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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).

N 

[rpm]

F 

[m]

U

[m/s]

U10 

[m/s]

u*

[m/s]

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

RIAM Report (2019) 1700 6.5 22.2 36.8 - 

RIAM Report (2020) 1600 33 24 37.6 1.9

RIAM Report (2021) 1700 33 25 43.5 2.2

Present 1700 20 24.0 40.3 2.0

Fig. 1: Relationship between freestream wind speed U and friction velocity u* at x = 20 m. 



 

  

 

, . 

 1985 . , 

Dong and Guo, 2021 , 

2021 7 , 

100m 5 . 

, , 

. 

, .  

 

2022 5 8–10 5 15–17

. A03–A12 JFE Advantech RINKO

TurboMAP-5

, ADCP, TRDI Workhorse Sentinel 300 kHz

. TRDI Workhorse Sentinel 600 kHz ADCP

, . 

5 16

1 . > 17.0 A07 , A06

~15.5 ~0.3  

km−1 . A11 , 

~5.0  km−1 . A05 1c, f . 

. 2 5 17

. A07 A11

, A09 20 m , −0.02 m s−1

O(10−5) W kg−1 2c, d . 

A05 0.02 m s−1 . 

, 

. , 

, . 

7



1 2022 5 16 a–c d–f
. a, d  . b, e  CTD c, f  

CTD . , t . 

2 5 17 TurboMAP ADCP
. (a) , (b) 300-kHz ADCP V

, (c) 600-kHz ADCP W , (d) 
TurboMAP-5 .  ( t), 

.  

 
 

  
 /  

7



/  

  

0.355 m

7



 

[1] Ishimoto H., S. Adachi, S. Yamaguchi, T. Tanikawa, T. Aoki, and K. Masuda, 2018: Snow
particles extracted from x-ray computed microtomography imagery and their single-scattering
properties. Journal of Quantitative Spectroscopy & Radiative Transfer, 209, 113-128.

[2] Shishko.V.A, D.N.Timofeev, A.V.Konoshonkin, N.V.Kustova, N.Kan, I.V.Tkachev, K.Masuda,
H.Ishimoto, H.Okamoto, A.G.Borovoi. 2022: Backscattering characteristics of optical and
electromagnetic waves in joint sensing of cirrus clouds by a polarizing lidar (0.355 m) and a
94GHz radar. Atmospheric and Oceanic Optics, Vol.35-6, 775-781.

7



GNSS
GNSS

2

30
 

2014 KH14-1
GPS

Toba(1972, J. Oceanogr. Soc. Japan, 28, 109-120)
(1)  

(1)

(2)
(3) KH-14-1 Kahma and Calkoen (1992, 
J. Phys. Oceanogr., 22, 1389-1405)

(2) 

(3) 

*
10 10m

KH-14-1 1

(2) (3)

 
1



Donelan, 1990, The Sea—Ideas and Observations on 
Progress in the Study of the Seas, Vol. 9, John Wiley and Sons, 239–292

swell-windsea strength index: swsi
 

 
(4) 

h f (s) (w)
 

2 swsi

Ri<-0.01 swsi

0.5

swsi
4

2
 

5 swell-induced friction velocity 3  
(5) 

3

GNSS
Mean Square Slope

 

 
 

2 swsi
(Ri)

(Ri<-0.01)  

3

 



 

 
(DREAMS_K)

DREAMS_K  

1
DREAMS_K DR_K
500m 1 1092m 61

5
( 1)

0.5 2
 

15 10
5 10 12

3 10 23 38
21  

1.  

2. 

15  



DR_K

 
15

50m
36.79

N 137.16 E 50m
4  

 

11

11

 

 

, , pp167, 2022.9.6( ) 

 
 

 

4. 50m

15

3 

3. 2  

DR_K 15



クリル海峡における順圧潮汐から地形に捕捉された内部潮汐へのエネルギー変換率の
見積もり

1. はじめに

2. 定式化



3. クリル海峡への適用
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Clarifying mechanisms for the tropical basin interaction using climate model simulations 

Ingo Richter, Japan Agency for Marine-Earth Science and Technology (JAMSTEC) 

1. Aims of the current research project
The impact of the tropical Atlantic and Indian Ocean on El Niño-Southern Oscillation (ENSO)

in the tropical Pacific has been highlighted in recent years but much remains to be learned about 
the importance of these influences and their pathways. Using a novel experiment design based on 
global climate model (GCM) experiments, the current project reexamines the influence of the 
tropical Atlantic on ENSO. 
1) A previous study by Richter et al. (2021) mostly relied on global climate model (GCM)
experiments, in which SSTs were prescribed (so-called atmosphere-only experiments). While such
experiments are useful, they cannot represent the coupled ocean-atmosphere interactions, thought
to be important in amplifying ENSO events. For the current research project, we therefore use a
fully coupled ocean-atmosphere GCM, to conduct additional experiments for investigating the
influence of the tropical Atlantic on ENSO.
2) In addition to investigating the Atlantic influence on ENSO, we also aim at developing a general
framework for investigating interaction among the tropical basins using a relatively simple data-
driven modeling technique.

2. Methods
1) To quantify the tropical Atlantic influence on ENSO we developed, together with Yu Kosaka
(University of Tokyo), a novel GCM approach that combined so-called perfect model hindcasts
and pacemaker experiments. In these experiments, 12-month predictions are initialized from a
free-running 1000-year control simulation with the GFDL CM 2.1 model. We selected events for
which a warming in the northern tropical Atlantic in spring was followed by an El Niño event in
winter. For these years, we ran hindcast experiments initialized from January 1 and integrated until
the end of the year. In the control hindcast experiment, we ran a regular hindcast by letting the
model evolve freely. In our SST intervention (pacemaker) experiments, on the other hand, we
restored the SSTs in the tropical Atlantic to their climatological values, thereby removing the warm
event in the northern tropical Atlantic. These experiments were used to quantify the importance of
the northern tropical Atlantic in triggering ENSO events. Analogous experiments were performed
for warm events in the equatorial Atlantic. In addition to restoring tropical Atlantic SSTs, we also
performed a set of experiments in which we restored the Pacific SSTs to climatology. This was to
test, whether the warm events in the tropical Atlantic were themselves a result of previous forcing
from the tropical Pacific.

2) To develop a general framework for investigating interaction among the tropical basins, we
collaborated with Shoichiro Kido (JAMSTEC), Tomoki Tozuka (University of Tokyo) and Ping
Chang (Texas A&M University) to modify the well-known linear inverse model (LIM) approach.
LIMs use statistical analysis to derive a linear operator from observations, such as SSTs, in order
to approximate and predict observed variability. Kido et al. (2022) modified this technique to allow
separating the interaction among basin pairs (e.g., Atlantic and Pacific). The linearity of the
operator then allows to eliminate the interaction among certain basins and to test how this affects
the variability.



3. Results
1) Perfect model hindcast experiments with and without restoring tropical Atlantic SST to
climatology indicate that both the northern tropical and equatorial Atlantic have a very small
influence on ENSO development (Figs. 1a and 1c). During decaying ENSO events, on the other
hand, northern tropical Atlantic SST anomalies strongly accelerate the decay (Figs. 1b and 1d).
Key to the Atlantic influence on ENSO decay are Atlantic SST anomalies just north of the equator

(~ 5°N). These lead to local 
convection anomalies that 
change the Walker circulation 
so as to accelerate ENSO decay. 
Importantly, anomalous events 
in either the northern tropical 
or equatorial Atlantic fail to 
develop in the hindcast 
ensemble mean (Figs. 1e and 
1f), when tropical Pacific SSTs 
are restored to climatology. 
This indicates that anomalous 
tropical Atlantic events in 
boreal spring and summer are 
strongly dependent on 
preceding ENSO events in 
boreal winter. Thus, the role of 
the tropical Atlantic is to 
mediate a negative feedback of 
ENSO on itself (Richter et al. 
2022). 

2) An interbasin LIM was
constructed from observed
SSTs and sea-surface heights.
Experiments with
modifications of the linear
operator successfully
reproduced many results that
previous studies obtained from
GCM experiments, indicating
that the technique may provide
an alternative to GCMs at low
computational costs (Kido et al.

2022). We are planning to further develop this technique in order to utilize output from existing 
multi-model data bases (such as CMIP6) for the study of interbasin interaction. 

° ° °
° ° ° °

° ° ° ° °
° ° °



Achievements 
Articles in peer reviewed journals 
1. Richter, I., Y. Kosaka, S. Kido, and H. Tokinaga (2022): The tropical Atlantic as a negative
feedback on ENSO, Climate Dynamics, https://doi.org/10.1007/s00382-022-06582-w.
2. Kido, S., Richter, I., Tozuka, T., and P. Chang (2022): Understanding the interplay between
ENSO and related tropical SST variability using linear inverse models. Climate
Dynamics,  https://doi.org/10.1007/s00382-022-06484-x

Conference Presentations 
1. Hiroki Tokinaga, Shoshiro Minobe, Youichi Tanimoto, Malcolm Roberts (2022): Evaluation
of the Pacific Decadal Oscillation in the HighResMIP-PRIMAVERA model simulations. JpGU
Meeting 2022.
2. Shiozaki Masahiro, Hiroki Tokinaga, Masato Mori (2022): The influence of the tropical Indian
Ocean warming on the Western Pacific teleconnection pattern. JpGU Meeting 2022.
3. Ingo Richter, Yu Kosaka, Hiroki Tokinaga, Shoichiro Kido (2022): Reexamining the tropical
Atlantic influence on ENSO in perfect model prediction experiments. JpGU Meeting 2022.
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Establishment of international cooperative research: changes in stratification 
and material cycle in the East China Sea related to global warming

We conducted a quantitative study of the water mixing in the East China Sea via 

chemical tracers, and promoted scientific communication by organizing the

International Brainstorming Workshop on Healthy & Sustainable Terrestrial and 

Coastal Waters in University of Toyama.

1. Water origins of low-oxygen water on the outer shelf and material transport
from the East China Sea to the Kuroshio area (NS22-095)

In recent years, it has been reported that the occurrence frequency of hypoxic 

water masses has increased and its area has expanded in the East China Sea (ECS). The 

continental shelf margin in the ECS plays an important role in supplying biological 

resources to the sea around Japan via the Kuroshio. Considering about the deterioration 

of the marine environment and accompanying changes in ecosystems, it is urgent to 

clarify the dynamics and formation mechanism of hypoxic water. In this study, 

seawater, sediment, pore water and isotopes samples were collected on outer shelf of 

the ECS, to study low-oxygen water on the outer shelf and to analyze the transport of 

the nutrients and the impact on the Kuroshio from the shelf pump both in temporal scale 

and spatial scale. 

The Nagasaki Maru NS22-095 cruise was conducted from 11 to 19 July 2022 

along M line, K line and KM line in the East China Sea (Fig.1). Seawater samples were 

collected by Niskin bottles attached with CTD sensor for REEs (160 samples), 

Nd-isotopes (32 samples), Nutrient samples (30 samples), Dissolved Oxygen (33 

samples), Hydrogen and oxygen isotopes (200 samples), Nitrogen isotope (87 

samples), Ra-isotopes (16 samples) and Rn (6 samples). Sediment samples were 

collected by multiple corer, and then were sliced in 1 cm and 3 cm onboard. Pore water 

was squeezed in syringe under low temperature condition (~ 4℃). DO samples were 

analyzed by Titrator instrument onboard. The REEs and Nd-isotopes, nutrient samples 

etc. will be measured in the laboratory on land.

The preliminary results obtained are as follows Low-oxygen water has been 

identified for the summer months of the ECS outer shelf. Based on mixing model 

10



combined with rare earth elements (REEs), as they allow a good distinction between 

different water masses, the origins of low-oxygen water were quantified. We 

determined that the low-oxygen water on the outer shelf mainly originated from 

Kuroshio Subsurface Water and confirmed the contribution of coastal water. Moreover,

the influence of factors on the formation of this low-oxygen water may include water 

stratification, water mixing, organic matter remineralization, spring tide and so on.

2. International Brainstorming Workshop on Healthy & Sustainable Terrestrial
and Coastal Waters

Within the framework of the 10-year WESTPAC program for “Healthy, 

Productive and Sustainable Asian Marginal Seas” that started in 2021, the International 

Brainstorming Workshop was held on November 30th, 2022 in University of Toyama,

combining with recent research and specific scientific questions. The overall objective 

of the workshop was to gather up-to-date information on existing knowledge, research 

gaps and challenges related to the flux of nutrients and heavy metals in WESTPAC etc.

To attain the objectives, the workshop commenced with 16 participants, represented 

Japan, Cameroon and Indonesia in person and 5 participants, represented Thailand, 

Korea, China, Bangladesh and WESTPAC through zoom. The introductory remarks by 

the chairperson (Jing Zhang) reiterated the raison d'être of the workshop to the 

participants, who in turn presented specific case studies for each topic in the workshop.

Moreover, a multidisciplinary evidence-based research activities involving natural and 

social sciences, will not only identify the variables, local vulnerability, impact and 

challenges in coastal ecosystems, but will also enable adequate understanding of the

program’s subject matter in the AMS and Coast of Cameroon (CC), for sustainable 

biodiversity production and ecosystem services. 

Picture: Photo of Participants (In person and Online) during the workshop
noted sampling stations.

10



1



1



2 2

2
2

critical level

2023 3

3 1)

1 2)

Proudman

1



3) 2016 2017

4) 5)

1

(1) : 3 , 69 , 2022.

(2) Kakinuma, T.: Tsunamis generated and amplified by atmospheric pressure waves due to an eruption
over seabed topography, Geosciences, 12(6), 232, 17 pages, 2022. doi: 10.3390/geosciences
12060232.

(3) : ,

, 2022.

(4) Kakinuma, T.: A numerical study on distant tsunami propagation considering the strong nonlinearity
and strong dispersion of waves, or the plate elasticity and mantle fluidity of Earth, Fluids, 7(5), 150,
17 pages, 2022. doi: 10.3390/fluids7050150.

(5) 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. doi: 10.1002/fld.2037.

1



  
  

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(
)

2022
6 17 03UTC 24

122 3
972mm

1
1km

Vaisala
WXT520

2022 6
2

11-20
100mm

14-16
3 3 2500mm Sylhet

 
11 (

1km) 2022 6

1



COVID-19
( Dirks et al., 1998)

1926 2020 0.01
AMeDAS

(1990 2009) Dirks et al.(1998)
0.01

(Hatono, Kiguchi, et al., 2022) APHRO_JP
6 (

) 2
(1947 1999 )

22  

 

   
   
   

   

JSPS JP26220202
JP21K14252 JP21H05002 JPMX D0717935457
2017 19-21

( ) (S-14)

11



11



11



夏季の宗谷暖流のジェット構造の維持機構に関する理論的研究

筑波大学生命環境系 唐木達郎

目目的: 冷たく低塩分なオホーツク海に面した北海道北東沿岸海域では、宗谷暖流と呼ばれる沿岸境界流が温かく高塩分な
黒潮起源の海水を運んでいます。宗谷暖流は夏季に最盛期を迎え、宗谷岬から知床半島まで約250 kmの距離の間、秒速
1mを越す非常に速い表層ジェット流構造を維持します。宗谷暖流によって性質の異なるオホーツク海の海水と黒潮系海
水が隣り合い、北海道北東沿岸海域に顕著な海洋前線帯が生まれると、これまでは考えられてきました。一般的に沿岸境
界流は外洋水との境界に前線帯とジェット流帯を併せ持つものです。ジェット流は前線のもたらす傾圧性により海底に
近いほど遅くなります。そのため沿岸境界流は海底摩擦の影響をあまり受けずに長い距離を流れることができます。しか
し宗谷暖流の前線ジェット流帯は流域幅の中間に位置し、オホーツク海の外洋水と黒潮系海水の境界には生まれません。
両海水は水温と塩分によって決まる海水密度において差がないため、水塊境界に傾圧性が生じないのです。また、一般的
な沿岸境界流の前線は海底斜面から海面まで鉛直的に分布しますが、宗谷暖流の前線の上端は亜表層に位置し、夏季の季
節躍層に接続します。なぜ宗谷暖流は、一般的な沿岸境界流とは異なる特徴を持った前線ジェット流帯を持つのでしょう
か。この謎を明らかにすることが我々の目的です。

我々はこれまでに数値モデルを使い、宗谷暖流域の季節躍層が海底斜面上の鉛直混合によって斜面下方に傾き、そ
して前線帯の形成に至ることを明らかにしました。宗谷暖流はその上流域に該当する宗谷岬沖において、季節躍層に特徴
づけられる順圧性の高い沿岸流でした。上流域の宗谷暖流はその順圧性ゆえ、表層と同様に海底でも流れが速く、海底摩
擦の影響を強く受けます。それに伴って海底で鉛直混合が活発になり、季節躍層が上下に良くかき混ざることで海水密度
も鉛直に一様となります。この混合過程によって宗谷暖流下流域の前線帯は生まれたのです。興味深いことに宗谷暖流
は、上流域で海底摩擦を受けて順圧流から傾圧流へと流れ構造を変え、下流域ではむしろ海底摩擦の影響を受けづらい構
造になるのです。そのため宗谷暖流はその表層ジェット流構造を宗谷岬から知床岬まで維持できることが分かってきま
した。本研究課題において我々は、宗谷暖流の流下方向の順圧-傾圧変遷過程を説明する理論を構築し、この不思議な現
象の一般化を試みました。

理論: 海底境界層の発達理論は宗谷暖流の順圧-傾圧変遷過程とよく似た状況を想定しています。この境界層理論の主要
な要素は、表層から海底までの連続的な密度成層、緩やかな海底斜面、そして岸を右手に流れる順圧流の流入の 3 つで
す。この順圧流に海底摩擦と地球の自転が働くことで、海底近傍に海底エクマン輸送が生じます。海底エクマン輸送によ
って斜面上方の低密度の海水が斜面下方へ運ばれ、より高密度の海水の真下に潜り込みます。浮力対流がこの密度層の逆
転を解消すると、海底付近に密度の鉛直一様な層が発達します。この層は海底境界層と呼ばれています。この海底境界層
の特徴は斜面を横切る方向に密度勾配を持つことです。その傾圧性ゆえ、海底境界層内の斜面に沿った方向の流れは斜面
に近いほど遅くなります。海底境界層が十分に厚くなると海底近傍の流れはほぼゼロになり、海底摩擦の影響をほとんど
受けない定常な傾圧流が生まれます。宗谷暖流の順圧-傾圧変遷過程は海底エクマン輸送と鉛直混合の盛衰に整合します
ので、宗谷暖流の海底から亜表層まで分布する前線は海底境界層だと考えられます。

しかし我々は、海底境界層を発達させる鉛直混合が本当に浮力対流なのか疑問を抱きました。浮力対流は密度の非
断熱変化を伴うものです。そのため本来であれば、海底エクマン輸送によって斜面下方に運ばれた軽い海水は、その真上
の重たい海水と混ざり合い、密度が高くなるはずです。その結果、海底境界層の上端には密度分布の不連続点が生じるは
ずですが、宗谷暖流の前線の上端に不連続点はなく、連続的な密度分布を示します。これと整合的に、近年の乱流解像モ
デル実験は、海底境界層の発達時に卓越するのは浮力対流ではなく機械混合であると示しています。そこで我々は機械混
合に整合的な海底境界層理論を構築しました。一般的に乱流が斜面を下降すると、その真上にある流体は機械混合によっ
て乱流に取り込まれます。これを海底境界層の発達理論に応用すると、海底エクマン輸送によって境界層内のある密度を
持った海水が斜面を下降するとき、その真上にある同じ密度の海水が機械混合によって境界層に取り込まれると説明で
きます。つまり、海底境界層内の流れに沿って密度はラグランジュ的に保存する、ということです。そのとき海底エクマ
ン輸送が等密度線を斜面下方に運び、同時にその鉛直方向の移動距離だけ機械混合が生じることで等密度線は傾くので
す。この海底斜面直上の等密度線の沖向き移動が、宗谷暖流域で季節躍層が傾いて前線に至る軌跡を説明します。さらに
我々は理想化された数値モデル実験を行い、機械混合に整合的な海底境界層の発達を確認しました。

考察: 密度の断熱変化という観点は、宗谷暖流が前線ジェット流帯を持つことのひとつの意味を示唆します。前線は不安
定になって水平に戻るためのポテンシャルエネルギーを秘めています。順圧-傾圧変遷過程によって、宗谷暖流域の季節
躍層に蓄えられた太陽放射エネルギーは、効率よく前線のポテンシャルエネルギーに変換されて海底境界層に蓄えられ
るのです。この発見はエネルギーの散逸場として知られる沿岸域に新たな視点を与えるものでしょう。宗谷暖流域で生ま
れた前線のポテンシャルエネルギーは、その後どの海域でどのような形で消費されるのでしょうか。今後も研究を続けた
いと考えています。

研究成果報告:なし

研究組織: 唐木達郎(筑波大学)、三寺史夫(北海道大学)、木田新一郎
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