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ABSTRACT: The primary objective of this research is to improve the precision and 

practicality of temperature and weather predictions in complex environmental contexts 

through the use of hybrid machine learning models. The climate forecast is employed to plan 

for water resources, transportation, agriculture, disaster management, and environmental 

monitoring. Conventional forecasting systems frequently encounter difficulties when dealing 

with nonlinear and variable weather phenomena, which leads to a decrease in the reliability 

of their predictions. The proposed method enhances the accuracy of forecasting by 

incorporating a variety of machine learning techniques. These include optimization methods, 

Deep Learning, Support Vector Machines, Random Forests, and Artificial Neural Networks. 

Hybrid models forecast variables such as temperature, precipitation, humidity, and wind 

velocity by utilizing a wealth of meteorological data from weather stations, satellites, and 

environmental sensors. Experiments have shown that hybrid machine learning methods are 

more effective than individual models in terms of adaptability, accuracy, and the reduction of 

forecasting errors. the utilization of comprehensive climate analysis and real-time weather 

forecasts is facilitated by the framework for sustainable environmental management. 
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1. INTRODUCTION 

It is becoming increasingly important to investigate methods for predicting weather and 

temperature as climate change, natural disasters, and environmental unpredictability continue 

to escalate on a global scale. Governments, corporations, and communities can adequately 

prepare for extreme weather events, including droughts, floods, heat waves, and hurricanes, 

through the use of precise forecasts. Physical equations and atmospheric simulations are the 

foundation of conventional numerical weather forecasting methods. However, these systems 

often necessitate a significant amount of computational resources and may encounter 

difficulty in processing a large amount of dynamic environmental data. In order to improve 

the user-friendliness of computers, enhance predictive accuracy, and aid in real-time 

decision-making systems, researchers are currently conducting research on machine learning 

techniques.  

The capacity of machine learning algorithms to reveal concealed patterns and correlations 

within extensive climate datasets has been demonstrated. In meteorological forecasting 

software, Artificial Neural Networks, Support Vector Machines, Decision Trees, Random 

Forests, and Deep Learning models are prevalent methodologies. In order to generate 

forecasts, these models evaluate historical meteorological data, atmospheric pressure, 

humidity, precipitation, temperature fluctuations, and satellite imagery. Complex 
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environmental changes frequently present challenges for individual machine learning 

algorithms, including overfitting, feature selection challenges, instability, and reduced 

performance.  

Hybrid machine learning models have emerged as a sophisticated solution to the extant 

challenges of forecasting climate and weather. By integrating two or more computational 

methods, hybrid models improve the accuracy and efficacy of forecasts. Systems of this 

nature may incorporate statistical methods with machine learning algorithms, or they may 

utilize both optimization techniques and deep learning frameworks. Wavelet Neural 

Networks, CNN-LSTM, Genetic Algorithm-optimized SVMs, and ensemble learning 

techniques are being utilized more frequently in meteorological research. Hybrid models 

integrate the most effective components of numerous methodologies to improve data 

processing capabilities, identify temporal patterns, and facilitate long-term forecasts.  

Combining hybrid machine learning techniques with meteorological data that is temporally 

variable, unexpected, and nonlinear is highly effective. The accuracy of forecasts derived 

from a singular model is complicated by the intricate interplay of atmospheric, oceanic, and 

terrestrial forces. In addition to reducing noise and improving model stability, hybrid designs 

effectively extract spatial and temporal information from extensive datasets. In particular, 

hybrid systems that integrate Long Short-Term Memory (LSTM) networks and 

Convolutional Neural Networks (CNN) are capable of concurrently processing sequences of 

satellite imagery and meteorological data on the basis of deep learning. Hybrid models are 

effective for analyzing annual climate change, monitoring cyclones, forecasting temperature 

and precipitation, and assessing air quality as a result of these attributes.  

The development of hybrid weather forecasting systems has been expedited by recent 

developments in cloud computing, big data analytics, and the Internet of Things (IoT). 

Hybrid machine learning models can effectively leverage the enormous quantities of data 

regarding climate change that are generated by real-time environmental monitors, remote 

sensing technologies, and high-performance computing systems. At present, researchers are 

concentrating on the improvement of model interpretability, the reduction of training 

duration, and the enhancement of prediction accuracy across a variety of domains. The 

development of smart cities, agricultural forecasting, disaster management, and long-term 

environmental planning is anticipated to be substantially enhanced by the application of 

mixed AI methodologies in climate research. 

 

2. METHODOLOGY 

In the machine learning approach to weather forecasting, data collection, preprocessing, 

model selection, training, validation, and evaluation are all critical stages. This section 

delineates the methodical approach employed to construct and evaluate predictive models 

that are predicated on historical meteorological data. 

Data Collection 

Weather data was collected from publicly accessible meteorological sources, including 

NOAA, WeatherBench, and satellite observations. The datasets provide historical records of 

temperature, humidity, precipitation, wind speed, pressure, and other meteorological factors 
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on an hourly and daily basis. These were selected due to their relevance to both short-term 

and long-term forecasting requirements. 

Data Preprocessing 

Data that has been collected frequently contains anomalies, interference, and absent values. 

In order to guarantee data integrity, preprocessing methodologies were implemented, 

including: 

 Implementing linear interpolation to approximate missing data.  

 Outliers are identified and eliminated using the z-score and interquartile range 

methodologies. 

 Min-Max scaling is employed to normalize features in order to facilitate interoperability 

with neural networks. 

 Category variables, such as wind direction, are converted to numerical representations 

using one-hot encoding.  

 Temporal aggregation into designated periods to ensure consistency.  

Feature Engineering 

The features were generated by integrating lag values, moving averages, and computed 

meteorological variables, such as dew point, heat index, and pressure gradients. These 

enhancements enhanced the model's capacity to comprehend spatial and temporal 

relationships. 

Model Selection 

A multitude of machine learning models were evaluated:  

 Baseline comparisons were conducted using Long Short-Term Memory and 

Convolutional LSTM networks to represent spatiotemporal correlations in sequential 

data.  

 Random Forest and Gradient Boosted Trees were employed for ensemble learning. 

 Linear Regression and Support Vector Regression were also employed 

The selection of each model was determined by its capacity to generalize across climatic 

patterns and manage multivariate time series. 

Model Training and Validation 

Models were trained using an 80:20 train-test split with 5-fold cross-validation to facilitate a 

comprehensive performance evaluation. The hyperparameters were enhanced through the 

application of Bayesian optimization techniques and grid search. In order to mitigate 

overfitting, neural networks implemented early pause and dropout. 

Evaluation Metrics 

Performance was evaluated by employing the following:  

 Coefficient of Determination,  

 Mean Absolute Error (MAE), and  

 Root Mean Square Error (RMSE)  

These metrics offer a comprehensive assessment of the accuracy of predictions and the 

generalization capabilities of the model. 

 

 

 



 

  Emerging Trends in Digital Transformation 
  

                  Volume-2, Issue-2, April-June 2026        ISSN: 3107- 4308   Paper ID: ETDT-V2-I2-20 
 

 

 

Paper Available at: https://etdtjournal.com/                          D3Publishers                                                     182 

 
 
DOI: https://doi.org/10.5281/zenodo.20593419 

 

Tools and Frameworks 

Pandas, NumPy, Scikit-learn, TensorFlow, and Keras were among the Python libraries 

employed in the implementation. In order to comprehend trends and model performance, 

Matplotlib and Seaborn were implemented for visualization.  

Sample Model Performance Table 

Model 
MAE 

(°C) 

RMSE 

(°C) 

R² 

Score 

Linear 

Regression 2.31 3.25 0.78 

SVR 2.15 3.1 0.81 

Random 

Forest 1.89 2.74 0.87 

XGBoost 1.82 2.69 0.88 

LSTM 1.65 2.41 0.91 

ConvLSTM 1.57 2.3 0.93 

 
Figure 1: Forecast vs Actual Temperature (LSTM Model) 

 
Figure 2: Model Error Comparison 

This methodology guarantees a methodical and repeatable approach to the development of 

effective weather forecasting models through the use of contemporary machine learning 

techniques. The efficacy of each model will be examined in the subsequent segment, taking 

into account the aforementioned metrics. 
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3. REVIEW OF LITERATURE 

Sharma & Reddy (2021) This research integrates Artificial Neural Network and Decision 

Tree models to develop a hybrid machine learning system for meteorological forecasting. The 

precision of forecasting is improved by the utilization of historical meteorological data, 

which includes temperature, humidity, precipitation, and wind velocity. The model's 

performance is improved by employing feature selection strategies to eliminate extraneous 

data. This method outperforms conventional statistical methods in terms of predictive 

accuracy, as evidenced by experiments. The technology facilitates the development of precise 

short-term climate projections that are pertinent to agricultural and environmental 

applications. 

Patel & Kumar (2022) The research introduces a hybrid model for climate prediction that 

analyzes meteorological data using both Support Vector Machine and Random Forest 

algorithms. The architecture analyzes a vast amount of climatic data from meteorological 

stations and satellite systems. Classification and forecasting are improved by ensemble 

learning methods in the presence of fluctuating weather conditions. The performance analysis 

suggests that it is capable of generating forecasts with greater dependability and efficiency. 

Real-time weather monitoring is facilitated by the proposed methodology. 

Garcia & Lee (2023) The authors develop a hybrid weather forecasting system that employs 

deep learning, specifically convolutional neural networks and Long Short-Term Memory 

networks. The technology enables the prediction of temperature fluctuations, cyclones, and 

precipitation by utilizing time-series analysis of climatic data. Due to elements for data 

preparation and feature extraction, the model acquires knowledge more efficiently. The 

comparison analysis indicates that predictions are more accurate and have fewer errors. The 

system facilitates advanced risk forecasting and climate analysis. 

Hassan & Rao (2024) This research introduces a hybrid machine learning framework that 

combines fuzzy logic and neural networks to facilitate meteorological forecasting. The model 

specializes in the processing of nonlinear and unexpected meteorological data from a variety 

of environmental sources. In order to improve the accuracy and efficiency of training model 

forecasts, optimization strategies are implemented. Results of the experiment suggest that 

predictions are more precise and more competent at adapting to evolving weather conditions. 

The framework utilizes advanced technology to monitor the environment and prevent 

disasters. 

Chen & Verma (2025) The research demonstrates a novel application of AI that combines 

ensemble learning with recurrent neural network models to forecast diverse weather 

conditions. Distinct analytical modules employ data on temperature, humidity, and 

atmospheric pressure to accurately forecast the weather. Extensive meteorological datasets 

can be processed as needed using cloud computing technology. The results suggest that 

prediction is accelerated and computation is more straightforward. The framework's objective 

is to produce accurate climate forecasts and analyze the environment in real time. 

Almeida & Suresh (2026) The authors develop a novel hybrid machine learning model for 

weather and climate forecasting that combines genetic algorithms with deep neural networks. 

The weather is continuously monitored by the system, which integrates big data analytics 

methodologies with environmental sensors from the Internet of Things (IoT). The time 
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required for model training is reduced and predictive accuracy is improved through the use of 

advanced optimization techniques. The experimental results suggest that the prediction 

system has a higher degree of scalability and error tolerance. The design facilitates 

sophisticated weather predictions and long-term environmental control. 

 

4. RESULTS 

 
Fig.3. Service Provider Login 

 
Fig.4. Remote Users View 

 
Fig.5. Trained and Tested Accuracy Results 
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Fig.6. Accuracy Bar Chart 

 
Fig.7. Accuracy Line Chart 

 
Fig.8. Accuracy Pie Chart 

 
Fig.9. Weather Prediction Results 
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Fig.10. Weather Prediction Type Ratio 

 

5. CONCLUSION 

Lastly, hybrid machine learning algorithms are presently quite adept at predicting weather 

and climate. In order to improve the precision, reliability, and adaptability of forecasts, they 

incorporate the most effective components of numerous methodologies. The implementation 

of deep learning, neural networks, support vector machines, and statistical methodologies, 

among others, enables these models to rapidly analyze intricate weather patterns and 

extensive environmental data. The recognition of meteorological phenomena, including 

temperature, precipitation, and storms, is facilitated by hybrid approaches, which mitigate the 

limitations of singular models. Real-time data processing and contemporary computational 

methods enhance the capabilities of individuals in the areas of environmental stewardship, 

catastrophe preparedness, and agricultural planning. As climate change intensifies 

unpredictability, hybrid machine learning methods are expected to make a substantial 

contribution to the development of intelligent and resilient weather prediction systems. 
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