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Tropical cyclone surface wind retrieval using geostationary infrared
satellite imagery and the pix2pix GAN algorithm

Bokyung Kong!, Chang—Hoi Ho!? Jinwon Kim?, Dasol Kim?, Seong—Hee Won*

!School of Earth and Environmental Sciences, Seoul National University
“Department of Climate and Energy Engineering, Ewha Womans University
*Department of Environmental Engineering, Seoul National University of Science and Technology

“National Typhoon Center, Korea Meteorological Administration

An artificial intelligence (AI) model based on the image—to—image translation with conditional generative adversarial
network (pix2pix GAN) algorithm was developed to estimate the surface wind speed of tropical cyclones (TCs) over the
western North Pacific on the basis of infrared channel imagery from a geostationary satellite, Brightness temperatures from
three infrared (IR) channels as well as their differences, a total of five variables, from the Japan Aerospace Exploration
Agency Himawari—8 and 9 satellites were used as input data for training, validation, and test for 194 TCs during the
period 2016-2023. Surface wind distributions from two polar—orbiting satellites, Soil Moisture and Ocean Salinity and
Soil Moisture Active Passive, were used as the ground truth. Since the surface winds of TCs are largely influenced by
their moving speed, the Al model was trained after standardizing the direction of movement of the TCs to the north
(azimuth 0 degrees) to eliminate directional differences. This study demonstrates the potential of using only geostationary
satellite data to accurately estimate the surface wind speed of TCs, providing a valuable technology that can be utilized

in operational weather forecasting.

Key words: tropical cyclone, surface wind speed, geostationary satellite, pix2pix GAN, Soil Moisture and Ocean
Salinity (SMOS), Soil Moisture Active Passive (SMAP)
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Ontogeny of dwarf tropical cyclones in the western North Pacific

Seungwoo Yoo!, Chang—Hoi Ho'?, Minhee Chang?, Jinwon Kim?, and Chang—Hyun Yoo?

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

*Environmental Planning Institute, Seoul National University

Tropical cyclones (TCs) typically form under weak environmental deep—layer wind shear (200-850 hPa) of less than
10 m s7%; it has been observed that some TCs develop in the presence of much stronger vertical shear. This study has
investigated the statistical and dynamical properties of dwarf (i.e., shallow) TCs formed in conditions of strong shear
at the time of genesis, by analyzing 444 TCs over the western North Pacific for the period 2003-2022. Compared to
TCs generated in weak—shear environments, dwarf TCs generally had shorter lifetimes and weaker peak intensities, and
neither the underlying sea surface temperatures nor their geographical locations compensated for the strong shear. The
dynamics governing the genesis of dwarf and non—dwarf TCs were compared by analyzing the terms in the azimuthally—-
averaged tangential wind tendency equation. The shallow structure of dwarf TCs is induced by the suppressed mean
upward transport of tangential winds in the upper troposphere and the enhanced mean outward transport of vorticity
in the mid-troposphere. Reduced vertical motion near the center above 500 hPa and radial outward motion near 500
hPa in the former and latter terms, respectively, limit the height of the secondary TC circulation to ~500 hPa. However,
for the dwarf TCs, the counterpart eddy terms constitute a larger portion of the tendency equation than for the others.
The present results indicate the importance of both axisymmetric and asymmetric forces in the genesis of TCs, despite

high wind shear. Further work to clarify the dynamical aspects of the pre—genesis evolution of dwarf TCs is underway.

Key words: Tropical cyclone, dwarf tropical cyclone, tropical cyclogenesis, vertical wind shear, tangential wind

tendency equation
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