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Synopsis

Tropical cyclone genesis is a complex phenomenon influenced by various

environmental factors, including temperature, surface pressure, humidity, and vertical

wind shear. Due to its chaotic and nonlinear nature, accurate prediction remains a

significant challenge. This study leverages machine learning techniques to identify key

factors associated with tropical cyclones in the northeastern Pacific Ocean. Machine

learning excels at extracting meaningful patterns and relationships from large datasets,

enabling the discovery of previously unrecognized connections. We utilized a

supervised learning approach, focusing on areas of active convection identified by

Outgoing Longwave Radiation (OLR) data. To ensure physical interpretability and

support domain-relevant insights, the modeling framework emphasizes transparency in

feature contributions and decision boundaries. Specifically, we employed the XGBoost

algorithm—a gradient boosting method well-suited for structured data analysis and

feature-based classification tasks. By analyzing historical meteorological data, the

model aims to determine the most influential parameters contributing to tropical cyclone

formation, while maintaining a balance between predictive performance and scientific

interpretability.
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Fig. 1: This figure shows the confusion matrix

for this analysis. The upper-left cell
represents True Negative (TN), where the
prediction "No" matches the ground truth. The
upper-right cell represents False Negative
(FN), where the prediction "TC" mismatches
the ground truth. The bottom-left cell
represents False Positive (FP), where the
prediction "No" mismatches the ground truth.
Lastly, the bottom-right cell represents True
Positive (TP), where the prediction "TC"
matches the ground truth.

Weight

Fig. 2: The top five weights of the model's
discriminator. The weights are normalized to sum
to 100.
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