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Abstract Accurate forecasts of near-landfall TC characteristics (direction, translation speed, and intensity)
are essential for timely disaster preparedness. Using best-track data (1951-2023), this study reveals a significant
pre-landfall acceleration of TCs along the South China coast, with translation speed increasing by 35.5% and
16.4% during the 24 hr prior to landfall for eastbound and westbound cases, respectively. This acceleration is
primarily contributed by the normal component of the translation vector. For westbound TCs, translation speed
and its normal component increase with intensity, particularly at typhoon strength and above. Numerical
simulations and diagnostic analyses attribute the acceleration to horizontal advection and diabatic heating,
primarily driven by land-induced asymmetric flow and convection. These findings strengthen the current
understanding of TC motion dynamics and support more effective disaster prevention and mitigation strategies
as TCs approach coastal regions.

Plain Language Summary Changes in the translation speed of tropical cyclones (TCs) pose great
challenges in disaster preparedness. Specifically, the normal and parallel components of TC translation vectors
relative to coastal orientation are strongly associated with landfall time and location, respectively. However,
little is known about the processes that could lead to short-term changes in each of these two components. This
study finds that landfalling TCs tend to accelerate as they approach the South China coast, with the main
contribution to this acceleration coming from the component of the TC motion normal to the coastline. The
acceleration is primarily driven by land-induced asymmetric flow and convection. Understanding the
mechanism responsible for these changes in the two components of the TC translation speed is critical for
predicting landfall time and location, thereby improving disaster preparedness in the region.

1. Introduction

Tropical cyclones (TCs) that approach the coast pose a great threat to life and property. A good prediction of the
evolution of TC characteristics, such as intensity, motion direction, translation speed, and rainfall distribution,
would help to reduce the loss of life and minimize the damage. Particularly, the translation speed is one of the
most important characteristics of TC due to the fact that the local TC rainfall usually increases with rain rate near
the center and decreases with translation speed (Emanuel, 2017; Risser & Wehner, 2017).

TC translation speed has received much attention after a global slowdown with global warming was reported by
Kossin (2018). He also suggested that slowdown of TCs would ultimately result in the increase of local rainfall in
a warming climate. However, such finding and implication are still arguable due to the inhomogeneity of the
observed best-track data from the pre-satellite to the post-satellite era (Chan, 2019; Lanzante, 2019; Moon
etal., 2019). Yamaguchi et al. (2020) further showed that global TCs did not move slowdown in the past, and their
mean translation speed could increase with global warming but would decrease as TCs move into the extratropic.
Moreover, some studies also revealed the interannual and multidecadal variability of translation speed of TCs
over the western North Pacific and the South of China Sea and most of them attributes these to the large-scale
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steering flow and the variations of sea surface temperature (Guo et al., 2023; Shan et al., 2023; Wang et al., 2020;
Wuet al., 2022). Although these studies have greatly enhanced our comprehension of TC translation speed and its
attributions, they primarily concentrate on the long-term changes, interannual and interdecadal variations of TC
translation speed across the entire ocean basin. On the other hand, the understanding of short-term (i.e., hour-to-
day timescales) changes in translation speed during TCs landfall, which is crucial for effective disaster pre-
paredness efforts especially in highly-populated coastal areas (e.g., the South China coast), is still relatively
limited.

Our previous study revealed that TCs globally tend to accelerate as they approach the coast, with land effects
potentially being one of the dominant driving factors (Zhong et al., 2025). Although a universal acceleration
characteristic of landfalling TCs has been identified, the influence of coastline orientation on TC motion remains
unclear, given the substantial differences in coastline orientation across regions and basins globally. For example,
the coastlines of Japan and the eastern coastline of North America are primarily oriented southwest to northeast,
those of eastern China and Vietnam are oriented north to south, and the eastern North Pacific coastlines exhibit a
southeast to northwest orientation, with the South China coastline also following a southwest to northeast
orientation.

In particular, landfalling TCs along the South China coast exhibit behavior that deviates from the globally
averaged characteristic, owing to the coexistence of distinct track types and their strong coupling with the
coastline orientation (Chan et al., 2004; Huang et al., 2025; Wu et al., 2022). On the one hand, some TCs form
locally over the South China Sea and move eastward or westward to make landfall along the South China coast.
On the other hand, TCs originating in the western North Pacific often first make landfall over the Philippine
archipelago before reentering the South China Sea, where they may reintensify and subsequently make landfall
along the South China coast.

As the South China coast experiences the highest number of landfalling TCs along the East Asia coastline, with an
annual average of six to seven landfalling events (Sajjad & Chan, 2019), both coastline orientation and regional
geographic characteristics strongly influence TC tracks and motion near landfall. Understanding the physical
mechanisms governing changes in TC movement near landfall is therefore critical for improving predictions of
landfall location and timing. In this study, rather than re-establishing the existence of landward acceleration, we
introduce a coastline-based coordinate system to systematically decompose TC translation into components
normal to the coast and alongshore, with the aim of investigating how these components are modulated by
coastline orientation and regional geographic characteristics.

This paper is organized as follows. Data and methods are described in Section 2, including a brief overview of the
TC best-track data, TC selection criteria, algorithms for calculating TC translation speed and acceleration, model
configuration and experimental design, and potential vorticity tendency (PVT) method. The results are presented
in Section 3. Some concluding remarks and discussion are given in Section 4.

2. Data and Methods
2.1. TC Best-Track Data and Selection Criteria

The latest version of International Best Track Archive for Climate Stewardship (IBTrACS, v0401) data set is used
in this study, which combines TC information from various meteorological agencies all over the world (Knapp
et al., 2010). The IBTrACS includes many TC characteristics such as center location (latitude and longitude),
maximum sustained wind speed (MWS), minimum central pressure, motion direction, translation speed, landfall
condition, and distance to land at current location and so on. The time resolution of the data is 3 hr and the center
location has a resolution of 0.1° latitude X 0.1°longitude. The landfall condition provides the minimum distance to
land between the current location and the next (usually 3 hr), which can be used to identify the landfalling TCs and
to determine the landfall time and location. The TC best track records for the period 1951-2023 are used in this
study and 195 TCs making landfall along the South China coast are selected during this period. The selected TCs
must have a peak intensity>17.2 m/s (i.e., tropical storm intensity) and lifetimes longer than 24 hr before landfall.

2.2. Coordinate Transformation and the Decomposition of Translation Speed

To investigate the characteristics of near-landfall TCs motion in relation to the orientation of the coastline, the TC
motion direction in the earth-based coordinate system is transformed into a coastline-based coordinate system
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following Chan et al. (2004). Considering that the south China coast is approximately east-northeast (ENE)—west-
southwest (WSW) oriented (Figure S1ain Supporting Information S1), about 72° from true-north bearing (0° in the
earth-based coordinate system), the northward (southward) direction in the coastline-based coordinate system is
defined as 342° (162°) and the eastward (westward) is 072° (252°) relative to the earth-based coordinate system.
Based on the coastline coordinate system, a TC translation vector can be divided into normal and parallel com-
ponents, which are named the TC normal-to-coast and alongshore speeds. For a TC translation speed V() at time z,
its normal-to-coast speed Vy(#) and alongshore speed Vp(#) components of translation speed are given as follows:

Vy(®) = V() X Cos(r) ey

Vp(t) = V(©) X Sin6(r) @)

where the 6(¢) is the angle of the TC moving direction in the coastline-based coordinate system (see Figure 1). A
positive value of Vy(f) means that the TC is moving toward the south China coast. Similarly, a positive value of
Vp(f) means that the TC is moving eastward (northeastward in the earth-based coordinate system) along the
coastline. Moreover, the linear regression analysis is used to calculate the trend of TC translation speed and their
changes. Statistical significance is based on the p-value of the Student's #-test.

2.3. Model Configuration and Experiment Design

Numerical simulations are carried out using the idealized TC configuration of WRF version 4.0 (Skamarock
et al., 2019), with idealized TCs simulated on an f-plane under a constant Coriolis parameter of 5.0 X 107> s
The model is configured with a double-nested domain, with outer and inner domain sizes of 4,000 X 4,000 km and
2,000 x 2,000 km, respectively, and horizontal resolutions of 10 and 5 km. Double periodic boundary conditions
are used in the outer inner domain. The model has 26 vertical layers and the model top is set at 25 km. Additional
information on the model configuration and physical parameterization schemes used in the simulation can be
found in Table S1 of Supporting Information S1.

To initialize the simulations, an axisymmetric vortex with a surface maximum tangential wind speed of 15 m s~

and an RMW of 82.5 km is placed at the center of the domain, representing a weak tropical disturbance and
allowing the TC to develop freely and stably from the initial conditions. For this vortex initialization, the
environmental moisture, temperature profile, and wind from the Jordan sounding are used. But the sea surface
temperature remains constant at 28.5°C thought the simulations.

Two experiments are conducted with the different choses of land use types. Experiment 1 (EXP1), referred to as
the control experiment, has the model domain configured with a combination of rectangular sea and land surfaces.
The land use types of Dryland Cropland and Pasture are 800 km west of the domain center. In contrast,
Experiment 2 (EXP2) is configured with only land use types of sea surface. In both experiments, the initial vortex
—1 —1

is embedded in a uniform easterly steering flow of 1 ms™!, withu=—1ms™' andv=0ms""', applied throughout
the entire model domain and vertical column, directing the flow toward the western side of the domain. The
purpose of using a weak steering flow, rather than a strong one, is to isolate and assess the significant impact of
land on changes in the translation speed of a tropical cyclone (TC), as a strong steering flow might obscure the
effects of land. Additionally, the use of an easterly steering flow allows for the examination of the influence of

coastline orientation on the acceleration of a landfalling TC.

2.4. Potential Vorticity Tendency (PVT) Method

The PVT method is used to diagnose the effects of land surface on changing the TC translation speed (Chan
et al., 2002; Wu and Wang, 2000). The PVT equation is given as follows:

(%) =<£> +C-VP, 3)
o), \or),

where subscript 1 denotes the wavenumber-1 component of the PVT and subscripts m and frepresent the moving

and fixed reference frames relative to the TC center, respectively. V the Hamilton operator, C the translation
speed of a TC, and P, the symmetric component of PV (P).
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Figure 1. Time series of the mean translation speed for all landfalling TC and their linear trends. (a, b) the translation speed
V() relative to the earth-based coordinates; (c, d) the normal-to-coast Vy(#) component and (e, f) the along-coast Vp(r)
component of translation speed relative to the coastline-based coordinate. The left and right columns represent are for eastbound
and westbound TCs respectively. The red dashed lines show the linear trends of the mean translation speed. Gray shading
represents the two-sided 95% confidence boundary of the linear trend. The times are presented in hours relative to landfall time
(00 hr), with negative meaning hours before TC landfall. Note that the negative for the alongshore speed shown in Figure 1f
means the TC are accelerating westward (southwestward in the earth-based coordinate system) along the coastline.
In the PVT equation, the PV is given as follows:
oP — oP 17 _do,
—| =AN|-V, - V,P—w—+—--V—+R|, 4
(at)u 1( S = p dt ) @
where P, Vh) w and 6, represent the potential vorticity, horizontal wind vector, vertical velocity, and virtual
potential temperature, respectively. This PV equation is used to quantitatively determine the relative contributions
of various physical processes to the TC translation speed, such as horizontal advection (HA), vertical advection
(VA), and diabatic heating (DH). More details on the calculations of PVT and its various terms can be found in the
study by Wu and Wang (2000).
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Figure 2. Changes of mean translation speed for different TC intensities for westbound TCs. (a) Translation speed in the earth
coordinates; (b) the normal-to-coast and (c) along-coast components of translation speed in the coastline-based coordinates.
3. Results
3.1. Time Changes in TC Translation Speed
In order to distinguish the differences in TC motion direction, the TC tracks are first divided into eastbound and
westbound paths. An eastbound (westbound) TC means that the landfall location is to the east (west) of the TC
ZHONG ET AL. S5of9
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Figure 3. Time series of the translation speed for a simulated landfalling TC
and their linear trends. (a) The translation speed V() relative to the earth-
based coordinates; (b) the normal-to-coast V) (#) component and (c) the along-
coast Vp(t) component of translation speed relative to the coastline-based
coordinate. In each panel, solid blue and red lines represent potential vorticity
tendency speed and location (LOC) translation speed at 6-km height,
respectively. Light shading represents the two-sided 95% confidence boundary
of the linear trend. Dashed lines indicate the linear regression of the translation
speed with the time before landfall.

coast and then making landfall.

The time changes of the mean translation speed for the two categories of TCs
show highly significant increases of TC translation speed (Figures 1a and 1b),
being 35.5% and 16.4% in the 24-hr period for the eastbound and westbound
TCs respectively (Table S2 in Supporting Information S1). Overall, this ac-
celeration mainly begins around 24 hr before landfall along the South China
coast, while TCs during the 72-24 hr period prior to landfall do not exhibit
any acceleration (Figure S3 in Supporting Information S1).

Although acceleration is observed in both the TC normal-to-coast and
alongshore speeds, the former is significantly greater than the latter
(Figures 1c—1f). Specifically, the normal-to-coast speed increases by 43.0%
and 16.2% in the eastbound and westbound TCs (Table S2 in Supporting
Information S1), respectively, and the tendencies are similar to those of the
total TC translation speed. These results indicate that landfalling TCs
generally accelerate toward the coast, with the primary contribution to this

acceleration arising from the normal component of their translation vector.

3.2. Relationship Between TC Translation Speed and Intensity

Previous studies have suggested that the TC translation speed may be related
to its maximum wind speed, with an increase in translation speed with in-
tensity if the TC is weaker than typhoon intensity (Mei et al., 2012; Zhang
et al., 2020). However, they focused mainly on the influence of translation
speed on the peak intensity of TCs over the open ocean and do not consider
landfalling TCs. The changes in translation speed and acceleration for
different intensity TCs are therefore further examined. Only the westbound
TCs are studied because the number of eastbound TCs is too small for further
classification. Our definition of TC intensity classification is similar to that in
Zhang et al. (2020), but the classification is based on the current intensity.
Given the current intensity of TCs varying with time, the total number for
each category of TCs changes with the time. In general, the translation speed
of the westbound TCs range from 2 to 7 m/s (Figure 2a), with a gradual in-
crease in translation speed with intensity, but a relatively larger increase
to >5 m/s at typhoon intensity or above. Most of this increase is in the
alongshore speed (Figure 2¢) and the variations in the normal-to-coast speed
with intensity are relatively small (Figure 2b).

3.3. Effect of Land-Sea Contrast on the Translation Speed of a
Simulated TC

To explore the underlying physics of acceleration toward the shore in land-
falling TCs, we simulate two idealized TCs, both of which move toward the
western side of the domain. In Experiment 1 (EXP1), the TC translation
speed, that is, calculated based on the center locations, increases with sta-
tistical significance as it approaches the coastline (Figure 3a). Specifically,

this acceleration of the landfalling TC is primarily attributed to the normal component of the translation speed
rather than the parallel component (Figures 3b and 3c). In contrast, Experiment 2 (EXP2) shows that no accel-

eration occurs as the TC moves into an area without land (Figure S4 in Supporting Information S1). These results
suggest that the land effect indeed contributes to the landward acceleration of the TC as the TC approaches land.
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at (a) 18 h prior to landfall (—18 hr) and (b) At the time of landfall (00 hr). The magnitude of the reference vector is 3 m s7h

Next, we further calculate the PVT translation speed and its normal and parallel components for the landfalling
TCs in EXP1. The increasing trend of the PVT speed and its two components is consistent with the trend in
location speed, with the main contribution to acceleration coming from the normal component of the translation
speed (Figures 3a—3c). A diagnostic analysis of the PVT demonstrates that the HA and DH vectors increase as the
TC approaches the coastline, both of which contribute to the increase in the normal component of PVT vector. In
comparison, the contribution of VA is relatively small (Figures 4a and 4b). It is worth noting that although the
individual contributions to PVT can vary with height, the retrieved PVT vectors at different levels are typically
very similar. This is because the TC vortex generally maintains a vertically coherent structure, and the PVT
velocity at each level represents the vector sum of contributions from the different governing processes (Wu and
Wang, 2000).

These results, consistent with several studies, suggest that even in the absence of large-scale steering flows, land-
induced asymmetric flow and convection can modulate the HA and DH components of PVT in a coupled manner,
thereby affecting the motion of a TC near landfall (Au-Yeung and Chan, 2010; Szeto & Chan, 2010; Wong &
Chan, 2006).

4. Summary and Discussion

This study not only investigates short-term changes in TC translation speed before landfall but also examines
changes in the normal and parallel components of TC translation vectors relative to the orientation of the South
China coast. On the average, all landfalling TCs show highly significant increases in translation speed, with the
primary contribution to the total acceleration coming from the normal component of the translation vector. Based
on the forward difference in translation speed, the changes in normal-to-coast accelerations for eastbound and
westbound TCs are similar to those of total acceleration. Meanwhile, there is a gradual increase in translation
speed of the westbound TCs with intensity, especially for typhoon intensity or above. However, the magnitude of
normal-to-coast acceleration for westbound TCs does not depend on TC intensity. These results indicate that TCs,
particularly as they move landward, accelerate toward the coastline 24 hr before making landfall, and the
magnitude of TC landward acceleration is independent of intensity category.

In summary, although the TC motion is significantly influenced by the environmental steering flows (Chan, 2005;
Chan and Gray, 1982), the physics responsible for such landward acceleration of near-landfall TCs may be not
only related to the steering flows but also the land-sea contrast and boundary layer friction.

Overall, this study significantly enhances the current understanding of TC motion dynamics as it approaches the
South China coast. This coastline is oriented from northeast to southwest. In fact, coastlines around the globe have
highly varying orientations. For example, the west coast of North America extends from southeast to northwest,
while the northeast coast follows a more north-south direction. Although the mechanism responsible for the
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normal-to-coast acceleration is fundamentally universal, its impact on TC translation can be strongly modulated
by the magnitude and direction of the large-scale environmental flow, which generally vary with coastal
orientation. Consequently, the normal-to-coast acceleration may be partially offset or reinforced, leading to
regionally different manifestations of TC acceleration or deceleration. To better understand these effects, further
observational analyses using similar methods to decompose the translation speed, along with additional exper-
iments involving different coastline orientations, are needed.
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