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Abstract

Typhoons in the western Pacific have a significant impact on the transport of heat, salt and particles through the
Luzon Strait. However, there are very limited field observations of this impact because of extreme difficulties and
even dangers for ship-based measurements during the rough weather. Here, we present the preliminary results
from analyzing a dataset collected by a glider deployed west of the Luzon Strait a few days prior to the arrival of
typhoon MITAG. The gilder data revealed an abnormally salinity (>34.8) subsurface water apparently sourced
from Kuroshio intrusion during the typhoon. When typhoon MITAG traveled on the east of the Luzon Strait, the
positive wind stress curl strengthened the cyclonic eddy and weakened the anti-cyclonic eddy. This led to a
slowdown of Kuroshio and made its intrusion easier. The main axis of the Kuroshio at the northern part of the
strait shifted westward after the typhoon and did not return to its original position until a week later. The Ekman
transport from persistent northerly wind of typhoon MITAG was significant, but its importance in enhancing the
Kuroshio intrusion is only secondary relative to the eddies variations.
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1 Introduction

The South China Sea (SCS) is a semi-closed deep-water basin,
with the Luzon Strait severing as the primary channel for the wa-
ter exchange between the northwestern Pacific Ocean and the
SCS (Qu, 2002; Tian et al., 2006). The Kuroshio, originating from
the North Equator Current, flows northward along the Philippine
coast. As it passes though the east side of the Luzon Strait, some
of the high-temperature and high-salinity waters of Kuroshio in-
trude into the SCS (Caruso et al., 2006; Liang et al., 2008), influen-
cing its thermohaline characteristics and playing a vital role in
regulating the dynamic and ecological environment of the north-
east SCS (Guo et al., 2017; Liu et al., 2020). The mode and path of
Kuroshio intrusion, as well as the Luzon Strait transport, show
notable seasonality under the influence of the East Asian mon-
soon (Qu, 2000; Centurioni et al., 2004; Nan et al., 2015; Zhang
etal., 2015; Qian et al., 2018). The westward transport across the
Luzon Strait is stronger in winter and followed by spring, with a
minimum occurring mainly in summer. Ekman transport caused
by the northeasterly winter monsoon enhances the westward
Luzon Strait transport (Wu and Hsin, 2012). Meanwhile, meso-
scale eddies, especially anti-cyclonic eddies shedding from the
loop current, significantly contribute to transport in the Luzon
Strait (Lien et al., 2014; Yang et al., 2019; Wang et al., 2021).

In addition, intense synoptic-scale events like frequent trop-
ical cyclones (typhoons) in summer and autumn can signific-
antly disrupt the flow in the Luzon Strait. For instance, Chang
et al. (2010) revealed that typhoons could directly alter the sur-

face flows of the Kuroshio, persisting for over two days as evid-
enced by deployed drifters. Chen et al. (2010) used two ADCP
mooring systems to examine the response of upper ocean to
typhoons, discovering that they modulated the surface current of
the Kuroshio and increased anomalous surface water transport
exchange across the Luzon Strait due to strong Ekman diver-
gence. Based on in-situ measurements, Liu et al. (2020) observed
Kuroshio intrusion after typhoon Linfa, which lasted for two
weeks and inhibited the increase of Chlorophyll a concentration
in the northeast SCS.

Due to the challenge of obtaining field observations, many re-
searchers have employed numerical model and satellite data to
study typhoon impacts on Luzon Strait transport. Using the POM
model, Hsin et al. (2010) revealed that local typhoon-induced
wind caused southward-velocity events in the Kuroshio current
in the Luzon Strait, also strengthened the Kuroshio intrusion.
Hsu et al. (2018), based on simulation results, found that Kurosh-
io currents would increase (decrease) to the right (left) of the
moving typhoon track due to its counterclockwise rotation. By
analyzing the results from HYCOM, Sui et al. (2018), analyzing
HYCOM results, identified that the typhoon Dandelion passing
across the Luzon Strait induced strong westward zonal current at
a 50 m depth, primarily related to Ekman transport. Gao et al.
(2022) used the COAWST model to analyze the impact of the
typhoon Hongxia passing east of the Luzon Strait on the Kurosh-
io path and intrusion. They determined that the most significant
Kuroshio intrusion occurred at 21°N and was strongest in the
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subsurface layer, with the maximum intrusion flux doubling dur-
ing the typhoon. These studies show that typhoons could directly
change the flow field in the upper ocean, affect the flow state of
the Kuroshio, and cause strong anomalies in the Luzon Strait,
which can last for several days or even weeks.

Moreover, some studies suggested that tropical cyclones af-
fected the Kuroshio main axis by modulating mesoscale eddies in
the upper ocean. Sun et al. (2009) found that typhoons could en-
hance existing cyclonic eddies through upwelling, subsequently
altering the Kuroshio main axis near Japan, and they also poin-
ted out that not all passing typhoons would change the surface
eddies. Based on satellite altimeter data, Liu and Hu (2012) noted
that the Kuroshio main axis would bend westward when an anti-
cyclonic eddy moved toward the Luzon Strait, facilitating Kur-
oshio intrusion, but the velocity change of Kuroshio main axis
and the process of Kuroshio intrusion caused by typhoons were
not described. Moreover, due to the small offset range of the Kur-
oshio main axis, the validation of the Kuroshio intrusion was
lacking of measured data. And beyond that, anti-cyclonic or cyc-
lonic eddies at the typhoon center or edge response differently to
passing typhoons (Zhou et al., 2017; He et al., 2024), leading to
varying impacts on the Kuroshio main axis. Because of the vari-
able mesoscale eddies near the Kuroshio current in the Luzon
Strait, typhoons with different trajectories and intensities have
different effects on them, resulting in different degrees of the Kur-
oshio intrusion. Nevertheless, there are limited reports on Kur-
oshio changes induced by mesoscale eddy variations in the
Luzon Strait under the influence of tropical cyclones, especially
the lack of synchronized measurement data to verify the Kurosh-
io intrusion.

In this study, we used an underwater glider for autonomous
and frequent observation in the Luzon Strait during typhoon
MITAG. The glider provided continuous vertical profiles of tem-
perature and salinity (Ma et al., 2018; Li et al., 2020). We analys-
ized the data collected over a 13-d measurement period from one
glider, and combined with Argo and satellite data to examine the
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impact of typhoon on eddies and Kuroshio intrusion, as well as to
explore the underlying mechanisms. Section 2 details the dataset
and methods used. Section 3 outlines the observations made us-
ing the glider, while Section 4 delves into the analysis of the re-
lated physical processes. Finally, Section 5 offers the conclusions
of the study.

2 Data and methods

2.1 Study area

The Luzon Strait is located between the Taiwan Island and
Luzon Island, spanning from 18.5°N to 22°N, covering a distance
of over 350 km, with a maximum depth exceeding 3 000 m. It
serves as the only channel for material exchange between the
northwestern Pacific Ocean and the SCS. The study area is situ-
ated in the East Asian monsoon region. During summer, the
southwest monsoon dominates with weak winds, which is not fa-
vorable for Kuroshio intrusion. In contrast, the northeast mon-
soon prevails during winter, bringing strong winds that facilitates
Kuroshio intrusion (Yuan et al., 2006). In addition, the study area
is affected by tropical cyclones from the northwestern Pacific
Ocean, which frequently occur from July to October. When trop-
ical cyclones form, they have the potential to move northwest or
turn northward near the Luzon Stait, affecting nearby waters
(Sun et al., 2017).

2.2 Typhoon MITAG

Typhoon No. 1918 MITAG originated as a tropical depression
in the Northwest Pacific (13°N, 138.9°E) at 08:00 (UTC+8) on
September 27, 2019. It passed east of the Luzon Strait and Taiwan
Island as a typhoon with a maximum wind speed of 40 m/s and a
translation speed range of 20-40 km/h from 05:00 on September
29 to 00:00 on October 1 (Fig. 1). Typhoon data were obtained
from the Typhoon Network of the Central Meteorological Obser-
vatory (NMCS, http://typhoon.nmc.cn). The study area was
primarily influenced by the southeast monsoon, and the degree
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Fig. 1. Typhoon MITAG tracks, glider paths (cyan dots), and the locations of Argo floats (magenta dots). The black shadow

indicates the Kuroshio.
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Fig. 2. Corrected errors (Profile 19) including thermal lag correction and burring of salinity.

of Kuroshio intrusion was weak before the observation period.

2.3 Gilder data

Gliders are a data collecting vehicle that is capable of diving
and ascending, by adjusting its in-water buoyancy, along an un-
derwater saw-tooth trajectory, or maintaining gliding mode us-
ing hydrodynamic force (Wang et al., 2017). The Petrel-4000
glider (Wang et al., 2017) used in this study equipped with an
Idronaut OS304 Plus CTD that records depths from 0 m to 7 000 m
with accuracy of 0.05% F.S. (full scale) and resolution of 0.001 5%
F.S.; temperatures from -5°C to 35°C with accuracy of 0.002 and
resolution of 0.000 1; and conductivities from 0 mS/cm to
90 mS/cm with accuracy of 0.003 and resolution of 0.000 3
(Idronaut, 2019). This type of glider has been used in several
field studies with satisfactory reliability (Ma et al., 2018; Li et al.,
2019, 2020). One Petrel-4000 glider was deployed on 14 Septem-
ber 2019 in northeastern SCS (Fig. 1). Its primary goal was to
measure temperature and salinity profiles along the upper reach
of the Manila Trench coordinated by a different research project
(Liu et al., 2023). In 41 d until recovery on October 25, 2019, a
total of 35 valid temperature and salinity profiles (from Septem-
ber 28 to October 12), sampled at 1 Hz, were recorded (Figs la
and b). For this study, only the data in depth range of 0-500 m are
used.

The following steps were followed to process data. (1)
Thermal lag errors in the conductivity data from unpumped CTD
sensors on the glider were corrected using the method proposed
by Morison et al. (1994) and Garau et al. (2011). The temperature
reported by the CTD showed a slight time-lag behind the actual
value inside the conductivity cell, resulting in an error of -0.1 to
0.2, mostly less than + 0.05 (Fig. 2a). (2) The difference between
the salinity before and after being burred by moving average fil-
tering (Liu et al., 2015; Yi et al., 2019) was mostly within +0.05
(Figs 2b and c), which is of the same order of magnitude as the
thermal lag error. (3) The corrected data were interpolated to cre-
ate a profile with a vertical bin size of 0.5 m (Troupin et al., 2015).
For each pair of dives, the measurements of diving and climbing
profiles were averaged to produce the binned vertical profile.
This profile was assigned to the middle position between the end
coordinates of the first dive and the start coordinates of the next
dive. The mixed layer depth (MLD) is defined as the depth at
which the potential density increase relative to the surface (10 m)

equals the increase in surface potential density when the surface
temperature decreases by 0.5°C (de Boyer Montégut et al., 2004;
Wang et al., 2023).

2.4 Auxiliary data

Monthly climatological temperature and salinity data from
World Ocean Atlas 2018 (WOA18), produced by NOAA National
Oceanographic Data Center, were obtained from https://www.
nodc.noaa.gov/OC5/woal8/ with a horizontal resolution of 0.25°.
The data of Argo Float (Serial No. 2902753), released on 29 March
2019, are obtained from ftp://ftp.argo.org.cn/pub/ARGO/global/
core/ and included pressure, temperature and salinity measure-
ments. Daily sea level anomaly (SLA) and surface geostrophic
current with a horizontal resolution of 0.25° were provided by
CMEMS (Copernicus Marine Service, http://marine.copernicus.
eu). The wind filed data were obtained from the NCEP Climate
Forecast System Version 2 (CFSv2) Selected Hourly Time-Series
Products (https://rda.ucar.edu/datasets/ds094.1/), with a spatial
resolution of 0.2°.

3 Results

Figure 3 displays data collected by the glider in the depth
range of 0-500 m, showing potential temperature, salinity, dens-
ity, MLD and buoyancy frequency. Notably, the MLD generally
correlated with the depth of buoyancy frequency peaks (Fig. 2d),
except for a deviation around October 6, likely attributed to ad-
vection with northern surface waters. During the passage of
typhoon MITAG over the eastern side of the Luzon Strait from
September 29 to October 1 (Fig. 1), marked by black and white
dashed lines in Fig. 3, the glider was moving northward. Surface
(<50 m) temperature exceeded 28.5°C, salinity ranged from 33.4
to 34.2, and the MLD was approximately 20 m. In the subsurface
(50 m to 200 m), salinity gradually increased from around 34.60
to 34.78. Following the typhoon, from October 2 to October 6, the
glider continued northward. Surface temperatures decreased by
0.5°C to 1°C, salinity increased by approximately 1, and the MLD
deepened to about 40 m. Surface contours of temperature, salin-
ity and density became convex, indicating the presence of an up-
welling structure. In the subsurface, there was a high salinity wa-
ter mass (HSW) with salinity exceeding 34.80 at depths of 80-160
m, with some points reaching above 34.85. The glider went
northward to about 21°N and then turned south from October 6.
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Fig. 3. The time series vertical distribution of potential temperature (a), salinity (b), potential density (c), and calculated buoyancy
frequency (d). The latitudes at which the gilder was located on certain days were also marked on the top. The white solid lines denote
the MLD, the magenta dashed line indicate that the change in direction of glider, the white and black dashed lines indicate the period
of passing east of Luzon Strait for typhoon MITAG (Fig. 1), and the blue dashed lines in b suggest the boundaries of the high salinity

water mass (>34.8).

During this southward movement, surface temperatures gradu-
ally rose to above 28.5°C, salinity decreased to about 33, and the
MLD gradually shallowed to nearly 20 m. Subsurface salinity also
gradually decreased to around 34.6. Notably, HSW was observed
at 20.3°N on October 1 when glider was moving northward, it was
no longer observed at 20.7°N on October 9 during its southward
journey. This suggests that the range of HSW in the subsurface
had changed approximately nine days after the typhoon.

In order to better distinguish the changes of sea properties
during the observation, the time-averaged values of temperature,
salinity and density were subtracted from the observed values to
acquire their anomaly (Fig. 4). It was clearly seen that after the
typhoon (October 1 to 6), the surface and subsurface temperat-
ure decreased quickly, while the temperature in the depth of
200 m to 400 m increased slightly (Fig. 4a). When the glider
moved northward, the surface and subsurface temperature re-
bounded somewhat, and the temperature in the depth of 200 m
to 400 m changed a little. Due to the presence of HSW, the salin-
ity increased in varying degrees at the depth of 0 m to 400 m from
October 1 to 6 (Fig. 4b). Surface and subsurface water were get-
ting colder and saltier, resulting in an increase in density from
October 1 to 6, compared to from October 6 to 10 (Fig. 4c). The
density in the depth of 200 m to 400 m decreased slightly due to
the rise in temperature. The vertical temperature distribution
also changed significantly during the observation. Figure 4d is
the mean vertical profiles of temperature during September 28 to
October 1 (black line), October 1 to 6 (red line), and October 6 to
10 (blue line), respectively. It also shows that the typhoon de-

creased the surface and subsurface temperature before October
6, and the temperature in the depth of 200 m to 400 m after the
typhoon (October 1 to 6, October 6 to 10) was higher than that
during the typhoon (September 28 to October 1). It suggested
that there were more than one process affecting the seawater
properties.

The temperature-salinity (7-S) diagram was used to determ-
ine water characteristics during the observation period (Fig. 5a).
Regional average T-S profiles from WOA18 within the blue and
red boxes in the Fig. 5b represent the typical profiles from SCS
Water (SCSW) and Kuroshio Water (KW), respectively. It shows
that the few upper waters (>25 kg/m?) from observation stations
in the south were similar to the SCSW, while most waters to the
north resembled KW, implying that our observations were appar-
ently affected by Kuroshio intrusion.

4 Discussion

4.1 Variation of the Kuroshio observed by Argo float during the

study period

To the east of the Luzon Strait, an Argo float (Serial No.:
2902753) was deployed on March 29, 2019, and passed by the
east of Luzon Island in September and October 2019. The traject-
ory of float from September 23 to October 17 is shown in Fig. 1
with a 3-d interval. These trajectories located at the path of the
Kuroshio (Fig. 1), and the observed temperature and salinity
were similar to the KW in the upper layer (Fig. 5a). Also, a recent
observation from Ma et al. (2022) found that the core of the Kur-
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aries of the high salinity water mass (>34.8).

oshio east of Luzon Island was located at 122.7°E, which near the
trajectories of the Argo float. Therefore, the Argo dataset could
represent the variation in KW during the study period. It re-
vealed that the HSW was mainly distributed at depths ranging
from 80-250 m (Fig. 6b), which was deeper than the observations
by glider. The subsurface maximum salinity exceeds 38.95. After
the typhoon, the surface temperature and salinity decreased by
about 0.8°C and 0.4, respectively (Figs 6a and b). The MLD de-
creased from around 60 m to 40 m, and the HSW in subsurface
was uplifted (Fig. 6b). Until October 9, the surface temperature,
salinity and MLD recovered as before.

4.2 Influence mechanism of Typhoon MITAG on Kuroshio

intrusion

Previous studies have demonstrated that the 34.7 salinity iso-
haline effectively distinguishes between KW and SCSW (Qu,
2000; Nan et al., 2011; Wang et al., 2021). Kuroshio intrusion inev-
itably pushes high salinity KW through Luzon Strait and some-
times wells into the SCS (Xue et al., 2004; Caruso et al., 2006). The
monthly climatology salinity distributions from WOA18 indicate
that KW is widespread west of the Luzon Strait on September and
October, but no water with salinity greater than 34.8 has crossed
the Luzon Strait (Figs 5b and c). The high salinity (>34.9) in the
subsurface from the Argo dataset agreed with the climatology
data (Fig. 6b). However, the glider monitoring results indicated
an unusually large range of HSW in this season, extending to

20.3°N (Fig. 3b), which is broader when compared to previous
observations in same season (Zhou et al., 2009; Huang and Hu,
2010; Wang et al., 2021, 2023).

To explore the processes of HSW intrusion, we plotted the
time evolution of sea level anomaly (SLA) and geostrophic cur-
rents from September 28 to October 14, 2019 with a 2-d interval
(Fig. 7). According to the types of Kuroshio intrusion identified by
Nan et al. (2011), the Kuroshio leaped the Luzon Strait before
typhoon MITAG. The eastern side of the trajectories of glider cor-
responded to the Kuroshio main axis, while the western side was
the center of a cyclonic eddy. The convex-upward isopycnal in
the cyclonic eddy resulted in a decrease in surface temperature,
consistent with observations by glider (Figs 3a, b, and c¢). Mean-
while, the surface water with high temperature (>28.5°C) and low
salinity (<34) appeared to originate from the anti-cyclonic eddy
south of the observation area (Figs 3a, b, and 7a). Following the
typhoon, significant changes were observed in the Kuroshio main
axis and the eddies east of the Luzon Strait. In Fig 6a, we defined
the Kuroshio main axis location as the longitude with the maxim-
um v-component velocities within the green rectangular area
(20.125°-21.875°N, 120.125°-121.875°E) (Kuo et al., 2018) and de-
noted the cyclonic and anti-cyclonic eddies as “CE” and “AE”
(Fig. 7a). Figure 8 depicts the variations in the Kuroshio main ax-
is and related eddies (CE, AE) before and after the typhoon. Prior
to the typhoon, the Kuroshio main axis near 21°N was positioned
around 121.125°E (Fig. 8a), with a northward velocity of about
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200 m are masked. The observed section is represented by cyan dots. The positions of the glider during that day are denoted by red
dots. The yellow and magenta dots are the trajectories of typhoon and Argo float, respectively. The green rectangular frame is used to
show the axis of the Kuroshio current, and the blue boxes is area in which the variations of total relative vorticity and EPV are calcu-
lated. The cyclonic and anti-cyclonic eddies in the blue box are denoted as “CE” and “AE”.

0.5 m/s (Fig. 8b). During the typhoon, the Kuroshio current
weakened by about 0.1 m/s but remained in the same position.
After the typhoon, the main axis shifted westward by about 0.5°
and its velocity decreased to about 0.25 m/s. It wasn’t until Oc-
torber 6 that the main axis returned to its original position, al-
though its velocity did not recover to the initial level (Figs 8a and
b). Additionlly, we extracted the velocity magnitude of the Kur-
oshio upstream (near 18.5°N) during the study period. It exhib-
ited a decrease after the typhoon but rebounded to it initial level
after the typhoon on October 6 (Fig. 8c). Therefore, we con-
cluded that the influence of typhoon on the Kuroshio persisted
for approximately 7 d, from October 2 to October 9, which
aligned with the observations by glider, indicating a deeper MLD
(Fig. 3d) and the appearance of HSW (Fig. 3b) during this period
eddies in the upper ocean can be influenced by typhoons and
may not fully recover in the short term, as noted in previous stud-
ies (Sun et al., 2009; Hu et al., 2012; Hsu et al., 2018; Zhang et al.,
2023). The variations in SLA and geostrophic currents (Fig. 7),
coupled with the increase of total relative vorticity and the de-
crease of SLA east of the Luzon Strait (blue box in Fig. 7a; Figs 8d
and e), suggested that CE was strengthened while AE was

weakened after the typhoon. The rise of the pycnocline following
the typhoon, as observed from the Argo dataset, might be par-
tially attributed to the weakening of AE (Fig. 6). These changes in
the eddies also resulted in a reduction in the velocity of the Kur-
oshio current. As the Kuroshio flows northward through the
Luzon Strait, the f effect and potential vorticity conservation
cause it to bend lead clockwise (anti-cyclonic), promoting Kur-
oshio intrusion. The decrease in Kuroshio velocity renders its
main axis more susceptible to this clockwise bending, further fa-
cilitating Kuroshio intrusion (Yaremchuk and Qu, 2004; Nan
etal., 2015; Gao et al., 2022).

During the course of the typhoon, the turbulent local wind
field typically induce vigorous mixing, Ekman pumping and
transport, leading to upwelling or downwelling in the upper
ocean. Wind curl (S), Ekman pumping velocity (EPV, W), and

Ekman transport were calculated using the equations S =
ov  Ou _Vxz

ax 0y psf

T,
= M,==2 - 2 §
ox 0y’ E and Mx 1% where 7 = p,Cpu? is the

wind stress, f = 2w sin 6 is the Coriolis parameter for latitude 6,
pa, and pg are the densities of air and sea water, respectively,
u and v represent wind velocities at 10 m above sea level , w is the
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rotation rate of the Earth, and Cp is the speed-dependent drag
coefficient. Figure 9 illustrates the distribution of wind stress curl
and Ekman transport during the typhoon. Positive wind stress
curl prevailed to the east of the Luzon Strait (Figs 9a and b), res-
ulting in robust Ekman upwelling (Fig. 8d, orange line) and west-
ward Ekman transport (Figs 9d and e). However, the Kuroshio
main axis remained stable, with only a slight velocity decrease
(Figs 8a and b), suggesting the typhoon-induced westward Ek-
man transport was not the direct cause of Kuroshio intrusion.
Typhoon MITAG introduced positive potential vorticity to the
east of the Luzon Strait (Fig. 8d, blue and red lines), weakening
AE and strengthened CE. This led to a significant reduction and
westward shift in the Kuroshio main axis, with upper ocean ef-
fects lagging by 1-2 d but persisting for nearly 7 d. Generally, the
anti-cyclonic eddies at the edges of typhoon intensified due to
strong negative wind stress curl (Zhou et al., 2017; He et al.,
2024). The wind stress curl at AE alternated between positive and
negative EPV (Fig. 8d, green line), with positive curl ultimately
dominating and weakening AE. Furthermore, the center of the
typhoon was east of the Kuroshio main axis, and northerly winds
influenced this axis. This may have caused a buildup of water
levels to the Luzon Strait, resulting in a difference in water level

with the south and facilitating a geostrophic flow to the west.
This, in turn, contributed the westward shift of the Kuroshio
main axis (Gao et al., 2022). The frequent occurrence of tropical
cyclones (typhoons) near the Luzon Strait likely played a role in
the high-frequency disturbances in the Kuroshio intrusion (Hsin
etal., 2010). It is worth pointing out, however, that the mechan-
isms of short-term strengthening of Kuroshio intrusion is likely
more complex than the action of eddies. Other factors such as in-
stability of the Kuroshio, Rossby waves responding to remote for-
cing, among others, may also have contributed to the processes
(Lu and Liu, 2013; Nan et al., 2015). More high-resolution obser-
vations and numerical modelling efforts are required to untangle
these relationships.

The influence of strengthened Kuroshio intrusion was not
only in surface and subsurface, but also in the deeper water. The
mixing, upwelling and horizontal advection due to passing of
typhoon caused the decreased in temperature in the surface and
subsurface, but did not affect the deeper regions (>200 m)
(Figs 4a and d). The increase in temperature in the depth of
200 m to 400 m was mainly influenced by the Kuroshio water
with high temperature and salinity, also the change of salinity
also indicated the influence range of Kuroshio intrusion (Fig. 4b).
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Fig. 9. Distribution of wind field, wind stress curl (a, b, ¢) and Ekman transport (d, e, f) when the typhoon passed east of the Luzon
Strait. The contour maps in a, b, and c display the wind curl, and the arrows indicate the wind velocity and direction. The contour
maps in d, e, and f show the Ekman transport per unit width, and the arrows represent directions.

After October 6, the typhoon process weakened and the Kurosh-
io intrusion increased the surface and subsurface temperature
slightly. Finally, the Kuroshio intrusion speeded up the recover-
ing of temperature after the typhoon.

5 Conclusions

In the paper, we used a glider to collect continuous temperat-
ure and salinity profiles in the upper ocean west of the Luzon
Strait during and after typhoon MITAG. Combining this data with
information from Argo floats and satellite, we explored the im-
pact of typhoon on Kuroshio intrusion. After typhoon MATIG,
there was a notable intensification of Kuroshio intrusion in the
northern Luzon Strait, accompanied by the subsurface entry of
the high-salinity water (HSW) into the South China Sea. The Kur-
oshio main axis shifted westward by up to 0.5°, and its velocity
decreased. This enhancement of Kuroshio intrusion lagged the
typhoon by 1-2 d but lasted for nearly a week. Importantly, this
intensification was not a direct result of Ekman transport, but
rather stemmed from changes in the eddies east of the Luzon
Strait influenced by typhoon. The typhoon introduced positive
wind stress curl into the upper ocean, which weakened the anti-
cyclonic eddy “AE” and strengthened the cyclonic eddy “CE”,
both located to the right of the Kuroshio main axis. These changes
to the eddies resulted in a gradual slow-down and westward shift
of the Kuroshio main axis. Nevertheless, more high-resolution
observations and numerical modelling efforts are still required to
untangle the complex effect of typhoons on Kuroshio’s intrusion.
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