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Abstract Manuscript Information 

 

Accurate weather forecasting is essential for agriculture, disaster management, aviation, and 

climate monitoring. Traditional numerical weather prediction (NWP) models rely on physics-

based equations that require high computational resources and often struggle with nonlinear 

atmospheric dynamics. In recent years, artificial intelligence (AI), particularly neural networks, 

has emerged as a powerful alternative for predictive weather modelling. This paper presents a 

comprehensive study of AI-based predictive weather modelling using neural networks, 

including Artificial Neural Networks (ANN), Convolutional Neural Networks (CNN), Long 

Short-Term Memory networks (LSTM), and Transformer architectures. A hybrid CNN–LSTM 

framework is proposed for spatiotemporal forecasting of meteorological variables. The system 

integrates satellite data, ground sensor inputs, and historical climate datasets. Experimental 

studies reported in literature demonstrate improved accuracy, reduced computational time, and 

better adaptability compared to traditional forecasting systems. The paper also discusses 

limitations, challenges, and future directions for real-time AI-driven weather prediction systems. 
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1. INTRODUCTION 

Weather forecasting plays a critical role in modern society, 

influencing sectors such as agriculture, transportation, energy 

production, and disaster preparedness. Conventional forecasting 

methods are based on numerical weather prediction models that 

simulate atmospheric physics using differential equations. 

Although accurate, these models require significant 

computational power and often fail to capture complex 

nonlinear relationships in atmospheric systems. 

Artificial intelligence, especially neural networks, has shown 

strong potential in learning hidden patterns from large-scale 

meteorological data. Neural networks can model nonlinear 

relationships, handle noisy datasets, and provide faster 

predictions once trained. Recent advancements in deep learning 

have further improved forecasting accuracy through 

architectures such as CNN, LSTM, and Transformer networks. 

 

2. LITERATURE REVIEW 

Recent research highlights the effectiveness of neural networks 

in weather forecasting. 

• CNN and LSTM hybrid models are widely used for 

spatiotemporal forecasting of temperature and rainfall 

datasets.  

• Transformer-based architectures have shown strong 

performance in long-range weather prediction tasks by 

capturing global dependencies in atmospheric data.  

• AI-based models such as GraphCast and GenCast have 

demonstrated superior forecasting performance compared 

to traditional numerical models in certain scenarios.  

• Hybrid AI models combining physics and neural networks 

(e.g., NeuralGCM) are emerging as a promising direction 

for improving accuracy and interpretability.  

A review of ANN-based weather prediction systems shows that 

model performance depends on dataset quality, architecture 

depth, activation functions, and training algorithms.  

 

3. Data Sources for Weather Prediction 

AI-based weather models use multiple data sources: 

• Satellite imagery (MODIS, GOES) 

• Radar reflectivity data 

• Ground weather stations 

• IoT-based environmental sensors 

• Reanalysis datasets (ERA5, WeatherBench) 

These datasets provide spatial and temporal features required 

for neural network training. 

 

4. METHODOLOGY 

4.1 Artificial Neural Network (ANN) Model 

ANNs are used for basic weather variable prediction such as 

temperature and humidity. They consist of: 

• Input layer (meteorological parameters) 

• Hidden layers (feature extraction) 

• Output layer (forecasted value) 

4.2 CNN-Based Weather Modeling 

CNNs extract spatial features from satellite images: 

• Cloud patterns 

• Pressure systems 

• Temperature distribution maps 

CNNs are effective in image-based forecasting problems. 

 

4.3 LSTM for Time Series Forecasting 

LSTM networks capture temporal dependencies in weather 

data: 

• Short-term forecasting 

• Long-term climate trends 

• Seasonal variations 

 

• 4.4 CNN–LSTM Hybrid Model 

This hybrid model combines: 

• CNN → spatial feature extraction 

• LSTM → temporal sequence prediction 

It is widely used in modern meteorological forecasting systems. 

 

4.5 Transformer-Based Models 

Transformers use attention mechanisms to capture: 

• Long-range weather dependencies 

• Global atmospheric interactions 

• Complex nonlinear climate behavior 

 

 Proposed System Architecture 

The AI weather prediction system includes: 

1. Data Collection Layer 

• Satellites 

• Weather stations 

• Radar systems 

 

2. Preprocessing Layer 

• Noise removal 

• Normalization 

• Feature extraction 

3. Neural Network Layer 

• CNN for spatial learning 

• LSTM for temporal learning 

• Transformer for global forecasting 

 

4. Output Layer 

• Temperature prediction 

• Rainfall prediction 

• Wind speed forecasting 

 

6. Experimental Analysis (From Literature) 

Studies show: 

• CNN–LSTM models reduce prediction error by 15–30% 

• Transformer models outperform LSTM in long-term 

forecasting 
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• Hybrid AI models outperform traditional ANN models in 

nonlinear weather conditions 

Example results reported: 

• MAE reduction: 20% 

• RMSE improvement: 18% 

• Faster inference time compared to NWP models 

 

7. Applications 

• Agriculture: crop planning and irrigation 

• Disaster management: cyclone and flood prediction 

• Aviation: flight safety forecasting 

• Renewable energy: wind and solar prediction 

• Urban planning: climate adaptation strategies 

 

8. Challenges 

Despite success, several challenges remain: 

• Limited high-quality labeled datasets 

• High computational cost for training deep models 

• Poor generalization across regions 

• Difficulty in modeling extreme weather events 

• Lack of interpretability in deep learning models 

 

9. Future Scope 

Future research directions include: 

• Physics-informed neural networks (PINNs) 

• Federated learning for distributed weather data 

• Real-time edge AI weather systems 

• Multi-modal fusion of satellite + radar + IoT data 

• Explainable AI (XAI) for meteorology 

 

10. CONCLUSION 

AI-based predictive weather modeling using neural networks 

has significantly improved the accuracy and efficiency of 

weather forecasting systems. Deep learning models such as 

CNN, LSTM, and Transformers are capable of capturing 

complex spatial and temporal dependencies in meteorological 

data. Hybrid models combining these architectures provide  

superior performance compared to traditional numerical 

weather prediction systems. However, challenges such as data 

scarcity, interpretability, and extreme event prediction still need 

to be addressed. Future advancements in physics-informed AI 

and real-time learning systems are expected to further enhance 

the reliability of weather forecasting systems. 
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