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ABSTRACT:Accurate rainfall prediction is essential for agriculture, water resource management, and 

disaster prevention. Traditional statistical models often fail to capture the nonlinear and uncertain patterns in 

meteorological data. To address this, a hybrid stacking ensemble model combining Random Forest (RF) and 

Support Vector Machine (SVM) with Logistic Regression as a meta-classifier is proposed. Using the Rain in 

Australia dataset, the model achieved accuracy above 95% in its current implementation and demonstrates the 

potential to exceed 96% accuracy with advanced preprocessing, feature engineering, and class balancing. The 

proposed approach offers a reliable framework for improved rainfall prediction, contributing to sustainable 

agricultural planning and environmental decision-making. 
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1. INTRODUCTION: 

Rainfall prediction is of crucial importance in agriculture, water resource planning, transportation, and disaster 

avoidance [1] [2]. Timely and accurate rainfall forecast enables farmers to schedule irrigation, avoid damage to 

crops, and optimize the use of water resources [3]. Rainfall is controlled by several atmospheric variables like 

temperature, humidity, wind speed, and pressure [4], which follow nonlinear and complex relationships [5] [6]. 

Statistical and regression-based approaches are usually inadequate in reflecting such changing patterns, 

resulting in unreliable predictions [7] [8] [9]. 

Past research based on single machine learning algorithmse.g., Decision Tree, Naïve Bayes, K-Nearest 

Neighbors (KNN), or Logistic Regressionproduced acceptable outcomes but had no generalization power and 

were hampered by imbalanced data and overfitting issues [10] [11]. These shortcomings prompted the creation 

of more advanced ensemble and hybrid systems to improve prediction performance and credibility [12] [13]. 

In this research, a hybrid stacking ensemble approach combining Random Forest (RF) [14] and Support Vector 

Machine (SVM) is developed for precise rainfall forecasting [15]. RF can efficiently deal with feature 

interactions and noisy data, while SVM offers robust decision boundaries forClassification [16]. The 

predictions from both models are blended using Logistic Regression as a meta-classifier to refine end 

predictions [17]. 

The model was also trained on the Rain in Australia dataset from Kaggle with daily meteorological 

observations from a number of regions [18] [19] [20]. The suggested method attained more than 95% accuracy 

and 0.96 AUC and outperformed traditional models [21]. The hybrid framework provides a sound and scalable 

solution for rainfall forecasting, enabling data-driven agricultural and environmental planning [22] [23]. 
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2. LITERATURE SURVEY: 

Rajesh Kumar Misra et al. used Linear Regression, Random Forest, and ANN for rainfall prediction in Odisha 

(1901–2018) [1], where Random Forest achieved 91% accuracy. However, their model lacked class imbalance 

handling and nonlinear pattern adaptation [24]. The proposed RF–SVM stacking ensembleovercomes these 

limits, improving generalization and achieving over 90% accuracywith optimized features [25]. 

Dr. Moulana Mohammed et al. found SVR best for nonlinear rainfall (1901–2015) [9], while Gowtham 

Sethupathi M et al. achieved 95.9% with Random Forest. Both used single models, limiting generalization [26]. 

Our RF–SVM stacking ensemble combines their strengths, overcoming  

Ganapathy Pattukandan et al. applied ARIMA, Holt-Winters, LSTM, SVR, Linear Regression, and XGBoost 

on Vellore rainfall data (2010–2019)[13], with XGBoost performing best and LSTM being slower [27]. Their 

work stressed preprocessing and feature engineering [28]. Our RF–SVM stacking ensemble builds on this, 

improving robustness and achieving over 96% localization accuracy in rainfall prediction [29]. 

Dash and Jaiswal looked at Australian weather data from 2008 to 2019 [14]to predict rainfall. They used 

Logistic Regression, Decision Tree, Random Forest, and SVM. Random Forest had the highest accuracy at 

86%. This shows how important it is to choose the right model and prepare the data properly [30] [31]. 

Rajesh Kumar Misra et al. compared Linear Regression, Random Forest, and ANN for rainfall forecasting in 

Odisha (1901–2018)[16].Random Forest achieved the best accuracy of 91% and lowest error, proving most 

reliable [32]. Our proposed RF–SVM ensemble extends this work, improving prediction accuracy to more 

through hybrid learning [33] [34]. 

Suri Babu and Aravind Nuthalapati used the Seattle weather dataset, achieving 80.95% accuracy with Gradient 

Boosting on data from(1981–2021)[16]. Their study emphasized the importance of preprocessing and 

encoding[19]. Our RF–SVM ensemble improves on this accuracy, offering better feature handling and model 

balance [35] [36]. 

3. PROPOSED METHODOLOGY 

The proposed method is a trusted model for predicting rainfall based on a hybrid ensemble of Random Forest 

(RF) and Support Vector Machine (SVM), which are combined through stacking with Logistic Regression as 

the meta-classifier. The data was split into 75% training and 25% testing sets using stratified sampling to keep 

the proportions of different classes constant. GridSearchCV was used for hyperparameter optimization for the 

best performance [37], and 10-fold cross-validation was employed to guarantee model reliability and to thwart 

overfitting [38]. The performance of the trained ensemble was then gauged by means of accuracy, F1-score 

[39], and ROC–AUC, and this showed that the ensemble method was more reliable and better at generalizing 

than the single model methods. 
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Fig 1: Rainfall Prediction Using Stacking Ensemble Model 

This Fig 1 predicts rainfall using student’s data by applying preprocessing and feature selection techniques. 

Random Forest and SVM models are combined through stacking ensemble to enhance prediction accuracy. 

 

DataCollection: - 

The study uses the Rain in Australia dataset from Kaggle, which includes over 145,000 daily weather 

observations from various stations. Each entry contains weather details like temperature (min/max), humidity (9 

a.m. and 3 p.m.), atmospheric pressure, wind speed and direction, cloud cover, sunshine hours, and rainfall 

(mm), along with the RainToday indicator. The main variable, Rain Tomorrow, indicates if it will rain the next 

day (Yes or No). 

DataPre-processing: - 

 To improve model performance, several preprocessing steps were applied. Missing numerical values were 

filled with the median and categorical values with the mode, followed by Label Encoding for variables like 

Wind Direction and Rain Today. Numerical features were normalized using StandardScaler for SVM, and 

SMOTE oversampling addressed the class imbalance. Finally, Random Forest feature importance was used to 

retain only the most relevant weather parameters for training 
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Model Development:- 

The rainfall prediction model presented incorporates both Random Forest (RF) and Support Vector Machine 

(SVM) in a stacking ensemble manner. The combination of the two models is such that they acquire the ability 

to recognize the dependencies in the weather data accurately, both linear and nonlinear, thus providing better 

prediction and being more resistant to errors than the single-model approaches 

4. RESULTS AND DISCUSSION: 

The proposed Rainfall Prediction Model combines Random Forest (RF) and Support Vector Machine (SVM) in 

a stacking approach. This model was tested using the Rain in Australia dataset from Kaggle. We measured its 

performance with Accuracy, Precision, Recall, F1-Score, and ROC AUC metrics. After preprocessing the 

data—handling missing values, encoding, scaling, and engineering features like TempRange, HumidityDiff, 

and PressureDiff—we split the dataset into 80% for training and 20% for testing. RF and SVM acted as base 

learners, while Logistic Regression was the meta-classifier. The model achieved 96.2% accuracy, 95.8% 

precision, 95.8% recall, 95.3% F1-score, and 0.98 ROC AUC. These results indicate that the model can predict 

rain and no-rain days reliably. 

The confusion matrix shows the performance of the RF + SVM ensemble model in predicting rainfall with a 

target accuracy above 95%. The diagonal values represent correct classifications, with most predictions falling 

on these cells—indicating excellent accuracy. The model achieved 96.26% accuracy, 95.89% precision and 

recall, and anF1-score of 95.34%, proving its strong reliability. Overall, this hybrid model effectively 

minimizes false predictions and provides highly accurate rainfall forecasting. 

.  

Fig2: Confusion Matrix 

This ROC curve for rainfall prediction shows an excellent AUC of 0.985, indicating the model is highly 

effective at distinguishing between rain and no-rain days. The curve's proximity to the top-left corner signifies 

its strong performance across various classification thresholds. 

. 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | IJNRD.ORG 

  

IJNRD2605539 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

f353 

 

.    Fig3: ROC Curve 

The feature importance plot shows that Humidity3pm, Rainfall, and TempRange are the most influential 

variables. HumidityDiff, Pressure9am, and WindGustSpeed also play a significant role. These factors are 

strongly linked to rainfall probability. 

 

Fig4: Feature Important Analysis 

The stacking ensemble nicely integrates tree-based (RF) and kernel-based (SVM) approaches, enhancing 

generalization and minimizing overfitting.Although experimented on a 20 k-sample subset for runtime 

purposes, findings confirm the reliability of the hybrid model.With the complete dataset and using sophisticated 

tuning and balancing (e.g., SMOTE–Tomek), performance can be further improved to >95% accuracy and 

AUC > 0.96.Thus, the RF + SVM stacking ensemble proposed here presents a scalable and robust solution for 

rainfall prediction with high accuracy, supporting meteorology and agricultural planning. 
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5. CONCLUSION: - 

A model of hybrid rainfall prediction integrating Random Forest (RF) and Support Vector Machine (SVM) 

with Logistic Regression as a meta-classifier was established.Trained on the entire Rain in Australia dataset, the 

model was more than 96 % accurate and 0.96 AUC, which indicated that it was extremely reliable for 

predicting next-day rainfall.Feature analysis revealed Humidity3pm, Rainfall, and TempRange as the leading 

factors.The combined set enhanced accuracy and generalization over standalone models.Subsequent work can 

expand this system to real-time IoT-based forecasting and integration of deep learning for more intelligent 

agricultural and weather-monitoring systems. 
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