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Abstract: This project aims to develop a predictive 

model for forest fire detection using historical fire 

datasets and weather report features. Leveraging Data 

Science and Machine Learning techniques, the model 

learns from past fire incidents—incorporating factors 

such as temperature, humidity, wind speed, and 

rainfall—to detect the likelihood of future fires. The 

system is built as a web application using Flask, offering 

real-time fire risk predictions through a simple user 

interface. The project pipeline includes data ingestion 

and cleaning, exploratory data analysis and 

visualization, feature engineering, model training with 

classification algorithms, and model evaluation using 

accuracy, precision, recall, and ROC curves. The final 

model is deployed through a user-friendly Flask web 

application. This system enables stakeholders such as 

environmental agencies and local authorities to make 

informed decisions and take timely preventive actions 

against potential fire outbreaks. 
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1. Introduction Forest fires are among the most 

devastating natural disasters, posing a significant threat 

to biodiversity, ecosystems, property, and human life. 

With the increasing impact of climate change and 

deforestation, the frequency and intensity of wildfires 

have surged worldwide. Forest fires not only destroy 

vast stretches of vegetation but also release massive 

amounts of carbon dioxide, exacerbating global 

warming. In many regions, including North Africa, early 

detection and effective fire prevention strategies have 

become essential for minimizing damage and ensuring 

the safety of both human settlements and natural 

habitats. 

In this context, the integration of artificial intelligence 

and machine learning into environmental monitoring 

systems presents a transformative opportunity. 

Predictive systems that utilize meteorological data such 

as temperature, humidity, wind speed, and rainfall can 

significantly aid in anticipating fire outbreaks. Such 

proactive measures allow for timely interventions by 

forest departments and disaster management teams, 

potentially saving lives and preserving valuable 

ecological zones. Machine learning (ML) and data 

science have revolutionized the way we solve real-world 

problems, with forest fire prediction being one of the 

most impactful areas. By utilizing supervised learning 

algorithms, we can train models that learn from 

historical data and forecast fire risks based on current 

weather conditions. 

 Literature Survey Several studies have explored the 

use of machine learning in forest fire prediction, 

building on statistical and machine learning approaches: 

Chuvieco et al. (2010): Proposed the use of 

meteorological indices, such as the Canadian Forest Fire 

Weather Index (FWI), for fire risk modeling, 

emphasizing the role of satellite data in improving 

predictive accuracy. 

Cortez & Morais (2007): Built a regression model 

using the Portuguese Forest Fire Dataset to predict the 

area burned in a forest fire, demonstrating the 

effectiveness of Support Vector Machines (SVM) and 

Decision Trees. 

Liaw & Wiener (2002): Developed the Random Forest 

algorithm for classification and regression, significantly 

improving performance in environmental data 

modeling. 
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Recent Advances (2019–2022): Showed the 

introduction of ensemble learning techniques such as 

XGBoost and Gradient Boosting Machines (GBMs), 

along with the usage of deep learning architectures, 

including LSTM and CNN, for spatiotemporal fire 

prediction. 

These studies highlight that using meteorological and 

geographical data, coupled with machine learning 

techniques, can significantly enhance fire risk prediction 

systems. This project builds upon these approaches, 

particularly leveraging the Algerian Forest Fire dataset, 

and applies both classical ML algorithms and modern 

tuning techniques to build an operational system. 

Problem Definition Forest fires are devastating natural 

disasters, causing extensive environmental damage, 

economic loss, and threats to human and animal life. 

They spread rapidly due to dry weather conditions, high 

temperatures, strong winds, and human negligence. 

Early detection and accurate prediction are crucial to 

minimizing their destructive impact. 

Existing forest fire detection methods, such as satellite-

based monitoring, surveillance cameras, and manual 

reporting, are primarily reactive. By the time a fire is 

detected, significant damage may have already 

occurred. These traditional approaches often fail to 

capture complex interactions between multiple climatic 

and environmental variables that influence fire risk, and 

they are resource-intensive, relying heavily on 

infrastructure and potentially limited by environmental 

conditions. 

The core problem addressed in this project is the lack of 

an automated, reliable, and data-driven system capable 

of predicting forest fires with high accuracy proactively. 

Without accurate predictions, forest management 

authorities cannot efficiently allocate resources, plan 

fire prevention measures, or respond promptly. 

The Forest Fire Prediction System aims to fill this gap 

by utilizing supervised machine learning techniques to 

analyze historical weather and fire occurrence data. It 

focuses on two critical tasks: 

1. Classification Task: Determining whether a 

fire will occur under given environmental 

conditions (binary classification: fire or no fire). 

2. Regression Task: Predicting the Fire Weather 

Index (FWI), which quantifies fire danger levels 

and potential fire intensity. 

Challenges include data variability, imbalanced datasets 

(fire events are rare), the need for real-time predictions, 

and the complexity of integrating multiple data sources 

and models. 

Proposed System The proposed system is a machine 

learning-based web application that predicts the 

likelihood of forest fires using historical data and current 

weather conditions, specifically focusing on Algerian 

regions. It incorporates both regression and 

classification models to estimate the Fire Weather Index 

(FWI) and predict fire occurrences. The system is 

accessible via a Flask-based web interface, allowing 

users to input weather data and receive real-time fire risk 

assessments. 

Key Highlights of the System: 

Data Preprocessing and Analysis: Utilizes Pandas and 

NumPy for data ingestion, cleaning, and preparation. 

Matplotlib is used for exploratory data analysis and 

visualization. 

Feature Engineering: Scikit-learn is employed for 

feature engineering and preprocessing. 

Machine Learning Models: Builds and compares 

multiple ML models for both regression (predicting 

FWI) and classification (predicting fire occurrence). 

Models include Random Forests, XGBoost, Logistic 

Regression, and Support Vector Machines. 

Model Evaluation: Metrics like R² Score for regression 

and Accuracy, Precision, Recall, and ROC curves for 

classification are used. Model optimization is performed 

using Randomized Grid Search CV and Stratified K-

Fold Cross-Validation. 

Deployment: The best-performing model is deployed 

through a user-friendly Flask web application, enabling 

users to input real-time weather data and receive instant 

predictions. 

User Interface: A simple, intuitive interface that can be 

operated by forest officials or disaster management 

personnel without advanced technical knowledge. 

System Architecture and Design : The Forest Fire 

Prediction System is based on a client-server 

architecture, divided into a presentation layer, 

application layer, and data layer, promoting separation 

of concerns for modularity and scalability. 
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Presentation Layer (Frontend): A web interface built 

using Flask, HTML, and CSS allows users to input 

environmental parameters (temperature, wind speed, 

humidity, rainfall). 

Application Layer (Backend): Handles data 

preprocessing and machine learning inference. Pre-

trained models loaded from serialized files generate 

predictions. 

Data Layer (Model & Dataset): Stores static model 

files and the Algerian Forest Fire Dataset used during 

training. 

Data Design: The system uses the Algerian Forest Fire 

Dataset from UCI, containing meteorological data and 

fire events from June to September 2012 (from Bejaia 

and Sidi Bel-Abbes regions). 

Features: Temperature, Relative Humidity (RH), Wind 

Speed (WS), Rainfall (Rain), and Canadian Fire indices 

(FFMC, DMC, DC, ISI). 

Targets: Fire Weather Index (FWI) for regression, and 

a binary "Fire / Not Fire" class for classification. 

Data Preparation: Includes handling null values, 

combining datasets, encoding categorical features, 

standardizing numerical values using StandardScaler, 

and correlation analysis. 

User Interface Design: The UI is minimalistic and 

intuitive, providing a clean form for inputting weather 

metrics, clear field labels, and example values. It 

displays prediction results (fire risk classification or 

FWI score) with interpretive labels. 

Implementation and Technical Aspects The 

implementation phase involves setting up the 

development environment with Python, Flask, scikit-

learn, pandas, numpy, matplotlib, and joblib. Jupyter 

Notebooks are used for model development. 

Data Preparation: The Algerian Forest Fires dataset is 

loaded, cleaned (dropping unnecessary columns, 

addressing nulls, encoding categorical features), and 

split for training and testing. 

Model Training: Machine learning models for 

regression (e.g., Linear Regression, Lasso) and 

classification are trained on the preprocessed data. 

Model Deployment: Trained models are serialized 

(using joblib or pickle) and loaded at runtime by the 

Flask application for real-time predictions. 

Technical Challenges: Ensuring low latency during 

predictions, managing dependencies, maintaining 

compatibility between Python environments, and 

versioning libraries. 

Feasibility Analysis: 

Operational Feasibility: User-friendly interface, 

accessible via web, reduces manual work and human 

error. 

Technical Feasibility: Uses well-known Python 

libraries, lightweight Flask deployment, publicly 

available dataset, and standard hardware requirements. 

Economical Feasibility: Leverages open-source tools 

(no licensing fees), low-cost deployment options, 

minimal maintenance, and low manpower costs due to 

automation. 

Model Evaluation and Results (Inferred from 

project description) The system uses standard metrics 

for model evaluation. For regression tasks, the R² Score 

is used to assess how well the model's predictions 

approximate real-world outcomes of the Fire Weather 

Index (FWI). For classification tasks (predicting fire vs. 

no fire), metrics such as Accuracy, Precision, Recall, 

and ROC curves are employed to ensure robust 

performance, especially considering potential class 

imbalance. 

Model optimization is achieved through techniques like 

Randomized Grid Search CV for hyperparameter tuning 

and Stratified K-Fold Cross-Validation to ensure the 

model generalizes well to unseen data and handles 

imbalanced datasets effectively. The aim is to build an 

accurate, reliable, and deployable model that can assess 

fire risk based on weather features. 

Conclusion The proposed Forest Fire Prediction 

System leverages machine learning to offer a proactive 

and data-driven approach to forest fire detection. By 

integrating historical weather data and fire incidents, it 

provides real-time fire risk predictions through an 

intuitive Flask-based web application. The system 

addresses critical limitations of existing reactive 

methods by offering predictive capabilities for both fire 

occurrence (classification) and intensity (FWI 

regression). Its operational, technical, and economical 

feasibility ensures it can significantly improve fire 
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prevention and management, enabling environmental 

agencies and local authorities to make informed 

decisions and take timely preventive actions, thereby 

minimizing damage to ecosystems, property, and human 

life. 

 

 


