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INTRODUCTION

Pak Wai Chan? | Ralf Toumi'?

Abstract

The vertical profile of the wind structure of translating tropical cyclones,
including the associated azimuthal asymmetry, has been the subject of existing
theoretical and observational studies using dropsondes. Most of these studies
are based on data collected from relatively strong cyclones over the Atlantic.
Here we explore the tropical cyclone boundary layer wind profile of mainly rel-
atively weak landfalling cyclones near Hong Kong. We find that decaying trop-
ical storms have a much larger mid- to low-level inflow angle than those that
are intensifying or in steady-state. The inflow angles of intensifying, steady-
state and decaying tropical storms converge towards the top of the boundary
layer. The wind speed reduces through the boundary layer in a similar way in
all three cases. The combination of these factors means that decaying tropical
storms have stronger inflow than intensifying and steady-state ones. We attri-
bute these local effects to remote enhanced surface friction over land when the
storms are weakening.
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hurricane wind scale (hereafter TC). Here, our objective
is to identify for the first time any differences in the BL

The vertical profile and azimuthal asymmetry of tropical
cyclones in the boundary layer (BL) and above has been
studied (e.g., Kepert, 2001; Kepert & Wang, 2001; Knupp
et al., 2000; Ren et al., 2019; Shapiro, 1983; Thomsen
et al., 2015). Zhang and Uhlhorn (2012) and Zhang et al.
(2021) focused on the surface. Rogers et al. (2013), Liao
et al. (2019) and He et al. (2022) studied the effects of
cyclone intensity change while Powell (1982), Knupp
et al. (2006) and Hlywiak and Nolan (2022) studied the
effects of landfall. These studies, with the exception of
Knupp et al. (2006), mostly involve relatively strong
cyclones at or above Category 1 on the Saffir-Simpson

profiles of relatively weak systems with intensities at
tropical storm (TS) level. We will explore if there are
structural differences among intensifying, steady-state
and decaying TS.

Shapiro (1983) observed stronger winds on the left of
translating TCs with maximum inflow in the front-right
quadrant. Ren et al. (2019) reported that the low-level radial
velocity is larger in the front and the inflow layer depths in
all four quadrants are well below 1500 m, ranging from
below 500 m to slightly over 1000 m. Knupp et al. (2000)
observed strong inflow below 1000 m for Hurricane
Georges (1998) at landfall. Zhang and Uhlhorn (2012)
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reported an average near-surface inflow angle between
18° and 30° with azimuthal asymmetry that grows in
amplitude and shifts counterclockwise in phase as cyclone
translation speed increases but not very sensitive to cyclone
intensity. At low translation speeds, the largest (smallest)
inflow angle is found in the rear-right (front-left).

Rogers et al. (2013) reported that intensifying TCs
show stronger near-surface inflow and have deeper
inflow layer compared with steady-state ones. This is con-
sistent with Kepert (2001) that inertially less stable
cyclones have larger depth scales. In the observations of
Liao et al. (2019), intensifying cyclones are characterised
by a BL either dominated by inflow or with inflow that
strengthens towards the cyclone centre; while weakening
cyclones by a BL dominated by outflow. On the other
hand, He et al. (2022) observed weak inflow in the BL of
the weakening TS Khanun (2017). The inflow angle is
also important in controlling the size of cyclones
(Wang & Toumi, 2022).

Powell (1982) observed from the landfalling Hurricane
Frederic (1979) that landfall shifts the region of maximum
inflow angle from the rear-right to the landward side due
to increased surface friction over land. Knupp et al. (2006)
studied TS Gabrielle (2001) during landfall and reported
that changes in the BL wind profile occurred within 5 km
of the upstream side of the coastline. Hlywiak and Nolan
(2022) performed simulations of TCs making perpendicu-
lar landfall with a straight coastline. They found high
inflow angle and weakening winds over land, and an
enhanced and deepened inflow layer in the offshore flow.
These are attributed to the difference in surface friction
over land (high) and water (low). The described responses
begin 6-9 h before landfall when the cyclone is about
200 km from land.

Here we provide a new perspective. We found that
intensifying and steady-state TS have fairly similar BL
wind profiles which are distinct from decaying TS closer
to land. The decaying TS has stronger mid- to low-level
inflow mainly driven by higher inflow angle under near
identical reduction in wind speed from the top of the BL
compared with intensifying and steady-state TS. We
believe such differences in the behaviour of decaying TS
from that of intensifying and steady-state TS arise from
the effects of enhanced surface friction due to their prox-
imity to land.

2 | DATA AND METHODS
2.1 | Data

The BL zonal (u-) and meridional (v-) wind velocities are
provided by the Hong Kong Observatory (HKO) and were

measured by the wind profiler fitted at the Sha Lo Wan
weather station (113.9° E, 22.3° N) in the north of Lantau
Island, Hong Kong. The wind profiler measures the wind
velocity throughout the BL directly above with a vertical
resolution of about 50 m at regular 10-min intervals.
Detailed description on the working principle of the wind
profiler can be found for example in Tse et al. (2013).
Measurements at each altitude and each time step are
quality controlled. Data from days with tropical cyclones
near Hong Kong are available from 2010 to 2019. Due to
a system replacement in Spring 2016, the measurement
altitudes before and after are slightly shifted. To combine
data from the two periods, we treated measurements at
each actual measurement altitude as being measured
at the nearest 50 m between 200 and 1400 m inclusive.

For each tropical cyclone in the HKO dataset, the
radius of maximum wind speed (Rpax ), 1-min maximum
sustained wind speed (V pax), coordinates of the cyclone
centre and its distance to land at regular 6-h interval are
taken from NOAA's IBTrACS Version 4 (Knapp
et al., 2010, 2018). These are linearly interpolated to
10-min time steps to match with the HKO data. The
translation speed (Vians) and direction of the cyclones
are further obtained from the interpolated coordinates.
The interpolated coordinates are also used to compute
the distance R between the cyclone centre and the
weather station, which is then normalised by the interpo-
lated Rpax to give ¥ =R/Rpax.-

Kepert (2001) provided an analytical solution for the
inner core of translating tropical cyclones under a linear
model and showed that inertially less stable cyclones
have larger depth scales. The linearisation requires the
cyclone translation speed to be much smaller than
the gradient level flow (hereafter KO1 criterion). In the
approach presented by Shapiro (1983), relatively slow
translation of the cyclone is also necessary for the line-
arisation there to hold. The relative magnitude between
cyclone translation speed and tangential wind speed is
not a main point of concern if relatively strong cyclones
are considered as the latter is always high. However, by
focusing on relatively weak cyclones here, we only con-
sider data taken when the KO1 criterion is met as
explained below.

In this study, we confine ourselves to those HKO data
deemed valid by their internal quality control algorithm
taken from landfalling (r <4) cyclones reaching at least
TS intensity (V max > 34kt) and meeting the K01 criterion
at the time of measurement. The K01 criterion is deemed
met if the wind speed at the top of the BL is at least four
times the cyclone translation speed. Note that the condi-
tion we set for landfalling is rather strong—we consider
the distance from the weather station but not the closest
distance from land. This has the added benefit of
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FIGURE 1 Spatial distribution of wind profiler samples, classified into intensifying (IN) TS, steady-state (SS) TS, decaying (DE) TS and
DE TC. (a) Geographic location of cyclone centre at the time of measurement. Location of the Sha Lo Wan weather station is indicated by
the red dot. (b) Azimuthal angle (relative to the direction of cyclone translation) and distance (normalised by R,y ) of the Sha Lo Wan
weather station from cyclone centre at the time of measurement.

TABLE 1 Intensifying TS measurements summary statistics.

V max (kt) r Virans (ms™)
n Cyclone Min Median Max Min Median Max Min Median Max
ALL 131 5 34 41 50 1.8 2.6 4.0 1.2 2.3 53
FR 14 1 34 40 41 2.6 3.7 4.0 3.8 4.2 4.2
RR 37 3 34 42 45 1.8 2.0 3.8 2.5 2.5 53
RL 7 1 34 34 35 2.6 2.6 2.7 1.9 1.9 1.9
FL 73 3 35 40 50 23 2.7 3.5 1.2 1.6 2.7

Note: Bold for quadrants with at least 10 samples.

TABLE 2 Steady-state TS measurements summary statistics.

Vinax (kt) r Vizans (ms™)
n Cyclone Min Median Max Min Median Max Min Median Max
ALL 384 7 35 40 60 0.9 2.6 4.0 0.8 1.3 5.3
FR 61 2 35 40 40 23 2.5 3.7 1.0 1.0 4.6
RR 56 2 35 40 40 2.3 23 3.7 1.3 1.7 53
RL 0 0 = = = = = = = = =
FL 267 6 35 40 60 0.9 2.7 4.0 0.8 1.3 4.6

Note: Bold for quadrants with at least 10 samples.

ensuring that all measurements considered were made period entered into this study. Figure 1 shows the spatial
relatively close to the cyclone centre. distribution of cyclone centre at the times of measure-

In total, 690 wind profiler measurements taken from ment. Summary statistics of the corresponding cyclone
12 individual cyclones over the 10-year observation  properties are shown in Tables 1-4. The data are sorted

95U801 SUOWWOD SAIERID 3(dedl|dde au Aq peusenob aJe sooiLe VO ‘88N JO S9|NJ 10} ARIq1T 8UIUO AS]IA UO (SUOTIPUOD-PUE-SWLB)/LI0O"AB | IM A eIq 1jUlJUO//:SANY) SUORIPUOD Pue SIS 1 841 88S *[£202/0T/2T] Uo Ariqiauluo As|im ‘uopuoabie|jod eledw Aq 68TT §2/Z00T OT/I0P/W0D /8|1 Akeiq | pul|uo'SBUL//SANY WOi) POPeojumoq ‘0 ‘XT9ZOEST



4 0of9

TSUI ET AL.

EERMets

r Virans (msil)

TABLE 3 Decaying TS measurements summary statistics.
Vmax (kt)
n Cyclone Min Median Max
ALL 124 7 34 44 64
FR 2 1 34 34 34
RR 0 0 - - -
RL 53 4 38 58 63
FL 69 5 35 42 64

Note: Bold for quadrants with at least 10 samples.

Min Median Max Min Median Max

0.8 2.8 4.0 1.4 2.7 7.3
3.8 3.8 3.9 2.9 2.9 2.9
0.8 1.7 3.7 2.6 6.9 7.3
0.8 2.8 4.0 1.4 2.2 7.3
r Virans (msil)

TABLE 4 Decaying TC measurements summary statistics.
V max (Kt)
n Cyclone Min Median Max
ALL 51 3 64 69 114
FR 0 0 — — —
RR 6 1 106 110 114
RL 0 0 = = =
FL 45 2 64 68 74

Note: Bold for quadrants with at least 10 samples.

into quadrants and classified by intensity and intensifi-
cation rate as explained in Section 2.2. Notice that the
intensifying and steady-state cyclones are located fur-
ther away from land while the decaying cyclones are
considerably closer to or even over land when mea-
surements were taken. In addition, the measurements
are biased in terms of azimuthal angle relative to
cyclone translation direction, with the majority having
been taken in the front-left.

2.2 | Methods

All BL profiles are considered in a frame of reference
translating with the cyclone and are obtained from the
wind velocities (u,v) after subtracting the cyclone transla-
tion velocity from the wind velocities (u,v) measured by
the wind profiler. For each measured wind profile, at a
certain altitude the full wind speed is the magnitude of
the wind velocity at that altitude while the radial velocity
is the component along the direction pointing from the
cyclone centre to the weather station (negative for
inflow). The inflow angle a at altitude h is computed
using

a(h) = —atan2[B(h), (k)] — @, )

mapped onto (—180°,180°], where ® is the compass
bearing from the weather station to the cyclone centre.

Min Median Max Min Median Max

1.0 2.9 3.9 6.4 6.9 7.3
3.2 3.4 3.7 6.4 6.4 6.4
1.0 2.7 3.9 6.7 6.9 7.3

This gives the angle of deviation of the wind from the
tangential direction relative to the cyclone centre (nega-
tive for anticlockwise deviation, i.e., inflow in the North-
ern Hemisphere). The reduction factor ¢ at altitude h is
computed with respect to a reference altitude h.¢ accord-
ing to

It describes the ratio by which the wind speed has
reduced between hys and h. A proper h.s should be set
high enough so that all measured wind profiles are near
geostrophic at hy. If this is the case, £ should be near
constant around h.¢. Throughout this study, we set
hef =1250m, which is justified retrospectively. We also
implicitly consider the chosen hys to be representative of
the BL height, which is reasonable (Ren et al., 2019).

The processed BL profiles are grouped by whether at
the time of measurement the cyclone was weak (TS inten-
sity, 34kt<V . <64kt) or strong (TC intensity,
V max = 64kt) and whether the cyclone was intensifying,
in steady-state or decaying. Following Rogers et al.
(2013), the cyclone is deemed intensifying (decaying) if
Vmax is increasing (decreasing) faster than 20ktda.y*1
and in steady-state if V . is changing at a rate between
+10ktday . The individual BL profiles of the same vari-
able are then composited by averaging. To account for
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the azimuthal asymmetry of translating cyclones and
the directional bias in sampling, both full-sample aver-
age and individual quadrant averages are considered.
For full-sample average, at each altitude the arithmetic
mean with equal weight is taken across all individual
profiles with available data. For individual quadrant
averages, the arithmetic means are computed similarly
but separately for profiles measured with the weather
station, respectively, located in the front-right, rear-
right, rear-left and front-left of the cyclone relative to
translation direction. Throughout this study, data
points averaged from less than 10 individual BL profiles
are discarded.

The analysis is repeated on just the profiles from TS
sorted by distance to land.

3 | RESULTS

We computed the inflow angle, reduction factor and
radial velocity BL profiles from the HKO wind profiler
measurements. Based on the data available, we only com-
pared the full-sample and front-left quadrant averages of
intensifying TS, steady-state TS, decaying TS and decay-
ing TC. While the full-sample averages generally agree
with the front-left quadrant averages, due to the azi-
muthal asymmetry and sampling bias, the front-left
quadrant averages should be more reliable quantitatively.

(@) IN
ss Lo
1400 4 1@+~ DE >
| gl
&
Lgp—|
1200 A B &4l
&
@
1000 A -5t
E :
£ 800 A ——
= /
k]
P o]
600 ) 4
400 - T
)~
200 4 &
0 - T T T T T T T T
-90 -80 =70 -60 =50 -40 -30 -20 -10
a (deg)
FIGURE 2

samples and (b) samples in the front-left quadrant.

As can be seen from Figure 2, the BL inflow angle
profiles of intensifying and steady-state TS are fairly simi-
lar while that of decaying TS stands out. The full-sample
average (Figure 2a) suggests that the inflow angle of
decaying TS at 200 m is nearly double that of intensifying
and steady-state TS. This approximate doubling of inflow
angle at low-level is confirmed by the front-left quadrant
analysis (Figure 2b). There, we see that the inflow angle
of intensifying TS remains fairly constant at around 20°
throughout much of the BL. It increases to around 30° as
altitude descends from 600 m to 200 m. The inflow angle
of steady-state TS is around 28° towards the top of the
BL. Descending into the BL, it decreases to converge with
intensifying TS at around 1100m and remains close to
intensifying TS down to around 600 m. It then increases
more steeply than intensifying TS to around 46° as alti-
tude further descends to 200m. As for decaying TS, its
inflow angle is similar to those of intensifying and
steady-state TS towards the top of the BL and increases
throughout the BL to around 80° as altitude descends to
200 m. Despite the lack of data nearer the surface, it
seems likely that decaying TS will also have a much
larger near-surface inflow angle than intensifying and
steady-state TS.

Despite marked differences in the BL inflow angle
profile of decaying TS from intensifying and steady-state
TS, Figure Sla shows similar BL reduction factor profile
for all intensifying, steady-state and decaying TS. The
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Boundary layer profile of inflow angle for intensifying (IN), steady-state (SS) and decaying (DE) TS averaged over (a) all

95U801 SUOWWOD SAIERID 3(dedl|dde au Aq peusenob aJe sooiLe VO ‘88N JO S9|NJ 10} ARIq1T 8UIUO AS]IA UO (SUOTIPUOD-PUE-SWLB)/LI0O"AB | IM A eIq 1jUlJUO//:SANY) SUORIPUOD Pue SIS 1 841 88S *[£202/0T/2T] Uo Ariqiauluo As|im ‘uopuoabie|jod eledw Aq 68TT §2/Z00T OT/I0P/W0D /8|1 Akeiq | pul|uo'SBUL//SANY WOi) POPeojumoq ‘0 ‘XT9ZOEST



6 of9 ERMets TSUI ET AL.
a b
(a) o T (b) o
SS (- P SS ! &
1400 1| ~® DE —ppo—— 1400 4, -+e+- DE bl & e N
O |
U ) N
1200 A ——#-6—8¢ 1200 A — T8
e —1 @ 4
1000 A & T 1000 A f &
£ 800 1 F—— £ 800 -, d—
[ @& =) &
2 2 :
< < A 4
600 - — 600 ———
4004 +——%—- 400 +
200 - _ 200 A _—
0 T T T T T T 0+ T T T T T T
-8 -7 -6 -5 ) -3 -2 -8 -7 -6 -5 -4 -3 -2
radial velocity (ms=1) radial velocity (ms=1)
FIGURE 3 Same as Figure 2 but for radial velocity.

similarity is even more striking if we focus on the front-
left quadrant (Figure S1b). Staying at around unity above
the reference altitude of 1250 m, the reduction factor
decreases at a fairly constant rate below to around 0.55 as
altitude descends to 200 m.

Figure 3 shows the BL radial velocity profiles of inten-
sifying, steady-state and decaying TS. As would be
expected based on the inflow angle and reduction factor
profiles (Figures 2 and S1), the radial velocity profiles of
intensifying and steady-state TS are fairly similar while
that of decaying TS stands out. The radial velocities of
intensifying, steady-state and decaying TS appear to have
similar values, especially taking uncertainties into
account, towards the top of the BL. Those of intensifying
and steady-state TS generally decrease throughout the BL
as altitude descends to 200 m. Over the same altitude
range, the radial velocity of decaying TS tends to
increase, showing sign of recurve at low-levels. In the
mid- to low-level, the radial velocity of decaying TS is
clearly larger than those of intensifying and steady-state
TS. This means decaying TS has a stronger inflow layer
than intensifying and steady-state TS.

Sorting the TS BL profiles by the centre's distance to
land produces results that resemble the above. This is
robust across different threshold distances from 50 to
140 km, where a threshold of 80 km (Figures S2-S4)
gives the closest match in behaviour between the close to
(far from) land group and the decaying (intensifying and
steady-state) group. However, this is neither surprising

nor very helpful as, for example, with 80 km threshold,
around 71.2% (93.6%) of the front-left quadrant profiles
in the close to (far from) land group are also from decay-
ing (intensifying and steady-state) TS. A comparison
between Figures 1 and S5 also illustrates this point.

Looking at decaying TS and TC, we see that all basic
features in the BL profiles are common across the two,
differing only in size and scale. Decaying TC has smaller
inflow angle than decaying TS throughout the BL
(Figure S6). Descending through the BL, the reduction in
wind speed in decaying TC is weaker than in decaying TS
(Figure S7). Finally, decaying TC has stronger inflow
than decaying TS throughout the BL with a peak in radial
velocity lower in altitude (Figure S8).

4 | DISCUSSION

We analysed 12 storms making landfall near Hong Kong
and observed for the first time that there is a difference
in the BL inflow angle profiles between decaying and
non-decaying (intensifying and steady-state) TS. Starting
with similar value at the top of the BL, the inflow angle
of decaying TS increases steadily as altitude descends
through the BL while that of non-decaying TS only starts
to increase pass 600 m, reaching only about half that of
decaying TS at 200 m. Meanwhile, the reduction factors
of decaying and non-decaying TS are similar throughout
the BL. These combine to give a stronger inflow layer in
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decaying TS than in non-decaying TS. This result can be
reproduced by separating the profiles by the TS centre's
distance to land, where the close to (far from) land group
matches with the decaying (non-decaying) group. Com-
paring decaying TS and TC, we see that all basic features
in the BL profiles are common across the two, differing
only in size and scale.

Unlike Knupp et al. (2006) with landfalling TS
Gabriel (2001), we do not observe the presence of jets
from any of our composite TS BL profiles. The absence of
jets from TC near Hong Kong based on HKO data has
previously been reported by Tse et al. (2013). The decay-
ing TC BL radial velocity profile we observed (Figure S8)
appears to agree with Ren et al. (2019) that the inflow
layer of a TC is well below 1500 m. It is also compatible
with that observed by Knupp et al. (2000) from landfall-
ing Hurricane Georges (1998) and with the simulation
results by Hlywiak and Nolan (2022) and Kepert and
Wang (2001).

Although Rogers et al. (2013) observed stronger near-
surface inflow and deeper inflow layer in intensifying
TCs compared with steady-state ones, citing larger depth
scales for inertially less stable cyclones (Kepert, 2001),
we do not see such differences in our TS observations.
Furthermore, unlike Liao et al. (2019), there is no sign
of outflow in the BL of our decaying TS or TC. Our
observations show that intensifying and steady-state TS
have similar inflow throughout the mid- to low-level of
the BL while that of decaying TS is clearly stronger
(Figure 3). Meanwhile, the individual BL wind profiles
of intensifying, steady-state and decaying TS, especially
for the front-left quadrant, were taken from TS with
similar V.« (Tables 1-3), hence largely similar inertial
stability.

Sparks and Toumi (2022a) showed how surface pres-
sure increases are driven by the net inflow into the col-
umn for a weakening storm. The pressure tendency
depends on both the inflow and the size of the cyclone
(Sparks & Toumi, 2022b). Their framework does not
invoke inertial stability and is consistent with the obser-
vations here. We hypothesise that the difference in inflow
strength between our decaying and non-decaying TS is
not due to inertial stability of the cyclones but their prox-
imity to land (Figure 1a).

Measurements of decaying cyclones were taken when
their centres were considerably closer to or even over
land. This is not the case for non-decaying cyclones. We
also compared the BL profiles based on the TS centre's
distance to land and found that the behaviour of the close
to (far from) land group matches with the decaying
(non-decaying) group. However, given the large overlap
of profiles across these two classifications, this cannot be
considered a robust independent result.

The effect of inertial stability of the cyclone can be
assessed by comparing our decaying TS (weaker) and TC
(stronger). Decaying TC are inertially more stable due to
their higher wind speeds. Nevertheless, they have similar
but scaled BL profiles compared with decaying TS. The
way in which the BL profiles, described by the reduction
factor (Figure S7) and radial velocity (Figure S8), scale
between the two appear to agree with Kepert (2001) that
inertially less stable cyclones have larger depth scales.
However, while the BL profiles of decaying TS and TC
are similar, non-decaying TS behave differently.

The stronger inflow in the mid- to low-level of the BL
in our decaying TS compared with non-decaying TS is
driven by larger inflow angle throughout the BL under
similar wind reduction (normalised wind speed profile).
It is then important to understand how enhanced surface
friction due to land can modify the inflow angle without
affecting the normalised wind speed profile. The eddy dif-
fusivity (ED), through its effect on the production of tur-
bulence kinetic energy, plays a central role in governing
the shape of the wind speed profile and the BL height.
Surface friction affects the atmosphere by causing meso-
scopic turbulence and modifying the ED near the surface.
However, above this surface layer, atmospheric proper-
ties such as the shear and stability rather than surface
roughness are dominant in determining the ED. In other
words, the primary effect of surface friction on the
atmosphere is in modulating its surface layer thickness.
Grisogono (2011) showed that for a BL with altitude-
dependent ED, both the near-surface wind deflection
angle and BL height can depend on such parameters
as the overall strength of the ED and the surface
layer thickness. It was shown for the ED profile
K(z) =Ko(z/h)exp[—0.5(z/h)?] that when Ko >1m?s™!,
the near-surface wind deflection angle is sensitive to
changes in both the surface layer thickness and Ky. How-
ever, the BL height is only weakly sensitive to such
changes. Changing the surface friction can lead to a dif-
ferent inflow angle while maintaining similar normalised
wind speed profile shape in the BL. Therefore, enhanced
surface friction due to land is a plausible explanation to
our observed differences in the BL of decaying and non-
decaying TS.

Previous studies used data collected from fairly evenly
spatially distributed dropsondes. The distance of the
cyclone centre from land at measurement, the distance of
measurement from the cyclone centre, and the azimuthal
angle of measurement relative to cyclone translation
direction can all be controlled to eliminate bias in sam-
pling. In contrast, our use of a ground-based instrument
at a fixed weather station means that the three parame-
ters just mentioned are not independent for the samples
in our dataset. The most significant drawbacks are that
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there is inevitable bias in sampling rate through the azi-
muthal angle of measurement relative to cyclone transla-
tion direction and that certain quadrants will have a
markedly higher proportion of data taken post-landfall.
As a result, simply taking the sample mean is inappropri-
ate due to azimuthal asymmetry in translating tropical
cyclones. We tried to overcome this bias by analysing the
four quadrants relative to cyclone translation direction
separately. However, we have enough data to study the
front-left quadrant only. The deficiency in data hindered
our attempt to study the azimuthal asymmetry in TS near
landfall and the effect of the flow being onshore or off-
shore. Finally, the lack of non-decaying (decaying) TS
close to (far from) land in our dataset means that results
from sorting the TSs by their centre's distance to land
should not be taken as an independent piece of evidence
to support our hypothesis.

5 | CONCLUSION

The BL wind profiles measured within 4R,z from 12
tropical cyclones making landfall near Hong Kong were
analysed. These profiles were acquired with a wind pro-
filer between 2010 and 2019 at the Sha Lo Wan weather
station in Hong Kong. These measurements revealed
that the inflow angles of intensifying and steady-state
TS are similar to each other throughout the BL but
smaller than those of decaying TS, especially in the
mid- to low-level of the BL. Converging towards the
top of the BL, the inflow angle of decaying TS is
roughly double that of intensifying and steady-state TS
at an altitude of 200m. On the other hand, the wind
speed reduces through the BL in a similar way in all
three cases. The stronger inflow in decaying TS com-
pared with intensifying and steady-state ones is then
mainly driven by the larger inflow angle of decaying TS
throughout the BL. Inertial stability has been put for-
ward to explain the differences in BL profile between
stronger cyclones that are intensifying and in steady-
state (e.g., Rogers et al.,, 2013). Here, we instead
observed differences between decaying and non-
decaying TS and argued that the effects of enhanced
friction by land due to proximity in the decaying TS is
the likely main driver of the differences observed here.
In general, the flow being onshore or offshore could
also have an effect. This however could not be and was
not assessed here limited by the HKO dataset. These
effects should also apply to other coastal locations.
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