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Rainfall Prediction using Machine learning

Abstract
Accurate rainfall prediction is crucial for sectors like agriculture, disaster management, water resource planning, and
climate adaptation. However, forecasting rainfall remains a challenge due to the unpredictable nature of atmospheric
conditions. In recent years, machine learning (ML) has proven to be a valuable tool in analyzing complex meteorological
data, offering an advanced alternative to traditional statistical models.
This study explores the use of machine learning techniques for rainfall prediction through MATLAB, a powerful platform
for data analysis, algorithm development, and model implementation. Different ML models, such as regression techniques,
support vector machines (SVM), decision trees, and neural networks, are applied to analyze historical meteorological data.
The models incorporate key features such as temperature, humidity, wind speed, atmospheric pressure, and past rainfall
records to enhance predictive accuracy.
To optimize results, preprocessing techniques such as normalization, feature selection, and handling missing values are
employed. Furthermore, the framework is designed to accommodate large datasets and real-time data, making it scalable
and adaptable to various geographical regions and climatic conditions.

1 Introduction

Rainfall forecasting plays a significant role in meteorology, influencing diverse areas such as agriculture, disaster
prevention, urban planning, and water management. Accurate predictions help mitigate adverse effects caused by floods,
droughts, and other extreme weather conditions. Traditional forecasting models primarily depend on statistical methods
and physical principles, which often struggle to capture the nonlinear and complex nature of meteorological data.
Machine learning techniques offer a sophisticated approach to improving rainfall forecasting by utilizing historical data
and identifying intricate patterns. ML models can analyze various meteorological parameters, including temperature,
humidity, wind speed, atmospheric pressure, and past precipitation records, to generate accurate forecasts. These models
are useful for both short-term and long-term predictions and can adapt to evolving climate patterns influenced by global
warming.

2 Literature Study

Several studies have explored the implementation of machine learning models, including support vector machines (SVM)
and artificial neural networks (ANN), for rainfall forecasting. These studies emphasize the importance of preprocessing,
feature selection, and model optimization to improve prediction accuracy. Researchers have leverage of ML toolbox to
compare various algorithms using performance metrics such as mean squared error (MSE) and accuracy rates [1,10].
Comparative studies have analyzed the effectiveness of ML techniques such as decision trees, random forests, and
gradient boosting in predicting rainfall. These studies highlight the necessity of preprocessing and feature selection in
improving prediction results. Through experimental analysis, strengths and limitations have been identified in handling
nonlinear relationships and noise in meteorological datasets. Hybrid models that integrate multiple ML techniques have
been suggested as a way to improve long-term prediction reliability, offering valuable insights for climate researchers
and policymakers [ 2,8].

Further research has been conducted on ANN-based rainfall forecasting, evaluating optimal network architectures,
including the ideal number of hidden layers and neurons required for seasonal predictions. MATLAB’s neural network
toolbox has been used to analyze how ANN models capture nonlinear relationships between meteorological variables,
proving their capability in developing accurate and scalable rainfall prediction models [3,7].

Additionally, studies have assessed the use of support vector machines (SVM) in predicting rainfall, demonstrating their
effectiveness in handling complex and nonlinear meteorological data. By optimizing kernel functions and selecting
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relevant features, researchers have achieved improved prediction accuracy. These findings indicate that SVM models are
particularly useful in recognizing weather patterns in regions with high climatic variability, making them valuable for
climate-sensitive decision-making [4,9].
The study investigates the use of ensemble learning techniques for rainfall forecasting utilizing matlab as the
computational tool it emphasizes the advantages of combining multiple machine learning models to improve prediction
accuracy and reliability by integrating methods such as decision trees random forests and gradient boosting the research
demonstrates the ability to capture complex rainfall patterns more effectively than individual models the proposed
approach is tested on diverse meteorological datasets showing enhanced performance in handling noisy and nonlinear
data the study highlights the importance of ensemble methods in reducing prediction errors and improving generalization
across varying climatic conditions the results underscore the potential of these techniques in supporting applications like
flood management and agricultural planning this work contributes to advancing machine learning-based rainfall
forecasting by providing a robust and scalable solution for accurate predictions under dynamic environmental scenarios
[5,6].

3 Proposed Methodology

The methodology for rainfall prediction consists of data collection, preprocessing, model training, and evaluation. The
model is developed to forecast future rainfall using multiple meteorological parameters. The process consists of data
collection preprocessing model training and evaluation the model is designed to predict future rainfall based on various
weather parameters such as temperature humidity pressure and wind speed.

3.1 Data Collection:
Historical weather data is obtained from meteorological agencies and open-access datasets such as Kaggle’s weather
archives. Key features include:
* Temperature (°C)
» Humidity (%)
* Wind Speed (km/h)
* Atmospheric Pressure (hPa)
* Rainfall (mm)
3.2 Data Preprocessing:
before training the model the data undergoes preprocessing :
*» Handling Missing Data Handling missing values through imputation or elimination.
« Selecting significant features using correlation analysis and expert domain knowledge.
» Normalizing and standardizing data to ensure uniformity.
« Splitting the dataset into 0.08 training and 0.02 testing subsets.

3.3 Machine Learning Models:

several machine learning algorithms can be implemented in matlab including

* Linear Regression: Establishes a relationship between meteorological factors and rainfall.

* Decision Tree Regression: a decision tree regression model Utilizes tree-based modeling for rainfall prediction based on
the features the model is trained using the fitrtree function in matlab which builds a regression tree based on the training
data.

3.4 Model Training and Optimization:

once the model is chosen the upcoming step is to train it using the training dataset this involves hyperparameter tuning
key

* Hyperparameter Tuning: Fine-tuning hyperparameters using grid search and random search techniques.

* Cross-validation: k-fold cross-validation prevent overfitting and improve model robustness by testing it on multiple
subsets of the training data.
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3.5 Model Evaluation:
The trained model is evaluated using the testing dataset. Several metrics are employed to assess the prediction accuracy:
» Mean Absolute Error (MAE): Assesses the average deviation between actual and predicted values.
1 ~
MAE =31, |y = i @)
* Root Mean Squared Error (RMSE): Evaluates the variation between observed and forecasted values.

RMSE = |17, (y; — 92 @

* R-squared (R?): Determines how well the model explains the variance in rainfall.
2_ 4 X092
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3.6. Simulation Setup in MATLAB:

The simulation setup in MATLAB involves the following components:

* MATLAB Toolbox: Utilize the Statistics and Machine Learning Toolbox for model implementation (e.g., fitim for

linear regression, and TreeBagger for random forest).

» Data Loading: The dataset is imported using the readtable function, and preprocessing steps such as imputation and

normalization are done using MATLAB functions like fillmissing and normalize.

* Model Training: Model training is done with functions like fitrsvm, fitlm, and train Network for ANN.

* Plotting: Visualizing results through scatter plots and performance comparisons..

3.7 Proposed system for Rainfall prediction

) (* Filter data ) Figure 1 Proposed system of rainfall
Load and Extract unique Initialize storage * Define Features & rediction
for results => Targets P
N * Split data

T — ~ ~ ~  Figure 1 lllustrates a systematic

1suahize Data . . .
Compare and for a Specific Store Results |y rTa:fcriﬁLu':c\“ﬂ, o~ approach for rainfall prediction
display results Location P using machine learning in

\ J . .
~——  MATLAB. The process begins with

loading and cleaning the data, where raw meteorological data is pre-processed to remove missing values, inconsistencies,
and redundant information. This ensures that only relevant and high-quality data is used for training the model. Next, the
system extracts unique locations from the dataset, identifying different geographical regions for which predictions will be
made. Following this, the process initializes storage for results, creating a structured framework to store model outputs
efficiently.

The data then undergoes preprocessing, which includes filtering necessary data, defining features (predictors) and targets
(rainfall values), and splitting the dataset into training and testing sets. This step ensures that the machine learning
models receive appropriate inputs for accurate predictions. Subsequently, Tree-based models and Linear Regression
models are trained using the pre-processed data. These models analyse patterns in the data and generate rainfall
predictions. The outputs are then reserved for further evaluation. To interpret the findings, the system visualizes data for
specific locations, enabling users to analyse trends and assess prediction accuracy. Finally, the results from different
models are compared and displayed, allowing for an evaluation of model performance and reliability in forecasting
rainfall.
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4 Results and Discussion

The results of the rainfall prediction using machine learning in MATLAB demonstrate that both decision tree and linear
regression models are capable of effectively predicting annual rainfall based on monthly data. The decision tree model
shows a strong correlation between predicted and actual rainfall values, with predictions closely aligned to the perfect fit
line, indicating a good model performance.

3noll')ree Regression: Actual vs Predicted (Andaman & Nicobar Islands)
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Figure 2 Prediction using Decision Tree Regression
Figure 2 shows that the decision tree regression model (represented by blue dots) shows a strong correlation among the
predicted annual and actual annual rainfall values, with most data points closely aligning to the red dashed "Perfect Fit
Line." This suggests that the decision tree model is capturing the underlying pattern of the data quite well, particularly for

the majority of the rainfall values. However, some scatter is observed for higher rainfall values, indicating slight
deviations from perfect predictions.
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Figure 3 Prediction using Linear Regression

Figure 3 shows the linear regression model (represented by green squares) also shows a good correlation between
predicted annual and actual values, with most points aligning closely to the perfect fit line. However, the linear
regression model appears to be less accurate for higher rainfall values, where the predicted values tend to deviate more
from the actual ones compared to the decision tree model. This suggests that while linear regression is effective for
modeling linear relationships, it may not capture complex, non-linear patterns in the data as effectively as the decision
tree. Overall, the decision tree regression seems to outperform linear regression in this context, providing a better fit for
rainfall prediction.
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Figure 4 Comparison of Decision Tree and linear regression model

Figure 4 compares the performance of tree regression and linear regression models in predicting annual rainfall in the
Andaman and Nicobar Islands. The x-axis represents the actual rainfall values, while the y-axis shows the predicted
rainfall. Blue circles represent predictions from the tree regression model, and green squares represent those from the
linear regression model. The red dashed line represents the perfect fit line where predicted values equal actual values.
The linear regression predictions (green squares) are closer to the perfect fit line, indicating better alignment with the
actual rainfall values. In contrast, tree regression predictions (blue circles) show higher variability and deviate more
significantly, particularly for higher rainfall values. This suggests that the linear regression model outperforms the tree
regression model in this case. However, further optimization and model evaluation may be needed to improve the
predictions further.

5 Conclusion

Machine learning has proven to be a powerful tool in improving rainfall forecasting accuracy using MATLAB. By
integrating historical meteorological data and advanced ML models, prediction performance is significantly enhanced
compared to traditional statistical methods. The incorporation of feature selection, data preprocessing, and model
optimization further strengthens predictive capabilitiecs. MATLAB’s extensive computational resources enable efficient
model development and evaluation.

This study highlights the importance of choosing appropriate ML models and fine-tuning parameters to achieve optimal
results. Future research can integrate additional features such as real-time weather updates and satellite data to further
refine predictions. Despite challenges related to data quality and computational complexity, ML presents a promising
approach to improving rainfall forecasting for agriculture, disaster management, and climate adaptation.
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