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Abstract— This paper presents a comprehensive survey of contemporary techniques in rainfall prediction using time series 

forecasting within the framework of machine learning. It commences by underlining the pivotal role of rainfall prediction 

and its wide-ranging applications across various domains. A comprehensive review of diverse time series data types and 

their distinct characteristics is provided, followed by an exploration of data preprocessing and cleaning methods to facilitate 

accurate analysis. The paper extensively discusses the prevalent machine learning algorithms applied in rainfall prediction 

and delves into the efficacy of feature engineering techniques in enhancing predictive accuracy. The results show that 

Gradient Boosting achieved the highest accuracy of approximately 0.8924, making it the most accurate among the three 

models. Random Forest, with an accuracy of about 0.8639, performed well, but slightly less accurately than Gradient 

Boosting. Support Vector Machine (SVM) demonstrated the lowest accuracy of around 0.6017. The findings offer insights 

into the trade-offs between model accuracy and other considerations, such as interpretability and computational efficiency, 

helping guide the choice of the most suitable model for various applications. 
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I. INTRODUCTION 

Rainfall is a vital component of our ecosystem, and accurate rainfall prediction plays a crucial role in a wide range of fields, 

from agriculture to disaster management. Over the years, traditional methods for rainfall prediction have often relied on 

empirical models or physical laws, which have several limitations. With the recent advances in machine learning, researchers 

have explored the potential of these methods in rainfall prediction, and have reported promising results [1] [2]. 

 This survey paper presents a comprehensive review of the recent research in rainfall prediction using machine learning. 

The objective of this paper is to evaluate the effectiveness of machine learning models for rainfall prediction, and to identify 

the key challenges and research directions in this field. We will discuss various machine learning algorithms, including 

supervised and unsupervised learning techniques, and their suitability for rainfall prediction. We will also explore the different 

types of data used for training and testing machine learning models, as well as the evaluation metrics used to assess their 

performance. 

 In addition, this paper will highlight the potential benefits of using machine learning in rainfall prediction, including 

improved accuracy, efficiency, and flexibility. We will also discuss the various challenges and limitations of applying machine 

learning techniques to rainfall prediction, such as data quality, feature selection, and model complexity. By addressing these 

challenges and limitations, this survey paper hopes to provide insights into the most effective machine learning methods for 

rainfall prediction. 

 The scope of this survey paper includes a thorough review of the relevant literature on rainfall prediction using machine 

learning, including its applications and recent research trends. We will also discuss future research directions and the potential 

impact of machine learning on the field of rainfall prediction. 

 Overall, this survey paper aims to contribute to the understanding of the potential and limitations of machine learning 

for rainfall prediction, and to provide researchers and practitioners with insights into the most effective methods and techniques 

for this task. 

A. Machine Learning Algorithms for Rainfall Predictions 

Machine learning algorithms have shown great potential in improving the accuracy and efficiency of rainfall prediction. In this 

section, we will discuss some of the commonly used machine learning algorithms for rainfall prediction. 

 Supervised Machine Learning Techniques Supervised learning algorithms are used to predict the output values based on 

the input variables. These algorithms require labeled data for training and testing the model. Some of the commonly used 

supervised learning algorithms for rainfall prediction include: 

 Decision trees are a straightforward yet effective approach for classification and regression problems. They are especially 

helpful for figuring out which aspects of the data are most crucial. Several studies have employed decision trees to forecast 

rainfall [3]. 

 An effective approach for nonlinear regression tasks is artificial neural networks (ANN). Highdimensional data and 

complicated relationships are both supported. ANN has been applied in a number of studies to forecast rainfall [4]. 
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 Gradient Boosting is an ensemble learning algorithm that combines a number of weak learners to produce a strong learner. 

It has been applied in numerous research to forecast rainfall [5]. 

 Unsupervised Machine Learning Techniques Unsupervised learning algorithms are used to identify patterns and 

relationships in the data without the need for labeled data. These algorithms are useful for exploratory data analysis and 

feature extraction. Some of the commonly used unsupervised learning algorithms for rainfall prediction include: 

 SOMs (Self-Organizing Maps): SOMs are a particular class of neural network that are employed in clustering and 

visualisation tasks. Several regions’ rainfall patterns have been determined using it. 

 K-Means is a well-known clustering technique that combines related data points based on their properties. Several regions’ 

rainfall patterns have been determined using it. 

B. Deep Learning Models  

Deep learning models are a type of machine learning algorithm that uses artificial neural networks with multiple layers to learn 

from the data. These models have shown great potential in various applications, including image recognition, speech 

recognition, and natural language processing. Some of the commonly used deep learning models for rainfall prediction include: 

 Long Short-Term Memory (LSTM): This kind of RNN is made to deal with long-term dependencies in sequential data. 

Based on historical data, it has been used to predict daily rainfall values [6]. 

 Deep Convolutional Neural Networks (DCNN): A subset of CNN, DCNN is tasked with extracting hierarchical features 

from input data. By considering rainfall photos as three-dimensional arrays of pixels, it has been used to anticipate the 

amount of rain to fall. 

II. LITERATURE REVIEW 

A feature-based neural network strategy was put out by Chen and Takagi (1993) to predict rainfall in an open ocean area close 

to Shikoku, Japan. A four-layer neural network was used to automatically learn the intrinsic relationship between geostationary 

meteorological satellite GMS data and rainfall intensity distribution. They employed the back propagation learning algorithm 

to train, and they fed the network with infrared and visible images from the GMS image [7] [8] . 

 “Rainfall prediction using artificial neural networks and time series analysis” by B. Basu and S. Pal [9]. In order to 

predict rainfall, this research suggests a hybrid approach that combines time series analysis and artificial neural networks 

(ANN). When used with actual rainfall data, the results demonstrate that this method performs better than both conventional 

time series models and ANN models. The purpose of the paper was to suggest a hybrid method for predicting rainfall that 

combines time series analysis with artificial neural networks (ANN). In terms of precision and effectiveness in predicting 

rainfall, the authors compared the performance of their suggested hybrid strategy with conventional time series models and 

ANN models. Additionally, they looked to confirm their methodology using actual rainfall data. The ultimate objective of the 

authors was to increase rainfall prediction accuracy for improved water resource management and catastrophe preparedness. 

 “A comparative study of time series models for daily rainfall prediction” by D. P. Solanki and V. R. Patel [10]. In 

order to predict daily rainfall, this research analyses the effectiveness of a number of time series models, including ARIMA, 

SARIMA, and exponential smoothing. The researchers discovered that the ARIMA and SARIMA models produced the most 

accurate rainfall predictions. In that research, the effectiveness of various time series models for daily rainfall prediction is 

compared. The authors’ goal is to assess the models’ accuracy in terms of their capacity to forecast rainfall amounts based on 

previous data. This study’s objective is to shed light on the efficacy of various time series models for predicting daily rainfall, 

which can be helpful for a variety of applications, including agricultural planning, water management, and flood forecasting. 

The findings of this study can assist practitioners and researchers in selecting the best suitable model for their individual needs 

and enhancing the precision of their rainfall forecasts. 

 ”Rainfall prediction using machine learning algorithms: A review” by S. Bhatnagar, S. Saha, and S. Sharma [11]. This 

paper provides an extensive review of machine learning algorithms for rainfall prediction. The authors compare the performance 

of different algorithms, including decision trees, support vector machines, and artificial neural networks. They found that ANN 

models outperformed other models in terms of accuracy. In that research, the effectiveness of various time series models for 

daily rainfall prediction is compared. The authors’ goal is to assess the models’ accuracy in terms of their capacity to forecast 

rainfall amounts based on previous data. This study’s objective is to shed light on the efficacy of various time series models for 

predicting daily rainfall, which can be helpful for a variety of applications, including agricultural planning, water management, 

and flood forecasting. The findings of this study can assist practitioners and researchers in selecting the best suitable model for 

their individual needs and enhancing the precision of their rainfall forecasts. 

 “Rainfall prediction using a hybrid model combining ARIMA and LSTM networks” by Al-Sakka et al. (2020) [12]. 

The Autoregressive Integrated Moving Average (ARIMA) and Long Short-Term Memory (LSTM) neural networks time series 

models, two well-known time series models, are combined to create a hybrid model for rainfall prediction in this research. This 

study’s objectives are to propose and assess the efficacy of a hybrid model for predicting rainfall that combines ARIMA and 

long short term memory (LSTM) networks. 

 “Rainfall prediction using an ensemble of deep learning models” is a research paper published by Nguyen et al. in 

2021 [13]. The paper proposes an ensemble model for rainfall prediction that combines the predictions of several deep learning 

models. Convolutional neural networks (CNNs), recurrent neural networks (RNNs), and long short-term memory (LSTM) 

networks, among other deep learning models, have demonstrated potential in the prediction of rainfall, according to the authors. 

Unfortunately, no one model can offer the most accurate forecasts for all different kinds of rainfall patterns. In order to increase 
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the precision of rainfall prediction, the authors suggest an ensemble model that incorporates the results of many deep learning 

algorithms. The study’s findings demonstrate that, in terms of accuracy metrics like mean absolute error (MAE) and root mean 

squared error, the ensemble model beats both the individual deep learning models and ARIMA (RMSE). The ensemble model 

can be a helpful tool for rainfall prediction, especially in regions with diverse and complex rainfall patterns, the scientists 

conclude. 

 “A hybrid model for rainfall prediction using wavelet decomposition and artificial neural networks” is a research paper 

published by Chen et al. in 2017 [14]. The paper proposes a hybrid model for rainfall prediction that combines wavelet 

decomposition and artificial neural networks (ANNs). According to the authors, rainfall data frequently exhibits complicated 

and nonlinear patterns, making it challenging to predict with precision using conventional statistical methods. In order to capture 

the intricate patterns in rainfall data, the authors suggest a hybrid model that combines the advantages of wavelet decomposition 

and ANNs. The study’s findings demonstrate that, in terms of accuracy metrics like mean absolute error (MAE) and root mean 

squared error, the suggested hybrid model performs better than both solo ANNs and conventional statistical models (RMSE). 

The hybrid model, according to the authors, can be a useful tool for predicting rainfall, particularly in regions with complicated 

and nonlinear rainfall patterns. The suggested model can be used to solve other time series data prediction issues. 

 
Table 1: Comparison of Existing Work 

III. DATASET REVIEW 

The quality of data utilised for model training and model testing is crucial for accurate rainfall prediction. This section will go 

over some of the frequently utilised data sources for predicting rainfall as well as the feature selection procedure. 

A. Dataset 

The accuracy of rainfall prediction models can be improved by using a combination of data sources. Some of the commonly 

used data sources for rainfall prediction include: 

 Information from rain gauges: Rain gauges are tools for calculating how much rain falls where they are placed. The national 

meteorological agencies that gather these data are able to give high-resolution rainfall data. 

 Satellite data: Satellite data can be used to supplement rain gauge data by providing a worldwide perspective on rainfall 

patterns. TRMM (Tropical Rainfall Measuring Mission), GPM (Global Precipitation Measurement), and SMOS are a few 

of the frequently utilised satellite data sources for predicting rainfall (Soil Moisture and Ocean Salinity). 

 Climate reanalysis data: Based on a combination of observed data and numerical models, climate reanalysis data are 

computer-generated estimates of previous weather conditions. This information can be utilised to close informational gaps 

and offer a long-term perspective on rainfall patterns. 

 The previously published relevant work is compiled in Table 1. In the past, the majority of academics employed 

supervised machine learning classifiers to find hidden patterns in historical data and predict rainfall. In the proposed 

frameworks, the researchers primarily combined multiple techniques: one for feature selection and one for classification and 

prediction. The ability to predict rainfall using time series meteorological data has also received considerable attention from 

researchers. In especially for smart cities where real-time weather data is continuously gathered from specific weather sensors, 

this research suggests a framework for rainfall prediction. Moreover, fuzzy logic is used to integrate the predictive accuracy of 

four classifiers (DT, NB, KNN, and SVM) in order to improve performance. 
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Table 2: Feature Based Dataset Comparison 

B. Feature Selection 

The process of choosing the data’s most pertinent features that help with the prediction task is known as feature selection. In 

high-dimensional data, where the number of characteristics might be significantly higher than the number of data points, this is 

especially crucial. Several of the frequently employed feature selection techniques for predicting rainfall include: 

 To determine the link between each attribute and the target variable, correlation analysis is utilised. Characteristics are 

thought to be more relevant when they have a strong association to the target variable. 

 Principal Component Analysis (PCA): PCA is a technique that uses data projection onto a lower-dimensional space to 

reduce the dimensionality of the data. The most crucial aspects of the data can be found using this method. 

 Recursive Feature Elimination (RFE) is a strategy that is used to repeatedly remove the least significant features from the 

data until the best performing subset of features is found. 

C. Preprocessing and Normalization 

Before feeding the data into the machine learning models, it is important to preprocess and normalize the data to ensure 

consistency and accuracy. Some of the commonly used preprocessing techniques for rainfall prediction include: 

 Imputation of missing data: Training a model might be difficult when there are missing values in data from rain gauges and 

other sources. Using methods like mean imputation, k-nearest neighbours (KNN) imputation, and interpolation approaches, 

missing data can be imputed.  

 Finding and eliminating outliers: Outliers are data points that are outside the usual distribution of data and can affect the 

outcomes of machine learning models. Outliers can be found and eliminated using approaches like the z-score method, box 

plot method, and Mahalanobis distance method. 

 Normalization: To make sure that all features contribute equally to the model, normalisation entails scaling the data to a 

standard range. Normalization methods like Min-Max scaling, z-score scaling, and log transformation are frequently 

utilised. 

D. Challenges in Data Sources and Feature Selection 

Using data sources and feature selection methods to estimate rainfall presents a number of difficulties. The accessibility and 

calibre of the data provide one of the main difficulties. The most precise source of rainfall data, from rain gauges, may not be 

available everywhere, and satellite data may not have sufficient geographic or temporal resolution for precise forecasting. 

Moreover, biases and inconsistencies in various data sources must be taken into account when training a model. 

 Choosing the ideal number of features to employ for model training presents another challenge in feature selection. 

While adding more features may help the model perform better, it can also overfit the data and make the model harder to 

comprehend. On the other hand, a model may perform poorly if it is underfitted or has too few features. 

 Preprocessing, data normalisation, and careful feature selection are necessary for machine learning to predict rainfall 

accurately. However, during the period of data collection and processing, issues including bias, data quality, and availability 

must be addressed. Machine learning algorithms can predict rainfall accurately and reliably with appropriate data selection and 

preparation. This has important ramifications for a variety of companies and communities that depend on precipitation 

forecasting. 



 
Machine Learning-Based Rainfall Prediction: A Systematic Methodology for Model Selection and Evaluation 

 (IJSRD/Conf/ LDRP TECON 2023 /2023/033) 

 

 
167 

IV. METHODOLOGY 

The provided methodology serves as a structured framework for conducting research on rainfall prediction through machine 

learning. Its significance lies in its ability to enhance data integrity and quality by meticulously cleaning and preprocessing the 

dataset. By enabling model comparison using various evaluation metrics, the methodology ensures the selection of the most 

effective algorithm for the specific task. Furthermore, it promotes objective model selection, which is crucial for reliable results 

and sound conclusions. This approach facilitates reproducibility and contributes to the broader body of knowledge by adhering 

to scientific standards and fostering practical applicability. The methodology thus offers a systematic, transparent, and 

comprehensive path to advancing the field of machine learning in meteorology. 

 By employing a rigorous methodology, the research seeks to provide a methodical approach for investigating rainfall 

prediction using machine learning. This structured process begins with data preparation to ensure data integrity, followed by 

model selection and training. The comparative analysis of different algorithms, guided by a suite of evaluation metrics, aids in 

making an objective choice regarding the most suitable model for the specific prediction task. Ultimately, the methodology not 

only supports the scientific rigor and transparency of the research but also contributes to real-world applications by identifying 

a model that combines statistical robustness with practical effectiveness. Figure 1. Represents the proposed approach to perform 

ml based rainfall prediction. 

 
Fig. 1: Proposed approach for rain fall prediction 

A. Data Collection and Preparation 

1) Dataset Acquisition 

The study begins by obtaining a dataset containing historical weather data. This dataset includes a range of relevant attributes 

such as Date, Location, MinTemp, MaxTemp, Rainfall, and other meteorological parameters. 

B. Data Loading and Preprocessing 

The dataset is loaded into a Pandas Data Frame for further analysis. Columns that are not required for the rainfall prediction 

task are dropped. Rows with missing values are excluded to ensure data quality and reliability. Categorical variables, such as 

'RainToday,' are encoded using Label Encoding to make them suitable for machine learning models. 

C. Data Split and Preprocessing 

1) Data Splitting 

The dataset is divided into two subsets: a training set and a testing set. The train_test_split function is employed to achieve this 

separation. This process allows for model training and evaluation on different data points. 

2) Feature Scaling 

To improve model performance, the features in the dataset are standardized using the Standard Scaler. Scaling is important, 

especially when working with algorithms sensitive to feature magnitude differences. 

D. Model Selection and Training 

1) Algorithm Selection 

For the purpose of rainfall prediction, three machine learning algorithms are selected for comparison: Random Forest, Gradient 

Boosting, and Support Vector Machine (SVM). These algorithms were chosen due to their applicability to regression tasks and 

previous success in meteorological prediction. 

2) Model Initialization and Training 

Each selected machine learning model is initialized, and training is performed using the training data. Training involves learning 

the relationships between the input features (meteorological parameters) and the target variable (Rainfall). 

E. Model Evaluation 

Predictions are generated using each trained model on the test data. Accuracy based model evaluation preformed as it represents 

the proportion of correct predictions made by the model. 

V. RESULT AND DISCUSSION 

The graph illustrates the accuracy of three different machine learning models: Random Forest, Gradient Boosting, and Support 

Vector Machine (SVM). Accuracy is a fundamental metric in evaluating the performance of classification models. The results 

are as follows: Gradient Boosting achieved the highest accuracy of approximately 0.8924, making it the most accurate model 
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in this comparison. Random Forest, with an accuracy of about 0.8639, performed quite well but slightly less accurately than 

Gradient Boosting. On the other hand, Support Vector Machine (SVM) demonstrated the lowest accuracy of around 0.6017. 

 The difference in accuracy among these models could have significant implications for their practical use. If the goal 

is to maximize prediction accuracy, Gradient Boosting appears to be the top choice among these three models. However, it is 

essential to consider other factors such as computational resources and model interpretability. Random Forest, while slightly 

less accurate, may be a preferable choice in scenarios where model interpretability and computational efficiency are important. 

SVM, despite its lower accuracy, might still be suitable for specific use cases, especially when dealing with smaller datasets or 

scenarios where it has demonstrated strengths. 

 In summary, the choice of the most suitable model depends on the specific requirements and constraints of the problem 

at hand. The graph provides a clear visual representation of the accuracy differences, enabling data scientists and decision-

makers to make an informed choice based on their project's needs, available resources, and trade-offs between accuracy and 

other factors. 

 
Fig. 2: Accuracy based comparison of various ml model 

VI. CONCLUSION: 

In conclusion, the analysis of model accuracy reveals that Gradient Boosting is the top-performing model among Random 

Forest and Support Vector Machine in the context of this study. It offers the highest accuracy, making it a compelling choice 

for tasks where maximizing predictive performance is a priority. Random Forest, while slightly less accurate, remains a 

competitive option, particularly when the need for model interpretability and computational efficiency outweighs the marginal 

difference in accuracy. Support Vector Machine, despite demonstrating the lowest accuracy in this comparison, might still have 

its place in scenarios where its unique strengths are valuable. Ultimately, the choice of the most appropriate model depends on 

the specific requirements, resources, and trade-offs relevant to the problem being addressed. This research provides a foundation 

for informed decision-making in selecting the most suitable model based on a nuanced understanding of accuracy and its 

implications. This has opened up new opportunities for more accurate and reliable forecasting in the future. Overall, the use of 

time series forecasting for rainfall prediction is a valuable tool in a wide range of applications, from agriculture and water 

resource management to disaster preparedness and response.  
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