for iterative 

optimization and high performance.  

These advancements have led to models that outperform traditional statistical approaches in terms of accuracy and 

generalization, making them ideal for rainfall prediction tasks [8], [9].  

  

III.  METHODOLOGY 

 

 a. Dataset and Features 

The dataset used in this study consists of historical weather data collected from a regional meteorological station. The 

key meteorological features used in this study are:  

1. Temperature (°C)  

2. Humidity (%)  

3. Atmospheric Pressure (hPa)  

4. Wind Speed (km/h)  

5. Rainfall (mm) (target variable)  
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The dataset covers 5 years of daily data, providing sufficient variability in the weather patterns for model training and 

testing. 

 

b. Data Preprocessing  

Before  training  the models, data preprocessing is performed  to clean  and standardize the dataset:  

1. Missing values in the dataset are imputed using the mean of the corresponding features.  

2. Categorical features (if any) are encoded using one-hot encoding to ensure compatibility with machine-learning 

models.  

3. Feature scaling is applied using Standard Scaler to normalize the values and prevent large discrepancies between 

different features from influencing the models.  

 

c. Model Selection  

Three machine learning models are evaluated in this study:  

1. Linear Regression (Baseline): A simple regression model that assumes a linear relationship between the input 

features and the rainfall target.  

2. Random Forest Regressor: An ensemble method that creates multiple decision trees and averages their 

predictions to improve generalization and reduce overfitting[1].  

3. XGBoost Regressor: An optimized implementation of gradient boosting that builds models sequentially by 

correcting the errors of the previous iterations[2].  

 

d. Training and Evaluation  

The dataset is split into training (80%) and testing (20%) sets. Each model is trained on the training set and evaluated on 

the testing set using performance metrics:  

• Mean Squared Error (MSE)  

• Root Mean Squared Error (RMSE)  

• R² Score  

Additionally, k-fold cross-validation is used to ensure that the model’s performance is consistent across different subsets 

of the data[5].  

  

IV.  RESULTS 

 

 a. Performance Comparison 

The performance of the three models is summarized below:  

Table 1: Model, MSE, RMSE, and R² Score  

  

MODEL  MSE  RMSE  R2  

Linear  

Regression  

36.12  6.01  0.60  

Random  

Forest  

21.50  04.64  0.82  

XGBoost  18.05  4.25  0.86  

  

The results clearly show that the ensemble models (Random Forest and XGBoost) significantly outperform the Linear 

Regression model in terms of lower error rates and higher R² scores. The XGBoost model achieves the best results, 

indicating its ability to effectively capture complex, nonlinear relationships in the data[2],[8].  

 

 
Figure 1: Model Performance Comparision 
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b. Feature Importance  

An important aspect of ensemble models like Random Forest and XGBoost is the ability to provide feature importance 

metrics. The most influential features for predicting rainfall were:  

• Humidity  

• Temperature  

• Atmospheric Pressure  

• Wind Speed  

Humidity emerged as the most important feature, reflecting its strong correlation with rainfall[3],[7].  

 

c. Visual Analysis  

The bar graph illustrates the relationship between average rainfall and key meteorological features—humidity, 

temperature, atmospheric pressure, and wind speed—categorized into specific value ranges (bins). Each color represents 

a distinct feature: blue for humidity, orange for temperature, green for pressure, and red for wind speed. The visualization 

highlights how variations in these parameters influence rainfall intensity, with humidity showing the highest impact on 

average rainfall levels across its bins.  

   

 
Figure 2: Average rainfall analysis 

  

V. DISCUSSION 

 

The results of this study demonstrate that machine learning models, particularly ensemble methods like Random Forest 

and XGBoost, provide superior performance in rainfall prediction when compared to traditional linear models. XGBoost, 

in particular, showed the lowest error rates and highest accuracy across all evaluation metrics. This aligns with other 

studies that highlight the effectiveness of gradient- boosting algorithms in handling complex prediction tasks[2],[8],[9].  

One of the key insights from this research is the importance of feature engineering and selection. As observed, 

meteorological features such as humidity and temperature play a crucial role in rainfall prediction, and optimizing the 

selection of features can further enhance model performance [3].[7],[10].  

  

VI. CONCLUSION 

 

This study explores the application of machine learning techniques to predict rainfall using meteorological data. By 

comparing the performance of Linear Regression, Random Forest, and XGBoost models, the research demonstrates that 

ensemble learning methods significantly outperform traditional models in both predictive accuracy and robustness.  

Future research could extend this study by integrating more complex data, such as satellite imagery, or by exploring deep 

learning approaches like Recurrent Neural Networks (RNNs) to predict rainfall over longer periods[6],[9].  

Based on the results of this study, it is clear that XGBoost is the most effective model for rainfall prediction among the 

three evaluated. Compared to Linear Regression and Random Forest, XGBoost achieved the lowest Mean Squared Error 

(MSE) and highest R² score, indicating greater accuracy and reliability. Its ability to handle complex, non-linear 

relationships in meteorological data makes it a powerful tool for forecasting. Therefore, XGBoost stands out as the best-

performing model in this rainfall prediction system.  
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