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SUMMARY

I. Title

Changes of ocean temperature and currents in the East China Sea - Effects of

Kuroshio variability on the ocean environmental changes

II. Necessities and objectives of the study

Kuroshio variability has a large impact on climate and ecology in the northern East
Asian countries. It changes temperature and currents in the East China Sea and in turn
affects marine environment in the waters around Korea. It is therefore important to
study the Kuroshio wvariability in order to understand the variability of marine
environment in the waters around Korea. However, previous understanding of Kuroshio
variability based on in situ observation has manly focused on the east of Taiwan or
northern part of the East China Sea, probably due to its proximity. Southern part of
the East China Sea has been relatively less explored and thus needs to be studied for
understanding of upstream Kuroshio variability. For a complete overview of the marine
environmental changes in the East China Sea, it is necessary to monitor distribution of
water masses and velocity field in both southern and northern parts of the East China
Sea, following Kuroshio’s path from its upstream to downstream.

Together with the in situ observation data, data assimilated model results can be
useful in the investigation of marine environment in the East China Sea where
extensive field observations are very difficult to be carried out. To do this, it is
required to verify the model simulation results and validate the simulated Kuroshio
variability by comparison with the observed Kuroshio time series at its main stream in
the East China Sea. After the validation, the relationship between the marine
environment of the East China Sea and Kuroshio variability can be investigated based

on the model results. In addition, sea level changes over the East China Sea need to be

,iX,



examined to figure out how much of them is related to the changes in water properties

caused by climate change.

IlI. Contents and scopes of the study

O Observation in the East China Sea
- 2-year deployment of current monitoring system for continuous observation of
Kuroshio variability
- Acquirement of Kuroshio time series by joint research between Korea, Japan,
and China
— Observation of the water mass distribution, internal wave and mixing in the

northern part of the East China Sea

O Relationship between variabilities of Kuroshio and the East China Sea
- Comparison of Kuroshio variability from observation data and data assimilated
model results
- Analysis of water temperature and current variability in the East China Sea
related to the Kuroshio transport
- Presenting relationship between Kuroshio transport and intrusion of the Kuroshio

into the East China Sea shelf

O Sea level changes in the East China Sea
- Data collection and analysis around the East China Sea

— Study on the mechanism of recent sea level rise in the East China Sea



IV. Results

O Investigation of variability of Kuroshio in the East China Sea

Conducted international collaboration between Korea, Japan, and China, to deploy
mooring instruments in the southern East China Sea including Japanese EEZs
Operated two sets of current monitoring system by KIOST to monitor Kuroshio
variability from June 2015 to June 2017.

Examined characteristics of the Kuroshio by comparing in situ observation and
satellite altimetry data

Obtained 25-year-long time series of Kuroshio variability from 1993 to 2017
Obtained observation data in the northeastern part of the East China Sea where

Kuroshio water flows before entering the Korean water area

O Investigation of relationship between Kuroshio and physical environment of the

East China Sea

Compared Kuroshio variability from June 2015 to June 2017 simulated by a data
assimilated model with observation data

Investigated distributions of temperature and current in the FEast China Sea
related to Kuroshio variability from 1993 to 2017

Investigated intrusion of the Kuroshio into the East China Sea shelf in the

northwest of Taiwan related Kuroshio variability

O Sea level rise and its mechanism of the Yellow and East China Seas

Collected and analysed data of tide gauge, satellite, temperature and salinity
since 1993
Investigated the contributing factors of the sea level rise, e.g. density, fresh

water, water mass redistribution, etc.

,Xi,



Application plans of the results of the study

Suggestion of possible cause of the temperature rise and water mass changes over
the Korean neighboring seas, and its application as a basic dataset to prepare

countermeasure for climate change

Application of observed Kuroshio time series as a basic dataset to understand and

validate global climate change signal

Application of major results from the ocean circulation study of the East China

Sea to investigate ecosystem variability over the Korean neighboring seas

Application for studies focusing on ocean circulation and material flux over the
South/Yellow Seas

Application for validation of numerical ocean models focusing on marginal seas for

possible improvement of accuracy and prediction skill
Application for studies of sea level rise over the Korean neighboring seas

Application as a basic dataset to establish national policy concerning rising sea

levels around the Korean peninsula
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CONTENTS

Summary ............................................................................................................................... v
Contents ............................................................................................................................. an
Chapter 1 IntrOdUCtion ....................................................................................................... 1
Chapter 2 ResearCh Status ................................................................................................ 3
Chapter 3 Contents and reSUltS Of the StUdy ............................................................. 6
Section 1 ObSCrV&tiOl’l in the Southern East China Sea ............................................. 6
Section 2 Observation in the northern East China Seq «eoeeerrereemeeenenn.. 4]
Section 3 Variability of temperature and current in the East China Sea -« 56
Section 4 Recent sea level rise in the Yellow and East China Seas ------oooeeeeeeee 86

Chapter 4 Achievement of the study goal and contributions to the

FEIALEA ATEQ +wrrerereererererrermsesssmsesssss sttt 96
Chapter 5 Application plan of the results of the study «eerreemereermen. 93
CRADLEr 6 REfEIENCES «+rrvreersserrsseressseesssessssesmssesmsses st 99
ADDEIIAIR  cvsoeorsssssssssssssssssssssssssssssnessssssssssesssssssssssassssssasssasssss s tassssrssssa s asssasaasasssossass 103

- Xiii —






Xﬂ 1;(01- }\1 T E LT P P P P P P PP P PP I PP PP PP PPPPPPPPPPPPP PP PPV PYPPPYPPI

A"
)

o6

—=
o)

- 86

96

938

B

99

i
il

- XV -



MM
o ol

S L e e e T
(A « S S« Yo S« N N A A N S o\ N N o\ N OB« D« Do A o o1

H

M

W
I | o

M

311 FEAO-BFAE AT HAEOL TFEA s
o

31.2. #=e &&

313. dAF#= o

3.1.4. HYCOM A i

3.15. ¥=F AH AlF f1A¢k CTD

316 20161& 6%:1]_ MY*E}'?_]_ .’.;:% ]1;]_.—?:]_‘ ...........................................................................
Qe o

3.1.7. 201615_ 6%] MY—E}‘?J T'b_]‘ Ud ...........................................................................
318 2016 69 MY-2}9l shipboard ADCP 5 frd AR o
319. 2016 69 MY-2+<l shipboard ADCP S M@ frdr AR o
31.10. 20179 69 BZ AR e WE AHFE FA T e
3LIL 201749 69 95 $RUG §5 ST, FF T} A GG o
3112, 20179 69 T3 FAWF Fd FAUE, BETF 3} HAHH Y o
3113, TFE S E ] B] 9 HLL et 16
3114, T2 92 3= AH[(ADCP)S} 322 F 2 oo 16
3.1.15. 31T FHUJEE A]Z2E] KA G
3.1.16. 20159 69elA 20161 69747 KCM19] ©3& sl s @33 £
3.1.17. 20159 644 2016\ 69747 KCM29] w3 sjiAlol s B33 f%
3.1.18. 20169 644 2017d 69742 KCM19] w3 sifalold #33 4
3.1.19. 2016 644 2017 69747 KCM2¢9] w3 sjiAlel s B33 f%

AR FEM shaalvk vpEel 20159, 2016, 2017 9]

N =
oS O

3.1.20. PIES A5+ AH(KESL, KES2, KES3)# 2 4(ADCP+Current meter)
3.1.21. _ﬁ_ﬁ_};ﬂ%/‘\j g_l PIES/CPIES 741,[27.;@[ ........................................................................
3.1.22. KESIP/] Taug} Pbot %/\]x]_g_ ..................................................................................

3.1.23. KES19] Tau®} Pbot Y9A| A= S window, despike, detide, dedrift

HAREE [AIZE ZFZ] TR cereereeeseesseeessssesss sttt

3.1.24. KES19] Tau®} Phot HAZ A5 S 3Y low-pass ZEHH3 A5

3.1.25. KES29] Tau@t Phot SIAJAFEL weeeeeeessresseessessesssssssissssssssssssssssssssssssssssssssssssssssssens

3.1.26. KES29] Tau®} Pbot YA A= S window, despike, detide, dedrift

HAEE [AIZE ZFZ] TR cereereeeseesseesesssesssis sttt

- XVl —



NN
o g g

¥

A S
o o o o® o®

S
o o o g g g o o o®

¥

N
o

MM M
od o o jaic]

M

3.1.27.
3.1.28.
3.1.29.

3.1.30.
3.1.31.
3.1.32.
3.1.33.
3.1.34.

3.1.35.
3.1.36.
3.1.37.
3.1.38.
3.1.39.
3.1.40.
3.141.
3.1.42.
3.1.43.

3.1.44.

3.1.45.

3.1.46.

3.1.47.

3.1.48.

3.1.49.
3.1.50. &%

KES19] Tau®} Phot R3S A5E 3Y lowpass ZEHTE AFT e

KES39] Tau@l Phot LA AFE. crervessrrersssnrssssssssssssssssssss s ssssssssssssss s
KES39] Tau®l Pbot YA|AEE window, despike, detide, dedrift
B TE [AIZF ZFZ KL crererersssssssssissssssssssssss s s
KES39] Tau$} Phot A% 2At5E 3Y low-pass BE T RFg coeeeeeeeennnen
KES1014 23 travel time, F52, QFE] rrrrreerrrrrsssisissssssssssssssseee
KES201 A 23t travel time, 958, QFE] wrrrrrrrrrrsmmsmmmssemssssssssss s
KES301 4 23 travel time, F52, QFE] e
I 80dir A5 T FE HAAFE $3g 700 m o) 74 =Y
O] K| rvrrvsssseesssse s
DA ABRRE AAFer AZE 2203 0] AE BIE e
A AR REE] AAS A 700 dbar travel tme e
A= 700 dbar travel timeZ} 2-AH 228 AFO] O] AFTE FEA| corrvvvesseressiiinnnen
)E)L%‘ ’700 dbar _)r\_% GEM ..........................................................................................
A2 700 dbar I GENL eeeessererssseessssssseesssss s sssssssssssssssssssss s sssess
#=3F 605 dbar travel time¥} 700 dbar travel time AFo]e] AFTTFA] -ooeveeeee
=35 1555 dbar travel time?} 700 dbar travel time AFo] 2] ZFFHHA] ooveeeeeee
=3 1439 dbar travel time@} 700 dbar travel time AFO]9] AFTHgHA] oveeens
23 A 713F 59120159 6€~2017d 6€) KCM1 A1 ADCP #=

MY -2F0lo]] 228k HFEEO] G2n AL wvorrrvviseerssisesssssss s
2 A5 717F FeH0159 692017 69) KCML A1 ADCP #3

MY-2Folo] HaaF HFEEO] G2 AR v
2d A5 717 S9H0154 69-2017d 69) KCM1 414 ADCP ¥
MY-2FO16] TS EE HFBES] Gda A EL coosscsicccmmmmmmmneneeeesssssssssssmmmmsssesseeesessssssssnee
29 BEFEEo] 2 (7249 T 1209) ¢k #SFE o] A
W (7242 2 10220) S)HIE O] T TF corrrrrrememsseserreessssinseeseeeessiseenses
2d #SFEFe] F W((7249 T 1209)¢ 2d #EFFFo] A
W (7242) F 10220) YW TLIE T TH ceererrreermemssesenssessssssseissi sttt
LA G2 AYHE WY BYA TEA AE AR} QK] s
209 BE FZAQ i Tl OB A B W ILIE I e
21&94 s te 343 256 FRAL F5F 2d 3% =

- Xvil -



N
jaic]

MoK
o o

¥
U]

AN
o g g

M M M M
o )

N
o g

M

AN
o g g

[

i
iu!

3.1.52.
3.1.53.

= 3.2.1.

3.2.2.
3.2.3.
3.24.

H 3.2.0.

3.2.6.

3.2.7.
3.2.8.
3.2.9.

3.2.10.
3.2.11.
3.2.12.

H# 3.2.13.

3.3.1.

3.3.2.

ro
o
do
oX,
%
=)
&
k1
_>‘J_4‘
fr
e
ol
o
DN
Ol
rL
-
frt
>
fo
4
oy
ol
1o
i
o
&Y
A=)

OF T T ceeeneenernenn et 39
AFH AALEAE FAW B FEAL FEF] ALNEA o 40
AN AAMREAR FHF 264 TRAL FEF ALY F7]

I I 40

TRBM-ADCP A 7 Q] X[ I crererereerrrsrsnteniintiiiiintntii i 41
20165 7Y T2, GEO FT EEID e 43
2 @He] & AR GFTEAYA AAE FF BE 44

47 ClolA 20161 7€ 21 06:005-E 7€ 269 180074 CTDS}
TurboMAP ¥HE #1535l 22 52 &, dFeeddA] 2he

A AIG GEZTFEZ BB e 46
sk B2 o A(2016/07/25, 17:55~7/26, 17:55). &, A, G

AAFE AAG BB o 47
Ulok g3 o A1(2016/07/25, 17:55~7/26, 17:55). ADCP9] & 3}

/&%70]—31:_’ Z,:;_q%é’:’ :T_ﬁg%é’:g_ﬂ ........................................................................ 48
20169 7€ 21~279 713 E<t A Clo FAME FE5 AAD e 49

20163 7€ 21~229 Ale] 2 5
20173 72 2w S5 FHehe e ere] S s dE2A AA

[e]
2 A4 Cl F9] vAlTx ¥ 3 R 355 9% CTD/XBT,
al

TurboMAP, TRBM-ADCP A3 Q] X It e 51
201741 7€ Z,:%’ OO Fru] B e 53
2017 74 27 @] g2 dE B dREEAUA ats FF X 54
2017 79 22~269 7|+ <2t A4 Cle] ADCP Al @5 Z¥

Z] GRZ 0] G A A Q@ e 55
2017 79 22~269 713+ < A4 C1e] ADCP Al #5 A

Z =0 A HFEE G4 A A G e 55
20159 6¥€~2017d 649 717t &<9F KCM12 KCM2o| Al #3538 {52}

2o R A A HYCOM AR Y G-Zo B IL reverreerreemseemiiemieeieeisieieine 58
2015 6€~2017d 649 713 &<k KCM1olA #53 755 T4

ARG FRAQ FEBATE HYCOM AR 5 @A 5 oo 59

- xviil -



3.3.3.

3.34.

H 3.35.

3.3.6.

3.3.7.

3.3.8.

3.3.9.

3.3.10.

3.3.11.

3.3.12.

3.3.13.

3.3.14.

3.3.15.

3.3.16.

3.3.17.

3.3.18.

KCML1 A AellA o] =549 KCMl+ Ay Fuis 7HEA 2=

3
FETFO] A ZEHH T A] H] JIL ceeveererresmeseseesee e 59
15091 low-pass TEE AL TR Q. A al v 60
150 low-pass BEHPF FRA|Q FFFo] & Ao &2 459

J\j_‘_%_ ‘fl\_% .ET_E .......................................................................................................... 62
150 low-pass BEHPF FR=A|Q FFFo] & Ao &2 459

50 m ,{,\__1%. ,Er.*\]_j_ ........................................................................................................ 63
150¢ low-pass ZE Y3 FR2AQ FHako] 2 99 2o H 99

100 m (_":% T"?‘_;L_ ....................................................................................................... 64
1509 low-pass ZEH3I FZA|Q FFFdo] & -9 2 H 59

J\j_‘_%_ 3 % ,ET_E ........................................................................................................... 66
150Y low-pass ZE Y3 FRA|Q FHako] & H9-9F 22 H5-9

50 m OH% ,ET_E ......................................................................................................... 67
1509 low-pass ZE Y3 F2ZAQ FHako] & A9 2L -9

100 m :O‘Hj?r ,ET.EL_ ...................................................................................................... 68
60~150% band-pass ZH 3 FZA|Q FFdo] Z A5} 22

FO 0] TZ 228 BT e 70
60~150Y band-pass HEJ s FRZA| Q. FHFo] T A9 2

FO0] 5O M ZE@ B I e 7
60~150% band-pass ZE Y FRZA|Q FHFo] T H9F 2

73_9'__94 100 m ‘fl\_% .ET_E ........................................................................................ 72
60~150% band-pass ZEH s FRZA|Q FHFo] T Ao 2

O 0] TZ F|E BLI e 74
60~1502 band-pass ZE Y3 FRZA Q. FE o] 2 AL &

T10-0] 5O M B F BLIE e 75
60~1509 band-pass ZE|H s FRA|Q FHFo] T H9F 2

10 0] 100 M BT EEIL ceereererrererenise e 76
60 high-pass H P& FEA Q. FETFo] & 459 22 499

J\j_‘_%__ ‘fl\_% .ET_E .......................................................................................................... 78
60¥ high-pass ZEH3 FEZA FHFo] & 59 22 459

50 m ,{r_% ,ET.EL_ ........................................................................................................ 79

- XiX -



of

Y

5|
pud

19 3.3.19. 60¥ high-pass ZE

o
il

o
-

100 m
19 3.3.20. 602 high-pass ZE

of

Y

5|
pud

o
il

nE
o
ZO
22!

of

Y

5|
pud

19 3.3.21. 60Y high-pass ZE

82

o1

RS

5|
pud

19 33.22. 609 high-pass ZE

83

19 3.3.23. 150Y low-pass ZEH H I 60~150¥ band-pass ZE H 3 FZA Q.

o
il

o}/
&

o)
of
ﬁo
ol
e

oF
o

M)
o

o
-

19 3.3.24. 1509 low-pass ZHH I} 60~150¥ band-pass ZEH H 3 FZA]Q

o
pild

3

ol
e

o
ﬁo

M)
o

o
-

87

oF

<
N

B

ol

o

o

4 244(92-'15)

15

9]

[e=]
=2

ﬂmu
N
)
T

Nd

38
89
90
90

puzel

-

1% 34.3.

0

i

%

B
=

3

3

A

3)

Ol
ol

=
<]

z:;l_

A A

=
=

a9 344, AR

%

ki3

19 345 AdWEE AA
a9 346, AR

91

el

i

o
%

o

A A

=
=

91

0

il
{Jo
%

=3
o

19 347 AAWEEE AAZ H

91

92

93

94

B APk 2017927k sl A E o

19 3412, AERsEEE AARE 1

a9 34.13. AATF s4A 2 GRACE, TPJ, Argo #+

T
Hr
<o
%

- XX -



= eet F9ouiehel A4 Ao Bae

B

!

U

—_
o

o)

1o

N

50
e

iy

Tjo
mr

N
B
ol

)

0

K
)
—~
fIfe)

W
B4

el
T
T

o
3

o)
B

—_
"o

o

}&-(frontal process)

A

d

S 3

"o

o1

8

—_—
"o

¥
i

T

)

oF
o
oF
e
N

)

—
fite)

W

17]

N

ol

)
—_

Atk T = Etstal FEA|

14 2ol
o o

9]

o] FRAQ} of

do] FEET 1B E o

al- O
TS -

AL glo F2A L

8 s

d

o] %

‘.mo

AlQ= 7] FA 2|9 oL A

W 25

I Aol el

9]

i Wang et al., 2016).

Aol Jee v

5

M
&
il
ok
ol
ofy

q_mo

N
il

—_
1o

R

R4

o} FF

)

§ =) © ch(Shen et al., 2014). ©] &

9|

= F2A]

9

[~
1o

Ak gepd el

FAdole dFe 7

oF

—_
o

o}
ar

—_
1o

Godl
N

o

Eis

e oF

)

3

o]
IEER

9|

Eds

o A%

o
a

d s

-
R

3

3

FEe ol

Atk FEAILE

0
R
.ZT!
T
=y

of FrAL A= 27 AF d=

[e=]
==

3

|

9]

A= ST

=

o, mepA

N
W

(o]
HEE A

bo 27k 2229

)



EEE R

)

9/] HHE]’X‘] -
A ARG F

= OH%Q(H

o]

=

o

CER

ke
L

37\‘0]‘:]'. Lla]ur o] o

T

-

3

9

oﬂ 6‘]]1;01-30_] .

of

w_muf =
= W < T T RN
-~ G ol R~
ﬁl@ ﬂ%ﬂlMﬂﬂUWEE&O:ﬁ ,mﬁﬂ_u
™ Yoo oﬁﬂmovh T AN
o o Nfo @ N R Ao X %dl._nau
iurm o Mmﬂﬂsﬂ%%% do B
o HL}.&r%] 70 do W ®
= & ﬂm%ﬂg%kﬁ _Huruﬁ
TR T A EIs e B w g i
m oo W_sﬂoefﬂoﬂlTQ i
ﬂ;MO ;O“U_Hlo VﬁEﬂEﬁO ‘I_ﬁ.Dl 1;1_
w3 Nrﬂahuﬂ%ﬂaﬁ@ zimM
J|;O Z..ﬂﬂﬁl,DrO‘ALHEUTWOO O‘,ﬂu”
T % oyﬂxE = .
=% T %™ Pl 5 B h
B o % o~ X =~ ® T
o 4 @%WW%?&% o
o ' T —
L. = 0 W I o % el
do I m%%yvaﬁﬂzf_@ nﬁ&mi
i X 4uloﬂﬂonn w & <
T ;o;o
U%M-IL ol ﬂvlz:u ol - mﬂMMEo Eo, wﬂ%
i ERE RN L
= ) - o
7 wi;afwmww#now
do oy %ﬁmqwegwrli%%m%
= Xlo ]ANF oalLM =
5 o8 Moon A i o Wy w
=5 B oo A TIONG 5 B
i %_éﬁ%_éLLH%%_ﬂrﬂo
ﬁo@ %%ﬂp%%%ﬂ@%@%
0 .o __
1gqaikm@1%wfd%g_ﬂﬂ
= o T W o T w 5 do oy ME ™
ofla%awﬂ,iée LT
T 9 =0 4 o a0 X - n = o
- mcluooﬂ ﬂﬂ%]#l
o) B < < % d_.ﬂr.ﬁax o AN
R T o],_ ol AR "N woW oo ® I
ﬂﬂAﬁo;ﬂ .ﬂo@mqﬂkoﬂﬂ
T W B A TR No Ty W o B W )
Oi_l ;IorﬂOE,._J| ,mﬂ
ﬂiodﬂ_mﬂ_dﬂﬁbf
EOMWOEOHT“M%‘W‘_
Mo A

Fict.



M2& =die 7=y

of

1994\ ol Al 1999744 ‘TR A]

-
R

- el A

=3
o

AR}, e AEelAM e FEAL EAIA, Al

ol

—
"o

o

No

1ol 41 20034 20104744 7]

FgaTa

- s

tel Es=alel =¢, 3

Sg o)

=~
=

AEjA Ws AT

goo2 sl

Ba 24}

o]
.

el

- 200330l A 2008744 ‘7]

ol

el
Ar

=K

==
1o

T
ol
o)
oy

qr
_UT

‘_lry|

}e] PDO

S

&

b AEA AR E o

KeN
=

T

®°

el F=

tol B

o] A% v} d&(Wang and Oey, 2014).

9 TE=A A}

5
Ho
0

A

3

SERIEAPALRY

o] g3tel BFT

§ A7+ #1F QS(Liu and Gan, 2011).

9]

o] 3 AT o

- 20034 200874 7]

o

el
Ar

wK

3

el 9 71H(1993~2001)

9]

5

=
file)

B

O

o}
oH

qr
;oT

ﬁo

SsERY 28] TPk deES

JASONI1, JASONZ2

X
R

]

oJo

19921 9¥ B Topex/Poseidon 94 ¥}

Fed A 7

5

e A
— 0 —1=

2w

9174

i

—

o 2§ g

s

S



P
T

3

I

20033l 2008744 A o] F- ARl AT Alew

-

.

A ol A

2

71&¢

of

FET8) $% PN-2hel AN L2A

ke
T

- Andres et al. (2008)

of

1994 99 H-H 19961 5E7bA] vtk & F2A|

-
R

o] A
=3 A7} S (Zhang et al., 2001; Johns et al.,

3

o] Yehdol] g

3

HE

wol 2

al

g

215 Svoe = YEa ¢oF 1009 F7]eA4 10 Sv

3

0

Mo

0

ol

=3

7} NEoZ Aste

M

Al

Gl A

i

A3, H

A iRt §5% FRA

o

. Zhu et al. (2004)& 27|19}

23!
i

o
‘o
¢

ol
_ZTI

)

ofA A &

AT F2AI L9k it

Andres et al. (2008)¢] Aol w

=
-

Zo] FAd ol

&

ﬂnﬂo

el

o WEAe] Ve

IEERY

3

of &%=

357 AN

ki3

0] &
AT .

A &7}
Kerama Gapg %

-

R

12l

]

S

A A e &

TN Q9 Rt



A = AYNa et al., 2014).

X
—

o
;OO

amu_.o

AdE

ki3

w5 A8E wEe=

.

3

=3
)

ol



M3 dxijgdsd e & Z

A1 FEIN Uy B

1. FEAL dFAF 8

FRAL RIS FERAL-FilF FA2s(2d 3119 B4R X)) g5dT
(Joint Kuroshio Ryukyu Current System Study, JKRYCSS)ol €23 a3 #= A==
grst7] flste] =, A T2 veAR FREAY A EEZOl &8k el o
g Akl o] FAAE ol &R Sl FRA LS FHMFE Al #5379
g 71715 3= Aol AlEdte] #5H ARE ¥E &SR Gk A= FH
AT FAl wet o] AT |Ed AT TT T FEAL T, T A28 Y
AT AL FAalF A, 48 ZtaA vt AT deep overflow &7 Sl
THs 71 CTD A8 45 a7l = shidvk

36°N

33°N '.

Slope Countercurrent

|

Latitude(°N)
8
z

~ [Mesoscale Eddy

27°N

24°N Waas®t O 7
\ - l Observational section of this study
= e = —
120°E 123°E 126°E 129°E 132°E 135°E
Longitude(°E)

I8 311 FEALL-FiHAF AlaE BA =} #ASA,



%

Fol 201549 64,

A3

al
FATHE 3.1.2).

J|

AJo

EN,

2016\ 64, 2017

Alut wh(a) 9k 20154 (b), 20161

ol A}

(c), 20174 (d)e] ZA}



4

o

Ju ot w

32 T

30F
Leg.1 and Leg. 2
29 I | Okinawa Trough Area

Moorings: KCM1, 2

CPIES: KES3

28 I | PIES:KEST1,2

CTD: MY10~22
TR18, KG15

latitude

Ryukyu Current Area

Moorings: RCM1~3
CPIES: RES1-4
CTD: MY01~09 0

23
124 126 128 130 132
longitude

Map of the study area, showing observational stations.
@ Mooring stations or CPIES or PIES staions
(O CTD/LADCP stations

313 493 A9 £ w3 Bel,



HYCOM A& 4 =2(HYCOM A<
x5 stttk MY-#ele whel %

]
[e]
%%:?—sﬂ FRA Aol EBEFHE o 500700 m A

i
>
2
ofo
ol
o,
2
o
FZLI d
a2
r o
%
u
lo
of
L
-

2]
AL o] A& core, FiElFY 5 coreE W=3E7] ¢k AR AF YA} AL AA
At
0 110
_ 500 i
£ 10
= 1000 ¢ ADCP -
5 CPIES
& 1500 - PIES = Lo
y i CM \\
2000 -
T T T /'10
26.5 26 25.5 25 25.5 24  CMVS

Latitude (°N)
% 314 HYCOM A4 #A=9] Hat &5 (g Fa7t

) e )

TooeE FRAIL9 F=o 7 A KCM1Y of7]dA dEsZow "Hojzl AHH
¢l KCM2°l tall mooring lineS wjx]dle] FZA) 2 2] A% coreE HZ3 =2 AFsTt
(19 3.15). 183 MY-&glS meka KCM1e SAZ%o=z KES1¥ KES2E w3t
KCM2e] 5% o x KES3E ujx|stdtt. F3liF % cores

[e5

b4t/

#=3t7] 913 RCM12%
RCM2e°] tall mooring lines ®lX|3}% 1L, F&5Z% o= RCM3E Hix|et k. T3 2 RCMI

9] B-AZ tall mooring line®] Alo]l9} RCM39] w5z o7 RESI~4Z viXx]3}9]th



27

26.5

26

255

latitude

25

24.5

24 1

23.5

longitude
@ CPIES or PIES (RES1~4, KES1~3)
@ Current meter mooring (RCM1~3, KCM1~2)
(O CTD/LADCP (MY01~MY22, TR18, KG15)

Ryukyu Current and Kuroshio measuring arrays

a9 315 = A AlF 9129 CTD ¥ 43 914

=
r 9
(@)
o
o
o
i
j(\

>

Joll MY-21¢1& wel CTD #58 Fdsto] 2, g, §34ta
= & g5okqrh. 19 3160904 20161 6€el #53 T FEAIQ
o 2 @ EXE HAFA Qe 5] 28% o] a7k vERtal 1000 myE

o]
1
O 22 oAM= 5= ofste] ATt YEhdd T %

,10,



2016: MY-line Temperature

onN O

NRADOD ==t N

500
700
900
€ 1100
£ 1300
1500
1700
1900

2100
22

Dep

_11_



2016: MY-line Sainity

200

400

600

1 1 ] ] L L 1
o o o o o o o o
o o o o o o o o
I5e) o N < O (o] o [a)]
- L ~— ~— ~— [a\] [aV]
(W) ydeq

21 20 19 18 17 16 15 14
station

22

o,

juld

fex]
=]

1

[e]

g}

a9 3.1.7. 201619 69 MY-

37

7+ %

=
T

63:

MY147+4] &

ﬁo}:

I MY22 M 51

Rl

UE

HolErth (1Y 3.1.8).

=
=

o

Y15-16 A elA verA T, F

M
ZAHNA e e B

ExeN
1 -

oF

2l MY18

349

Az

i

_12_



&

& | &

&

lg

i

Ship—board ADCP-V [m/sec) along MY-Line

0.8

06

0.4

0.2

—0.4

—0.6

-08

Londitude(“E)

719 3.1.8. 20161 62 MY-ek<l shipboard ADCP ‘&%

b

3

A

O A~
"=

E

R

-02

-04

086

-08

"

lg

&

'

lg

&

Ship—board ADCP-U (m/sec) along MY-Line

4

Latitude["N)

a9 3.1.9. 20161 69 MY-2t<! shipboard ADCP &4

)

3

A

YN
Hol—go]: T =

S7F ey

)

A E 4 9rh (1Y 3.1.10). =0 1

g

e

il

=
I

(¢}

® T
{F e
g m
o 9
S =
H Nfo
G
iy
T X
o TH
w o
7
ol
oy
g
o o
fre}
W o
X
5
K Mr
R
X —
T X
Ny
o
<R Ay
R
J{KEY
‘w —_—
OT _z%o
4
o N
o} gl
A+ zn

f

"o

ERIE R

3

_13_



Depth (m) Depth (m)

Depth (m)

20174 649 &%

SEEE

500 m A o A
AL ATk HAEES

do] BE BAZoR 74 gopri 5L nolth od me} FURARE F
Aol A FF oF 300 m FAloA FHAE WMo R ol glof, ofd FA g
f& 54 A
MY22MY21 MY20MY19 MY18 MY 1RY16 MY15 MY14 MY13MY12 MY11 MY10 MYOS MYOBMYOT MYOS MYOSMYO4 MYO3IMYD2 MYO1
35
34.8
34.6
salinity 34.4
34.2
26 25.5 25 24.5
25
20
15
temperature (DC) 10
1 1
26 25.5 25 24.5
500
1000
1500 - density (kgfma)
2000k L 1 . =
26 25.5 25 24.5
Oy
500
1000 - 1 - .
1500 - N = - = velocity (m/s) S 0
2000k 1 e ’ 1 1 1 - -1
26 25.5 25 245
Latitude (7)
2% 31.10. 20174 69 #5 dE, 72, 25, AYF 74 ($15-5 ofef =)
BE= A7) AFAA BEF §4 BT BE Y 77
o] EAL vuE F Jri(2g 3111, 3.1.12). 5T e 5AE dd A=
5&F7F s velga, 3R 21t sl Tl = A YERY
Fol e HEHoR B3 EFAA 2F BFF/F debAw, {79

,14,



600
800
.E 1000

1200

Depth

1400

1600

1800

2000

2200
26.4

26 258

Fiel B0 EFIAE B Ui 2

0 MY08->01 N+/5- veloc..m/s

200

400

600

800

1000

1200

1400

1600

1800

2000

- 2200
236 254 252 248 246 244 242 24

Latitude(*N) Latitude("N)
9 3111 20179 69 #S FEUE 5 A HH sEal (@)Lt A EE 9.

MYﬂ9—>GlE+KHF-VdocImfs_

200

26.2

400

600

800

1000

1200

1400

1600

1800

2000

2200

26 258 256 254 252 248 246 244 242 24

Latitude(°N)

% 3112 201749 69 B 54

Latitude(°N)
Wk 54 AT, el (3H e A e S

_15_



A% BUHY A2d

ssTell FERAIQ Y WMEAde A7 BUE Y] f& ¢S el FA(1H
°F o3 5 #F Al ADCP(1¥ 3.1.14

T5=3te] KCM12 KCM2 A @oflA] vk 21 520159 6€~20174 6¢¥) +FstAtH1H
3.1.15). sfA A HE <F 500 m FA7FA] o]o] A+ tall mooring line?] A¢tol] ADCPE
Hj x| 8kar, 1H T 212 4 oF 1000 meF 1500 m z oo &5 sl FAE s A st

a9 3.1.14.

_16_



+ Shackle 172"
. S“..;-\LS,’B'

E Total Buoyancy(26ea) : 660.4kg
a+ Sea Total Weight - air: 181.0kg + 320kg + 825kg + 40kg
- wate!

/4" . Sea + Zea
5/8":12ea + Sea

21.8kg + 278kg + 71akg + 35kg

ng 24mm: lg * The st of it'sweight (&
| 3ton: 2ea
+ Chain 13mm : 3 rings x Sga .
« Chain 13mm : 6m, 8m, 8m v' Deployment time :
and 10m
+ Coating wire 635-8 mm: ¥ Latitude :
492m, 493m and 425m
¥ Longitude :
500 m —
ADCP (in air : 86kg, in water : 55kg = Anchoring time :
ADCP 75kHz + FRAME : 80k (70kg) = 125kg
Start Time : Buoyancy(254kg x 12ea) = 304.8kg = Deplh :
= Latitude :
S/N: 16911 .
= Longitude :
Information :
1500 m ——
‘Wire Bmm=432m (30kg) SEAGUARD
hackle 1/2° In air:124kg
o (I SEAGUARD 1 yater - 7.2kg
Shackle 1/2" Start Time : Chal
Shackle 1/2°
S/N: 180
Chain 13mm=6m (18kg) . on: Wire o425 @akg)
Buayancy (1016 kg) nformation :
Shackle 1/2"
5ling ring
1oom —— 7::_—_7— Shackle 1/2
RCM 11
S/N 615 B@
In air 124kg s R
In water : 7.2kg 5“‘. kle 1/2" By
& @ Chain 13mm»Bm (23.9kg)
E Buoyancy (1524 kg)
‘Wire 8mm=4533m (50kg) _‘3
B
ons 1:I Shackle 1/2"
Start Time : Shackle 1/2° B Sling ring 5/8"
! Shackle 5/8"
S/N: 615
37IM{SEA-BIRD) — 1934m
Information : In air - 4 Okg
In wrater : 2.4kg Shackle 5/8°
Chain 13mmx=6m (18kg) . - Shackle 5/8°
Bueyancy (1016 kg Acoustic Release Swivel 3ton
) S/N : AR Zea = 50kg i
Inair:33kg
In water : 25kg
Shackle 5/8" + Shackle 5
Shackle 5/8" :
e Chain 16mm 0.5m
AR signal Check : 865A 5/N Master ring 24mm
Infi ti Shackle 3/4
Latitude : ntormation : Nylon rope 24mm>=S0m +5 m(S kg)
Shackle 3/4
Sling ring 5/8
fengiucs Shackle 1/2°
Shackle 1/2" :
Range Sling ring 5/8 Chain 13mm::10m (29.8kg)
Shackle 3/4 + smfk\c 3/47
MNylon belt + Weight {0.825ton) — 2000 m

Mylon belt + Wire Ec\t
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= EUHE stz i v 3E vtk ¥ pings HEW L, 107018 A8E Eof v 30
wukth A5 E AW E S A"t vl 1 m itk A BAS sto] dojxl A se] Tt
2 ko FAle ok 5) molil, 16 m (HFo® AE FEEFo] 90% o|Aoln Hu F&
m/s °|akql Amhg FESFATE o FHA folx 30& 4, vl 16 m HA 9 AR E local
magnetic declination B A4S &) Al AMEo 2 oF 44% 3 AAA HF 5SS AJrh
@GS Al A oF 1000 meF 1500 moll # X8t =dl, 30+ AR ABE AEE
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KCM1 Mooring @ 1000m
i T T T T T T
: Conms 5 : 3 :
‘ : NN ] : : : : R : :
i i i i i i i i i i i i i
16/06 1607 1608 1609 16110 16711 1612 17/01 170 1703 1704 1705 1706

KCMI Mooring @ 1500m
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A L e B fof & LT A A
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16/06 1607 1608 1608 1610 1611 16712 1701 17/02 1703 1704 17205
Time (yy/mm}

19 3.1.18. 2016 6€ellA 20179 6€7k4 KCM12]
FECE T 4 °F 1000 meF 1500 m).

KCM2 Mooring @ 1000m
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1 1
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KCM2 Mooring @ 1500m
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¢ —_— 3 3 i ; 1 i
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3. PIES #=

PIES (Pressure recording inverted echo sounder): 3 #o| #AlF3dte] &9= &=

3 8l A -

s GEshs AE S48, dEId gk A= AHlejth. CPIES (Current

and Pressure recording inverted echo sounder)& s A olA 50 m A& @& FH5A=
F7t2 F&stY §5%= A 4T 5 = Aulojth C/PIESOA 42 3 4&EA7E
(Taw) ¥ 1A 4= (Phot) IAAEE AEHAE Tl FAAZHS o] &sle] W33 ATE

9 31.202 #F AR A, 19 31212 #F e g F5A4 2 C/PIESS] ¢

SRR

gHo g HolFTh
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3000
2500
2000
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19 3.1.20. PIES AlF AH(KES], KES2, KES3)¥} #-4 7 (ADCP+Current meter)
AA(KCM1, KCM2). F2A 9. FA=2 KCM1Y F2 94.

[m]°
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0.8

1000 F | {os .
0.4
1500 -
0.2 KE
2000 0 -
1 1 1 1 KP llllll 1
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Estimated Kuroshio Transport (red) & Observation (black)
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Climatology for 25 years
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H| = 43 & o] &3to] FEAL WEAHS A A% FE v 7= st
A (Zhang et al., 2001; Jan et al., 2015) W52 vt o Ak T SHIE
ARE o] &t FEady FEAS] HEAdS X

of =3t AH(Liu and Gan, 2012, Wang and Oey, 2014). At5%53} =& A& 2
Alefol flar EAIMHe] &4 ARE AEsty] W T Fedy FEA WA
SRS ATk d o ol&strldl &olstth AR BE AEE 9 =
FEAL Ws ATe on oe] Azl o3 ¥ vl JdtH(Soeyanto et al., 2014
Wang et al., 2016).

sl FRAL AT ol&¥ AmEs By Ar F tEA<Q Zo] Hybrid
Coordinate  Ocean Model(HYCOM; https://hycom.org)¥}  Japan Coastal Ocean
Predictability Experiments 2(JCOPE-2; http://www.jamstec.go.jp/e/)°]th. JCOPES &
FAT L7 F(JAMSTEC) el o3 7idd 2ol HYCOME "= g, &,
NOAA Ztst 719 2 719 €0l 93] 22 ¥% /e RPo = of7]x= HYCOM2 =2 7|
A AR EE ARE ol

AR S SFEE A HYCOMS A7HAl 5+
H dYelre Bevs n2s JIAE, Tl
AE AHEstH EFFoly RS dde TS
Chassignet et al., 2003). A5+ A2 Heko g 32712 FolA] A
Waks o] AlEEY, ¢ Wdorms 9=t 7]
Ao g WitE o ATHETt Amsstol= AAoNA #H5T e S22 dTH ixE A
=27 AH8E W, XBT, Argo E71, CTD, o] 59 |2 #F5ARE AL £5 9
+ vhgks"oly mlgA 7], @4 & National Centers for Environmental Prediction
(NCEP) Climate Forecast System Reanalysis (CFSR) A&7} AF-8-% 21t}
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Brief Cruise Diary

7/19
9:45
16:00

Departure from Nagasaki
Test: The instruments are checked off the south of Tsushima island
TurboMAP-L: Shear probes and FP07 data were unrealistic. These probes were

replaced.

7/20: Line observation across the Tsushima strait (TE-Line)

6:00
755

9:35

11:22

13:52

TE6: CTD 2 casts (Water depth: 220m)

TE5: CTD 1 cast (Water depth: 89m)

TurboMAP-L: Checked again. One shear probe and FP07 data were still
unrealistic, which were further replaced.

TE4: CTD 1 cast (Water depth: 103m), PRR

TurboMAP-L: Further checked. Since Shear#2 and FPO7 data were still
unrealistic, we decided to use TurboMAP-5 instead.

TE3: CTD 4 casts (SCM 180¢ for OUC) (Water depth: 121-124m), PRR
TurboMAP-5: Checked to work well.

TE2: CTD 2 casts (Water depth: 88m), PRR

7/21: CK-line observation

545

9:30

11:50

14:15

CK5: CTD 6 casts (Nagoya, Nagasaki, Toyama (Cs), OUC (SCM*3 casts) (Water
depth: 806-814m), TurboMAP 2 casts (down to about 200m)

CK4: CTD 2 casts (Water depth: 378m), PRR, TurboMAP 2 casts (down to about
200m)

CK3: CTD (1 cast down to 100m without bottle sampling + 1 usual cast) (Water
depth: 165m), PRR, TurboMAP 2 casts down to the bottom

We noticed that the values of acceleration in x-direction were constant for all
the casts, which needs to be fixed after the cruise.

CK2: CTD (1 cast down to 100m without bottle sampling + 1 usual cast) (Water
depth: 145m), PRR, TurboMAP 2 casts down to the bottom
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16:24  CK1: CTD (1 cast down to 100m without bottle sampling + 1 usual cast) (Water
depth: 132m), TurboMAP 2 casts down to the bottom

7/22 Deployment of TRBMs and C-Line observation

5:50 TRN: TRBM deployed at 30° 14.998 N, 126° 56.919' K

6:12 TRC: TRBM deployed at 30° 14.524° N, 126° 57.856’ K

6:31 C1: TRBM deployed at 30° 14.013' N, 126° 56.983 E

6:37 C1: CTD 1 cast (Water depth: 102m), TurboMAP 2 casts down to the bottom

8:38 C2: CTD (1 cast down to 100m without bottle sampling + 1 usual cast) (Water
depth: 115m), TurboMAP 2 casts.

10:46  C3: CTD (1 cast down to 100m without bottle sampling + 1 usual cast) (Water
depth: 154m), TurboMAP 2 casts

12:49  C4: CTD 6 casts (Nagoya, Nagasaki, Toyama (REE, Cs, Ra), OUC (SCM; 3 casts)
TurboMAP 2 casts

7/23 Time series measurements around C1

6:00 CIN: TurboMAP 2 casts, CTD (without bottle sampling) (Water depth: 99 m)

7:00 C1W: TurboMAP 2 casts, CTD (without bottle sampling) (Water depth: 97 m)

8:05 C1S: TurboMAP 2 casts, CTD (Water depth: 101 m)

9:05 C1E: TurboMAP 2 casts, CTD (without bottle sampling) (Water depth: 103 m)
10:18  C1: CTD 4 casts (Nagoya, OUC (SCM; 3 casts)

11:00-  C1: Started the time series measurements with TurboMAP (3 casts every

hours)

7/24  Time series- and internal gravity wave I(GW) measurements around C1
03:30  CTD 2 casts (for incubation of primary production)

-09:00 Interrupted the time series measurements

10:05-12:05 Thermistor chain deployed

12:15 PRR

13:00- Started the time series measurements with TurboMAP again

14:00 PRR

17:00-18:33 IGW event#1: XBT probes deployed

21:40-22:55 IGW event#2: XBT probes deployed

7125 Time series- and internal gravity wave (IGW) measurements around TRC
-07:00 Time series measurement around C1 finished.

08:00  C1S: TurboMAP 2 casts, CTD (without bottle sampling) (Water depth: 102 m)
09:05 CI1E: TurboMAP 2 casts, CTD (without bottle sampling) (Water depth: 104 m)
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10:05  CI1N: TurboMAP 2 casts, CTD (without bottle sampling) (Water depth: 99 m)

11:05  C1W: TurboMAP 2 casts, CTD (without bottle sampling) (Water depth: 96 m)

12:10- TRC: Started the time series measurements with TurboMAP (3 casts every
hours), CTD (without bottle sampling) (Water depth: 100 m)

16:40-19:00 IGW event#3: XBT probes deployed

21:40-22:45 IGW event#4: XBT probes and TurboMAP deployed

7126 Time series- and internal gravity wave (IGW) measurements around TRC
03:30  CTD 2 casts (for incubation of primary production)
09:00-09:30 IGW event#5 (the biggest one): TurboMAP deployed

-19:00 Time series measurement around TRC finished

7127 Recovery of TRBM and CCK-line (northward from C1) observation
06:20 TRN: TRBM recovered

07:09 TRC: TRBM recovered

07:43  C1: TRBM recovered, CTD (without bottle sampling)

09:43 CCK1: CTD (without bottle sampling)

11:10  CCK2: CTD (without bottle sampling)

12:35  CCK3: CTD (without bottle sampling)

7128
08:15  Arrived at Nagasaki
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TE-Line (7/20)

Preliminary results of line observations
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C-Line (7/22)
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Kyushu University

We carried out the field measurements in collaboration with researches of KIOST

and students of Kyoto and Ehime Universities.

Objective
1. To observe internal gravity waves which contribute turbulent mixing in the pycnocline
2. To observe tidal straining which cause residual transport of sediments by modulating
turbulent mixing in the bottom boundary layer
In order to observe these processes, we deployed four kinds of instruments described

below.

TRBM/ADCP measurements

We deployed three ADCPs (RDI Workhorse 300 kHz) mounted on the trawl
resistance bottom mounts (TRBMs) to obtain the time series of vertical profiles of beam
velocities. To determine the propagating direction of internal gravity waves, these
ADCPs were distributed at corners of a regular triangle.

All the ADCPs started recording at 5:00 on July 22. The ADCPs deployed at Stn.
TRC and TRN were configured to record 1-pin beam velocities every 1 sec, while the
ADCP deployed at C1 was configured to take ensemble mean of beam velocities over 2

sec (3 pins) recorded every 2 sec. Vertical bin size was set to be 2 m for all the ADCPs.

Deployment information:
» Station TRN

Start deployment 05:50; water depth: 100.4 m

Time of deployment 05:52;  30°14.997'N 126° 56.955°K

Settle on the bottom 05:54; 30°14.998'N 126° 56.919°E;

Release the parachute buoy 05:55

Find the parachute buoy 05:56;  30°15.007°'N 12° 56.959°E

Recover the parachute buoy 05:58;  30°15.015"N 126° 56.984'E
» Station TRC

Start deployment 06:05; water depth: 102.2 m

Time of deployment 06:10; 30°14.508"N 126° 57.870°K

Settle on the bottom 06:11;  30°14.524'N 126° 57.856°E;

Release the parachute buoy 06:12

Find the parachute buoy 06:13;  30°14.556"N 126° 57.837'E

Recover the parachute buoy 06:15;  30°14.590"N 126° 57.848'E
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- Station C1

Start deployment 06:25;  water depth: 101.8 m

Time of deployment 06:29;  30° 13.999'N 126° 57.005'E
Settle on the bottom 06:30; 30°14.013'N 126° 56.983°E;
Release the parachute buoy 06:31

Find the parachute buoy 06:31;  30°14.026°N 126° 56.974'E
Recover the parachute buoy 06:34;  30°14.046°N 126° 56.977'E

Recovery information:

+ Station TRN
Start recovery 05:52
Release the float 05:55;  30°14.896"N 126° 57.048°K
Find the float 05:58; 30° 14.858'N 126° 57.043'E
Pick up the float 06:07;  30°14.966'N 126° 57.043'E
Recover the sinker 06:20; 30°15.079'N 126° 57.043°K
+ Station TRC
Start recovery 06:38
Release the float 06:39; 30°14.466"N 126° 57.933°K
Find the float 06:41; 30°14.430'N 126° 57.945'E
Pick up the float 06:45;  30°14.479'N 126° 57.931'E
Recover the sinker 07:09; 30°14.432°N 126° 58.080°K
+ Station C1
Start recovery 07:23
Release the float 07:26; 30°13.967'N 126°57.051°K
Find the float 07:28:  30°13.936'N 126° 57.080°E
Pick up the float 07:327  30°14.014°N 126° 57.031°E
Recover the sinker 07:43; 30°13.979°N 126° 56.935°K
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Fig. Image of the shipboard echo sounder at 09:28 on July 26 (during IGW event#5).

TurboMAP measurements

We obtained vertical profiles of the micro-scale shear of horizontal velocity and
temperature, together with those of temperature (slow), salinity, chlorophyll, and
turbidity, from the sea surface down to the seabed. From the micro-scale shear of
horizontal velocity, the dissipation rate of turbulent kinetic energy () was calculated. We
tried to measure the increase in ¢ associated with the passage of internal gravity waves
near the pycnocline as well as tidal straining in the bottom boundary layer.

Although we first deployed TurboMAP-L at Stn. TEST, TE5, and TE4, the values of
micro-scale shear were unrealistic (Cast#1-4). Therefore, all the microstructure data
were obtained with TurboMAP-5.

In addition to the stations along CK-line and C-line, TurboMAP-5 was deployed near
TRBMs at C1 and TRC three times approximately every 1 hour, from 09:59 on July 23
to 07:11 on July 25 (interruption due to the deployment of the thermistor chain from
10:00 to 12:00 on July 24) and from 12:10 on July 25 to 19:09 on July 26, respectively.

A total of 257 casts with TurboMAP-5 are summarized as follows:
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Cast Water | Start End End | Filename Memo
depth | time time depth
123 | 11:48:15 | 11:49:48 120 | TE3-1 Shear probe#1495
11:57:20 | 12:00:50 119 | TE3-2

7 814 | 07:42:47 | 07:49:00 220 | tm-CK5-1 Winch was stopped
at 180 m

8 07:51:55 | 07:57:42 212 | tm-CK5-2 Winch was stopped
at 170 m

9 378 | 10:00:16 | 10:05:46 202 | tm-CK4-1 Winch was stopped
at 160 m

10 10:09:00 | 10:14:49 208 | tm-CK4-2 Winch was stopped
at 160 m

11 165 | 12:16:01 | 12:20:40 168 | tm-CK3-1

12 12:27:10 | 12:31:30 169 | tm-CK3-2

13 145 | 14:39:28 | 14:43:20 148 | tm-CK2-1 We noticed that the
acceleration data in
x-direction was
constant and that
FPOT7 data was
noisy.

14 14:47:34 | 14:51:40 148 | tm-CK2-2 After this cast,
FPO7 sensor was
replaced.

15 132 | 16:45:00 | 16:48:59 134 | tm-CK1-1 FPO7 data seemed
to be good.

16 16:53:13 | 16:56:59 134 | tm-CK1-2

17 102 | 06:55:20 | 06:58:00 103 | tm-C1-01

18 102 | 07:01:50 | 07:04:52 103 | tm-C1-02

19 115 | 08:59:55 | 09:03:05 117 | tm-C2-01

20 09:06:00 | 09:09:10 117 | tm-C2-02

21 157 | 11:05:37 | 11:10:00 160 | tm-C3-01

22 11:14:13 | 11:18:28 161 | tm-C3-02

23 628 | 14:22:32 | 14:28:40 234 | tm-C4-01 Winch was stopped

at 170 m



24

25
26

27

28

29
30
31
32
33

34
35
36

37

38
39

40
41
42

43
44
45

14:32:55

99 | 05:56:52
06:04:28

97 1 07:01:28
07:08:53

101 | 08:05:47
08:12:23
09:08:34

09:15:05
09:59:39

103

100

10:05:38
10:11:37
100 | 11:00:29

11:09:00

11:14:24
11:59:32

12:07:45
12:13:52
99 | 12:59:40

13:05:54
13:11:34
99 | 13:59:28

14:38:28

05:59:38
06:07:20

07:04:15

07:11:34

08:08:36
08:15:53
09:11:27
09:18:01
10:02:05

10:08:28
10:14:30
11:03:28

11:11:33

11:17:19
12:02:21

12:10:31
12:16:42
13:02:29

13:08:42
13:14:18
14:02:12

206

101
101

98

99

103
103
103
104
102

102
102
101

101

101

101

101

101
100

100
100
100
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tm-C4-02

tm-CIN-01
tm-C1N-02

tm-C1W-01

tm-C1W-02

tm-C1S-01

tm-C1S-02

tm-C1E-01
tm-C1E-02

tm-C1-tm01-01

tm-C1-t01-02
tm-C1-t01-03
tm-C1-t02-01

tm-C1-t02-02

tm-C1-t02-03
tm-C1-t03-01

tm-C1-t03-02
tm-C1-t03-03
tm-C1-t04-01

tm-C1-t04-02
tm-C1-t04-03
tm-C1-t05-01

Winch was stopped
at 160 m

Curious oscillation
in slow T

Slow T data seemed
to be good

Slow T data seemed

to be good

Typo in the

filename

Cable under the
ship

Winch toward a bit
offshore; worked

well

Cable under the
ship

After going back to
the original

position

Cable under the
ship



46

47
48

49
50
51
52
53

54
55
56
57

58
59
60

61
62
63
64
65
66
67
68
69

99

99

100

100

101

101

102

102

14:09:07

14:15:10
15:00:02

15:08:19
15:14:56
15:59:03
16:07:17
16:13:40

17:00:23
17:07:50
17:15:50
17:59:35

18:05:30
18:12:14
18:59:00

19:02:22
19:12:06
20:00:34
20:05:58
20:12:50
20:59:51
21:05:44
21:11:35
21:57:10

14:11:58

14:18:07
15:02:48

15:11:05
15:17:44
16:01:50
16:10:01
16:16:30

17:03:17
17:10:42
17:18:25
18:01:45

18:08:23
18:15:00
19:01:50

19:08:15
19:15:00
20:03:20
20:08:50
20:15:30
21:03:00
21:08:35
21:14:24
22:00:02

101

101
100

100
100
100
100
100

101
101
101
101

101
101
102

102
102
102
102
102
103
103
103
102
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tm-C1-t05-02

tm-C1-t05-03
tm-C1-t06-01

tm-C1-t06-02
tm-C1-t06-03
tm-C1-t07-01
tm-C1-t07-02
tm-C1-t07-03

tm-C1-t08-01
tm-C1-t08-02
tm-C1-t08-03
tm-C1-t09-01

tm-C1-t09-02
tm-C1-t09-03
tm-C1-t10-01

tm-C1-t10-02
tm-C1-t10-03
tm-C1-t11-01
tm-C1-t11-02
tm-C1-t11-03
tm-C1-t12-01
tm-C1-t12-02
tm-C1-t12-03
tm-C1-t13-01

After the ship

turned

After going back to

the original
position; Cable
under the ship;
Ship turned

After this cast,

twist of cable was

removed.

After going back to

the original

position

After going back to

the original

position



70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

100

101

100

100

99

101

100

101

101

22:03:05
22:09:20
22:59:24
230553
23:11:52
23:5741
00:04:30
00:10:40
00:54:25
01:00:30
01:07:35
01:54:10
02:00:24
02:06:41
02:54:35
03:00:25
03:06:32
03:54:36
04:00:45
04:07:05
04:58:39
05:05:17
05:11:38
05:53:53
05:59:57
06:06:16
06:56:00
07:02:25
07:08:52
07:58:26
08:04:21
08:10:19
08:59:08
09:05:44
09:12:20

22:0555
22:12:00
23:02:20
23:08:40
23:14:50
00:00:20
00:07:20
00:13:31
00:57:12
01:03:25
01:10:27
01:57:03
02:03:14
02:09:30
02:57:20
03:03:15
03:09:18
03:57:25
04:03:37
04:09:54
05:01:29
05:08:05
05:14:25
05:56:45
06:02:48
06:09:10
06:58:53
07:05:18
07:11:45
08:01:11
08:07:05
08:13:06
09:02:04
09:08:40
09:15:16

102
102
102
102
102
102
102
103
101
101
101
101
101
101
100
100
100
101
102
102
100
100
101
102
102
102
103
103
103
102
102
102
103
103
103
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tm-C1-t13-02
tm-C1-t13-03
tm-C1-t14-01
tm-C1-t14-02
tm-C1-t14-03
tm-C1-t15-01
tm-C1-t15-02
tm-C1-t15-03
tm-C1-t16-01
tm-C1-t16-02
tm-C1-t16-03
tm-C1-t17-01
tm-C1-t17-02
tm-C1-t17-03
tm-C1-t18-01
tm-C1-t18-02
tm-C1-t18-03
tm-C1-t19-01
tm-C1-t19-02
tm-C1-t19-03
tm-C1-t20-01
tm-C1-t20-02
tm-C1-t20-03
tm-C1-t21-01
tm-C1-t21-02
tm-C1-t21-03
tm-C1-t22-01
tm-C1-t22-02
tm-C1-t22-03
tm-C1-t23-01
tm-C1-t23-02
tm-C1-t23-03
tm-C1-t24-01
tm-C1-t24-02
tm-C1-t24-03



105

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

13:04:41

13:11:29

13:17:13

13:55:20

14:01:04

14:06:40

14:54:20

14:59:56

15:06:25
99 | 155516
16:03:24
16:10:06
16:55:32
17:01:56
17:08:07
18:56:37
19:04:40
19:09:11
19:54:20
20:01:48
20:09:45
21:00:57
21:10:00
21:15:57
22:03:13
22:11:10
22:1717
22:26:57
22:36:36
22:43:40
235539
00:01:57
00:08:07
100 | 00:54:10

101

102

101
101

13:07:24

13:14:15
13:19:59
13:58:08
14:03:49
14:09:30
14:57-:02
15:02:44
15:09:05
15:58:06
16:06:05
16:12:53
16:58:16
17:04:39
17:10:50
18:58;28
19:06:30
19:11:57
19:57:10
20:04:36
20:12:35
21:03:50
21:12:49
21:18:49
22:05:45
22:13:39
22:19:48
22:29:15
22:38:59
22:45:50
22:58:35
00:04::45
00:10:55
00:57:20

100

100
100
101
101
101
100
100
100
100
100
101
101
101
101
103
102
102
102
102
102
103
103
103

90

90

90

85

85

80
102
102
102
101
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tm-C1-t25-01

tm-C1-t25-02
tm-C1-t25-03
tm-C1-t26-01
tm-C1-t26-02
tm-C1-t26-03
tm-C1-t27-01
tm-C1-t27-02
tm-C1-t27-03
tm-C1-t28-01
tm-C1-t28-02
tm-C1-t28-03
tm-C1-t29-01
tm-C1-t29-02
tm-C1-t29-03
tm-C1-t30-01
tm-C1-t30-02
tm-C1-t30-03
tm-C1-t31-01
tm-C1-t31-02
tm-C1-t31-03
tm-C1-t32-01
tm-C1-t32-02
tm-C1-t32-03
tm-C1-t33-01
tm-C1-t33-02
tm-C1-t33-03

tm-C1-t33-04-3

tm-C1-t33-05
tm-C1-t33-06
tm-C1-t34-01
tm-C1-t34-02
tm-C1-t34-03
tm-C1-t35-01

Waited for turning
the ship



139 01:00:45 | 01:03:30 101 | tm-C1-t35-02

140 01:06:40 | 01:09:32 101 | tm-C1-t35-03
141 101 | 01:54:42 | 01:57:35 102 | tm-C1-t36-01
142 02:00:55 | 02:03:45 102 | tm-C1-t36-02
143 02:07:05 | 02:10:00 102 | tm-C1-t36-03
144 99 | 02:54:08 | 02:56:55 100 | tm-C1-t37-01
145 03:00:03 | 03:02:49 100 | tm-C1-t37-02
146 03:06:12 | 03:08:58 101 | tm-C1-t37-03
147 100 | 03:54:43 | 03:57:35 101 | tm-C1-t38-01
148 04:00:54 | 04:03:43 101 | tm-C1-t38-02
149 04:07:02 | 04:09:55 101 | tm-C1-t38-03
150 99 | 04:55:21 | 04:58:10 100 | tm-C1-t39-01
151 05:01:35 | 05:04:24 100 | tm-C1-t39-02
152 05:07:34 | 05:10:30 100 | tm-C1-t39-03

153 100 | 05:58:06 | 06:00:55 101 | tm-C1-t40-01 PC rebooted
because of an

unstable behavior

of TM-tool

154 06:05:05 | 06:07:55 102 | tm-C1-t40-02

155 06:10:50 | 06:13:45 102 | tm-C1-t40-03

156 100 | 06:55:47 | 06:58:35 101 | tm-C1-t41-01

157 07:02:00 | 07:04:50 101 | tm-C1-t41-02

158 07:08:12  07:11:02 101 | tm-C1-t41-03 end time series
measurements at
C1

159 101 1 07:58:04 | 08;00:58 103 | tm-C1S2-t01 C1S

160 08:03:05 | 08:06:50 103 | tm-C1S2-t02

161 104 1 09:04:03 | 09;06:50 105 | tm-C1E2-t01 C1E

162 09:10:00 | 09:12:57 105 | tm-C1E2-t02

163 99 | 10:02:49 | 10:05:34 101 | tm-C1N2-t01 CIN

164 10:08:34 | 10:11:29 101 | tm-CIN2-t02

165 96 | 11:16:24 | 11:19:05 98 | tm-C1W2-t01 C1W

166 11:21:01 | 11:24:45 98 | tm-C1W2-t02
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167 100 | 12:10:11 | 12:13:05 102 | tm-TRC-t01-01 | begin time series

measurement at

TRC
168 12:16:01 | 12:18:54 102 | tm-TRC-t01-02
169 12:21:52 | 12:24:49 102 | tm-TRC-t01-03
170 12:54:40 | 12:57:35 102 | tm-TRC-t02-01
171 13:00:29 | 13:03:22 102 | tm-TRC-t02-02
172 13:06:26 | 13:09:16 102 | tm-TRC-t02-03
173 13:53:19 | 13:56:01 101 | tm-TRC-t03-01
174 13:59:07 | 14:01:53 101 | tm-TRC-t03-02
175 14:04:41 | 14:07:23 100 | tm-TRC-t03-03
176 14:57:17 | 15:00:01 100 | tm-TRC-t04-01
177 15:03:12 | 15:05:54 101 | tm-TRC-t04-02
178 15:08:37 | 15:11:27 101 | tm-TRC-t04-03
179 98 | 15:53:40 | 15:56:23 100 | tm-TRC-t05-01
180 15:59:33 | 16:02:17 100 | tm-TRC-t05-02
181 16:05:12 | 16:08:02 100 | tm-TRC-t05-03
182 98 | 17:55:17 | 17:57:48 101 | tm-TRC-t06-01
183 18:03:47 | 18:06:32 101 | tm-TRC-t06-02
184 18:09:45 | 18:12:29 101 | tm-TRC-t06-03
185 19:06:49 | 19:09:32 101 | tm-TRC-t07-01
186 19:12:47 | 19:15:35 101 | tm-TRC-t07-02
187 19:18:43 | 19:21:22 101 | tm-TRC-t07-03
188 19:53:36 | 19:56:24 103 | tm-TRC-t08-01
189 20:01:17 | 20:04:00 103 | tm-TRC-t08-02
190 20:07:00 | 20:09:47 103 | tm-TRC-t08-03
191 20:56:05 | 20:58:47 101 | tm-TRC-t09-01
192 21:01:51 | 21:04:38 101 | tm-TRC-t09-02
193 21:07:35 | 21:10:20 101 | tm-TRC-t09-03
194 21:51:20 | 21:52:55 70 | tm-TRC-t10-01 | internal waves
coming
195 21:58:07 | 22:00:08 70 | tm-TRC-t10-02
196 22:03:39 | 22:05:30 70 | tm-TRC-t10-03
197 22:10:40 | 22:13:20 93 | tm-TRC-t10-04
198 22:16:10 | 22:18:40 92 | tm-TRC-t10-05
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199 22:21:44 | 22:18:40 90 | tm-TRC-t10-06

200 22:27:30 | 22:30:13 96 | tm-TRC-t10-07

201 22:33:30 | 22:36:04 95 | tm-TRC-t10-08

202 22:38:14 | 22:40:52 95 | tm-TRC-t10-09

203 22:42:54 | 22:45:53 100 | tm-TRC-t10-10

204 101 | 23:55:55 | 23:58:40 102 | tm-TRC-t11-01

206 00:04:01 | 00:06:50 102 | tm-TRC-t11-02 | Waited for turning
the ship

206 00:10:29 | 00:13:20 102 | tm-TRC-t11-03

207 100 | 00:55:02 | 00:57:52 101 | tm-TRC-t12-01

208 01:08:35 | 01:11:22 102 | tm-TRC-t12-02 | Waited for turning
the ship

209 01:14:37 | 01:17:25 102 | tm-TRC-t12-03

210 101 | 01:55:28 | 01:58:16 102 | tm-TRC-t13-01

211 02:01:34 | 02:04:30 102 | tm-TRC-t13-02

212 02:07:45 | 02:10:35 102 | tm-TRC-t13-03

213 99 | 02:53:51 | 02:56:43 100 | tm-TRC-t14-01

214 02:59:54 | 03:02:44 100 | tm-TRC-t14-02

215 03:06:02 | 03:08:51 101 | tm-TRC-t14-03

216 100 | 03:57:46 | 04:00:30 100 | tm-TRC-t15-01 | Cable under the
ship; waited for

turning the ship for

30-mins
217 04:31:33 | 04:34:21 101 | tm-TRC-t15-02
218 99 | 04:56:35 | 04:59:23 100 | tm-TRC-t16-01
219 05:03:37 | 05:06:24 100 | tm-TRC-t16-02
220 05:09:37 | 05:12:24 100 | tm-TRC-t16-03
221 100 | 05:54:05 | 05:56:54 101 | tm-TRC-t17-01
222 05:59:58 | 06:02:50 101 | tm-TRC-t17-02
223 06:05:56 | 06:08:45 101 | tm-TRC-t17-03
224 100 | 06:57:40 | 07:00:33 100 | tm-TRC-t18-01
225 07:03:48 | 07:06:37 101 | tm-TRC-t18-02
226 07:09:42 | 07:12:29 101 | tm-TRC-t18-03
227 07:53:29 | 07:56:19 102 | tm-TRC-t19-01
228 07:59:19 | 08:02:07 102 | tm-TRC-t19-02
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229
230
231
232

233
234

235
236
237
238
239
240
241
242
243

08:04:59
08:52:54
08:58:51
09:04:30

09:10:42
09:20:42

09:25:36
09:54:12
09:59:50
10:05:41
10:53:50
10:59:34
11:05:14
11:54:10
12:03:37

08:07:49
08:55:46
09:01:42
09:07:25

09:13:41
09:23:19

09:28:21
09:57:02
10:02:40
10:08:47
10:56:55
11:02:22
11:08:06
11:56:38

102
102
102
102

102
94

102
102
102
102
102
102
102
102
102
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tm-TRC-t19-03
tm-TRC-t20-01
tm-TRC-t20-02
tm-TRC-t20-03

tm-TRC-t20-04
tm-TRC-t20-05

tm-TRC-t20-06
tm-TRC-t21-01
tm-TRC-t21-02
tm-TRC-t21-03
tm-TRC-t22-01
tm-TRC-t22-02
tm-TRC-t22-03
tm-TRC-t23-01
tm-TRC-t23-02

internal waves

appearance

stopped winch at
80-m depth

Specious signals on
TM-tool. Signal
stopped again at
halfway depth even
after PC reboot
Interrupt
measurement at
12:45. After change
to the old winch,
TM-tool
successfully
worked.

Found that
connection between
cable and TM-5 was
loose. Set
instruments (newer
winch) again at
1300-1330.



244 13:53:56 | 13:56:44 - tm-TRC-t24-01 | Specious data.

Remove the config

file.
245 14:05:37 | 14:08:32 101 | tm-TRC-t24-02 | Good
246 14:11:24 | 14:14:13 102 | tm-TRC-t24-03
247 14:53:05 | 14:55:51 100 | tm-TRC-t25-01
248 14:59:36 | 15:02:20 100 | tm-TRC-t25-02
249 15:06:12 | 15:08:58 100 | tm-TRC-t25-03
250 15:52:30 | 15:55:10 100 | tm-TRC-t26-01
251 15:58:32 | 16:01:15 100 | tm-TRC-t26-02
252 16:05:10 | 16:07:50 100 | tm-TRC-t26-03
253 100 | 16:53:03 | 16:55:48 101 | tm-TRC-t27-01
254 16:59:00 | 17:01:43 101 | tm-TRC-t27-02
255 17:04:58 | 17:07:47 101 | tm-TRC-t27-03
256 17:53:47 | 17:56:30 100 | tm-TRC-t28-01
257 17:59:44 | 18:02:24 100 | tm-TRC-t28-02
258 18:05:20 | 18:08:00 100 | tm-TRC-t28-03
259 18:52:35 | 18:55:23 101 | tm-TRC-t29-01
260 19:00:27 | 19:03:14 101 | tm-TRC-t29-02
261 19:06:20 | 19:09:02 101 | tm-TRC-t29-03

XBT measurements

We observed the displacement of thermocline associated with propagation of
internal gravity waves with a total of 84 XBT probes, including 24 probes the captain
kindly provided us. We prepared the XBT launcher when the packet of internal gravity
waves was detected by the X-band radar of the ship, and then deployed XBT probes
during the passage of depression seen in the image of the echo sounder of the ship. The
captain has given us the movies of the X-band radar, the echo sounder, and the sea
surface.

Note that the clock of the PC for XBT was 1 min 27.5 sec faster than the GPS clock,
which was adjusted at 08:23:00 on July 25.

Deployment information:

1. 7/24 17:34 — 18:30 (came from northeast and east): BT0001-0018
2. 7/24 21:48 — 22:43 (came from southeast): BT0019-0036
3. 7/2516:45 — 19:01 (came from northeast): BT0037-0058
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BT0059-0073

4. 7125 21:50 — 22:29 (came from southeast):

XBT measurements

(W) ydsg

22:15 22:20 22:25

22:10

22:00 22:05

21:55

July 25, 2017

Fig. Time-depth section of temperature during IGW event#4. Dashed white lines indicate

the time at which the XBT probe was deployed.

Fig. Image of the X-band radar at 21:58 on July 25 (during IGW event#4).
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Thermistor-Chain measurements

We deployed the thermistor chain consisting of eleven thermometers, the ADCP
(RDI Workhorse 600 kIz) and ADV (Nortek VECTOR), which was tethered to the ship.
We tried to measure the displacement of thermocline associated with propagation of
internal gravity waves with the thermometers distributed at an interval of 2 m from 21
m down to 39 m. Vertical profile of horizontal velocity was measured with the ADCP
mounted on the frame attached at a depth of 15 m. The ADV are attached at a center of
the thermistor chain (at 29.5 m), which measured turbulent flow. The lowest two
thermometers, COMPACT-LTD and INFINITY-EM, also measured depth and horizontal
velocity, respectively, for correcting the inclination of the chain. All the instruments
started recording at 11:30 on July 23.

We planned to deploy the thermistor chain when the packet of internal gravity
waves was detected by the X-band radar of the ship from 8:00 to 20:00. However, no
significant signal was detected till the early morning of July 24. Considering the
batteries running out in about 2 days, we decided to deploy the thermistor chain in the
morning of July 24. This decision proved to be wrong later; many packets of internal

gravity waves came after the evening of the same day, as described in the XBT section.

Deployment information:

Started deployment 09:40

Time of deployment 09:44

Carabiner (slip ring) detached 09:45; the thermistor chain recovered.
Removed all the carabiners 09:52

Time of deployment 09:53;  30°13.973'N 126° 57.166'E
Deployed the surface buoy 10:05;  30°13.976°N 126° 57.124°E

Recovery information:
Started recovery 11:47
Finished recovery 12:01

Recorded data period:

ADCP Covering throughout the deployed period
INFINITY-CTW (at 21m): 7/23 11:30:00 — 7/26 08:43:15
COMPACT-CTW (at 23 m):  Not able to wake up

MDS-MrkV#101734 (at 25 m): 7/23 11:30:00 — 7/25 15:24:29
MDS-MrkV#101733 (at 27 m): 7/23 11:30:00 — 7/25 14:39:34
COMPACT-CT#562 (at 29 m): 7/23 11:30:00 — 7/25 13:03:58

Vector (at 29.5 m): Date is wrong. File size is very small.

S A A B e =
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7. COMPACT-CT#1125 (at 31 m):7/23 11:30:00 — 7/25 13:03:58
8. MDS-MrkV#101731 (at 33 m): 7/23 11:30:00 — 7/25 15:45:24
9. MDS-MrkV#101083 (at 35 m): File transfer failed

10. DEFI-T (at 37 m): 7123 11:30:00 — 7/25 14:19:27
11. COMPACT-LTD (at 39 m):  7/23 11:30:00 — 7/25 21:01:01
12. INFINITY-EM (at 41 m): Only a header file
v | ZhER—#050ke / AP EE—H940ke |
p— i > |
V\; ]
o= g 17m 32m —
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Fig. Schematic drawing of the thermistor chain.

Fig. Photo of the thermistor chain
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Interaction between macro- and micro-nutrient dynamics and phytoplankton assemblage
Naoto Iida', Kagemasa Ohta!, Fumiko Koba!, Narumi Takahashi!, KoichiHideshima', Kunioki Hirata!
and Shigenobu Takeda®

! Nagasaki University, Faculty of Fisheries

2 Nagasaki University, Graduate School of Fisheries and Environmental Sciences

This study was aimed to understand the distribution of macro-nutrients and trace metals in the
surface waters of the East China Sea, and the importance of these biologically essential clements for
phytoplankton, especially large diazotrophic cyanobacteria such as Trichodesmium spp. and Richelia

intracellularis.

1. Distribution of macronutrients and large diazotrophic cyanobacteria

Surface seawater was continuously pumped up from the bottom of the ship (4.5 m) during cruising,
and the seawater was used for the nutrient and phytoplankton studies. At the CTD observation stations,
surface water samples were also collected using a bucket (Table 1).

Nutrient samples were collected in acid-cleaned 100-ml polyethylene bottles. These samples were
stored frozen at -20°C for onshore analyses. Concentrations of nitrate+nitrite (N+N), soluble reactive
phosphorus (SRP), and silicic acid will be determined using a highly sensitive colorimetric method
using an AutoAnalyzer II (Technicon, USA) and Liquid Waveguide Capillary Cells (World Precision
Instruments, USA).

One-liter seawater samples for enumeration of large diazotrophic cyanobacteria Trichodesmium
spp. and Richelia intracellularis were collected in polycarbonate bottles. Samples were immediately
filtered through a 10 pm pore-size polycarbonate membrane filter prestained with Sudan Black B. The
plankton on the filter was fixed with 4% formaldehyde for 5 min in the dark and the filter was mounted
on a slide using non-fluorescence immersion oil. The slides were stored frozen at -20°C in sealed slide
boxes for later cell counting using an epifluorescence microscopy (Zeiss, AxioScope Al, Ex: 560
nm, Em: 630 nm) on land.

Samples for phytoplankton species composition analysis were collected in 1-liter amber
polypropylene bottles, and were fixed with 0.4% neutral formaldehyde for microscopic observation
on land.

Temperature, salinity and chlorophyll fluorescence were recorded continuously by a compact
temperature-salinometer (A7CT-USB, JFE-Advantech) and an in vivo fluorometer (ACLW2-USB,
JFE-Advantech) (Fig. 1). The value of chlorophyll fluorescence will be calibrated with chlorophyll @
concentration measured by DMF (N, N-dimethylformamide) extraction and the fluorometric detection

method.
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2. Distribution of trace metals in the surface water

Water samples were collected using acid-cleaned Teflon tubing and a Teflon bellows pump.
Seawater was obtained from 5 m depth at 19 stations (Tabel 1). The sample scawater was filtered
through an inline AcroPak 200 Capsule filter unit having 0.8/0.2 um pore-size Supor Membrane (Pall).
Samples for analyses of dissolved trace metals were collected in acid-cleaned 125-ml LDPE bottles
and acidified to pH <1.7 with 20% quartz-distilled HCl (TAMAPURE AA-100).

The acidified water samples will be stored for more than three months, and then analysis of Mn,
Fe, Co, Ni, Cu and Zn concentration will be done by a chelating resin concentration and HR-ICP-MS
(ELEMENT 2) detection.

3. Vertical profiles of macro-nutrients and chlorophyll

Seawater samples were obtained by Niskin bottles attached with CTD sensor and an acid-cleaned
bucket for measurements of chlorophyll & and nutrients (Table 1).

The samples (ca. 300 ml) for Chl & measurement were filtered onto Whatman GF/F filter by gentle
vacuum filtration (< 200 mm Hg), and Chl a was extracted from the filters in N,N-dimethylformamide
at —20°C. Extracted Chl a will be determined onshore by the fluorometric technique with a Turner
Designs 10-AU field fluorometer with the chlorophyll optical kit for the non-acidification method.

Nutrient samples were collected in 10-ml acrylic test tubes, and were stored frozen at -20°C for

onshore analyses of NOs", NOy, NH4*, PO.* and Si(OH)s using an auto-analyzer (AACS-TV).
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Fig. 1 Salinity and chlorophyll fluorescence (uncorrected value) distributions of surface water (4.5 m)
along the cruise track.

Table 1. Sampling stations and observed parameters.
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Date Stn. Diazotrophs | Phytoplankton Chl a Nutrients I\ano.molar Trace metals
nutrients
19-Tul (Mie— Test | | Ox2 ). ox2 |02 | Ox2 ... %2 .
s I W— & T W = - b A . 8. N - m .= SO N -
Test — TE6 Ox2 Ox2 Ox2 Ox2 Ox2
20-Jul |TE6 Q Q Oe Qe ao JAN
21-Jul [CKS3 Qe Q0 oe oo ao A

-0 COIN O | - Qe
20 RPRRROR. DRRERSRTION FRPITRRIRY) L« S — .+ JN WP |———
o) ——— A ———— 7 | - v Ny W f——
CIE o, & I - (O SN N
C1-1(10:18) ) O Ce o] J O

24-Jul |C1 (10:00) O O O O O

25-Jul O O

TRC (12:12) O 8 O O O
26-Jul [TRC (10:02) O o o O O
27-Jul |CL(0738)  f .. Q] Q. .= SN - Qi Qe
CLZ2CCRL Lo ) 02
1,3 ——— — 1 N r—— = [N, N u (R l— = W N 1 S -
0 L et 27| RS S (s P— — . N —
CCR2 ] L — O B O] O]
CCR2 = CCK3 | e Ox2
CCK3 o] L [ — O B o [ S Q... B,
CCK3 > Squid | O .. Ox |02 | .. O 1. =L I ——
-, N — N - = [FRS S | — = F N—— = N S - T
Squid — Mie O O O O Ox2
28-Jul |Squid — Mie O O 0 O 0Ox3
O Wet Lab. Seawater supply (4.5 m)
O 0 m bucket
A 5 m pump
] CTD: 10, 20, 30, 40, 50, 75, 100, 125, 150, 200, 300, 400, 500, 600, 700 m , SCM and bottom-5 m
(Max 200 m for Chl @)
® CTD: 10, 20, 30, 50 m and SCM
O CTD: SCM
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Nagoya University

Station info. Instruments
Station Stn Start End Lat. Surface Surface scatter- . Surface
Date . . Lon.(E} Depth ... Transparency| PRR MicroTops FlowCAM AAQ ME CTD Note
No Name Time Time (N} Temperature Salinity meter Chla
0 Test 19-Jul-17 16:06 16:18 33.75 129.204 115 28.9 31.71 18 0 [¢] X [¢] 0O O O [¢]
1 TE6  20-Jul-17 06:00 6:14 34.87 129.37 220 26.0 31.50 X X X X o] 0O 0 O o]
2 TES  20-Jul-17 07:56 807 3471 129.61 89 26.2 32.29 20 X X X o] 0O 0 O o]
3 TEA  20-Jul-17 09:36 9:47 34.46 129.67 103 27.0 32.26 32.23 o] o] X o] 0O 0 O o]
4 TE3  20-Jul-17 11:24 11:33 34.25 129.84 124 279 31.63 18 0 o] o] 0 0O 0 O o]
5 TE2  20-Jul-17 13:54 14:05 34.04 129.50 88 29.0 31.70 X o o o o 0 0 © o
6 CK5  21-Jul-17 05:47 6:01 3175 128.84 806 28.8 33.10 X X X o] o] o 0 O o]
7 CK4  21-Jul-17 09:30 9:39 3175 12850 378 29.0 32.68 23 o] o] o] o] 0O 0 O o]
8 CK3  21-Jul-17 11:57 12:12 3175 128.18 165 29.0 32.93 30 o] o] o] o] o 0 O o]
9 CK2  21-Jul-17 14:22 14:34 3175 127.84 145 30.1 32.94 30 o] o] o] o] o 0 O o]
10 CK1  21-Jul-17 16:31 16:42 31.75 127.50 132 30.2 32.74 X [¢] o) o) 0] O O O o)
11 Cl  22-Jul-17 06:37 €:52 30.23 12694 102 30.1 31.18 X X X o] X X X O o]
12 C2  22-Jul-17 08:44 855 30.06 127.24 115 29.4 34.69 X X X o] X 0O 0 O o]
13 C3  22-Jul-17 10:52 11:02 29.86 127.52 154 29.9 33.66 36 o] o] o] X 0O 0 O o]
14 C4  22-Jul-17 12:49 13:00 29.68 127.80 631 30.2 33.88 35 [¢] [¢] o) X O O O 0
15 CIN  23-Jul-17 06:14 619 30.32 126.95 99 29.6 29.80 X X X o] X o 0O X o]
16 Clw  23-Jul-17 07:15 7:19 30.23 126.85 97 30.3 30.50 X X X o] X 0O O X o]
17 C1S  23-Jul-17 08:21 8:28 30.15 12696 101 29.9 31.50 25? X X o] X o 0 O o]
18 C1E  23-Jul-17 09:21 9:25 30.23 127.05 103 30.2 31.30 21 X X o X 0O 0O X o]
19 C1-1  23-Jul-17 10:18 10:27 30.23 126.96 100 30.4 30.20 25 X X o] X 0O 0 O o]
20 C1-12H 23-Jul-17 12:00 - 30.23 12696 100 30.9 29.97 25 o] o] o] X 0O 0 O o]
21 C1-14H 23-Jul-17 14:00 - 30.23 12696 100 30.8 29.80 25 o] o] o] X o 0 O o]
22 C1-16H 23-Jul-17 16:00 - 30.23 12696 100 30.8 30.26 0O [¢] [¢] X O 0 O o]
PP Day1(PRR,
SCATTER
23 C1-PP1 24-Jul-17 03:18 3:28 30.23 12695 100 30.2 30.45 X X X X X X 0 O o] during
DayTime}
24 C1S  25-Jul-17 08:11 814 30.14 12695 102 30.6 - X X X X X X 0 X X
25-1 C1E  25-Jul-17 09:17 9:21 30.24 127.05 104 30.2 - X X X X X X 0 X X
25-2 CIN  25-Jul-17 10:16 10:19 30.32 126.95 99 30.8 29.60 30 o] o] o] X 0O 0O X o]
26 Clw  25-Jul-17 11:27 11:30 30.23 12685 96 30.9 29.82 33 o] o] o] X o 0O X o]
27  C1(TRC} 25-Jul-17 12:28 12:32 30.23 12696 100 30.7 31.01 33 o] o] o] X 0O O X o]
28 C1-2  25-Jul-17 14:00 - 3023 126.96 100 30.9 30.84 X o] o] o] X o 0O X o]
29 C1-3  25-Jul-17 16:00 - 30.23 126.96 100 31.6 29.90 X 0O [¢] [¢] X 0O 0 X o]
30 TRCL-PP 26-Jul-17 03:13 3:23 30.24 126.94 100 30.7 PP Day2

Table 1. Water

sampling and data collections at each station. The objective of each

observation is as follow.

1. Biological characteristics and phytoplankton community structure

Chlorophyll-a (Chl-a) samples were taken from Niskin bottle at every 10m of

depth to obtain vertical profiles of phytoplankton concentration.

Chlorophyll-a size fraction (<3um, <10um and <Zpm, <20um), in situ

multispectral excitation fluoro-meter (ME) and HPLC profile (surface, SCM, above SCM

and below SCM) were collected.

FlowCAM was used to take phytoplankton images from water samples.
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Figurer 2. Vertical profiles of Chl-a concentration, and images of particles in water

samples by using FlowCAM.
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2. Primary production measurement
Two long term (24 hours) simulated in-situ primary production (PP) were
conducted at C1-TS station using '*C method. Water samples for the experiment were

collected at 100, 50, 25, 10, 5 and 1 % light level relative to surface light intensity.

NN muww

| S 5

L

Photo 1. Incubation base used for PP measurements.

3. Validation of satellites products

Surface Chl-a, coloured dissolved organic matter (CDOM), Suspended
Sediments concentration (SS), back scattering coefficient (Hydroscat-6P), remote sensing
reflectance (Rrs, PRR) were collected for validation of satellite ocean color products and
calibration of ocean color algorithms. MicroTops, a hand-held multi-band sunphotometer,
was used to optionally measure the total ozone and the water vapor column as well as

aerosol optical thickness at 1020 nm.
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Photo 2. Deploying scatterometer.
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University of Toyama

Tadateru Noguchi (On board)

Jing Zhang, Shota Kambayashi, and Mutsuki Sasaki (On land)
Corresponding researcher: Jing Zhang (jzhang@sci.u-toyama.ac.jp)

Water mass structure analysis in the East China Sea and
Kuroshio water using multiple chemical tracers

Introduction and objectives

The East China Sea (ECS) is one of the largest marginal seas in the world, and
it has shown high primary production (Hama et al., 1996). Its enhanced primary
productivity is sustained by rich nutrients from terrestrial and marine sources
(Walsh, 1991; Wollast, 1993). Purcell et al. (2001) reported that the blooms of
jellyfish in the ECS are related to increases in nutrients. However, primary
production in the ECS has decreased due to changes in the nutrient balance
(Gong et al., 2006). Therefore, there is an urgent need to clarify how nutrients
have changed in the ECS, in particular nutrients provided by relevant water
masses. The ECS has four water sources: the Kuroshio water, the Changjiang
(Yangtze) River, the Yellow Sea Coastal Current (YSCC), and the Taiwan Strait
Current (TSC). These four sources of water supply nutrients to the shelf of the
ECS (Gong et al., 1996). Chen and Wang (1999) suggested that the nutrient flux
from the Kuroshio to the shelf is greater than that from the Changjiang River.
Therefore, the objective of this cruise is to describe the water masses over the
shelf of the ECS using multi-tracers, e.g. Rare earth elements, radionucledes
such as Ra and Cs isotope, and oxygen isotope (5'0). With a simple mixing
model, we calculate the mixing ratios of KIW and then use these ratios to illustrate
the extent to which KIW nutrients contribute to the shelf’s primary productivity.

Materials and Methods

Seawater samples of REEs, 2°Ra, and 3'80 from surface to bottom were
taken using buckets or 5 L Niskin bottles mounted on a Rosette sampler. Cs and
Ra isotope samples in surface water were also collected using underway
pumping system. Seawater samples were collected from 8 stations (Table 1). The
collected seawater samples are listed as an appendix. Collected REEs samples
(~500 mL) and %%Ra samples (~500 mL) were filtered with 0.2 pm cellulous
acetate membrane filter within 24 hours, and then the filtrate was immediately
acidified to pH < 1.6 with ultrapure HCI (Ultrapure-100, KANTO KAGAKU) in the
clean bench on board. Cs and Ra isotope samples (~20 L) were filtered with 0.45
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um cellulous acetate membrane filter, and then the filtrate was acidified to pH <

1.6 with 60% HNOs3 (Wako Pure Chemical Industries).

Future Plans
5180 samples will be analyzed by Isotope Ratio Mass Spectrometer (IR-
MS, Prism) in laboratory of the University of Toyama. The filtrate of REEs and
226Ra will be pre-concentrated and then analyzed with an Sector Field Inductively-
Coupled Plasma Mass Spectrometer (SF-ICP-MS, ELEMENT II). Cs and Ra
isotope samples will be measured with Ge semiconductor detector in the
laboratory after pre-concentration.

Table 1. Inventory information for the water sampling

Sampling item

Stn.name/ Depth
Latitude Longitude Note
Cast No. (m) 80 REEsf®Ra Cs/Ra
Shallow Cast
TE6/1 34° 52.060' N 129° 22043 E 220
(Surface ~ 125 m)
Deep Cast
TE6/2 34° 52525 N 129° 22474 E 220 o
(125 m~ Bottom)
TE4 34° 27523 N 129° 40.012 E 103 surface
TE2/1 34° 02.486" N 129° 00174 E 88
TE2/2 34° 02524 N 129° 00.393 E 88 o]
Shallow Cast
CK5/1 31° 45006 N  128° 50.073 E 806
(Surface ~ 125 m)
Deep Cast
CK5/2 31° 45097 N 128° 50256 E 809 o
(150 m~ Bottom)
CK5/3 31° 45252 N 128° 50554 E 812 o]
CK3 31° 44960 N 128° 10.140° E 164 surface
CK1/2 31° 45130 N 127° 30.062° E 132 surface
C1 30° 14054 N 126° 56.032° E 102 surface
Shallow Cast
C4n 29° 40936 N 127° 48.004 E 631 surface
(Surface ~ 100 m)
Middle Cast
C4/2 29° 40.897" N 31° 45130" E 631 o]
(125 m ~ 200 m)
Deep Cast
C4/3 29° 40.871" N 31° 45262 E 631 o]

(400 m~ Bottom)
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Appendix. Water sampling list

TE6/1st TE6/2nd
Bottle
No. Depth (m) | Cs/Ra | REEs/Ra |d'0 Depth (m) | Cs/Ra | REEs/Ra | 80
0 S0 O O O
1 27.9 201.7
2 19.6 201.7 O
3 21.5 200.9 O
4 214 200.8 O
5 126.5 102.9 O
6 100.4 O O 102.9 O
7 75.2 102.9 O
8 50 O O 102.9 O
9 40.1 O O 102.9 O
10 29.9 O O 215.7 O O
11 19.6 O O 201 O O
12 10.3 O O 1511 O O
TE4 TE2/1st
Bottle
he Depth(m) | Cs/Ra | REEs/Ra | 6'®0 | Depth(m) | Cs/Ra | REEs/Ra | 8'80
0 S0 O O O S0 O O O
1 27.9 51.7
2 20.5 41.8
3 23.3 47
4 23.2 47.2
5 23.2 9.5
6 99.2 O O 83.5 O O
7 75 O O 75.5 O O
8 50.8 O O 50.5 O O
9 40 O O 40.2 O O
10 30 O O 301 O O
11 20.4 O O 19.7 O O
12 9.8 O O 9,4 O O
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TE2/2nd CK5/1st
Bottle
No. Depth (m) | Cs/Ra | REEs/Ra | 0'0 | Depth(m) | Cs/Ra | REEs/Ra | 0'0O

0 SO SO Q O Q
1 56.6 O 61.2
2 56.5 O 49.6
3 56.5 Q 54.9
4 56.5 O 54.9
5 844 O 124.8
6 84.6 O 100.3 O O
7 85 O 75.2
8 85.2 O 498
9 39.9 O 40.1 O O

10 39.9 O 30

11 39.8 Q 19.9 O Q

12 39.8 O 9.7

CK5/2nd CK5/3rd
Bottle
o, Depth (m) | Cs/Ra | REEs/Ra | 80O | Depth(m) | Cs/Ra | REEs/Ra | 6'80

0
1 605.7 O 150.7
2 605.8 O 150.7
3 605.8 (. 150.8
4 606.2 O 150.8
5 807.7 O O 403.3 O
6 705.5 403.5 O
7 604.8 O O 403.6 O
8 504.1 403.1 O
9 402.7 O O 150.7 O

10 302.1 150.8 O

11 201.6 O (. 150.7 (.

12 150.5 O O 150.7 O
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CK3 CK1/2nd

Bottle

e, Depth (m) | Cs/Ra | REEs/Ra | 80 | Depth(m) | Cs/Ra | REEs/Ra | 5'%0
0 SO O O SO O O O
1 63.5 65.9
2 53.5 55.5
3 58.5 61
4 58.2 60.6
5 161.4 129.1 @) O
6 100.8 100.9 @) O
7 75.3 75.7
8 50.2 50.7 O @)
9 40.1 40
10 29.6 30.2
11 20.1 20.4 O @)
12 10.1 9.6 O O

C1 C4/1st

Bottle

o, Depth (m) | Cs/Ra | REEs/Ra | 80 | Depth(m) | Cs/Ra | REEs/Ra | 8'0
0 SO @) O O SO O O O
1 72.9
2 62.2
3 70 66.9
4 70 67.1
5 60.4 O O 97
6 96.7 O O 101.3 @)
7 75.3 76
8 50.2 O O 499 O O
9 40.3 39.9
10 30.1 30.2
11 20 O @) 20.1 @) O
12 10.3 O O 99
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C4/2nd C4/3rd

Bottle
e, Depth (m) | Cs/Ra | REEs/Ra | 80 | Depth(m) | Cs/Ra | REEs/Ra | 5'%0

0

1 125.7 625.5 O

2 125.8 625.2 O

3 125.7 625.5 O

4 125.5 625 O

5 125.5 625.7 @)

6 202.4 504

7 151 O 402.5 O

8 151.6 O 402.2 O

9 150.8 O 402.5 O

10 150.4 O 402.5 O

11 120.9 O 402.6 O

12 1254 301.7

- 140 -




Ocean University of China

Zhang JiangYiAo (U4; zj968520@sina.com) (On board)
Meixun Zhao (On land)
Corresponding researcher: Meixun Zhao (maxzhao@ouc.edu.cn)

Expected results:

1. To understand the processes and mechanisms of phytoplankton productivity
and community structure gradient in the Okinawa Trough using lipid
biomarkers.

2. To evaluate the contribution of subsurface nutrient to phytoplankton
productivity and community structure by comparing biomarker, nutrients and
hydrological parameters.

3. To publish one paper in an international journal by combining data from this

cruise with other regional data.

Figure 1. Photo of filter
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