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Estimating and analyzing tropical cyclone structure by
satellite imagery utilizing deep learning model
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Abstract

The estimation and analysis of tropical cyclone (TC) structure are very important for typhoon research and
disaster prevention. However, due to observational limitations, the best track data analyzed by JTWC and NHC
provide more complete typhoon structure parameter estimations only after 2004. To develop an objective and globally
consistent typhoon structure analysis method, this study uses deep leaming to establish a model which can estimate
typhoon structure using satellite observation data. It is expected that this model can help solve the problem of
insufficient temporal and spatial resolution of typhoon structure observations.

This study uses the convolutional neural network (CNN) to build a deep learning model to estimate the
axisymmetric radial wind speed profile from infrared satellite imagery. Since CNN is a supervised learing algorithm,
labeling data are required to compute the loss function and train it. Therefore, this study first uses the structural
parameters of the best track data and a physically-based parametric wind model to estimate the axisymmetric wind
speed structure of the typhoon, and use ERAS reanalysis data to correct the outer wind field. Using this set of labeling
data, we train the CNN model with the data from 2004 to 2016. Independent verification of the 2017-2018 typhoons
using ASCAT and SAR sea surface wind observations shows that the deep learning model can reasonably estimate



the typhoon structure, and the average absolute error of intensity and storm radius are 848 kt and 44.5 km,
respectively.

Finally, we used this objective and stable method and the global satellite observation data from 1981 to 2003 to
reconstructed a long-term reanalysis dataset of the typhoon structure for the past 40 years. Using this dataset, this study
will analyze the error distribution of this method under different environmental conditions. Besides examining the
capability of this model in estimating typhoon structure, and the feasibility of applying this model in real-time typhoon
structure estimation in the future will be assessed.
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