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Table 1: Maximum wind velocity in RIAM wind-wave tank. Values of U in 2020 and 2021 were extrapolated 

values. Values of U10 in 2017 and 2019 were estimated from U using model (Takagaki et al., 2012). Values of U10

in 2020 and 2021 were estimated from u* using model (Takagaki et al., 2012). Tap water were used in 2017- 2022, 

and SDS solution was used in 2023.

solution
N

[rpm]

F

[m]

U

[m/s]

U10

[m/s]

u*

[m/s]

Takagaki et al. (2017) TW 1300 6.5 14.0 22.8 -

RIAM Report (2019) TW 1700 6.5 22.2 36.8 -

RIAM Report (2020) TW 1600 33 24 37.6 1.9

RIAM Report (2021) TW 1700 33 25 43.5 2.2

RIAM Report (2022) and 

Takagaki et al. (2023)
TW 1700 20 24.0 40.3 2.0

Ikeda et al. (2024) TW 1700 20 22.9 - -

Ikeda et al. (2024) SDS 1700 20 24.0 - -

Fig. 1: Relationship between 10-m height wind speed U10 and drag coefficient CD. This figure is reproduced 

based on Fig. 12 of Takagaki et al. (2023).
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Impact of Climate Changes on Water and Nutrient Transport: from Land to 
Open Ocean 

Throughout 2023, two joint cruises (Nagasaki Maru and Kagoshima Maru) have 

been successfully conducted to study water movement in the East China Sea (ECS) by 

the University of Toyama, Kyushu University, Ehime University, and Kagoshima 

University. Both qualitative observation and quantitative calculation have been 

partially carried out to understand the dynamics of low-oxygen bottom and subsurface 

water layers. Additionally, a time series station, coupled with physical observation, 

was observed to conceive water dynamics temporally. Furthermore, in response to 

global climate change in the marine environment, a meeting (in the JpGU 2023 

session) in collaboration with the IOC-WESTPAC program concerning healthy, 

productive, and sustainable Asian Marginal Seas (AMS) was conducted in May 2023. 

1. Dynamics of bottom waters in the time series station and low-oxygen water in
the subsurface layer observed during the 2023 NS23-117 cruise

The East China Sea is one of the largest marginal seas, lying over a broad 

continental shelf (~500km) from the Chinese coast to Okinawa through. The ECS 

plays a vital role in supplying biological resources to the sea around Japan via the 

Kuroshio. Considering the deterioration of the marine environment and accompanying 

changes in ecosystems, it is thus urgent to clarify the dynamics of low-oxygen water. 

Low-oxygen bottom water during summer months has been widely identified in the 

outer shelf of the ECS from 2018-2020 and currently in 2023. In the 2023 cruise, the 

positive correlation between low oxygen bottom (and subsurface) waters and turbidity 

is much more prominent than in 2018, 2019, and 2020 (Figure 1). Many seawater, 

sediment, and porewater samples were collected to be analyzed chemically and 

biologically. Seawater samples were collected by Niskin bottles attached with CTD 

sensors for REEs, Nd-isotopes, radon, radium, nutrients, dissolved oxygen, and water 

isotope analysis. Sediment samples were collected by multiple corers and then sliced 

in 1 cm and 3 cm onboard. Pore water was squeezed in a syringe under low-

temperature conditions. 

Some preliminary results obtained are as follows: (1) based on the simple 

mixing model by using temperature and salinity combined with Heavy Rare Earth 

Elements (HREEs), it is found that temporal factors and physical forces might 
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significantly influence the variability of the KIW and KSSW intrusion into the shelf 

area, thus influencing biological activity in the area, (2) Part of the low-oxygen water 

on the outer shelf is originated from KSSW and MSW. Nutrient (DIN, DIP) 

contribution in low-salinity, low-oxygen waters in the subsurface layer of the ECS is 

further required to quantify the material budget in the area. 

Figure 1. Sectional view of fluorescence contoured with DO<3.75 and 
transmission<88% (left); Sectional-contour view of %transmission, contoured 
with DO<3.75 (right). 

2. JpGU meeting: healthy, productive, and sustainable Asian marginal seas in
response to global climate change

As the AMS is a very important region for human society due to its high 

productivity, the changing climate and human economic activities have significantly 

changed the hydrological and biogeochemical cycles, affecting the marine ecosystem. 

Understanding the nutrient and material cycle is urgent to evaluate the biological 

productivity changes due to global warming. This meeting discussed various 

approaches regarding the behavior of nutrients by applying various studies, such as 

remote sensing, numerical experiments, and physical, chemical, and biological 

sensing. Oral and poster presentations were given to around 20 scientists, students, 

and practitioners from various countries (Japan, China, Bangladesh, Thailand, 

Malaysia, and Cameroon) to deliver their thoughts. We emphasized two main 

international projects, focusing on nutrient footprints of primary productivity and 

long-term variations in the water structure and circulation of the Pacific AMS. We 

hope that the continuation of this collaborative work will help us understand the 

impact of climate change on the marine environment globally.  

88



  
  

100
Fukushima et al. 2019 30

7-9
Kodera, Eguchi et al., ACP, 2019; Kodera, Eguchi et al., JMSJ, 2021  

2 QBO BSISO

ENSO

APHRODITE Yatagai et al., 2012 APHRO_V1101 57
TRMM

APHRODITE

COVID-19

TRMM

TRMM PR
TRMM PR 1

Cherrapunji Mawsynram
2 Cherrapunji

Cherrapunji
Sohkhme 2

TRMM PR
1km

1976 2006
2071 2100

APHRODITE

5 CMIP5
5

RCP8.5 CMIP5

89



11 Hirose and Okada 2018 TRMM
500 m 2 Cherrapunji Sohkhme

Cherrapunji 2
Cherrapunji  

22 Cherrapunji
(a) (b) 6km Sohkhme

y=x

   
   
   

   

JSPS JP26220202
SATREPS JST

/ JICA JICA The Project for Human Resource 
Development Scholarship  

90



91



0

100

200

300

400

500

600

700

800

1 31 61 91 121 151 181 211 241 271 301 331 361

B
V

O
C

(g
 C

 h
a-1

da
y-1

)

Day of year (DOY)

( )
( )
( )
( )

92



93



94



95



 

1  
2011 

1970

3

2  
1 A,B,C 3

A B C
B C A C 3 B 6

2cm

96



3

20 rpm
2
23

0% 2

1
1cm 3

B 40

NH4-N NO3-N NO2-N
PO4-P SiO2 NH4-

N DOC

3  
NO3-N NO2-N DOC

NO3-N NO2-N NH4-N
DOC NH4-N PO4-P

SiO2 3
NH4-N PO4-P

3  

4  
M. Hayashi, T. Inoue and S. Hirokawa, Estimation of Changes in the Nutrient Release Rate from Sediments 
after a Tsunami by an Incubation Experiment, Water, 15, 11, 2041, 2023. 

2023 IG-5  

2023 PS-23  

5

0

2000

4000

6000

8000

10000

12000

-10 0 10 20 30 40

C
on

ce
nt

ra
tio

ns
 (

g 
L-

1)

Duration (day)

NH4 at Stn.B

Control Scouring Redeposition

0

500

1000

1500

2000

2500

3000

3500

-10 0 10 20 30 40

C
on

ce
nt

ra
tio

ns
 (

g 
L-

1)

Duration (day)

PO4 at Stn.B

0
2000
4000
6000
8000

10000
12000
14000
16000
18000

-10 0 10 20 30 40

C
on

ce
nt

ra
tio

ns
 (

g 
L-

1)

Duration (day)

SiO2 at Stn.B

97



2 2

2
2

critical level

2

(1)

(2)

1

1

1 2 Kakinuma and Hisada 2023

98



2
1 Kakinuma 2023

1

2023 Nakayama and Kakinuma 2010

2023
2016 2017 7

: , , 40, 153–158, 2023. 

: , 
RIMS , 2023. 

Kakinuma, T. Numerical simulation of surface and internal wave excitation due to an air pressure wave. 
Geol. Earth. Mar. Sci. 5(3), 1–5, 2023. 

Kakinuma, T. and Hisada, M. A numerical study on the response of a very large floating airport to airplane 
movement. Eng 4(2), 1236–1264, 2023. 

Nakayama, K. and Kakinuma, T. Internal waves in a two-layer system using fully nonlinear internal-wave 
equations. Int. J. Numer. Meth. Fluids 62(5), 574–590, 2010. 

99



1.

acoustic Doppler current profiler ADCP  
2. ADCP ADCP Sentinel V 300 kHz, Teledyne
Marine 1 199 m 2023 6

12 6 14 41 2
5 ADCP

5th beam EB-33, Mooring
Systems, Inc. ADCP ADCP broadband bandwidth 25% 4 m

148 m 1 ping 60 m

1 ADCP  
2 ADCP

3. 5th beam ADCP
pitch roll ADCP   3

ADCP pitch roll

3 pitch roll ADCP     

 

 
 

100



101


	令和５年度_共同利用・共同研究成果報告書 （しおり付）
	令和５年度_共同利用・共づ研究報告書_特定研究１
	令和５年度_共同利用・共同研究報告書_特定研究2
	令和５年度_共同利用・共同研究報告書_特定研究3
	令和5年度_共同利用・共同研究報告書_特定研究4
	令和５年度_共同利用・共同研究報告書_分野融合・一般研究
	令和5年度_共同利用・共同研究報告書_地球環境・一般
	令和5年度_共同利用・共同研究報告書_核融合・一般
	令和5年度_共同利用・共同研究報告書_新エネルギー・一般
	令和5年度_共同利用・共同研究報告書_分野融合・研究集会
	令和5年度_共同利用・共同研究報告書_地球環境・研究集会
	令和5年度_共同利用・共同研究報告書_核融合・研究集会
	令和5年度_共同利用・共同研究報告書_新エネルギー・研究集会
	令和5年度_共同利用・共同研究報告書_若手キャリアアップ支援研究


