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Abstract

To assess the impact of Typhoon Soulik on the marine environment, unmanned platforms, specifically wave
and underwater gliders, are used for surveys in the East Sea. From August 20 to 30, 2018, the wave glider collected
meteorological data, while the underwater glider conducts CTD measurements within the typhoon’s impact zone.
The data are compared with marine buoy data from the Korea Meteorological Administration and forecast model
outputs using RMSE and correlation coefficients to evaluate the characteristics of each data source. The unmanned
platform effectively capture the marine environmental changes during the typhoon passage, and the forecast model
results show relatively lower RMSE and correlation with the observed data. The study also determines the time
required for conditions to revert to pre-typhoon states. This research demonstrates the potential of unmanned

platform data for enhancing marine surveys and forecast model accuracy.
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1. Introduction

Oceanographic surveys traditionally rely on ships, buoys, and observatories, but recent advancements in unmanned
observation technology have led to the autonomous conduct of ocean surveys. These advancements include unmanned surface
vehicles (USVs) and unmanned underwater vehicles (UUVs). Among these, the wave glider [1-3] stands out as a USV
propelled by wave energy, equipped with various observation and communication instruments tailored to its deployment
location. Typically, the wave glider gathers meteorological (e.g., air temperature, air pressure, wind) and oceanographic (e.g.,
water temperature, wave height) data, with the flexibility to incorporate additional sensors [4-6]. For instance, Moh et al. [7]
deployed an acoustic doppler current profiler (ADCP), fluorometer, and conductivity, temperature, and depth (CTD) sensor to
conduct an ocean survey near Jeju Island, South Korea, over a 985 km track. Their study delineated water dilution patterns

and elucidated the relationship between turbidity and mixed layer depth across the surveyed area.

Similarly, Wiggins et al. [8] conducted marine mammal passive monitoring surveys using a wave glider equipped with a
high-frequency acoustic recording package in Hawaii, capturing dolphin vocalizations and humpback whale songs. Notably,
the wave glider’s capacity for unrestricted temporal and spatial operation enables it to traverse vast oceanic expanses [9] and
monitor natural phenomena such as typhoons [10]. Conversely, the underwater glider [11-14], a type of UUV propelled by
buoyancy control mechanisms rather than conventional propulsion systems, primarily measures water properties like
temperature, salinity, and depth. While similar to Argo floats in operation, underwater gliders possess independent steering

capabilities, facilitating precise navigation to designated locations. Recent developments in underwater glider technology,
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notably the introduction of hybrid-type models equipped with propellers, have spurred research focusing on precision control.
Nguyen et al. [15] proposed a depth control algorithm for hybrid underwater gliders, enabling precise depth navigation at

constant cruising speeds, validated through MATLAB simulations.

Motivated by the capabilities of these unmanned platforms, this study utilizes both wave and underwater gliders to assess
changes in the marine environment within the East Sea of South Korea following typhoon Soulik. Subsequent sections
delineate the methodology, deployment procedures, and data analysis, offering a comprehensive evaluation of the typhoon’s

impact on oceanographic conditions in the study area.

2. Materials and Methods

On August 16, 2018, typhoon Soulik, initially located approximately 260 km northwest of Guam, progressed towards
South Korea. By August 21, it approached the sea southeast of Jeju, eventually landing on August 23 and exiting to the East
Sea by August 24. The typhoon dissipated around 480 km northeast of Dokdo after lasting approximately 210 hours [16].
Based on the predicted trajectory of the typhoon, the survey areas for unmanned platforms such as wave gliders and underwater

gliders were determined, and oceanographic surveys were conducted within the influence of the typhoon.

2.1. Unmanned observation system
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Fig. 1 Schematic of the wave glider

The wave glider comprises a surface float, a submersible glider, and an umbilical cable, as illustrated in Fig. 1. The surface
float is versatile, accommodating various equipment types. Meteorological and oceanographic observations are collected using
a weather station measuring air temperature, air pressure, wind speed, wind direction, and a wave height sensor installed on
the surface float. The wave glider employs different communication techniques, such as radio frequency (RF), code division
multiple access (CDMA), and iridium satellite communications, depending on signal strength. The observation and
communication equipment on the surface float is powered by a built-in battery charged through a solar panel. Oscillatory

movements of waves are converted into forward propulsion by the wings on the submersible glider’s body. To adjust its
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direction, the wave glider is equipped with an orientation sensor and rudder at its rear. The wave glider typically operates at
an average speed of 1.8 knots and can achieve a maximum speed of about 3 knots under optimal conditions. These speeds are

influenced by environmental factors and mission-specific configurations [17].

The Slocum G2 underwater glider [18-19], shown in Fig. 2, was made by Teledyne Webb Research. This glider has three
parts: the front has a buoyancy engine, battery pack, and posture control device; the middle has a wing and a payload with a
Seabird CTD sensor, profiler, and controller; and the back has the main computer, battery pack, air bladder, antenna, rudder,
and power switch. The main computer includes modules like a motor driver, GPS receiver, communication module, motion

sensor, and gyro sensor.
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(b) Schematic of the Slocum G2
Fig. 2 Photograph of Slocum G2 underwater glider

The glider moves without a motor, using buoyancy and posture control along with steering. The glider moves by rocking
up to 200 m deep, following changes in buoyancy and gravity. It can run for about a month with its built-in battery, covering
600-1,500 km at an average speed of 0.4-0.6 m/s. Real-time monitoring is possible with iridium satellite communication. Fig.
3 shows a schematic of a wave glider and an underwater glider doing an ocean survey. They were controlled separately with
different software, giving instructions to the equipment and checking data and equipment status in real time. The specifications

related to the wave and underwater glider are summarized in Table 1.

Table 1 Specifications of wave and underwater gliders

Wave glider Underwater glider
Model Wave glider SV3 Slocum G2
Manufacturer Liquid Robotics Inc. Teledyne Webb Research
Dimensions Surfaf:e ﬂoa}t: 305 cm x 81 cm x 23 cm Lepgth: 1.5m
Submergible glider: 213 cm x 142 cm x 21 cm Hull diameter: 0.22 m
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Table 1 Specifications of wave and underwater gliders (continued)

Wave glider Underwater glider
Weight 150 kg 54 kg
. 15-50 days (Alkaline)
Battery life Up to 1 year at sea 4-12 months (Lithium)
Operation depth Surface operation Up to 200 m
Communication RF, CDMA, Iridium RF, Iridium, Argos
Average: 1.8 kts Average: 0.68 kts
g Max: 3 kts Max: 1kts
Sensors Weather station CTD
(Airmar Technology/PB200WX) (Sea-Bird Scientific/SLOCUMGLIDERCTD)

Control software

Satellite

2.2. Survey area

In Fig. 4, the expected typhoon path of August 18 is shown. The typhoon’s path, locations, and radius of 30-knot winds
(R30) are marked by green diamonds, lines, and circles. The survey area and Korea Meteorological Administration (KMA)
marine buoys are in red dashed boxes and red diamonds. To avoid navigational hazards such as scattered nets and fishing gear
along the East Sea coast, a survey area was selected between Samcheok and Ulleungdo, guided by ship schedules and the
predicted typhoon path. The wave and underwater gliders were launched from Samcheok and Ulleungdo, respectively, with
waypoints based on the typhoon’s path. The marine buoys [20-21] operated by the KMA serve as marine meteorological
observatories (Fig. 5). The Donghae and Ulleung marine buoys record hourly measurements of wind direction, speed, air

pressure, temperature, humidity, wave height, period, direction, and water temperature.

Data are accessible on the KMA’s official website (http://www.kma.go.kr/index.jsp). The Pacific Islands Ocean
Observing System (PacIOOS) and Hybrid Coordinate Ocean Model (HyCOM) forecast models were selected to compare
weather and CTD data, respectively. PaclOOS [22], part of the U.S. Integrated Ocean Observing System, generates forecast
model results for up to 7 days from observation data recorded and statistically processed at 1 to 3-hour intervals, with coverage
over a 0.5° by 0.5° longitude-latitude grid. HyCOM [23] is operated by institutions such as the National Oceanic and
Atmospheric Administration (NOAA), the U.S. Naval Research Laboratory (NRL), and various research universities, and

utilizes a hybrid vertical coordinate system for accurate ocean simulations. It processes real-time data from satellites, buoys,
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and ships, incorporating data assimilation techniques to enhance prediction accuracy. HyCOM provides forecasts ranging from
1 to 7 days for short-term predictions and up to 2 weeks or more for medium- to long-term forecasts, covering a grid mesh of

0.08° by 0.08° in longitude and latitude.
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Fig. 4 The expected path of typhoon Soulik Fig. 5 Photograph of the marine buoy

3. Results

From August 20 to 30, 2018, the wave and underwater gliders conducted oceanographic surveys along the waypoints
established within the survey area. The wave glider recorded meteorological data at 10-minute intervals, and the underwater
glider collected CTD profiles at 1-meter increments up to 200 m depth. Firstly, the surveys were assessed to determine if the
observations were made within the typhoon’s influence based on the actual typhoon path. Following this assessment, time-
series data from the wave glider were compared with measurements from marine buoys and forecast outputs from the PaclOOS

model, and time-series data from the underwater glider were compared with forecast results from the HyCOM model.

3.1. Trajectory of the typhoon, unmanned platform

Fig. 6 provides an overview of the survey area, including data for the typhoon, wave glider, and underwater glider. Fig.
6 shows the following: the position of the typhoon center, trajectory, and R30 of the actual typhoon (black diamonds, dashed
line, and circles); the position of the typhoon center, trajectory, and expected R30 area (green diamonds, dashed line, and
circle); the time (UTC); the survey area (red dashed box); wave glider waypoints and trajectory (yellow diamonds and line);
and underwater glider waypoints and trajectory (blue diamonds and line). The two red diamonds represent the marine buoys,
with Donghae on the left side and Ulleung on the right side. According to data from the Donghae marine buoy, when the

typhoon reached the survey area and dissipated, the average and maximum wind speeds were 5.4 and 14.1 m/s, respectively.

The R30 associated with the actual typhoon had a radius of at least 120 km, covering a large area over the East Sea of
South Korea, including Ulleungdo. As shown in Fig. 6, the survey area was situated within the region where the R30 of both
the expected and actual typhoons overlapped. Although the typhoon did not follow the predicted path, the R30, based on the
forecasted trajectory, covered the pre-established observation area. This ensured that the two unmanned platforms were able

to conduct the ocean survey within the typhoon’s impact zone.
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Fig. 6 Overview of the survey area
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Fig. 8 Trajectory of the underwater glider

Fig. 7 and Fig. 8 illustrate the waypoints and trajectories of the wave and underwater gliders, respectively. The Donghae
marine buoy was located within the survey area, while the Ulleung marine buoy was positioned outside, approximately 105
km away from the Donghae marine buoy. The marine buoys remained stationary, while the wave glider conducted an ocean

survey following the designated waypoints. Table 2 shows the distances between each waypoint of the wave glider and the
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marine buoys (Donghae and Ulleung). The wave glider was launched from the vicinity of Samcheok, traveling along waypoints
1 to 7. On the other hand, the underwater glider was launched near Ulleungdo, moving from east to west along the waypoints.
Fig. 7 and Fig. 8 depict the wave glider following approximately straight lines between waypoints, while the underwater glider

navigated by circumventing them.

Table 2 Distances between wave glider waypoints and marine buoys (Donghae and Ulleung)
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | No.7

40 45 53 34 55 7 15

Marine buoy
(Donghae)
Marine buoy
(Ulleung)

144 138 113 72 50 98 101

3.2. Meteorological data

Fig. 9 presents a graph comparing weather data obtained from a wave glider with a marine buoy and PacIOOS. Fig. 9
shows the dates when the waypoints (black dashed vertical lines and numbers) were passed, as well as the dates when typhoon
Soulik passed through the East Sea and dissipated (green solid and dashed vertical lines). Due to weather sensor issues during

the wave glider’s ocean survey, only data until August 26 was utilized.
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Fig. 9 Meteorological observations of wave glider, marine buoy, and PaclOOS
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Fig. 9 Meteorological observations of wave glider, marine buoy, and PaclOOS (continued)

In Fig. 9(a), temperature trends are depicted, with wave glider observations showing a rapid temperature increase from
around 25 °C(baseline) to over 30 °C twice until August 24, 0900 UTC (No. 4). Subsequently, after August 24, 1400 UTC
(No. 5), there is a gradual decrease followed by an increase. Marine buoy and PaclOOS data exhibit a stable temperature trend
around an average of 26 °C until No. 5. After No. 5, the two datasets showed different patterns. The marine buoy indicated a

trend of decreasing followed by increasing temperatures, while PaclOOS data showed the opposite trend.

Fig. 9(b) illustrates the atmospheric pressure graph. The wave glider data reveals a gradual decrease in pressure from
August 23, 0000 UTC, sharply dropping after No. 5 to a minimum of approximately 973.6 hPa. Even after the typhoon
dissipated, the pressure continued to decrease before exhibiting an increasing trend. The Donghae marine buoy showed a
similar trend to the wave glider data until No. 5, decreasing to around 990 hPa. However, unlike the wave glider data, it showed
an increasing trend after No. 5. PaclOOS data also exhibited a similar decreasing trend after August 23, 0000 UTC, reaching
a minimum (around 990 hPa) by August 24, 2100 UTC, and then showing an increasing trend.

Fig. 9(c) represents the wind speed graph. The wave glider data recorded increasing wind speeds from August 23, peaking
at 15.95 m/s at 0910 UTC on August 24 (No. 4). After No. 5, the wind speed started decreasing, continued even after the

typhoon was gone, and then picked up again about 7 hours later. The Donghae marine buoy data followed a similar pattern to
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the wave glider, hitting a max wind speed of 14.1 m/s at No. 4. The Ulleung marine buoy recorded a max wind speed of around
17.7 m/s at No. 5 then decreased. PaclOOS data showed higher max wind speeds compared to the wave glider and the marine

buoy, confirming they occurred after the typhoon had passed.

Fig. 9(d) represents the wind direction graph. The data observed by the wave glider showed two abrupt changes before
1800 UTC on August 23, gradually shifting clockwise from the time the typhoon entered the East Sea until its dissipation on
August 25. The data from the Donghae and Ulleung marine buoys exhibited a similar trend with wind direction changing

clockwise during a comparable period. In contrast, the PaclOOS wind direction results primarily pointed north, indicating no

specific trend in that area.

3.3. CTD data

Fig. 10 depicts the vertical profile of water temperature up to a depth of 200 m over time. The white solid and dashed
vertical lines represent the time when typhoon Soulik passed through the East Sea and dissipation, respectively. Fig. 10(a)
reveals a mixed layer up to approximately 30 m, and depending on the period, a thermocline is present, ranging from a
minimum of 80 m to over 200 m. From August 23, 1230 UTC, to August 26, noticeable variations in water temperature are
observed not only in the surface layer but also in the 50 to 100 m depth range. After August 26, there is a general trend of
decreasing temperatures observed down to a depth of 100 meters. In contrast, Fig. 10(b) does not exhibit subtle variations over
time, forming a specific temperature gradient in the subsurface layer that remains relatively constant from August 23, 1230,

UTC, to August 26, differing from the observed pattern in the underwater glider data.
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Fig. 10 Comparing the water temperature response

Fig. 11 illustrates the vertical profile of salinity over time up to a depth of 200 m. From August 23, the salinity in the 0 to
50 m depth range, in Fig. 11(a), consistently increased. Starting from August 24, changes in salinity began in the deeper depths
(near 200 m), eventually affecting salinity at all depths. Subsequently, as time progressed beyond August 26, salinity in depths

deeper than 50 m gradually exhibited a distribution similar to the initial pattern.
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Fig. 11 Comparing the water salinity response

Conversely, the HyCOM results, as depicted in Fig. 10(b), show a steady salinity gradient with minimal variations. Fig.
12 shows the vertical temperature profiles for two days before and after August 24, when the typhoon passed. Based on the
data from August 24, the temperature distribution exhibited two distinct trends. Before the typhoon’s passage, the temperature
was elevated at the surface but began to decrease sharply at a depth of 20 m, falling below the temperature recorded on the
24th. At approximately 100 m depth, the temperature stabilized around 7 °C and was higher than the temperature on the 24th
at depths greater than 140 m. However, after the typhoon passed, the surface temperature was relatively lower but remained
elevated to a depth of 30 m, resulting in higher temperatures in the 20-40 m range. Below 40 m, the temperature was lower
than that observed on the 24th, and no reversal of this trend was detected. The temperature gradually decreased to around 1 °C

at a depth of 200 m.

0
20 - .
40 - .
60 - 1
80 - -
g
S 100 - .
S
a
120 - R
140 & 4
[ ]
% nd — 08/22
160 - g o -e-08/23| |
5 8 -e-08/24
S 08/25
L & .
180 ¥ :’ O 08/26
200 * 1 1 1 1
0 5 10 15 20 25 30

‘Water temperature (°C)

Fig. 12 Vertical profile of water temperature from August 22 to August 26
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4. Discussion

Unmanned platforms used for oceanographic surveys require various operational capabilities, such as efficient transit to
designated observation sites, utilizing a diverse selection of sensors to fulfill specific survey objectives, and ensuring the
accuracy of the collected observational data. In this study, the straight-line transit performance of unmanned platforms to their
respective waypoints was assessed. Additionally, the data from wave and underwater gliders were compared with marine buoy
and forecast model data using root mean square error (RMSE) and correlation coefficients. Due to the high frequency of
observations from the wave glider, which results in an extensive dataset, only data recorded at 1-hour intervals were used to

match the marine buoy and PacIOOS forecast model data.

4.1. Movement performance of the unmanned platform

External factors such as wind, waves, and currents can impact the movement of both wave and underwater gliders.
According to Chang et al. [24], as demonstrated through multi-body dynamics simulations in ADAMS software, the average
propulsion speed of wave-powered vehicles tends to increase with a higher World Meteorological Organization (WMO) sea
state code, particularly from No. 1 to 4. In environments with a sea state code of 3 or higher, the wave glider demonstrated
excellent mobility by moving approximately in a straight line between waypoints. On the contrary, the underwater glider
navigated by circumventing and occasionally moving backward. The underwater glider lacks its propulsion system, resulting
in a movement speed of approximately 0.4-0.6 m/s and being susceptible to the influence of currents, as it operates exclusively
underwater. Consequently, when the current speed exceeds that of the underwater glider, it impacts the mobility, as depicted
in Fig. 8. While equipping a propeller can address this limitation, it introduces potential issues with operational time reduction,

necessitating careful consideration of user objectives.

4.2. Comparison of meteorological data

Firstly, based on data from the KMA, when typhoon Soulik entered the East Sea, the central pressure was around 985
hPa, and the highest wind speed was about 22 m/s on August 24 at 0100 UTC. As a result, there’s an issue with connecting
the notable pressure drop shown by the wave glider in Fig. 9(b) solely to the typhoon’s impact after No. 5. The investigation
uncovered that the pressure port in the weather sensor might get blocked by salt crystals, causing inaccurate pressure readings.

A clear indication of such occurrences is when the pressure oddly aligns with the temperature reading.

Therefore, the temperature and pressure data observed by the wave glider after No. 5 are unreliable. In Fig. 9(c) and Fig.
9(d), there are notable changes in wind speed and direction from August 23 until August 25, a trend not observed in other
intervals. This suggests that the typhoon’s strong wind radius is extensive, thus impacting weather conditions within the
observation area even before the typhoon enters the East Sea. Summarizing Fig. 9, weather conditions within the observation
area began to be influenced by the typhoon from 1200 UTC on August 23. During this period, atmospheric pressure gradually
decreased, while wind speed increased. It is noteworthy that, after the point of the typhoon’s dissipation, weather conditions
returned to their original state. Additionally, the wind direction exhibited a gradual clockwise shift, indicating observations
within the typhoon’s danger quadrant. Overall, these findings provide a comprehensive illustration of the typhoon’s

characteristics.

Table 3 presents the correlation coefficients and RMSE values for marine buoy and PacIOOS data based on wave glider
observational data. As shown in Fig. 9(a), the air temperature observed by the wave glider exhibited a lower temperature
distribution compared to other datasets. Marine buoy and PaclOOS data generally showed similar trends; however, from No.
5 to No. 4, while the marine buoy data aligned with the wave glider observations, the PaclOOS data displayed differing results.

This discrepancy resulted in an error of over 2 °C between the wave glider and PaclOOS data, affecting the correlation
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coefficient. Regarding atmospheric pressure, the Donghae marine buoy data were consistent with the wave glider observations
until No. 5, after which they exhibited opposite trends. Overall, the forecast model data showed a similar trend to the wave
glider, while the Ulleung marine buoy data demonstrated no significant correlation. Consequently, the forecast model results

displayed lower errors and higher correlations compared to the wave glider data.

Table 3 Comparison of the correlations of wave glider meteorological data with values from marine buoys and PaclOOS

Wave glider vs Marine buoy | Marine buoy | PaclOOS | PaclOOS

(Donghae) (Ulleung) (Donghae) | (Ulleung)
Air temperature (°C) 0.794 0.793 0.066 -0.203
Corr. Coef. | Air pressure (hPa) 0.293 0.610 0.767 0.805
R) Wind speed (m/s) 0.826 0.589 0.166 0.174
Wind direction (°) 0.550 0.418 -0.566 -0.524
Air temperature (°C) 2.506 3.359 4.230 4.346
RMSE Air pressure (hPa) 11.884 11.107 9.204 9.474
Wind speed (m/s) 2.324 4.011 6.530 7.219

Wind direction (°) 67.921 70.474 184.794 182.996

However, data post-No. 5 are deemed invalid, suggesting that earlier data might have revealed different patterns. In Fig.
9(c), wind speed data from the marine buoy showed similar trends to the wave glider, with lower errors and higher correlation.
In contrast, the forecast model exhibited excessive values and a delayed peak, leading to higher errors and lower correlation.
For wind direction, marine buoy data generally aligned with the wave glider observations, showing correlations around 0.5

and lower errors.

Although the forecast model results appeared anomalous, this issue arose due to abrupt changes at certain intervals when
angles exceeded 360° and wrapped around to 0°, affecting the representation of wind direction. Errors were predominantly
opposite to the wave glider observations, resulting in negative correlation coefficients; however, similar values to the marine
buoy data indicated a maintained association. Peng et al. [25] noted that the forecast model tends to overestimate wind strength
in the typhoon boundary layer when U10 exceeds 10 m/s. The model’s performance appears to degrade when wind flows
originate from the land-sea boundary, and the reliability of simulated wind speeds diminishes as proximity to the typhoon’s

center increases. This observation suggests potential causes for the errors in wind speed and direction results.

4.3. Comparison of CTD data

In Fig. 10(a), the water temperature exhibited an increasing trend from August 23, 1200 UTC, before the typhoon entered
the East Sea. The temperature rose to a depth of approximately 100 m and gradually decreased after the typhoon dissipated,
returning to the previous temperature distribution by August 26. Similarly, in Fig. 11(a), changes in salinity distribution began
around August 23, 1200 UTC. Initially, there was an increasing trend in the upper layers, but after August 24, a simultaneous
decrease in salinity from a depth of 200 m was observed. While data below 200 m is unavailable, there is a possibility of
salinity changes at greater depths. Unlike water temperature, salinity tends to return to the previous distribution after August

26, but complete recovery was not observed during the observation period.

Combining Fig. 9 through Fig. 12, the characteristics of typhoon-induced changes in wind direction, wind speed, and sea
surface vertical mixing can be observed during the typhoon passage. The impact on water temperature and salinity distribution
is evident. The trends observed in Fig. 10 and Fig. 11, particularly the vertical profiles of temperature and salinity, are
consistent with the vertical mixing patterns identified by Wang et al. [26] in their study. This suggests that vertical mixing
likely played a significant role in the observed changes. While meteorological data typically return to pre-typhoon conditions
within several hours to days, sea surface marine properties generally recover to their original values within several days to
weeks [27-28]. The subsurface ocean layers, which have limited contact with the atmosphere, tend to recover more slowly.

Therefore, the deep-layer salinity may require a longer time to return to its initial state, which was not observed in Fig. 11(a).
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The forecast model results, in the case of PaclOOS, show some differences compared to observational data but still exhibit
a certain level of trend. On the other hand, the HyCOM calculations were challenging to compare comprehensively with the
submersible glider data. A major factor contributing to these differences can be attributed to the availability of basic data.
While meteorological data can benefit from unmanned observation equipment covering the globe, marine data acquisition is
limited to specific regions, resulting in relatively insufficient data. Consequently, in marine cases where observational data is

lacking, accuracy in results tends to be lower.

Moreover, to align with computer specifications, calculations involve setting a minimum temporal and spatial resolution
of 1 hour and several kilometers, respectively, making it difficult to capture subtle changes observed in the data. To overcome
the mentioned challenges, improving calculation methods or computer performance is practically difficult. Therefore, efforts
are underway to obtain a substantial amount of foundational data by conducting direct human surveys or utilizing various
marine equipment such as satellites, Argo floats, buoys, etc., aiming to acquire global meteorological and oceanic data. In this
study, unmanned platforms like wave gliders and underwater gliders were employed. As seen in Fig. 9 to Fig. 11, these
autonomous platforms can acquire high-resolution spatiotemporal data, complementing the limitations of the equipment

mentioned above.

5. Conclusions

This study utilized unmanned platforms, specifically wave and underwater gliders, to investigate the impact of typhoon
Soulik on the marine environment in the East Sea. The primary objective was to understand the changes in weather and marine
conditions before and after the typhoon and to evaluate the effectiveness of unmanned platforms in marine surveys. From
August 20 to 30, 2018, wave and underwater gliders collected meteorological and CTD data in the area affected by the typhoon.
The collected data were compared with marine buoy and forecast model data using RMSE and correlation coefficients for

analysis. The results of the study are as follows.

(1) The data collected by the unmanned platforms effectively represented changes in the marine environment during the

typhoon, with vertical mixing identified as a significant mechanism in constructing vertical temperature profiles.

(2) The comparison of data revealed the characteristics of each observational tool. Marine buoys provide precise data but are
limited to fixed points, requiring numerous buoys for comprehensive coverage. In contrast, forecast models offer broad

spatial coverage but may yield less accurate results due to computational constraints.

(3) Limitations of the study include the difficulty in obtaining specialized forecast model data for the Korean region and the

lack of buoy data in offshore areas, which posed challenges for comparison.

Future research should aim to enhance the study’s scope by employing diverse methodological approaches to collect
marine environmental data across various settings and by developing advanced clustering systems. Additionally, improving
the accuracy of forecast models will be crucial. This study demonstrates that unmanned platforms can effectively operate in
extreme weather and inaccessible areas, providing valuable data without temporal and spatial constraints. It emphasizes the
need for high-quality foundational data to improve the accuracy of forecast models. These platforms hold the potential for

advancing marine research and enhancing forecast model precision.
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