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ABSTRACT

In the face of escalating climate changes, typhoon intensities and their ensuing
damage have surged. Accurate trajectory prediction is crucial for effective damage
control. Traditional physics-based models, while comprehensive, are computa-
tionally intensive and rely heavily on the expertise of forecasters. Contemporary
data-driven methods often rely on reanalysis data, which can be considered to be
the closest to the true representation of weather conditions. However, reanalysis
data is not produced in real-time and requires time for adjustment because pre-
diction models are calibrated with observational data. This reanalysis data, such
as ERA5, falls short in challenging real-world situations. Optimal preparedness
necessitates predictions at least 72 hours in advance, beyond the capabilities of
standard physics models. In response to these constraints, we present an approach
that harnesses real-time Unified Model (UM) data, sidestepping the limitations
of reanalysis data. Our model provides predictions at 6-hour intervals for up to
72 hours in advance and outperforms both state-of-the-art data-driven methods
and numerical weather prediction models. In line with our efforts to mitigate
adversities inflicted by typhoons, we release our preprocessed PHYSICS TRACK
dataset, which includes ERA5 reanalysis data, typhoon best-track, and UM forecast
data.

1 INTRODUCTION

As global warming accelerates, the intensity of typhoons is on the rise (Walsh et al., 2016; IPCC,
2023). Accurate typhoon trajectory prediction is of paramount importance to allow enough time for
emergency management and to organize evacuation efforts. This warning period is more critical
in countries that lack sufficient infrastructure to forecast typhoons. Many nations utilize numerical
weather prediction (NWP) models for typhoon trajectory forecasting and base their typhoon pre-
paredness measures on this forecasting information. NWP models make predictions for atmospheric
variables like geopotential height, wind vectors, and temperature using atmospheric governing equa-
tions. Forecasters employ the specific characteristics of typhoons in their NWP output to infer the
typhoon trajectory.

However, interpreting the outputs of NWP models depends on the expertise of the forecasters, as well
as the use of other specialized tracking algorithms, such as the European Centre for Medium-Range
Weather Forecasts (ECMWF) Tracker (Bi et al., 2023; Lam et al., 2022). To address these issues, data-
driven typhoon trajectory prediction methods have been proposed (Huang et al., 2023; Rüttgers et al.,
2019). Additionally, methods to generate reanalysis data for applying ECMWF Tracker (ECMWF,
2021) have also emerged (Pathak et al., 2022; Espeholt et al., 2022; Lam et al., 2022; Nguyen et al.,
2023). Yet, they possess the following limitations: Weather forecasting typically uses the ECMWF
ReAnalysis-v5 (ERA5) (Dee et al., 2011) data for training and inference. However, ERA5 data goes
through post-correction processes, including data assimilation based on NWP forecast data. As a
result, although ERA5 data shows high accuracy, it is not accessible until 3-5 days after the typhoon.
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Figure 1: Visualization and comparison of the UM and ERA5 data at pressure levels of 250, 500,
and 700 hPa, along with a difference map of two datasets. The u-wind and v-wind represent zonal
wind and meridional wind, respectively. The UM forecast data is at a lead time of +72 hours, and the
ERA5 data corresponds to that forecasted time. This analysis covers the Western North Pacific basin,
with latitudes ranging from 0 to 59.75°N and longitudes from 100°E to 179.75°E.

Consequently, they are unsuitable for real-time tasks like typhoon trajectory prediction. In addition,
existing data-driven real-time trajectory prediction models (Huang et al., 2022) restrict their forecasts
to less than 24 hours. This considerably shorter prediction window, compared to the NWP models,
makes them incapable of planning effective damage control for typhoons.

For data-driven typhoon trajectory prediction, the dataset known as Best Track (Knapp et al., 2010)
has been a cornerstone. Documenting the intensity and central points of typhoons, its records extend
back to 1950. Correspondingly, the ERA5 reanalysis data, which provides invaluable insights as an
additional physics-conditioned dataset, is accessible for the same time range. In contrast, the Unified
Model (UM) (Brown et al., 2012) dataset is produced in near-real time, including geopotential height,
wind vectors, and other atmospheric variables using primitive equations such as the conservation
of momentum, mass, energy, and water mass. However, the UM dataset inherently has several
limitations.

The UM data records only include data from 2010 to the present. Furthermore, while the UM dataset
adheres to physical formulas, it does not guarantee an exact representation of real-world values and
can have potential errors (Brown et al., 2012). Figure 1 and Table 1 compare the UM dataset with
ERA5. As illustrated, the UM data significantly differs from ERA5 in several areas. Meanwhile, as
Table 1 reveals, while the UM data has only a 3-hour data acquisition delay, it exhibits larger errors.

In this study, we address these issues by introducing a Long-Term Typhoon Trajectory Prediction
method (LT3P). LT3P primarily consists of two components: a physics-conditioned encoder and
a trajectory predictor. The first component, the physics-conditioned encoder, encodes influential
variables representing the typhoon’s trajectory and intensity. In this initial phase, we harness three
atmospheric variables—geopotential height, zonal, and meridional wind—across three pressure levels
(700, 500, and 250 hPa) sourced from the ERA5 dataset. After this, all network parameters are frozen.
The next step exclusively focuses on the bias corrector from UM data to ERA5. This correction
process is fine-tuned on UM’s geopotential height and wind vector data from pressure levels 250, 500,
and 700 — available since 2010 — combined with the Best Track dataset. The second component,
the trajectory predictor, accepts the typhoon’s central coordinates as input and forecasts its trajectories
for the future 72 hours. Features from the physics-conditioned encoder are cross-attended within this
trajectory predictor, facilitating precise physics-conditioned typhoon trajectory predictions.

Three primary contributions can be summarized:

• We propose, for the first time, a real-time +72 hours typhoon trajectory prediction model without
reanalysis data.

• We provide the preprocessed dataset PHYSICS TRACK, and training, evaluation, and pretrained
weights of LT3P.

• In the +72 hours forecast, we achieved state-of-the-art results, outperforming the NWP-based
typhoon trajectory forecasting models by significant margins.

2


	INTRODUCTION
	RELATED WORK
	Trajectory Prediction
	Typhoon Trajectory Prediction

	METHOD
	Preliminaries
	Pre-Training on ERA5 Dataset
	Bias correction & Typhoon Trajectory Prediction

	Evaluations
	Experimental Settings
	Experimental Results
	Ablation Study

	Conclusion
	Appendix
	Trajectory Predictor Implementation details.
	Inference in Other Types of Tropical Cyclones
	Failure Case Analysis.
	Temporal Correlation Coefficient
	More Details of Ablation Study
	Limitation and Future Work
	Qualitative Experiment Results of LT3P


