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Introduction

In the measurement of water current velocities, sound 
waves are commonly utilized to detect the Doppler effect from 
small scattering particles. The well-known Acoustic Doppler 
Current Profi lers (ADCPs) are built on this principle  [1]. 
ADCPs incorporate piezoelectric transducers for transmitting 
and receiving sound signals. The time taken by sound waves 
provides an estimate of the distance, while the frequency shift 
of the echo is directly proportional to the water velocity along 
the acoustic path  [2]. These devices, mounted on ships or 

moorings, exploit the Doppler frequency shift from an acoustic 
ping to infer water velocity, calculating an average velocity 
over selected depth ranges (bins or cells). ADCPs are capable 
of measuring currents, waves, turbulence, ice drift, acoustic 
backscatter, and more within specifi c depth ranges, and fi nd 
applications in studies concerning the Kuroshio hydrological 
characteristics  [3], Internal Waves  [4], Intra-seasonal 
oscillations  [5], and others.

Although ADCPs have been widely used for measuring water 
fl ow velocities, for precise measurements of near-bed water 
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velocities, employing single-point velocity meters appears to 
be an appealing alternative. For instance, they are utilized to 
measure near-seafl oor currents  [6], seabed current velocity in 
cold seep vents  [7], and near-bottom (2 m) current velocities  
[8]. The Aquadopp 6000m single-point velocity meter can also 
measure both the intensity and direction of ocean currents for 
studying seafl oor water columns  [9,10], concurrent assessment 
of current and suspended sediment concentration  [11], surface 
fl ow speed for studying sediment dynamics  [12].

To distinguish between noise sources of the horizontal 
component of the Ocean Bottom Seismometer (OBS) arising 
from either the seabed crust or water fl ow, it seems preferable 
to utilize single-point current meters to collect physical 
data near the seabed for comparison. This study adopts the 
Aquadopp-6000m Current Meter and designs a mechanical 
holder that can be installed on the Yardbird-BB OBS  [13] 
platform, thereby creating a Seafl oor Current Meter (SCM). 
The SCM is used to observe the water current velocity near the 
seabed, using actual observational data to understand whether 
the background noise of the seismometer is affected by water 
fl ow impacts. Additionally, installing the current meter on the 
OBS allows for the observation of changes in posture during the 
deployment process, sinking speed, the time it takes to settle 
on the seabed and the time of the seismometer falling onto 
the seabed. The Aquadopp-6000m also includes a compass 
for measuring instrument orientation, inclinometers for 
measuring tilt angles, and temperature and pressure sensors 
for assessing surrounding seawater conditions. Data collected 
by the SCM can also be used to analyze posture changes and 
sinking speed during instrument deployment, the time spent 
on the seabed, and the moment the seismic sensor lands on the 
seabed. Since the duration of most small-scale earthquakes is 
less than one minute, to understand the relationship between 
water current velocity and seismic activity, it is necessary to 
increase the measurement interval to 1 s. We upgraded the 
internal memory capacity of the Aquadopp-6000m to 9GB and 
provided additional battery power from within the OBS.

The noise analysis system is based on the calculation of the 
Power Spectral Density (PSD) distribution using a probability 
density function [14,15]. This study analyzed 4 hours without 
seismic activity using data recorded by the instrument. From 
the PSD results, it can be observed that in the horizontal 
component, after increasing the seismic signal by 65 dB, seismic 
activity and water fl ow velocity exhibit similar frequency 
characteristics in the range of 3x10⁻³ – 2x10⁻² Hz. Similarly, in 
the vertical component, after increasing the seismic signal by 
100 dB, seismic activity and water fl ow velocity also exhibit 
similar frequency characteristics in the range of 1x10⁻³ – 2x10⁻² 
Hz. These results indicate that seabed current velocity and 
seismic activity share similar frequency characteristics over 
long periods, though with differences in intensity, suggesting 
that ground vibration signals at certain periods can resonate 
with seabed water fl ow. Analysis of the spectrogram of 
small earthquakes reveals intermittent decreases in current 
velocity after the arrival of S waves. Comparing the PSD 
values of seismic signals with current velocity, it is found that 

increasing the amplitude of seismic signals results in similar 
amplitude characteristics in certain frequency ranges. This 
study also found that changes in atmospheric pressure before 
the formation of typhoons thousands of kilometers away can 
affect seawater pressure, seabed fl ow velocity, subtle changes 
in seabed temperature, and consequently, variations in ocean 
sound speed.

The principle and specifi cations of the cur-
rent meter

The current meter used in this study is the Aquadopp-
6000m Current Meter (http://195.62.126.26/en/products/
CurrentMeter/Aquadopp6k). Its principle involves transmitting 
2 MHz sound pulses into the water. The sound propagates along 
narrow beams and is scattered by small objects or plankton 
suspended in the water. By analyzing the frequency changes 
(Doppler shift) of the echoes received by the transducer, 
water velocity is calculated along each beam. By combining 
velocity measurements with precise beam measurements, 2D 
(two-beam) or 3D (three-beam) velocity can be calculated 
and recorded internally or reported online. In addition to 
velocity measurement, the Aquadopp-6000m also includes 
a compass and inclinometer for instrument orientation. It 
also includes a thermometer and barometer for measuring 
seawater temperature and pressure around the instrument, 
which can be used to estimate seabed depth and ocean sound 
speed. Therefore, its recorded data includes the following nine 
parameters: Velocity (m/s), Amplitude (Counts), Pressure 
(dbar, m), Temperature (degrees C), Sound speed (m/s), 
Direction (degrees), Heading (degrees), Pitch (degrees), and 
Roll (degrees). The specifi cations are shown in Table 1. The 
defi nitions of Direction, Heading, and Pitch are shown in 
Figure 1.

The Aquadopp® Current Meter can measure the water 
current velocity in a single volume. 

Table 1: The specifi cations of Aquadopp-6000m Current Meter. (http://195.62.126.26/
en/products/CurrentMeter/Aquadopp6k).

Velocity range ±5 m/s

Accuracy ±1% of measured value ±0.5 cm/s

Measurement cell position 0.5 - 5.0 m (user-selectable)

Maximum sampling rate  1 Hz

Transducer acoustic frequency 2 MHz

Beam width 3.4°

Max. operating depth: 6000 m

Temperature/ range/ accuracy Thermistor /-4 to +40 °C /0.1°C 

Compass/Accuracy/Resolution Magnetometer /2°/0.1° for tilt < 20°

Tilt/Accuracy/Maximum tilt Liquid level /0.2°/ 30°

Pressure/Range/Accuracy Piezo resistive / 6000 m/ 0.5%FS

Real-time clock accuracy +/- 1 min/year

Avg. power consumption 0.015 W

DC Input 9-15VDC

Weight in air 7.6 kg

Weight in water 4.8 k
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The mechanical device design for the current 
meter in conjunction with the Yardbird-BB 
OBS

While the current velocity measured by the acoustic 
profi ler suspended from the surface buoy (suspended AQD) 
was commonly known to be of poor quality due to the 
extensive infl uence of surface waves [16], deploying the 
OBS on the seabed with a depth greater than 1000m should 
mitigate this issue. The seismic sensor of the broadband 
OBS is directly placed on the seafl oor surface, resulting in 
horizontal component environmental noise levels recorded 
by the OBS being 10 - 40 dB higher than vertical component 
environmental noise levels [17]. To confi rm whether the noise 
source of this horizontal component originates from the sea 
bottom, single-point velocity meters can be used to compare 
seabed physical data. In this study, we use the Aquadopp-
6000m Current Meter mounted on the broadband OBS from 
the Institute of Earth Sciences, Academia Sinica (code-named 
Yardbird-BB) [13,1 7-19]. The Aquadopp-6000m Current Meter 
has a titanium alloy casing and can be directly deployed in 
seawater, with a maximum deployment depth of 6000m, the 
same as the Yardbird-BB. This study designed a mechanical 
device (holder) that can attach the Aquadopp-6000m to the 
Yardbird-BB OBS platform, creating a Seafl oor Current Meter 
(SCM), allowing the SCM to detect disturbances in water fl ow 
above the OBS sensor.

The A-frame of the Yardbird-BB OBS is utilized to suspend 
the seismic sensor during deployment. Several hours after the 
OBS is submerged, the seismic sensor autonomously detaches 
from the A-frame and settles on the seabed. This design is 
primarily aimed at preventing water fl ow near the seabed from 
impacting the OBS platform and inducing noise. Despite the 
distance between the seismic sensor and the OBS platform, the 
horizontal component noise of the OBS remains susceptible 
to interference from nearby seabed water fl ow, resulting in 
relatively higher noise levels. Hence, analyzing the correlation 
between water current velocity above the OBS seismic sensor 
and the horizontal noise of the seismic sensor provides valuable 
insights. In this study, a holder is designed to invertly mount 
the Aquadopp-6000m above the OBS A-frame. This setup 

allows for the measurement of water current velocity above 
the OBS seismic sensor and facilitates the determination of the 
seismic sensor detachment time by measuring the vibrations 
of the A-frame.

The holder is made of weakly magnetic SUS316 stainless 
steel material to avoid magnetic interference with the internal 
compass accuracy, as depicted in Figure 2a. Mounting the 
Aquadopp-6000m is illustrated in Figure 2b,2c. The holder 
features a groove embedded at the front end of the A-frame, 
with an 11 mm diameter hole on the A-frame, secured with 
a stainless steel screw. An L-shaped bracket supports the 
transducer head, while the U-shaped ring and fi ve circular 
holes on the holder rod are utilized with nylon straps to secure 
the Aquadopp-6000m.

The original weight of the Yardbird-BB OBS with a 50.2 kg 
anchor submerged in water is 32 kg. The buoyancy without 
the anchor is 17.4 kg. The Aquadopp-6000m weighs 4.8 kg 
underwater, and the holder weighs 0.8 kg underwater. To 
maintain the instrument’s leveling during descent and ensure 
the speed of instrument recovery, an additional 7.2 kg anchor 
weight is added to the tail end of the OBS, and 9.8 kg of 
buoyancy material is added above the instrument glass sphere 
(providing 8.3 kg of buoyancy in water), resulting in total 
submerged weight with the anchor of 37.4 kg and buoyancy 
without the anchor of 20 kg (Figure 3).

The ins trument settings of the Aquadopp-
6000m current meter (power consumption, 
data volume)

The Aquadopp-6000m current meter comes equipped 
with a 50 Wh battery pack composed of 18 alkaline batteries 
and 9 Mbyte of memory. According to deployment planning 
calculations, recording a data point every 60 s, it can only 
execute observations for 82 days (Figure 4).

Due to space constraints within the Aquadopp-6000m 
housing, it is unable to accommodate additional batteries 
for high sampling rate data collection. Therefore, additional 
watertight compartments are necessary to house the required 
battery pack. A Lithium-type battery pack with a capacity of 165 
Wh is selected. To record data for 90 days (Assumed duration 
= 90), the recalculated Battery utilization for Deployment 
planning is 1838%. After deducting the internal lithium battery 
pack of the current meter, an additional 14.4 V lithium battery 
pack is required. The calculation is as follows:

Figure 1: The defi nitions of Direction, Heading, and Pitch. (The picture is a gate from 
https://support.nortekgroup.com/hc/en-us/article_attachments/6038163404828).

  
(a) (b)                     (c) 

Figure 2: (a) The holder of the Current Meter. (b) Install the Aquadopp-6000m 
Current Meter on the A-frame of Yardbird-BB OBS. Credit: Feng-Sheng Lin. (c) 
Photos of the actual installation. Credit: Ching-Ren Lin.
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165 x (1838-100) / 100 / 14.4 = 199.2 (Ah). [1]

If using 4 TL-5930 (3.6 V, 19 Ah) batteries connected in 
series to assemble a 19 Ah, 14.4 V battery pack, a total of 11 sets 
are required. The memory capacity must also exceed 312 MByte 
(Figure 5). 

From the calculations in Figure 5, with a measurement 
interval of 1 s, the required battery capacity for 90 days 
of operation is 199.2 Ah. Reverse calculating, the current 
consumption of the current meter is:

199.2 Ah / (90*24 h) = 0.0922 A [2]

We used a Digital Multimeter to measure the current and 
voltage of the current meter battery being recorded, which 
were 0.0908 A and 12.908 V respectively (Figure 6). These 
values are very close to the calculated values from Deployment 
planning, thereby confi rming the accuracy of the Deployment 
planning calculation.

Marine data analysis

In the original setup, the Aquadopp-6000m current 
meter was equipped with only a 50 Wh battery capacity and 
9 MB memory. We set up a 60 s measurement interval, 1 s 
average interval, and 1s compass update rate. Subsequently, 
we deployed them with Yardbird-BB OBSs at stations Y1901 
and Y1902 offshore NE Taiwan from 2019/03/21 to 2019/05/27 
(Figure 7). The Deployment planning is shown in Figure 4.

We analyzed the data from the instruments two hours after 
immersion. Figure 8 shows the Current Velocity. It indicates 
that Y1901 descended at a rate of approximately 0.8 m/s, while 
Y1902 descended at around 0.9 m/s. Both OBSs settled on the 
seabed approximately 29 minutes after immersion.

Figure 3: The weight adjustment was made to the Aquadopp-6000m Current Meter 
mounted above the OBS A-frame. The weight of the Aquadopp-6000m in water is 
4.8 kg, and the weight of the holder in water is 0.8 kg, making the total weight 5.6 kg. 
To maintain the instrument’s posture during launching and the speed of instrument 
recovery and fl oating, an additional 8.4 kg (7.2 kg in water) anchor was added at the 
end of the OBS, and 9.8 kg of LD6000 BMTI fl oating material was added above the 
glass ball of the instrument (providing 8.3 kg of buoyancy in the water). The water 
weight with the anchor is 37.4 kg, and the buoyancy without the anchor is 20 kg. 
Credit: Feng-Sheng Lin.

Figure 4: The Deployment planning in the software “AquadoppDW.exe”. The original 
equipment of the Current Meter includes 18 alkaline battery packs (approximately 
50 Wh) and a 9 MByte Recorder size. As calculated by the deployment planning, the 
deployment period of 82 days requires an increase in the Measurement interval to 
60 s.

Figure 5: The Deployment planning in the software “AquadoppDW.exe”. With a 
Lithium battery pack, the Measurement interval is set to 1 s, Battery capacity (Wh) 
to “165”, and Assumed duration to “90”. The calculated battery utilization required 
is 1838%, and the memory capacity must exceed 311.2 MByte. Therefore, additional 
battery packs and an increase in memory for the Aquadopp-6000m are necessary.

Figure 6: Using Handheld Digital Multimeters to measure the Aquadopp-6000m 
Current meter. While recording, the current and voltage at the battery terminal are 
0.0908 A and 12.908 V, respectively. Credit: Ching-Ren Lin.
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The Current Velocity on the seabed is less than +/- 0.15 m/s. 
Figure 9 shows the Sound speed at stations Y1901 and Y1902 
was 1466.6 m/s. The Pressure curve indicates that both OBSs 
reached the seabed in the 29th minute after immersion, with 
depths of 1471 m and 1461 m respectively for stations Y1901 
and Y1902 (Figure 10). The Temperature curves show that the 
seabed temperature at both stations is 4.1 degrees C (Figure 11). 
The Pitch curves also demonstrate that both OBSs reached the 
seabed in the 29th minute after immersion. The Seismic sensor 
of station Y1901 landed on the seabed in the 83rd minute, while 
for Y1902, it was in the 62nd minute (Figure 12).

The relationship between seismic background 
noise and surrounding water currents

Since the duration of most small-scale earthquakes is less 
than 1 minute, to understand the relationship between earth 
background noise and surrounding water current velocity, 

it is necessary to increase the measurement interval to 1 
s. This would allow for analysis of current velocity before, 
during, and after the earthquake. However, increasing the 
measurement interval results in higher memory usage and 
power consumption. Therefore, the internal memory capacity 
of the Aquadopp-6000m needs to be upgraded to 9GB, and 

Figure 7: The locations of experimental stations Y1901 and Y1902 between 
2019/03/21, and 2019/05/27, and stations Y2001 and Y2003 between 2020/08/09, 
and 2020/09/28.

Figure 8: The Current Velocity curves for the fi rst two hours of deployment at 
stations Y1901 and Y1902. The curves for Y1901-U and Y1902-U indicate individual 
descent rates of about 0.8 and 0.9 m/s respectively. Both OBSs reached the seabed 
in the 29th minute after immersion. The average Current Velocity on the seabed is 
less than +/- 0.15 m/s.

Figure 9: The sound speed curve indicates that the sound speed at stations Y1901 
and Y1902 was 1466.6 m/s.

Figure 10: The pressure curve indicating that both OBSs reached the seabed 29 
minutes after entering the water. The depth at station Y1901 was 1471 m, and at 
station Y1902, it was 1461 m.

Figure 11: The temperature curve indicating that the seabed temperature at both 
stations was 4.1 degrees C.
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additional battery power must be supplied to the Aquadopp-
6000m from within the OBS.

Two instruments were deployed at the Okinawa Trough 
from 2020/08/09 to 2020/09/28, namely stations Y2001 and 
Y2003. Analysis of the data of OBS and SCM from station 
Y2001, collected over four hours without any seismic events, 
revealed from the seismic noise level in PSD results (Figure 13) 
that in the horizontal component, after enhancing the seismic 
signal by 65 dB, seismic activity exhibited similar frequency 
characteristics to water current velocity in the frequency range 
of 3x10-3 – 2x10-2 Hz. Similarly, in the vertical component, 
after enhancing the seismic signal by 100 dB, seismic activity 
exhibited similar frequency characteristics to water current 
velocity in the frequency range of 1x10-3 – 2x10-2 Hz. This 
indicates that the frequency characteristics of seabed water 
current velocity and seabed seismic activity are similar over 
long periods, with differences in intensity. It suggests that 
ground vibration signals at certain periods can resonate with 
seabed water fl ow.

The infl uence of earthquakes on water cur-
rent velocity

When the S-wave reaches the instrument, it typically 
induces a sudden lateral displacement at the surface where the 
instrument is located, and these displacements are particularly 
pronounced in the radial component. Due to the low viscosity of 
seawater, this results in variations in the water fl ow velocity at 
the seabed. During the deployment experiment in the Okinawa 
Trench from 2020/08/09 to 2020/09/28, only about 40 days 
of data were collected. During this period, no seismic events 
were found in the vicinity of the measurement station in the 
earthquake catalog, so we could only select local earthquakes 
with slightly larger amplitudes from the data. In this study, we 
chose the earthquake that occurred on 2020/08/11, at 23:07:40 
for analysis. The maximum amplitudes recorded by station 

Y2001 and Y2003 for this earthquake were 0.006 m/s and 
0.0019 m/s, respectively (Figure 14). From the time trace and 
spectrogram of current velocity at station Y2001 (Figure 15), it 
is observed that within 30 s of the arrival of the seismic S wave, 
the average water current velocity decreased by 0.010 m/s 
in the radial component (Figure 15a) and increased by 0.036 
m/s in the vertical component (Figure 15c). The spectrogram 
also indicates intermittent decreases in water current velocity 

Figure 12: The pitch curve indicates that both OBSs landed on the seabed 29 
minutes after entering the water. The seismic sensor of Station Y1901 landed on 
the seabed in the 83rd minute, while that of Y1902 landed on the seabed in the 62nd 
minute.

 (a) 

(b) 
 

(c) 

Figure 13: PSD curves of seabed seismic activity (green line) and water current 
velocity (red line) at Station Y2001 during seismic quiet periods, for (a) radial, (b) 
tangential, and (c) vertical components. After enhancing the seismic signals of 
both horizontal and vertical components by 65 dB and 100 dB respectively (blue 
lines), the seabed water current velocity exhibits similar frequency characteristics 
to seabed seismic activity in long periods.
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after the arrival of the S wave. No effect was observed in the 
tangential component (Figure 15b). The comparison of PSD 
values of seismic signals and current velocity at station Y2001 
(Figure 16) reveals that after increasing the seismic signal by 
55 - 75 dB, the tangent component below 0.015 Hz and the 
vertical component between 0.004 - 0.04 Hz exhibit similar 
amplitude characteristics. This indicates that seismic signals 
in the horizontal component with periods longer than 660 
seconds and ground vibration signals in the vertical component 
with periods between 25 and 250 seconds will resonate with 
seabed current velocity. Applying the same analytical method 
to the data from station Y2003 (Figures 17,18), it is likely that 
the vibration amplitude of this earthquake was too small for 
this station to show a correlation between fl ow velocity and 
ground motion.

Offshore  typhoon data analysis

Typhoon No. 8 in 2020, named “Bavi,” formed as a 
tropical disturbance east of Luzon Island in the Philippines 
on 2020/08/17. By 2020/08/22, at 0:00 UT, the Japan 
Meteorological Agency offi cially upgraded it to a tropical storm 
and assigned the name “Bavi.” The typhoon moved almost 
northward from its formation as a tropical disturbance, and 
after approximately ten days, around 00:30 on 08/27, it made 

(a) 

(b) 

Figure 14: (a) The earthquake waveform recorded at station Y2001 at 23:07:40 on 
2020/08/11, with a maximum amplitude of 0.006 m/s. (b) The seismic waveform 
was recorded at station Y2003, with a maximum amplitude of 0.0019 m/s.

landfall along the coastal areas near the North Korea-China 
border. By around 02:00, Bavi weakened to a severe tropical 
storm. At 12:00, the China Meteorological Administration 
announced the cessation of its numbering. On the afternoon of 
08/28, the Japan Meteorological Agency removed this weather 
system from the weather map. The typhoon’s path is depicted 
in Figure 19.

 

(a) 

(b) 

(c) 
Figure 15: The time trace and spectrogram of current velocity at station Y2001. 
Within the fi rst 30 s of the seismic S wave arrival, the average water velocity 
decreased by 0.010 m/s in the radial component (a) and increased by 0.036 m/s 
in the vertical component (c). In the radial component (a), the spectrogram reveals 
intermittent decreases in water velocity after the arrival of the S wave. No effect is 
observed on the tangent component (b).
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When a typhoon passes over the ocean, the momentum and 
heat exchange at the air-sea interface will cause dynamic and 
thermodynamic responses in the upper ocean [20]. Woul d it 
also affect the lower ocean? This study analyzes the records 
of the E-W, N-S, and U-D components of water velocity, 
water pressure, water temperature, and sound speed from 
2020/8/14 0:00:00 (UT) to 8/30 23:59:59. This period covers 
the entire duration of Typhoon No. 8 from its formation to 
disappearance. According to the current velocity data from 
station Y2001 in Figure 20a, the N-S component was affected 
by the typhoon from 8/19 to 8/25 noon. The water pressure 
(Figure 20b) increased by 5 dbar starting from 8/19, and the 
disturbance period lasted from the formation of the typhoon 

tropical depression on 8/17 until the typhoon moved away on 
8/26, resuming a one-day cycle. From 8/20 to 8/24, the water 
temperature changed from a daily cycle to two cycles per day, 
which also affected the surrounding sound speed. Figure 21 
shows the records of water velocity, water fl ow amplitude, 
water temperature, sound speed, and water pressure at station 
Y2003 from 2020/8/16 0:00:00 (UT) to 8/27 23:59:59. According 
to the water velocity data, it was affected by the typhoon from 
8/19 to 8/24 noon. From noon on 8/20 to noon on 8/23, the 

 

(a) 

 

(b) 

 

(c) 

Figure 16: The PSD of the ground motion signal (green) and the current velocity 
(red) at station Y2001. (a) Radial component. (b) Tangent component. (c) Vertical 
component. The blue lines represent the ground motion signal amplifi ed by 55 – 75 
dB.

 

(a) 

 

(b) 

 

(c) 

Figure 17: The time trace and spectrogram of current velocity at station Y2003. 
The average water velocity within 30 s after the seismic S wave arrival increased 
by 0.004 m/s in the radial component (a), decreased by 0.006 m/s in the Tangent 
component (b) and increased by 0.023 m/s in the vertical component (c). The 
spectrogram indicates no signifi cant change in water velocity after the arrival of the 
S wave, possibly due to the low magnitude of the earthquake.
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changes in water temperature and sound speed shifted from 
a daily cycle to two cycles per day. The disturbance period of 
water pressure lasted from 8/16 to 8/26.

Comparing the seafl oor current velocity (Figures 20,21) 
with the records of atmospheric pressure, temperature, and 
tides at the JMA Yonaguni Island station from 00:00:00 (UT) 
on 2020/8/14 to 23:59:59 on 8/30 (Figure 22), we observe that 

 

(a) 

(b) 

(c) 

Figure 18: The PSD of the ground motion signal (green) and the current velocity 
(red) at station Y2003. (a) Radial component. (b) Tangent component. (c) Vertical 
component. The blue lines represent the ground motion signal plus 60 – 70 dB.

Figure 19: Map plotting the route of Typhoon Bavi (red dots) and the location of the 
SCM station (red triangle).

 

(a) 

(b) 

Figure 20: (a) From top to bottom are the E-W, N-S, and U-D component velocity 
records of station Y2001 from 2020/08/14 0:0:0 (UT) to 2020/08/30 23:59:59, 
covering a total of 12 days. (b) From top to bottom are the records of water pressure, 
water temperature, and sound speed. The period covers the entire duration of 
Typhoon Bavi from its formation to its disappearance. From the current velocity 
data, it can be observed that the N-S component was signifi cantly infl uenced by 
the typhoon from 08/19 to 08/25 noon. The water pressure increased by 5 dbar 
starting from 08/19, and the high-frequency disturbances decreased from 08/19 
to 08/23. The disturbance period, which started from the formation of the tropical 
low-pressure system associated with Typhoon Bavi on 08/17, persisted until the 
typhoon moved away on 08/26, and then returned to a daily cycle. From 08/20 to 
08/24, the variation in water temperature shifted from a daily cycle to two cycles per 
day, which consequently affected the surrounding sound speed.
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(a) 

(b)

Figure 21: (a) From top to bottom are the E-W, N-S, and U-D component velocity 
records of station Y2003 from 2020/08/14 0:0:0 (UT) to 2020/08/30 23:59:59, 
covering a total of 12 days. (b) From top to bottom are the records of water pressure, 
water temperature, and sound speed. The period covers the entire duration of 
Typhoon Bavi from its formation to its disappearance. From the velocity data, it can 
be observed that all three components were affected by the typhoon from 08/19 
to 08/25 noon, with a reduction in high-frequency disturbances. The average water 
pressure slowly increased by 1 dbar from 08/16 to 08/19, and the high-frequency 
disturbances decreased from 08/19 to 08/23. The disturbance period, which 
started from the formation of the tropical low-pressure system associated with 
Typhoon Bavi on 08/16, persisted until the typhoon moved away on 08/26, and then 
returned to a daily cycle. From 08/20 to 08/23, the variation in water temperature 
shifted from a daily cycle to two cycles per day, which consequently affected the 
surrounding sound speed.

starting from 8/21, atmospheric pressure rapidly dropped by 
10 hPa due to the infl uence of a typhoon, and it did not slowly 
rise until after 8/27. The temperature was affected between 
08:00 on 8/21 and 12:00 on 8/23. The tidal variation increased 
from about 100 cm to 230 cm between 8/18 and 8/24. This data 
indicates that atmospheric pressure changes, even before a 
typhoon forms several thousand kilometers away, can cause 
small changes in seabed temperature, seabed fl ow velocity, and 
seawater pressure, which in turn affect ocean sound speed.

Discussion

The seafl oor current velocity and seabed ground motion 
share similar frequency characteristics over long periods, 
but with differences in intensity. This suggests that ground 
vibration signals at certain periods can resonate with seabed 
water fl ow. However, more data analysis is needed to determine 

what magnitude of a local earthquake is required to cause 
resonance with current velocity. Observational data show that 
even when two identical instruments are placed about 5 nautical 
miles apart at similar seabed depths, the recorded temperature, 
fl ow velocity, and water pressure during a typhoon show 
differences. These discrepancies may be related to the seabed 
topography, seabed depth, and ocean current characteristics at 
the instrument locations. To further confi rm these correlations, 
deploying more than fi ve SCMs in a small area to form a cross-
shaped observation array for data collection may help clarify 
these issues. Atmospheric pressure changes before a typhoon 
forms, even several thousand kilometers away, can affect small 
changes in seabed temperature, current velocity, and water 
pressure, which in turn infl uence ocean sound speed. It is worth 
considering whether these small changes also impact marine 
ecosystems. Before a typhoon forms, the low atmospheric 
pressure on the sea surface can affect the periodic variations 
in current velocity, water pressure, and temperature near the 
seabed. The path of Typhoon Bavi moved mostly northward, 
and it seems to have had a greater impact on the periodic 
variations in north-south seabed fl ow velocity. During the 
typhoon, the dominant frequency of current velocity variation 
decreases, while the dominant frequencies of water pressure 
and temperature increase, causing the dominant frequency of 
sound speed to rise as well.

Conclusion

This paper details the modifi cation process of installing 
a current meter as an SCM and presents the results of data 
analysis from the marine environment. To observe the 
relationship between seabed currents and seismic activity, it is 
crucial to increase the sampling rate of observational data for 
suffi cient resolution. However, increasing the sampling rate 
consumes more power and requires a larger memory capacity. 
Therefore, this paper describes how to calculate the necessary 
memory capacity and battery requirements during underwater 

Figure 22: From top to bottom are the records of sea-level atmospheric pressure, on-
island air temperature, and tidal data at the Yonaguni island station from 2020/08/14 
0:0:0 (UT) to 2020/08/30 23:59:59. According to the sea-level atmospheric pressure 
records, the most signifi cant impact of the typhoon was observed from 16:00 on 
08/21 to 16:00 on 08/22, with a pressure decrease of 10 hPa. From 16:00 on 08/22 
to 00:00 on 08/27, the atmospheric pressure gradually increased. The on-island air 
temperature was affected from 08/21 12:00 to 08/23 12:00. The tidal data showed 
a variation from approximately 100 cm to 230 cm between 08/18 and 08/24.
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deployment, and explains the instrument installation method, 
providing colleagues with similar experimental needs a 
reference basis.

Analysis of data over 4 hours without seismic events reveals 
from PSD results that in the horizontal component, after 
boosting seismic signals by 65 dB, seismic activity and water 
fl ow velocities exhibit similar frequency characteristics in the 
3x10-3 – 2x10-2 Hz range. Similarly, in the vertical component, 
after a 100 dB increase in seismic signals, seismic activity and 
water fl ow velocities show similar frequency characteristics 
in the 1x10-3 – 2x10-2 Hz range. This suggests that seabed 
current velocities and seismic activity share similar frequency 
characteristics in long periods, albeit with differing intensities. 
It indicated that ground vibration signals at certain periods can 
resonate with seabed water fl ow.

For a seismic event with an amplitude of 0.006 m/s, the 
average water fl ow velocity decreased by 0.010 m/s in the 
radial component and increased by 0.036 m/s in the vertical 
component within 30 s of the arrival of S-waves. Spectrogram 
analysis indicates intermittent decreases in current velocity 
after the arrival of S-waves. This phenomenon occurs because 
seawater has low viscosity, so when S-waves reach the surface 
where the instrument is located and cause instantaneous lateral 
displacement, it results in changes in seabed current velocity. 

Comparing PSD values of seismic signals with current 
velocities (Figure 16) reveals that after increasing seismic 
signal amplitudes by 55 - 75 dB, the tangent component below 
0.015 Hz and the vertical component between 0.004 - 0.04 Hz 
exhibit similar amplitude characteristics. However, this event 
caused a maximum amplitude of only 0.0019 m/s at Y2003z, 
possibly too small to clearly show the relationship between 
current velocity and seismic activity.

The storm range of Typhoon “Bavi” in August 2020 covered 
the area where SCMs were deployed. Analysis from the data 
indicates that atmospheric pressure variations preceding the 
formation of typhoons thousands of kilometers away affect 
minor changes in seabed temperature, seabed fl ow velocities, 
and seawater pressure, subsequently infl uencing oceanic sound 
speed. Island air temperatures and sea surface temperatures, 
however, are affected primarily by rainfall.
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