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Abstract. Forest fires are one of the most disastrous natural calamities causing
significant harm to human life and property. Early detection of wildfires is important
to prevent their spread and minimize their damage. Wildfire research is an important
environmental and scientific issue, especially in wildfire-prone regions such as South
Carolina (SC). Machine Learning techniques offer an opportunity to improve wildfire
prevention despite the limited research on forest fires. This application of machine
learning techniques presents an opportunity to enhance forest fire prevention and
control efforts. In this paper, we present a comparative study of four popular ML
methods tree, random forest, k-nearest neighbors (KNN), and support vector machine
(SVM)- for forest fire detection.
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1. Introduction

Forest fires pose significant threats to ecosystems, human health, and economies,
with their frequency and severity increasing due to climate change and human activity.
Accurately predicting these fires minimizes damage and enhances emergency response
efforts. Recent advancements in machine learning (ML) offer promising solutions for
forest fire prediction by leveraging large datasets that include environmental factors
such as weather conditions, vegetation types, and historical fire incidents. This paper
explores using ML algorithms to develop predictive models for forest fires, aiming to
identify key risk factors and improve decision-making in fire prevention and
management [1].

This research seeks to enhance the ability to forecast and mitigate the impact of
forest fires in vulnerable regions by integrating data-driven approaches [9].

2. Methodology
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Figure 1. Machine Learning (ML) Workflow
2.1 Data Collection

Data collection involves gathering key information such as weather data
(temperature, humidity, wind speed), historical fire data (locations and times of past
fires), satellite imagery, and terrain information (elevation and slope). This data forms
the foundation for the model to identify patterns that influence fire occurrence and
behavior [4].
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2.2 Data Processing

The collected data is first cleaned by handling missing or inconsistent values in data
processing. Feature engineering is then performed to create new, meaningful variables,
such as fire risk indices. The data is then normalized and scaled to ensure all features are
in a comparable range, which helps improve model accuracy. Finally, the data is encoded
to convert categorical variables into numerical format [13].

2.3 Machine Learning Algorithm

The ML algorithm is crucial in learning patterns from the processed data to predict
fire risks. Algorithms like Random Forest, Support Vector Machines (SVM), and Neural
Networks analyze features such as weather conditions, vegetation type, and historical
fire data to identify high-risk areas [5]. The selected algorithm helps classify or forecast
fire occurrences based on realtime inputs.

2.4 Model Training

Model training in a forest fire prediction system involves feeding historical data to
the machine learning algorithm to learn patterns related to fire risks. The model adjusts
its parameters through techniques like cross-validation to improve accuracy and avoid
overfitting. This process enables the model to generalize and make reliable predictions
on new data [12][5].

2.5 Model Testing

Model testing in a forest fire prediction system involves evaluating the trained
model on a separate test dataset that it has not seen before. This helps assess the model's
accuracy and performance in predicting fire risks on new, unseen data. The results are
measured using metrics like precision, recall, and F1-score to determine the model's
effectiveness

2.6 Prediction and Evaluation

Prediction and evaluation in a forest fire prediction system involve using the trained
model to predict fire risks based on real-time data. The model's predictions are then
compared with actual outcomes to assess its accuracy and reliability. Evaluation metrics
like accuracy, precision, recall, and F1- score help determine the model's performance
and areas for improvement [6][8].
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3. Workflow For a Forest Fire Prediction Model

A simple example of how a machine learning model for predicting forest fires might
be implemented using Python. The program makes use of the RandomForestClassifier
to predict whether a fire will occur based on environmental features [3][6].

STEP 1: Import the necessary libraries

e pandas: Used to handle data manipulation tasks, such as loading datasets and
manipulating DataFrames.

e train_test split: This helps to split the dataset into two parts: one for training
the model and the other for testing it.

¢ RandomForestClassifier: This is used for classification tasks. It builds
multiple decision trees and combines their results.

STEP 2: Load Data

e data: This line loads the dataset from a CSV file (forest_fire_data.csv). The
dataset contains information about various environmental features (e.g.,
temperature, humidity) and the target variable (whether a forest fire occurred,
labeled as 1 for fire and 0 for no fire).

STEP 3: Data Preprocessing

X = data.drop( , axis=1)

y = data| "t ]

e X: These are the independent variables (the factors that influence the fire
occurrence).
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e Y:Thisis the target variable representing the dependent variable, which is the
outcome (fire or no fire). It is assigned the values from the 'target' column in
the dataset.

STEP 4: Split data into training and testing sets

e X trainandy_train are the features and target variables for training the model.

e X test and y_test are the features and target variables for testing the model
after it has been trained.

STEP 5: Train random forest model

model = RandomForestClassifier(n_estimators=188, random_state=42)

model . fit(X_traln, y_traln)

*  RandomForestClassifier: Random Forest is an ensemble learning algorithm
that uses multiple decision trees to make predictions, improving accuracy and
reducing overfitting

e model.fit(X_train, y_train): This step trains the model using the training data.
The model learns the relationship between the input features (X_train) and the
output target (y_train).

STEP 6: Make Predictions

y_pred model . predict(X_test)

e model.predict(X_test): After training, the model is used to make predictions
on the test set (X _test). The predicted values are stored in y_pred. These
predictions represent whether the model predicts a fire (1) or no fire (0) based
on the input features.

STEP 7: Evaluate Model

; accuracy score(y_test, y_pred))

» classification_report(y_test, y_pred))

e accuracy_score(y_test, y_pred): This calculates the accuracy of the model by
comparing the predicted values (y_pred) with the actual values from the test
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set (y_test). Accuracy is the percentage of correct predictions made by the
model.

e classification_report(y_test, y_pred): This generates a detailed classification
report, which includes precisions and recall.

Using the above algorithm, we can predict whether a forest fire will occur by
collecting and processing the data.

4. Challenges and Limitations

*  Gathering comprehensive datasets, especially in remote forested areas, can be
difficult. Incomplete or missing data can reduce the accuracy of predictions
[11].

e  Models trained on data from one region may not perform well in other areas
due to different climates, vegetation, or geographical conditions. This
imbalanced nature of the data can result in the model failing to predict fires
that occur, which is critical for public safety [2].

e  Many machine learning models, such as deep learning and ensemble methods,
lack interpretability, which makes it difficult for forest rangers, and authorities
to trust and act on the predictions[10].

5. Conclusion

In conclusion, the use of machine learning for forest fire prediction offers a
promising approach to enhancing early warning systems and improving fire
management. ML models can provide valuable insights into fire risk by analyzing
various environmental factors such as weather conditions, vegetation, and historical fire
data. However, challenges like data quality, regional specificity, and model
interpretability must be addressed to improve the reliability of predictions. Additionally,
integrating real-time data and overcoming class imbalances in datasets will further
enhance model performance. Despite these obstacles, ML-based prediction systems
have the potential to significantly reduce the impact of wildfires. Future advancements
in data collection, model adaptation, and computational power will strengthen these
systems. Ultimately, ML holds the key to more proactive and efficient forest fire
management.
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