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Operational tropical depression detection using deep learning and
geostationary satellites

Ingyu Park!, Chang—Hoi Ho'?

!School of Earth and Environmental Sciences, Seoul National University
’Department of Climate and Energy Systems Engineering, Ewha Womans University

As tropical depressions (TDs) have the potential to develop into tropical cyclones, it is crucial to rapidly
detect and accurately identify their center location. However, operational forecasters face difficulties due to
the disorganized and unclear cloud structures of TDs. This study presents a deep learning model that can
automatically detect TDs and estimate their center locations at 10-minute intervals using geostationary
satellite imagery over the western North Pacific. The model’s ground truth data consists of two-
dimensional Gaussian density maps based on the center locations of TDs, obtained from best track data
from the Korea Meteorological Administration (KMA), the Joint Typhoon Warning Center, and the Regional
Specialized Meteorological Centre Tokyo, along with KMA real-time analysis data. Multi-channel infrared
(8.6,10.4,11.2,and 12.4 um) and water vapor (6.2, 6.9, and 7.3 um) imagery from Himawari-8/9 and GEO-
KOMPSAT-2A satellites were used as model inputs. A deep learning model with a U-Net architecture, which
incorporates inception modules, was trained to generate density maps. The maximum value of the density
map indicates the location of the TD center, and TD occurrence is determined by comparing this value with
a specific threshold (0.24). The 2015-2024 dataset was divided into 7 years for training (2015-2021),
2 years for validation (2022-2023), and 1 year for testing (2024). During the testing period, the model
demonstrated excellent detection performance with 100% precision and 88.9% recall. Center position
errors for detected cases were evaluated using the Haversine formula, with the results of 11.1, 24.1, 39.6,
64.8, and 95.7 kmat the 10th, 25th, 50th, 75th, and 90th percentiles, respectively. This model demonstrates
excellent performance in TD detection and position estimation, and is anticipated to be a valuable tool
in enhancing operational real-time TD monitoring systems by providing rapid information at 10-minute
intervals.
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