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Abstract

Traffic accidents are a significant global issue, impacting public safety, infrastructure, and the economy.
Predicting these accidents can help in effective decision-making and mitigation strategies. This project
explores the use of Random Forest, a robust machine learning algorithm, for predicting traffic accidents.
By analysing various factors such as road conditions, weather, traffic density, and time of day, the study
aims to identify key features that contribute most to traffic accidents. Feature importance, derived from
the Random Forest model, highlights the variables that have the greatest influence on accident occurrence.
The results provide valuable insights into accident prevention strategies and guide policymakers in making
data-driven decisions for enhancing road safety.

1. Introduction

Traffic accidents remain a significant global issue, affecting public safety, urban development, and the
economy. Predicting traffic accidents accurately can help authorities mitigate risks, optimize traffic
management, and improve overall road safety. Machine learning, especially ensemble methods like
Random Forest, has proven to be an effective tool in predicting traffic accidents based on historical and
environmental data.

Random Forest, a versatile and robust machine learning algorithm, is particularly well-suited for this task
due to its ability to handle large datasets, capture complex patterns, and provide insights into feature
importance. By evaluating the contribution of various features to accident prediction, we can identify the
key factors that influence traffic accidents. These factors could include variables such as weather
conditions, road types, time of day, and traffic density.

By understanding which features most significantly contribute to accident prediction, policymakers, urban
planners, and traffic authorities can take informed actions to reduce accident risks and improve road safety.

2.0Dbjectives

To predict traffic accidents using historical and environmental data.

To identify and rank the features that contribute most to traffic accidents.

To provide actionable insights for policymakers based on feature importance.

3. Methodology

3.1 Data Collection

e Sources of data (e.g., public accident datasets, weather data, traffic density records).
e Variables included (e.g., time, location, weather, road conditions, vehicle type).
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3.2 Data Preprocessing

e C(leaning the data (handling missing values, removing duplicates).

¢ Encoding categorical variables.

e Normalizing or scaling data if needed.

3.3 Feature Selection

e Initial set of features (e.g., weather conditions, speed limits, road type, time of day).
e Techniques used for feature reduction if applicable.

4. Random Forest Algorithm

The Random Forest algorithm is an ensemble learning method that builds multiple decision trees and

merges them together to improve prediction accuracy and control overfitting. It is particularly well-suited

for handling both classification and regression tasks, making it an ideal choice for predicting traffic
accidents based on complex and varied datasets.

4.1 Working of Random Forest

Random Forest operates by creating multiple decision trees during the training phase. Each tree in the

forest is trained on a random subset of the data, selected using bootstrap sampling (i.e., random sampling

with replacement). For each split in a decision tree, a random subset of features is considered, ensuring
that the trees are diverse and independent of each other.

Once all the decision trees are built, predictions are made by aggregating the outputs from each tree. For

classification tasks, the majority vote from all trees determines the final class. In regression tasks, the

average of the individual tree predictions is taken as the final output.

4.2 Key Advantages of Random Forest

e Robustness: Random Forest is less prone to overfitting compared to individual decision trees due to
the averaging of multiple trees.

e Feature Importance: One of the most valuable aspects of Random Forest is its ability to assess the
importance of each feature. This is achieved through metrics like Gini importance or Mean Decrease
in Impurity (MDI), which measure how much each feature contributes to reducing the uncertainty
(or impurity) in the decision-making process of the trees.

o Handling Complex Relationships: Random Forest can capture non-linear relationships between the
features and the target variable, making it suitable for datasets with intricate patterns like those in
traffic accident prediction.

4.3 Feature Importance in Random Forest

Feature importance is a key component of the Random Forest algorithm. It allows us to identify which

features have the most influence on the prediction outcome. There are various methods to calculate feature

importance in Random Forest:

e Gini Importance (Mean Decrease in Impurity): This method calculates the total reduction in the
Gini impurity across all trees in the forest for a given feature. The more a feature reduces the impurity
in a tree, the higher its importance score.

e Permutation Importance: This method measures the change in model performance when the values
of a particular feature are randomly shuffled. A large decrease in accuracy suggests that the feature is
highly important.

By evaluating feature importance, we can prioritize variables such as weather conditions, time of day, or

traffic density in traffic accident prediction models, leading to more targeted interventions and safety me-
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asures.

4.4 Model Training and Hyperparameter Tuning

Random Forest requires setting key hyperparameters such as the number of trees in the forest, the
maximum depth of each tree, and the number of features to consider when splitting nodes. These
hyperparameters can significantly affect model performance, and techniques like cross-validation and grid
search are often used to identify the optimal settings.

Through this approach, Random Forest provides an effective and interpretable solution for traffic accident
prediction, where the feature importance analysis can offer valuable insights for traffic safety
improvements.
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5. Results and Analysis

5.1 Model Performance

Precision, Recall, and F1-Score: These metrics are useful in assessing the model’s performance,
especially when dealing with imbalanced datasets. They can be defined as follows:

e Precision: Proportion of positive predictions that are correct.

e Recall: Proportion of actual positives that are correctly identified by the model.

e F1-Score: Harmonic mean of precision and recall, providing a balanced performance measure.
Classification Report:

precision recall fl-score support

0 027 028 0.27 98

1 035 037 036 109

2 038 035 037 93

accuracy 0.33 300
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macro avg 033 033 0.33 300
weightedavg 033 033  0.33 300
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6. Conclusion

Random Forest algorithm was applied to predict traffic accidents by leveraging various historical and
environmental features. The primary focus was on understanding the feature significance, which plays a
crucial role in identifying the factors that most influence traffic accidents.

The Random Forest model demonstrated its strength in handling large and complex datasets, providing
accurate predictions while also allowing for clear interpretation of feature importance. By ranking the
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features based on their contribution to the model’s decision-making process, it was possible to pinpoint
key elements—such as weather conditions, time of day, traffic density, and road type—that significantly
impact the likelihood of accidents.

The feature importance analysis revealed actionable insights for policymakers, urban planners, and traffic
authorities. For instance, emphasizing certain road safety measures in areas with high-risk features could
reduce accident rates and improve overall traffic safety.

The flexibility and robustness of Random Forest, along with its ability to manage large datasets and
provide feature insights, make it a valuable tool for traffic accident prediction and safety improvements.
Future work could expand on this by incorporating additional data sources or experimenting with other
machine learning algorithms to refine predictions further and provide more comprehensive safety
recommendations.

In conclusion, leveraging feature importance through Random Forest not only enhances prediction
accuracy but also provides meaningful insights that can guide practical interventions to minimize traffic
accidents and enhance road safety.
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