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Abstract:  

Weather forecasting plays a pivotal role in numerous sectors, from agriculture to disaster 

management, yet traditional methods often face limitations in accuracy and scalability. In response, 

machine learning (ML) techniques have emerged as potent tools for revolutionizing weather 

prediction. This review provides a comprehensive overview of ML applications in weather forecasting, 

delving into algorithms like regression, classification, and neural networks, which exploit vast 

datasets to capture intricate spatiotemporal patterns in weather phenomena. Ensemble learning 

strategies further enhance forecast accuracy by amalgamating multiple models. However, challenges 

persist, including data quality issues and computational demands. Overcoming these obstacles 

requires innovative approaches, such as integrating ML with physical models and developing 

explainable AI techniques. Future research directions also include exploring new data sources like 

remote sensing and social media data. By harnessing the synergy between ML and weather 

forecasting, we can advance predictive capabilities, aiding decision-making and bolstering resilience 

against extreme weather events. 
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1. INTRODUCTION 

Weather forecasting stands as a cornerstone of modern society, influencing a broad spectrum of industries 

including agriculture, transportation, and disaster management. Traditional forecasting methods, reliant on 

numerical models and historical data, often encounter challenges in accuracy and scalability. However, the 

advent of machine learning (ML) techniques has ushered in a new era of weather prediction, promising 

improved accuracy and efficiency(G Hemalatha, 2021). This introduction provides an overview of the 

intersection between machine learning and weather forecasting, supplemented by illustrative diagrams to 

elucidate key concepts. 

1.1 Traditional Weather Forecasting Methods 

Traditional weather prediction methods rely on numerical models that simulate atmospheric processes based 

on physical principles. While these models provide valuable insights, they can be computationally intensive 

and may struggle to capture the complexity of real-world weather phenomena. Additionally, historical data 

analysis serves as a fundamental component of traditional forecasting, leveraging past observations to 

identify patterns and trends in weather behavior(Abhishek et al., 2012). 
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Figure 1: Depicts traditional weather forecasting methods, involving numerical models and historical data 

analysis. 

 

1.2 The Emergence of Machine Learning in Weather Forecasting 

In recent years, machine learning has emerged as a powerful complement to traditional forecasting methods. 

ML algorithms, including regression, classification, and neural networks, are adept at extracting intricate 

patterns from vast datasets encompassing historical weather observations, satellite imagery, and atmospheric 

data. By leveraging these algorithms, weather forecasters can enhance prediction accuracy and scalability, 

enabling more reliable forecasts over longer time horizons(Biswas et al., 2014). 

 
Figure 2: Illustrates the integration of machine learning techniques in weather forecasting, leveraging vast 

datasets to improve prediction accuracy. 

These diagrams visually depict the contrast between traditional forecasting methods and the integration of 

machine learning techniques, underscoring the transformative potential of ML in revolutionizing weather 

prediction. 

 

2. LITERATURE SURVEY 

This section presents a existing work with merit and demerit. The problems will be extracted with this 

section 
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Author Work Done Merit Demerit 

(Dolara et al., 

2017) 

Developed ML model for rainfall 

prediction. 

Improved accuracy. Limited scalability. 

(Wiston & KM, 

2018) 

Explored ensemble methods for 

storm tracking. 

Enhanced forecast 

reliability. 

High computational cost. 

(Joe et al., 2022a) Applied neural networks to 

temperature forecasting. 

Captured nonlinear 

relationships. 

Requires large training 

datasets. 

(Joe et al., 2022b) Investigated SVM for weather 

pattern recognition. 

Achieved high 

classification rates. 

Limited interpretability. 

(Abrahamsen et al., 

2018) 

Utilized clustering for weather 

anomaly detection. 

Identified rare events 

effectively. 

Sensitivity to input 

parameters. 

(Marchuk, 2012) Developed deep learning 

framework for wind prediction. 

Enhanced spatial-

temporal modeling. 

Computational 

complexity. 

(Saketh et al., 

2023a) 

Explored LSTM networks for 

short-term rainfall prediction. 

Captured sequential 

dependencies. 

Limited long-term 

forecasting. 

(Saketh et al., 

2023b) 

Applied CNN for cloud 

classification. 

Improved cloud 

detection accuracy. 

High training data 

requirement. 

(Wu et al., 2012) Investigated transfer learning for 

weather forecasting. 

Improved model 

generalization. 

Dependency on source 

domain data. 

(Gupta et al., 2023) Developed hybrid model 

combining ML and numerical 

models. 

Improved forecast 

accuracy. 

Increased model 

complexity. 

(Bhardwaj & 

Duhoon, 2019) 

Explored Gaussian processes for 

weather uncertainty 

quantification. 

Captured uncertainty 

distributions. 

Computationally 

intensive. 

(Singh et al., 2019) Applied reinforcement learning 

for dynamic weather prediction. 

Adaptive forecasting 

strategy. 

Limited interpretability. 

(Jayasingh et al., 

2022) 

Developed decision trees for 

weather event classification. 

Simple and 

interpretable model. 

Limited accuracy in 

complex scenarios. 

(Ahmad et al., 

2023) 

Utilized random forests for 

extreme weather prediction. 

Robust against 

overfitting. 

Limited interpretability. 

(Isaac et al., 2014) Explored Bayesian networks for 

weather forecasting. 

Captured probabilistic 

relationships. 

Limited scalability in 

large networks. 

Table 1: Comparative analysis of literature 

The plot showing the papers source and number of papers derived from source is given in following plot 
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Figure 3: Plots source wise 

 

The metrics are used to determine the importance of each paper within literature. The comparative analysis 

of the metrics within the literature are given as under 

Here is a comparative table with the provided metrics and tick marks: 
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2014 

Table 2: Comparative analysis of metrics 

This table provides a clear comparison of the different works, their merits, demerits, and which specific 

metrics they address. 

 

3. STATE-OF-THE-ART IN WEATHER FORECASTING 

Weather forecasting is vital for various sectors, from agriculture to transportation and disaster management. 

The accuracy and timeliness of weather predictions significantly impact decision-making processes, 

resource allocation, and risk mitigation strategies. However, traditional forecasting methods often face 

challenges in accurately capturing complex weather patterns and providing reliable long-term forecasts. 

These methods rely heavily on numerical models and historical data, which may not adequately account for 

dynamic environmental factors and nonlinear relationships within the atmosphere. Additionally, issues such 

as data scarcity, model complexity, and computational limitations hinder the scalability and effectiveness of 

traditional forecasting approaches. 

The problem, therefore, lies in the need to improve the accuracy, scalability, and interpretability of weather 

forecasting models. This involves developing innovative techniques that can effectively assimilate diverse 

sources of data, including satellite imagery, ground observations, and atmospheric measurements, while also 

leveraging advanced machine learning algorithms to extract meaningful insights from these data sources. 

Furthermore, addressing the challenges of model interpretability and uncertainty quantification is crucial for 

enhancing trust in weather forecasts and facilitating informed decision-making by end-users. Overall, the 

goal is to advance the state-of-the-art in weather forecasting, enabling more accurate and reliable predictions 

that can better support various applications and societal needs. 

 

4. CONCLUSION 

In conclusion, the field of weather forecasting stands at an exciting crossroads, where traditional methods 

intersect with innovative technologies, particularly machine learning (ML). While traditional forecasting 

techniques have served as the backbone of weather prediction for decades, they face inherent limitations in 

accurately capturing the complex and dynamic nature of atmospheric phenomena. ML, with its ability to 

analyze vast amounts of data and identify intricate patterns, offers promising avenues for overcoming these 

challenges and revolutionizing weather forecasting. 

Through this review, we have explored various applications of ML in weather forecasting, ranging from 

rainfall prediction and storm tracking to temperature forecasting and anomaly detection. Each study has 

contributed unique insights and methodologies, showcasing the versatility and potential of ML in enhancing 

forecast accuracy and reliability. However, challenges such as computational complexity, data quality issues, 

and model interpretability remain significant hurdles that must be addressed to realize the full potential of 

ML in weather forecasting. 
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