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We deployed 8 surface drifters in the western North Pacific in 2022. By

integrating the Global Drifter Program’s data, we analyzed the drifter-based

sea surface currents and temperatures during tropical cyclones. The maximum

in-situ surface current observed was 0.70 m/s during typhoon Hinnamnor. Our

surface drifters provided similar observations as compared to an adjacent Global

Drifter Program’s drifter. Furthermore, we investigated float profiling

observations during tropical cyclones. Based on Argo float 2903647, the SST

decreased by 1.4oC after the passage of typhoon Hinnamnor. This study

demonstrates the reliability of our newly deployed surface drifters and exhibits

the state-of-the-art capability for in-situ observations of tropical cyclone-

ocean interaction.
KEYWORDS

surface drifter, Argo float, in situ observation, tropical cyclone, western North Pacific
1 Introduction

Tropical cyclones (TCs) typically originate in warm sea surface conditions (Gray,

1998). The ocean’s response to TCs is intense, particularly on surface currents and

temperatures (Price, 1981; Lenain and Melville, 2014). Significant cooling of sea surface

temperature is mainly observed around TC paths (Oey, 2023). Observing the ocean’s
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response and its feedback to TCs is crucial for understanding

extreme air-sea interactions (Prasad and Hogan, 2007; Cao et al.,

2022; Li et al., 2023), as well as for operational TC forecasting

(Bender et al., 2007).

Strong ocean currents pose a significant risk to ocean engineering

structures (Tavakoli et al., 2023), yet they also offer opportunities for

renewable energy generation. Satellite altimeters provide a solution for

measuring geostrophic currents (Deng, 2016). Additionally, the

Geostationary Ocean Color Imager serves as a high resolution

foundation for retrieving surface currents (Choi and Kim, 2018).

High-frequency radar is widely employed for surface current

measurements at scales of 100 km (Röhrs et al., 2015). However, in-

situ sensor measurements of ocean currents are relatively costly

(Sanford et al., 2011; He et al., 2022). Lagrangian tracking offers an

alternative method for computing surface currents, leveraging satellite-

based positioning systems, which are relatively reliable in terms of

limited position error and real-time data transmission (Hansen and

Poulain, 1996; Lumpkin and Johnson, 2013). Therefore, surface

drifters, which measure Lagrangian currents, are widely used for in-

situ surface current estimation (Laurindo et al., 2017).

TC-induced surface currents can reach speeds as high as 1 m/s

(Fan et al., 2022; Yu et al., 2020). Surface drifters have been used to

describe the spatial pattern of surface currents during TC events

(Chang et al., 2013). However, the sparse distribution of surface

drifters limits their ability to fully resolve TC cases (Chen et al.,

2021; He et al., 2024). Therefore, additional surface drifters are

required for more detailed TC case studies.

Recently, we deployed 8 surface drifters in the western North

Pacific, each equipped with following advantageous features:
Fron
• The data were transmitted to land in real-time.

• The temporal resolution is as high as hourly.
Some of our drifters are influenced by TCs, however, their

reliability for TC observation remains uncertain. This paper is
tiers in Marine Science 02
TABLE 1 Best tracks of TCs in 2022.

ID Name Genesis time Life cycle Pmin

YYYY-MM-DD HH days hPa

1 Malakas 2022-04-06 06 11.75 945

2 Megi 2022-04-08 18 3.25 996

3 Chaba 2022-06-28 18 9.00 965

4 Aere 2022-06-30 12 10.00 994

5 Songda 2022-07-26 12 5.75 996

6 Trases 2022-07-29 12 3.25 998

7 Mulan 2022-08-08 00 3.25 994

8 Meari 2022-08-08 18 8.00 988

9 Ma-On 2022-08-21 00 5.00 985

10 Tokage 2022-08-21 06 5.75 970

11 Hinnamnor 2022-08-27 18 12.25 920

12 Muifa 2022-09-03 18 13.25 950

13 Merbok 2022-09-10 12 6.25 940

14 Nanmadol 2022-09-12 12 7.50 910

15 Talas 2022-09-20 18 6.75 1000

16 Noru 2022-09-21 06 8.00 940

17 Kulap 2022-09-25 00 6.50 940

18 Roke 2022-09-28 00 7.25 975

19 Sonca 2022-10-13 06 1.75 998

20 Nesat 2022-10-14 12 5.75 965

21 Haitang 2022-10-17 00 3.50 1004

22 Nalgae 2022-10-26 00 8.00 975

(Continued)
fron
FIGURE 1

Best tracks of TCs in the western North Pacific during 2022. The best tracks were provided by Japan Meteorological Agency (JMA).
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largely motivated by this uncertainty. We aim to compare the

measurement of our drifters with that of other drifters. On the

other hand, in 2022, typhoon Hinnamnor proved to be

particularly challenging due to its unpredictable nature. The

unusual meridional turning in the western North Pacific

presented a significant obstacle for track forecasting (Wang

et al., 2023b, 2023a). Air-sea interaction likely contributed to its

intensity change. Notably, our drifters were deployed during this

typhoon event. Cases like Hinnamnor, characterized by sudden
TABLE 1 Continued

ID Name Genesis time Life cycle Pmin

YYYY-MM-DD HH days hPa

23 Banyan 2022-10-28 06 5.75 1002

24 Yamaneko 2022-11-11 12 3.25 1004

25 Pakhar 2022-12-10 00 2.50 998
Pmin is the minimum pressure of TC center during the TC life. The data were provided by JMA.
FIGURE 2

An overview of surface drifters during TCs in 2022. The magenta solid line depicts the best track of the TC, while the blue and red lines represent
the trajectories of surface drifters in Global Drifter Program and our deployment, respectively. Nd is the number of captured surface drifters. The
search radius is 500 km.
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changes in track, warrant special attention and study (Zhang

et al., 2023).

The dynamics of surface currents and temperature is also

related to the vertical structure of ocean density, a profile

typically measured using instruments like Argo floats or similar

devices (Sanford et al., 2011; Fu et al., 2014; Oginni et al., 2021).

However, the observation status of Argo floats during typhoon

events in the western North Pacific remains unclear over the past

decade (Wu and Chen, 2012), particularly regarding specific

typhoon cases (Chen et al., 2021).

Therefore, the objectives of the present study are threefold:

Firstly, to assess the data quality of our surface drifters. Secondly, to

investigate the observational capabilities of ocean responses to

typhoons in 2022, utilizing both surface drifters and Argo floats.

Thirdly, to meticulously examine the ocean observation status

during Typhoon Hinnamnor.
FIGURE 3

The number of (A) drifters (Nd) and (B) Argo floats (Nf) for each TC in 2022. In (A), solid and dashed lines represent all drifters and only Global Drifter
Program’s drifters, respectively. The red lines denote all category TCs, while the blue lines represent high-category TCs (maximum sustained wind
speeds greater than 17.5 m/s). The bottom abscissa displays the TC names, and the top abscissa indicates the TC IDs in 2022. The search radius
is 500 km.
Frontiers in Marine Science 04
TABLE 2 Surface drifters captured by TC Hinnamnor in the western
North Pacific during 2022.

Drifter
ID

t0
YYYY-MM-DD HH

x0
km

Vmax

m/s
DSST

°C
|Umax|
m/s

67649550 2022-08-29 09 13 41.2 -2.11 0.66

66216740 2022-08-28 15 13 24.4 -0.40 0.31

61286260 2022-08-29 05 22 37.7 -0.86 0.10

68542420 2022-08-28 09 -27 19.3 -0.24 0.08

68542390 2022-08-28 09 -31 19.3 -0.34 0.20

66432050 2022-08-28 15 -61 24.4 — 0.26

68543130 2022-08-29 06 68 38.6 -0.86 0.37

67544100 2022-08-28 18 -72 28.3 -0.15 0.70

(Continued)
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2 Materials and method

2.1 Best track of TC

We utilize the best track data provided by the Japan

Meteorological Agency (JMA), with a temporal resolution of 6 or

3 hours (case dependent).
Frontiers in Marine Science 05
2.2 Surface drifter

We also utilize data from the Global Drifter Program (GDP),

with a corresponding temporal resolution of 6 hours. The accuracy

of Sea Surface Temperature (SST) in the GDP dataset is reported as

0.05°C, while the accuracy of surface currents is approximately 1

cm/s (Hansen and Poulain, 1996). Meanwhile, we have deployed 8

new surface drifters in the western North Pacific. The data

collection period spans from July 19, 2022, to September 24,

2022. These surface drifters record both position and SST, and

the data are transmitted to land via the BeiDou satellite system with

a 1-hour resolution. The accuracy of our SST and surface current

measurements is nearly consistent with that of the GDP.
2.3 Argo float

We also incorporate data from Argo floats, which observe ocean

temperature and salinity profiles. These measurements enable us to

compute ocean density based on water temperature and salinity.

Argo floats typically repeat their profiling every 10 days, although

for certain specialized floats, the temporal resolution can approach

nearly 1 day (Wada et al., 2014).
3 Results

3.1 Best track

Figure 1 illustrates all TC tracks in 2022, totaling 25 TCs.

Table 1 provides details such as start time, lifetime, and intensity

(minimum central pressure) of each TC. TC Malakas, occurring in

the spring season, exhibited a significant lifetime of 11.75 days with

a minimum pressure reaching as low as 945 hPa. Conversely, Megi,

also a spring TC, had a much shorter lifespan of 3.25 days. There

were 19 TCs during the typical typhoon season (July–October). In a

noteworthy case, Hinnamnor originated in the subtropical ocean at

(150°E, 20°N). Initially, it moved northwestward, then changed

direction to westward and southwestward around 125°E.

Subsequently, Hinnamnor made a significant turnaround (125°E,

20°N), followed by a northward and northeastward trajectory.

Among other TCs during the typhoon season, Ma-On formed

near (130°E, 18°N), moved southwestward, then turned

northwestward. It passed over the Philippines Island and entered

the South China Sea, eventually making landfall on the China

mainland near 110°E. Noru also developed around (130°E, 18°N),

moved predominantly westward, crossed the Philippines Island,

entered the South China Sea, and ultimately made landfall near

(110°E, 18°N). Nesat followed a similar track to Noru, with its eye

passing over Luzon Strait. Tracks of Tokage, Merbok, Kulap, Roke,

and Haitang predominantly moved northward and northeastward,

maintaining distance from land. Post-typhoon season, there were

two TCs: Yamaneko in November and Pakhar in December. Both

had lifetimes shorter than 3.5 days, with minimum pressures higher

than 997 hPa.
TABLE 2 Continued

Drifter
ID

t0
YYYY-MM-DD HH

x0
km

Vmax

m/s
DSST

°C
|Umax|
m/s

68543140 2022-08-28 16 99 25.7 -0.05 0.26

68543090 2022-08-28 22 -141 33.4 -0.42 0.14

65701850 2022-08-28 12 -144 20.6 -0.23 0.49

61286230 2022-09-02 12 233 38.6 -0.25 0.31

68542300 2022-08-28 23 -251 34.7 -0.41 0.07

66213760 2022-08-29 11 -287 42.9 — 0.14

66213700 2022-08-30 04 -293 50.6 0.49 0.12

61658680 2022-08-28 17 -325 27.0 -0.39 0.43

30000003 2022-09-02 12 325 38.6 -0.32 0.61

66813190 2022-08-28 00 -331 0.0 0.33 0.63

60616560 2022-08-27 18 345 — -0.05 0.21

61394350 2022-08-28 03 — 9.0 -0.44 0.11

30000008 2022-09-01 12 -358 51.4 -0.66 0.24

66213720 2022-08-30 03 361 50.2 0.16 0.09

60520110 2022-08-28 02 -370 6.0 0.17 0.28

30000007 2022-09-02 12 399 38.6 -0.94 0.26

66213740 2022-08-29 02 -407 36.0 -0.21 0.27

60753060 2022-08-29 05 -419 37.7 -0.18 0.30

60523120 2022-08-29 15 -433 43.7 0.14 0.13

68542120 2022-08-28 03 438 9.0 0.04 0.34

61297880 2022-08-27 18 -459 — -0.04 0.19
t0 is the arrival time of TC. At t0, x0 is the cross-track coordinate, Vmax is the maximum sustain
wind speed of TC, DSST is the SST change as referred to 1 day before, and |Umax| is the current
speed. The search radius is 500 km.
TABLE 3 Comparisons between our and Global Drifter Program’s (GDP)
drifters during TC Hinnamnor.

Variable Our
drifter

GDP’s
drifter

D RD

|U| (m/s) 0.31 0.24 0.07 30.23%

q (°) -59.89 -43.47 -16.42 —

SST (°C) 29.05 29.95 -0.90 -3.0%
The ID of our drifter is 30000003, and the ID of GDP drifter is 61286230. The transient time is
2022/09/03 12:00:00. The distance between two drifters was 68 km. D indicates the difference,
RD is the relative difference, |U| is the current speed, q represents the current direction, and
SST is the sea surface temperature.
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3.2 Surface drifter observation

Figure 2 displays the trajectories of surface drifters during each

TC. Figure 3 also depicts the number of drifters within a 500 km

search radius. For certain TCs such as Megi, Chaba, Mulan, Sonca

and Banyan, no surface drifters were present (Figure 3A). In the

case of Meari, although the number of surface drifters exceeded 20,

there were only 1 drifter during high category TCs (maximum

sustain wind speed exceeds 17.5 m/s). In contrast, the situations

during Hinnamnor and Kulap were more promising, with roughly

25 drifters within a 500 km search radius. The drifter count did not

sharply decrease with high category TCs. As a result, there were

mean 6.1 drifters for high-category TC. During the genesis of Meari,

surface drifters provided valuable observations. Initially, there were

nearly 20 drifters around the genesis area. However, due to the weak

intensity at the beginning, the drifters were not significantly affected

by higher category TCs (Figure 3A).

Our drifters significantly contributed to ocean observations. In

terms of the number of surface drifters, our deployment increased

the count captured by TCs (Figure 3A). Across all intensity levels of

TCs, our drifters contributed during Ma-On (2209), Hinnamnor

(2211), and Muifa (2212). Specifically, 3 of our drifters were

deployed during Hinnamnor (2211). Even during high-category

TCs, our drifters continued to function effectively, maintaining a

count of 3 during the Hinnamnor event. While our drifters exactly

observed the ocean response to Hinnamnor on its track turning
Frontiers in Marine Science 06
point (Figure 2), and they were primarily located on its western side.

Table 2 listed the drifter observations during Hinnamnor. The

maximum SST cooling in these drifters attained -2.11°C (drifter

67649550), and the maximum surface current was 0.70 m/s

(drifter 67544100).

A GDP drifter was in close proximity to ours, allowing for a

comparison of transient surface current and temperature

measurements, as detailed in Table 3. The minimum distance

between the two drifters was 68 km. Our drifter recorded slightly

stronger current speeds compared to the GDP drifter, with a relative

difference of 30%. The difference in current direction was -16.42°.

Furthermore, our drifter recorded a colder SST than the GDP

drifter by 0.9°C, suggesting weak disparity in measurements

between the two drifters.

Figure 4 further investigates the local coordinates with respect

to the TC eye. The x coordinate denotes the cross-track direction,

while the y coordinate represents the along-track direction. Similar

to previous studies (Chang et al., 2013), surface current patterns

typically exhibit a rightward bias (Chen et al., 2021). The vortex-like

pattern and right-side bias are more pronounced in relatively high-

category TCs, where the vortex wind forcing is stronger. The surface

currents measured by our drifter are also broadly consistent with

vortex distribution and right-side bias. It’s worth noting the

presence of abnormal upward (positive) currents on the left side

of the track, likely attributable to background currents, sudden

changes in TC trajectory, or localized wind forcing.
FIGURE 4

Observations of surface currents under TCs in 2022. (A) All category TCs, (B) high category TCs (maximum sustained wind speeds greater than
17.5 m/s). TC-following coordinate is used, where the x coordinate denotes cross-track, and the y coordinate signifies along-track. The TC heading
direction aligns with the positive y direction. Blue arrows represent the Global Drifter Program’s surface drifters, while red arrows indicate our
surface drifters.
frontiersin.org
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3.3 Argo float observation

Argo floats offer a platform for oceanic profiling observations.

On average, there were 17.3 Argo floats for high category TC. In the

case of specific typhoons, such as Hinnamnor, the number of Argo

floats deployed is considerably high (Figure 3). Within a 500 km

search radius, nearly 65 Argo floats are captured. After excluding

instances of weak TC conditions, approximately 55 Argo floats were

found near the TC track (Figure 3). Examining the records of Argo

floats during Hinnamnor, it is observed that the floats are primarily

located around 25°N (Figure 5).
Frontiers in Marine Science 07
Figure 6 further illustrates the observational profiles of

temperature and salinity during typhoon Hinnamnor. The drifter

ID for this data is 2903674, with a minimum distance to the

typhoon eye of 78 km. The temporal resolution of this float data

is approximately 5 days. A noticeable cooling of SST is observed.

Prior to the TC’s arrival, the SST was around 30.5°C. During the

TC’s forcing, the SST decreased to 30.2°C, and post-TC passage, it

further dropped to 29.1°C. Therefore, the SST cooling attained

-1.4°C after the TC passage. In the vertical profile, the subsurface

isothermocline rises towards the sea surface, indicating significant

thermocline entrainment. Accordingly, a relatively fresher sea
FIGURE 5

An overview of Argo floats during TCs in 2022. The magenta solid line depicts the best track of the TC, while blue solid line represents the trajectory
of Argo float. Nf is the number of captured floats. The search radius is 500 km.
frontiersin.org
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surface salinity is observed, likely due to surface precipitation. The

mixed layer depth (MLD) deepened significantly. At the time of TC

forcing, the MLD was approximately 21 m, extending further to

43 m on 5 days after the TC’s passage. The isothermal depth (ITD)

generally mirrors the behavior of the MLD. The definitions of MLD

and ITD used here follow those provided by Wada et al. (2014);

Oginni et al. (2021). Table 4 further listed the Argo floats during TC

Hinnamnor. At the forcing stage of Hinnamnor, the maximum SST

cooling attained -0.53°C (Float 2903642). Meanwhile, the

corresponding MLD change was 8.9 m.

For all TCs in 2022, the average number of Argo floats deployed

was 36.5. However, for high-category TCs, this number dropped to

17.3. During TCs Malakas, Hinnamnor and Kulap, the number of
Frontiers in Marine Science 08
Argo floats deployed under high-category TC conditions exceeded

40 (Figure 3B). Malakas was observed by greatest number of floats

as the number of 108. During TC Aere, a significant number of

Argo floats were captured within a 500 km search radius (number is

58). However, the number of Argo floats observed under high-

category TCs remained limited, with only 18 floats remaining. TCs

Meari and Tokage also captured a considerable number of floats,

with a total of 73 and 77 floats, respectively. Notably, for high-

category TCs, the number of floats during Meari and Tokage

remained nearly 40. Considering Muifa, Nanmadol and Talas,

there were some Argo floats around the genesis area. Similarly, 70

Argo floats were captured by Roke, and the Argo floats located at

both left and right sides of TC tracks.
FIGURE 6

Profiles of Argo float during TC Hinnamnor. (A) Sea surface temperature (SST), (B) sea surface salinity (SSS), (C) temperature profiles and (D) salinity
profiles. Float ID: 2903647. The minimum distance between float and TC is 78 km. In (A), blue triangular marker represents the arrival time of TC. In
(C, D), black solid and dashed lines represent mixed-layer depth (MLD) and the isothermal depth (ITD) respectively. t is time, and t0 is the TC’s
arrival time.
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3.4 Integrated observation by surface
drifter and Argo float

We examined the transient observations of Typhoon

Hinnamnor by combining data from both surface drifters and

Argo floats (Figure 7). On the initial day of the typhoon’s

presence (Day 00), there were 11 surface drifters and 4 Argo

floats deployed. By the following day (Day 01), the number of

surface drifters had increased to 16, while the number of Argo float

decreased to 1. On the subsequent day (Day 02), the count reduced

to 7 surface drifters and 1 Argo float. Day 03 saw 2 Argo floats

operational, with 1 surface drifter detected. Similarly, on Day 04, 3

Argo floats remained active. Moving to Day 05, 5 surface drifters

were operational, with 3 of them belonging to our deployment.

Additionally, 1 Argo float was operational. Notably, on this day, the

typhoon moved slowly. Day 06 recorded 4 surface drifters, with 3 of

them belonging to our deployment, along with 2 Argo floats. On

Day 07, only 1 surface drifter was active, and by Day 08, neither

surface drifters nor Argo floats were available.
4 Discussion

We deployed 8 surface drifters in the western North Pacific,

and some of them were influenced by TCs in 2022. Our surface

drifter data are reliable for the following two reasons: Firstly, the

spatial pattern under TC-following coordinates emphasizes the

vortex distribution, with the current on the right side significantly

higher than that on the left side. Secondly, the transient differences

between our drifters and GDP drifters are not markedly different.

The relative difference in current speed was 30.23%, and the

difference in current direction was -16.42°. It is also worth

noting that the distance between these two drifters was 68 km

(see Table 3).

On average, there were approximately 6.1 drifters deployed

during periods of relatively high-category tropical cyclones (with

maximum sustained wind speeds exceeding 17.5 m/s), aimed at

measuring surface currents and SST (see Figure 3). Additionally,

during these high-category TC events, there were an average of 17.3

Argo floats deployed for profiling observations. Given that the

typical repeat time of Argo floats is nearly 10 days, the transient
TABLE 4 Argo floats captured by TC Hinnamnor in the western North
Pacific during 2022.

Float ID t0
YYYY-MM-
DD HH

x0
km

Vmax

m/s
DSST

°C
DMLD

m

2903648 2022-08-30 00 3 48.9 -0.05 2.9

2901808 2022-09-05 20 -8 36.0 0.04 0.6

4903637 2022-09-05 23 -25 34.3 -0.17 1.9

4903636 2022-09-05 23 8 34.3 -0.14 0.9

2903705 2022-08-30 05 30 51.0 -0.24 5.0

5906513 2022-08-29 22 -29 48.0 -0.08 -1.1

2903676 2022-08-28 19 -74 29.6 -0.02 -0.8

2903706 2022-08-30 08 77 52.3 -0.05 5.5

2903647 2022-08-31 03 -78 51.4 -0.07 1.9

2903625 2022-08-30 23 -80 52.3 -0.22 7.4

2901811 2022-09-05 18 -81 36.0 0.14 —

2903710 2022-08-29 20 89 47.2 — —

2903686 2022-08-31 10 -93 51.4 — —

2903642 2022-09-01 18 73 46.3 -0.53 8.9

2903346 2022-08-30 02 -108 49.7 — —

2903618 2022-08-28 16 111 25.7 -0.11 1.8

5905847 2022-08-29 06 116 38.6 -0.08 1.4

2901806 2022-09-06 01 -119 33.4 -0.12 -0.0

2903688 2022-08-30 01 -126 49.3 -0.09 0.5

2903649 2022-08-30 05 -129 51.0 -0.01 -0.5

2903709 2022-08-30 14 -145 54.0 -0.30 5.3

2901795 2022-09-06 04 -153 32.6 -0.10 -0.1

2901785 2022-09-06 09 164 15.4 -0.35 -1.0

5906762 2022-08-27 18 — 0.0 -0.04 0.2

2903622 2022-08-28 10 174 19.7 -0.11 1.0

2903707 2022-08-30 06 175 51.4 0.00 1.5

2903645 2022-08-29 11 177 42.9 -0.01 2.8

5904935 2022-08-28 20 -181 30.9 -0.09 0.9

2901791 2022-09-06 08 -195 20.6 -0.25 -0.8

5901937 2022-09-01 18 -137 46.3 -0.15 0.0

2901801 2022-09-06 07 -201 25.7 -0.08 0.0

2903652 2022-08-30 15 203 54.0 -0.05 -1.6

2901810 2022-09-06 06 197 30.9 0.01 1.3

5905061 2022-08-30 00 -203 48.9 -0.15 0.9

2903650 2022-08-27 18 — 0.0 -0.04 0.5

2903687 2022-08-31 07 -217 51.4 -0.11 3.3

2903690 2022-08-30 19 -227 54.0 -0.14 4.1

(Continued)
TABLE 4 Continued

Float ID t0
YYYY-MM-
DD HH

x0
km

Vmax

m/s
DSST

°C
DMLD

m

5906522 2022-08-28 21 232 32.2 -0.06 0.6

2903651 2022-08-27 20 240 0.0 0.02 -0.2

2903695 2022-08-30 22 242 53.2 -0.01 -0.3

2903425 2022-08-28 06 251 18.0 -0.04 0.6

2903626 2022-08-30 05 -287 51.0 -0.04 -0.1
front
t0 is the arrival time of TC. At t0, x0 is the cross-track coordinate, Vmax is the maximum sustain
wind speed of TC, DSST is the SST change as referred to 1 day before, and DMLD is the
corresponding MLD change. Only x0 ≤300 km is shown here.
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observations of ocean responses to tropical cyclones are still

somewhat limited in the case of TCs.

After integrating the GDP and current surface drifters, the total

surface measurement count reached as high as 16 at the beginning

of Typhoon Hinnamnor. Our drifters offered new observations of

the ocean response to typhoon Hinnamnor, which is particularly

notable for its unusual track. Our drifter’s locations were within

500 km distance to the turning point of Hinnamnor’s track,

providing new data on the ocean response to this abruptly

turning TC.

Overall, there remains an inadequate observation of tropical

cyclone-ocean interactions in the western North Pacific. More

surface drifters and Argo floats are required in future endeavors.

Meanwhile, the emergence of new unmanned observation

platforms presents an opportunity for advancement. Further
Frontiers in Marine Science 10
development should encompass a holistic approach, integrating

gliders, unmanned ships/boats, and drifting meteorological buoys

as well as present surface drifters and Argo floats (or other Argo-like

floats). While there are fewer mooring buoys in the western North

Pacific, some are available and should be considered for

incorporation in future observational strategies. It is imperative to

expand observation methods to provide a more comprehensive

understanding of the ocean’s response and feedback to TCs.
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FIGURE 7

Transient integrated observations of ocean response to TC Hinnamnor. TC-following longitude-latitude coordinate is used. Gray solid line is the best
track of TC. Magenta line is the TC track in the every day. Magenta circle (marker) represents the TC eye. Gray circle (dashed line) represents 500 km
search radius. Blue plus (marker) indicates the surface drifter from Global Drifter Program. Red plus (marker) shows our surface drifter. Green cross
(marker) represents the Argo float. Nd and Nf are the numbers of captured surface drifters and floats, respectively.
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