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Abstract—A tropical cyclone is a robust weather system that
affects human daily life. Accurate and rapid tropical cyclone
forecast can guide human disaster prevention and mitigation
work against tropical cyclones. The mainstream tropical cyclone
forecasting method is numerical forecasting, which requires
abundant prior knowledge and luxurious calculation. Nowadays,
machine learning methods have received increasing attention
for they can overcome these disadvantages. However, existing
machine learning methods usually ignored some potential factors
due to they mainly concentrated on one aspect of the tropical cyclone forecast. This letter proposes a multitask machine learning
framework to forecast tropical cyclone path and intensity, which
possesses two modules: one is the prediction module, the other is
the estimate module. We use an improved generative adversarial
network as the prediction module to predict the tropical cyclone
spatial data at a certain moment in the future. Then, we use
two different deep neural networks as the estimation module to
extract the position and intensity from the generated prediction
data. The method we propose is a general and relatively accurate
tropical cyclone forecast method. We reach a 24h path forecast
error of 116km and a 24h intensity forecast error of 13.06kt.
Index Terms—Tropical Cyclone Forecast, Generative Adversarial Network, Wasserstein Distance.

I. INTRODUCTION

T

ROPICAL cyclones are cyclonic circulations that occur
over the sea in tropical and subtropical regions. It is a
complicated and severe weather system. The power release of
a mature tropical cyclone can reach the level of one hundred
terawatts, which will bring a series of meteorological disasters
such as gale, storm surge, and heavy rain. Therefore, accurate
and rapid forecasting of tropical cyclone indicators can help
guide human disaster prevention and mitigation work against
tropical cyclones. It also has important implications in the
scientific use of tropical cyclones. Among all the indicators,
position and intensity are the most crucial indicators.
The forecast of tropical cyclone path movement is usually
based on a general and accurate understanding of tropical
cyclone motion. This law is affected by many complex factors,
such as large-scale weather patterns, sea level, and atmospheric
temperature, land topographic characteristics, the structure
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and intensity of tropical cyclones, so it is very difficult to
accurately describe it with existing models [1]. Furthermore,
forecasting the intensity of tropical cyclones is more difficult
than forecasting the path. Researchers believe that this is
because the physical process that causes the intensity changement of tropical cyclones is so complicated that we process
little knowledge of it [2]. These two factors affect each other
during tropical cyclone development, so it’s challenging but
significant work to combine these two tasks together.
In this letter, we proposed a framework that can give
a quick and reliable forecast of tropical cyclone path and
intensity based on the infrared image. The framework has a
prediction module to predict the future spatial data of tropical
cyclones and an estimation module to determine the value of
the indicator from the predicted result. We set a retrospective
CycleGAN [3] using Wasserstein loss [4] in the prediction
module. Then in the estimation module, we build a new model
called TIENet to predict the intensity and use TCLNet to
predict position. Our work achieves an average 6-hour path
forecast error of 61km and an average 24-hour path forecast
error of 116km, while our 6-hour intensity error and 24-hour
intensity forecast error respectively reach 14.20kt and 13.06kt.
These results are produced with the last 24 hours data within
less than 10 seconds. In addition, the path forecast error is 10%
better than Rüttgers’ work [5], which has the best precision
in existing models. It is also a flexible framework. On one
hand, the input can be not only the infrared images but also
satellite images, meteorological reanalysis data. On the other
hand, the output can be diverse with different tropical cyclone
data analyse models. The overview of the forecast framework
is shown in Fig 1. Briefly, our work has several distinct
contributions as follows:
• First, the framework consisting of three networks provides
a one-step solution which can forecast the path and
intensity of tropical cyclones at the same time.
• Second, we combine retrospective CycleGAN [3] with
Wasserstein loss [4], which strengthens the adversariness
between the generator and discriminator. This helps obtain high-similar results to the ground truth. This new
network can also be used in the area of predicting video
frames.
• Third, the TIENet can be a new tool for tropical cyclone
image interpretation.
II. RELATED WORK
We survey the development of neural network methods
used in the tropical cyclone forecast and generative adversarial
networks. Here are some details.

