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SUMMARY

I. Title

A study on the variation of material cycles in the Kuroshio Extension

II. Necessity and Objectives of the Study
1. Objectives of the study

O Investigation on the variability of the Kuroshio Extension
- Variability of ocean circulation on eddy to multi-decadal scales.
- Glacial-interglacial variability using deep sediment core
- Visualization of water column structure and investigation on water mass property and ocean
mixing
O Investigation on the ecosystem structure, productivity, and biochemical (C, N) cycle
- Variability of ecosystem structure and productivity due to physical and chemical changes

- Structure and variability of sinking particles and carbon/nitrogen cycle
2. Necessities of the study

O The Kuroshio-Oyashio Extension that directly affects the marine environment off the Korean
Peninsula is sensitive to the global warming.

O To understand and respond to climate change, it is necessary to understand and predict how
this area will change.

O In order to study the diverse spatio-temporal scale variability of the Kuroshio extension, it is
necessary to analyze the data obtained from the mooring system and the results of numerical
modeling, altimeter data.

O Agquisition and analyses the fluctuation trends of the biochemical data such as dissolved
nutrients, suspended materials, and particulate organic carbon at Kuroshio Extension. In
addition, adjustment factors of controlled these trends could be identified by collecting the

sinking particles and its organic carbon fluxes from mooring system.
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O To quantify the variability we need to collect biogeochemical data such as dissolved nutrients,
suspended solids, and particulate organic carbon through field experiments.

O It is necessary to acquire settling particle data by using the mooring system and to obtain
data on fluctuation of sediment particle and organic carbon flux in settled particle.

O In order to predict the evolution of the Kuroshio extension that will occur as a result of
long-term climate change, it is necessary to understand the response to large-scale climate
change in the geological past.

O Identifying the structure of the water layer and obtaining the properties of the sea water is
important in analyzing the characteristics of the ocean. By using Seismic Oceanography, it

became possible to obtain the oceanographic features at the wide area of the ocean.

Il. General Scope of the Study

O Deployment of a mooring system and data aquisition
- A mooring line with two sediment traps and three or more current meters
- Deploy two to four PIES’ to the west of the Shatskiy Rise
- Variability from altimeters and ocean model outputs
O Survey and quantification of Ecosystem structure and C-export
- Aquisition and analysis of biogeochemical data
- Ecosystem structure and functional properties
- Temporal variation of particle flux using time-series sediment traps
O Wiater column structure and ocean mixing
- Microstructure measurement and investigation on vertical mixing
- Imaging water column structure using seismic data and processing
O Analyses of paleoclimate proxies of the giant piston core sediments
- Acquisition of giant piston cores at the summit of Shatsky Rise
- Examining the atmospheric and oceanographic conditions in the geological past at the
Kuroshio Extension region based on paleoclimate proxies

- Reconstruction of the migration of Kuroshio Extension on glacial-interglacial time scale

IV. Results of the Study

O Variability of Kuroshio Extension

- Variability from altimeters and numerical model outputs



a2t
Near the Shatsky Rise meridional gradients of temperature and salinity weaker that those

to the upstream resulting in weaker Kuroshio jets.
The jet show meridionally bifurcated structure possibly affected by the bathymetry.
Upper-ocean heat content variability over the Kuroshio Extension are induced by changes

in the Kuroshio Extension jet and Subarctic Frontal Zone.

- Results of a tall current mooring and PIES

Currents speed at the mooring site depend on the location of Kuroshio Extension jet.
Variability of current at the mooring site includes semidiurnal tide (about 12 hours),

inertial wave (about 21 hour), and meso-scale eddy(about 3~10 days).
Measured time series of temperature and salinity for the full depth in the mooring site

using an acoustic travel time form the PIES.
O Survey and quantification of ecosystem structure and C-export
- Aguisition and analysis of biogeochemical data including nutrients

In 2017, the ammonium concentration was 0.140 #M in the depth of 65 m at 38°N
and the concentrations of ammonium, nitrite, nitrate and phosphate in the euphotic zone
(upper 200 m of the water column) were depleted, and those of silicate was below 2 x

M at all other stations.
In 2018, ammonium, nitrite, nitrate exist between 0 to 50 m depth and the concentrations

of phosphate and silicate were below 1.2 M and 3 M respectively, at Oyashio

Current region (44°N).
From 42°N to 32°N, the concentrations of ammonium, nitrite, nitrate and phosphate in

the upper 30~70 m of the water column were depleted, and those of silicate was below

3 «M at all other stations.

- Ecosystem structure and functional properties
The cruise in 2018 showed a greater spatio-temporal change in the lower trophic level
compared to 2017 mainly due to expansion of study area to Oyashio Current region (44°N).

Biomass of prokaryotes, phytoplankton and zooplankton showed a decreasing trend in
lower latitude. with an exception of higher biomass and productivity at the stations with

upwelling In the eutrophic region of the Oyashio Current.
Primary productivity was also high in the Oyashio Current region and low in the
Kuroshio waters, and that the primary production depend on the biomass of the
loop is important in the

The ratio of bacterial production to primary productivity tended to largely increase in

phytoplankton.
lower latitude, showing that energy flow via microbial

oligotrophic subtropical area.
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- Temporal variation of particle flux using time-series sediment traps

* Time series sediment traps were operated at water depth of 800 m (upper trap) and
4,000 m (lower trap) in the Kuroshio extension from November 2017 to August 2018.
 In the upper trap, total particle fluxes ranged 0.5 to 248 mg m?day” with an average of

88 mg mZday™.
* In the lower trap, total particle fluxes varied between 0.02 and 125 mg m?day™ with an
average of 44 mg m?day™.

O Wiater column structure and ocean mixing

Operated the direct/indirect observations to figure out the quantity of vertical mixing.
Calculated dissipation rate from the directly measuring the micro structure has 107 kg/m® in
the upper layer, keep decreasing at 80~120 m and stable at the deeper layer about 10"°~10°
kg/m®,

Using Thorpe scale and GM model for the indirect method to calculate dissipation rate.

Shih method has better quantity and trend than Osborn method at calculate vertical diffusion.
Analyzed the influences of the surrounding environments of the exploration area on the
water column reflection data acquisition.

Performed the seismic exploration along a line approximately 132 km long at the Kuroshio
extension to obtain the water column reflection data, and obtained the oceanographic data
directly from the oceanographic instruments along the line.

Applied the seismic data processing techniques to the acquired seismic data to derive the
final water-layer section and compared with the data obtained from the oceanographic
instruments.

Identified that the boundary of the mixed layer-thermocline in the seismic section was
formed at about 100 m depth at 36° 4'N, 158° 22'E, but the depth of the boundary became
shallower and formed between 60 and 70 m at 34° 52'N, 158° 8'E.

O Variation of Kuroshio Extension in response to glacial-interglacial climatic cycles

By obtaining three piston cores at the summits of Shatsky Rise, a meridional transect of
sedimentary archives across the main pathway of Kuroshio Extension has been made.

Each core has its unique sedimentary features including color, facies association, sedimentation
rate, etc; allowing the identification of the KE main pathway from its meandering range.
During the glacial and stadial periods, the more southerly positioning of meandering KE than
the present was recognized in the oxygen isotope compositions and faunal assemblages of
planktic foraminifera.

Provenance of the terrigenous component in the Shatsky Rise sediment has also been varied
in response to the glacial-interglacial cycles, possibly resulted from the changes in transport
pathway by westerly jet.



- The changes in terrigenous provenance and paleoceanograpic indicators indicate the southward

migration of westerly winds and Kuroshio Extension during the glacial periods.

. Suggestions for Applications

Utilize the results from studies on the corelation among climate change, the variability of the
Kuroshio Extension and ecosystem as a scientific basis for predicting changes in other
northwest Pacific ecosystems under climate change scenarios

Apply to the investigation of variability of the ocean carbon flux due to climate change and
variability of the North Pacific Subtropical Gyre.

Provide data for paleoclimate modeling and systematic understanding on the connectivity
between the equatorial ocean and waters around Korea, and subtropical and subpolar
climates.

Develop the 2-D and 3-D imaging technologies to recognize the water-layer structures,
characteristics, and spatial distribution.

Applicable to understand and predict ecological responses of global ecosystems to changes of
marine environments such as climate change.

Applicable to establish effective adaptation plan for sustainable development and management

of the marine ecosystem under climate and environmental changes.
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- 5% 3lF 54 Ak ARGO float 53} T3}

- SRRNEAl T2 ol BA AEER | - SeEAl 72 9 HolW B4 AEEw
AEAT-TEZIFIE AT 2 QY | AEAT-TESTIE AT % A,
MATAULE o] &3 Hol 7= B | AFAULE o83 HolW 7= B4

s S Enl= U < Fag sk B i e B B = B A B Ea = I il i A R R i B A
~ OA; 4| 8% 58 B FRRF 9% 34 F8 | A& 34 5 FRRF 9% 34 F9
SHAEA | epm 2agn 5y a7 g BAAN 54 AT

- AETSR AT A, AESRIE B | - AETSE A7 A, AESRIE
TEEHIAES] o4 EA4S DNA | FEZHIES YU 5SS DNA
RNA 9 Jejd E4L o] &3t &4 RNA 9 Jejd E4& o] 83te] &4

- 8E IR H5 B 24 - £F gordag A= 9 2y

gszx |- AT Ul FREL AR 95 B e
3}t EA S ) ARSI EA AR FE -?j—ra‘ j;‘rrial 4 AR FrEA
- 27 A& E3]7](sediment trap) Al o
- GPC, pilot core 7 17§, MC 571, Grab
173 ANE U B85 - GPCe} MC A& 22t 114 g5
- Pilot core ¥ GPC d#7z+ HJl, 714,
A2, X-radiograph, XRF, thARS- scanning
sorsa | FETE YAEE AT ST FAKEE _
. 132.3 km) - AZmA TS AH|(VMP500)S o] &
um]’;z - AAEA 2RSS ZAH(VMP500)S o] | ske] AdE(SF 0~400 m)o] dF 7= F
;L;’ ate} gE(eF 0~400 mo] HF 7= A | A B
~ H B=




M3 Sk WHE H Zat

= 3-1-1-3. 20174 EHAL 2F

2017: 10€ 17¢ ~ 11€¥ 13¥ (F 28%)

< 4=} (UTC) Z Yy
1 2017/10/17 J&g =3
2 2017/10/19 B “ob” FFOo =2 13 (XFLE o]F)
3 2017/10/20 ol I3l T F3lollA AuIH ~E(Seismic Oceanography, CTD, UCTD)
4 2017/10/21 23 JF, 97 F I =3
5 2017/10/22 BoFs) Qa3 23 A =3
6 2017/10/27 13874 =32 29J(CTD, MOCNESS, 2%, SENET, 33}, VMP, MC) 53
7 2017/10/28 133- &Y 3 F o5
8 2017/10/30 115874 =32} Z4(CTD, MOCNESS, 2%, TENET, %3, VMP, MC) &
3 F olF
9 2017/10/31 | 1083 =2 ZQI(CTD, 21&, SENET, 33}, VMP, MC) 3
10 2017/11/01. 104838 2 3 § olF, 8¥H =2, AY(VMP, CTD, 2l&, S=NET,
MOCNESS, A&, SOH|ZE) <=3
1043 2 43 & GPC &Y AA ol Z<¢(Line Survey, MC, GPC) &
11 2017/11/02 : Gl A4 T = A AH olF, 2A( Y. ) T
3 F olF
0644 =3 ZQ(CTD, 21E, ZENET, 33}, MOCNESS, VMP, Drifter,
12 2017/11/03 ek = A e, TE 3 rifter
ARGO) 53 & o]%
13 2017/11/04 0443 =3 obHdE g2 CTD4! XCTDAY 3 3 o)%, 458FH =3
Z+e}(CTD, VMP, MOCNESS, 21 ENET, #3h 43 & ol%
14 2017/11/05 | 06C8d =2t ZrJ(VMP, CTD, SO, XBT, XCTD) 3}
15 S017/1L/05 06CHA A 3 F o]F, 0783 =32, A4(CTD, VMP, 21&, FENET,
#3 PIES) 738 ¥ o], ol§ ¥3l & UCTD &4 +3
TD Al &3] & o]% AA T2 ZA(VMP. CTD. A1&E Z=ENET
16 2017/11/07 UC_ ‘]—H —l_g}:lj ]Ov 09 [l = ’ ‘}H( ' C y, TIT=, o0& ’
33k, MC, PIES) <3
17 2017/11/08 | 0978% Z 3 ¥ olF, olF Fal F UCTD 2y % XBT 3.
1484 =32 AQ(VMP, A&, TENET, 33, CTD) 3, A AHZY
18 2017/11/10 =z
19 2017/11/13 I =3} §xE7, sHA

|19 ]



E 3-1-1-4. 20184 EfAL 2H

2018: 7€ 309 ~ 8€¥ 20¥ (3 229)

< | dA (UTO) =] Uy
1 2018/07/30 | A= =3
a3 = o Ols
2 so18080s | 00 B =3 ASUCTD(RUN), Net(*}2,82), CTD(200 m), VMP, MOCNESS
CTD(200 m)) 3 ¥ o] ’
aps| Z A=l ke
3 2018/08/04 CE_%%% =2} ZH(CTD(Full), Net(2]%=,33-3}), CTD(200 m), VMP, MOCNESS)
T % olF
] Z] = O L=
4 0180805 | 24 *F 2, Z(CTD(Full), Net(21%&,333}), CTD(200 m), VMP, MOCNESS
CTD(200 m)) 53 ¥ o|% ’
17 T X :
: 2018/08/06 \c;:ﬂcplsG;oc)%jﬁEf, 2}9}(XBT(T-5), Line survey, MC, CTD(Full), Net(2]=)
. GPC) &3 ¥ o5 |
] %] = O gls
6 so1giogio7 | 0 83 =3 AU(CTD(Rull), Net(*,%]), CTD(200 m), VMP, MOCNE
, SS
CTD(200 m)) 3 & o]% |
7 | oowgogos | %8 B FH XCTD S F o1, 06 AW = ASYCTD(FN), Net(*}E,
#38}), CTD(200 m), VMP, MOCNESS) 3 ¥ ©]%
97 T ;
8 so1si0si0g | &7 ¥ =3 Zﬂ“’f’(CTP(Full). Drifter(27]), PIES-R(3]<7), PIES-D(¥3}), VMP,
CTD(Full), Net(2]&,333}), CTD(200 m), MOCNESS) <3 ¥ °|&
SES =SS i 5] 2=
9 201808710 | 28 B = Z+4d (Mooring-R(¥] <), CTD(Full), Net(+},32}), CTD(200 m),
VMP, MOCNESS, CTD(200 m), Mooring-D(53}) 43
10 2018/08/11 | 08 <) (Mooring-D(E3}) 43 3 o] %
17 =3 .
1 2018/08/12 ?ji A =2h, A}(VMP, PIES-D(F3}), CTD(Full), Drifter(371)) 3 %
[e)
1 = -
2 | 20180813 | 7.5 33 =&, AUPIESD(F3H, CTD(Full), VMP) 53 F o]
] ] = o3| 5 =] =
13 2018/08/14 &9 1; ff; Z}](UCTD(43]), CTD, PIES-R(3]<), PIES-D(F3}), CTD(Full),
et(23},212), CTD(200 m), MOCNESS, VMP, Drifter(27])) 43 & o]%
14 2018/08/20 | A= <l

2. A5 A"
7L FI7| AF AA" S MK

FREA L GGl A alFe ARG 2ol ok AEAl, B2 =3 59 sF ol
H3l7E Ak Shatsky riseoll Al A7) s/t AL FH2 HEES oldshy
rised] A% Y 9% 33°43.20° N, A= 156°33.54'ES] <=4 5650 mell 4l3]
= 2017 11€¥ 2¥9] A7) /& #5S A% AR/ A="lES T
4] 630moll 75 kHz ADCPE Ao & dX|ste] =4 600 mH-E 16m Ao =

| 20|



S&A19e] A5 HwE Y3 1A 150m Yol 300 kHz ADCPE 3&l3Fo 2 3}
of vgEe] 48, ADCPY 3tk 50m ofgfoll - dE #F A Sea-BirdAHe] 37IME

AFAe] FH] 108 AR S RS BSIAT. BSE w12 Folt AFA
Ry nE

S QA F4etr] 918tk ml= BenthosAtS] Al8l-84(12,000 m) &3HEE] 7]
(AR-865 : Acoustic Release Transponder) 2tHE ZAlFA Hsidel ®WE=2 F2ZSIATHFig.
3-1-2-1, Table 3-1-2-1). AlFoll AHgE AFAL 6.8-8me 9fo]o] 239} 10 mm SuperMax 23
5 Egste AREsiTE sl 7ol st AR ol AF ¢ e TSI AR o] A
Y (Drag) Als7F FokAl= iS5 A7 A" FASdE AR e o3 dd 9134
<= H&sler] 9lel SuperMax = E, o] ofstAY #SF Au7E HAHA e A
+ 65-80mn °fo]o] XS ARESIGTE AR AlZHEl AR AMEEE AE Ao e”d
(sling ring), AFZ(shackle), A|<l(chain)S && S=w3dt dli<rol o3 F2=o] AFAdo] Aty
+ AL BASAT. 283 o= FEo] AaEug s Auv) rhekekA] il Ay AHE
A T UEF 254 kgo| FHEE 7HAE 177 frg Fo] 470 1F wiA st HAAEe)

HslsHole 588 2fE(wivel)=, AT Tt Fi 15 B B0t dds= fAAl

i
o
of

O

N

T 3T 29ES AMESt AlRAY Y d4s BASATH
AR AA A2 20179 119 2 oMol AJFtsked 3AIRE FF A9fe AAske] 12490
ZaHAT. X AYe EE Y (5485 m)ollA FAZoZ 35 km "R AFoA 1~ 2

1
kmhe] £52 B5%og ojgstir FxE FAd AF A="e A8 o, AF
=

49 27 S FAENET ATl B ALY A9 FFS 2T AASHEA AL 9
2 oJEsA B3I BA WFoE olFHUA AT A4S AWsATHFig. 3-1-1-2). AW
W Al 160m 7k e 54l 5650 mel AR Alzwle] XAl Bl AlSe) A
54 oA Hastaly] 98 AFA shael SuperMax 50mE F7kalo] A ST

|21 ]



FENL Y 22
E 3-1-2-1. AT A|AE 2= MF 2 M-
KUROSHIO EXTENSION : 5485m, GMT : 2017/11/01 23:03 ~ 2018/08/10 02:18
LT : 2017/11/02 09:03 33° 41.604’N, 156° 34.879’E (5492 m)
— 2017/11/02 12:14 33° 43.201°N, 156° 33.539’E (5580 m)
2018/08/10 02:16 33° 43.337’N, 156° 33.810°’E (ENABLE 5452 m)
MEASURING TIME SAMPLE INTERVAL /
EQUIPMENT SIN DEPTH
(GMT) PROGRAM
2017/11/01 10:30 _
75kHz ADCP 16911 620 m 30min / 16 m
2018/08/10 00:00
2017/10/29 05:00 _
RCM-SEAGUARD 19 924'm 30 min / SD CARD
2018/08/10 00:00
2017/10/29 04:00 .
RCM-11 615 2,059 m 30 min / DSU2990E
2018/08/10 00:00
2017/10/29 05:30 _
RCM-SEAGUARD 180 4,040 m 30 min / SD CARD
2018/08/10 00:00
2017/11/01 09:00 _
300 kHz ADCP 16770 5476 m 10min / 4m
2018/08/10 00:00
2017/10/31 06:00 _
SEABIRD-37IM 7127 5,528 m 10 min / SEATEAM V2
2018/08/10 00:00
RX:10.5 KHZ
2017/11/01 22:00
41085 5,530 m TX:12.0 KHZ
2018/08/10 02:16
ACOUSTIC ENABLE : H RELEASE : C
RELEASE
865A RX:10.50 KHZ TX:12.00
2017/11/01 22:00
51724 5,530 m KHZ ENABLE : F
2018/08/10 02:16
RELEASE : G

| 22



A3 SATALLY S

I

_——

6200m ——

914 m

2059 m

ADCP (in air : 86kg, in water : 55kg
+ FRAME : 80kg(70kg) = 125kg
Buoyancy(25.4kg = 12ea ) = 304.8kg

Shackle 3/4"
Shackle 3/4"
Swivel 5ton /
Shackle 3/4” Swivel Ston
sling ring 5/8"
Shackle 1/2° Wire 8mm % 270m (30kg)
Shackle 1/2"
Sling ring 5/8"
Shackle 1/2"
@ Chain 13mm x 10m (34kg)
Buoyancy5 (127 kg)
Shackle 1/2" SuperMax X 10m
sling ring 5/8"
Shackle 1/2"
Shackle 5/8" /
N T SEDIMENT TRAP
In air :72kg
In water : 30kg

SuperMax X 10m

Swivel 3ton

'

I SEAGUARD
In air :12.4kg

)

Shackle 5/8"
Shackle 1/2" In water : 7.2kg
Sling ring 5/8"
Shackle 1/2"
SuperMax X 550(548)+575(570)m
Shackle 1/2"
sling ring 5/8"
Shackle 1/2"
Buoyancyl0 (254 kg)
Chain 13mmx 10m (34kg)
Shackle 1/2"
sling ring 5/8"
Shackle 1/2" ivel 3ton
~Shackle 5/8" —

— 1§

SEAGUARD

M Inair :12.4kg
N In water : 7.2kg

Wire 8mm X 1180m (150kg)
Supermax X 771(768)m: 0 kg

Shackle 1/2"

sling ring 5/8"
N shackle 172"

Buoyancy8 (203 kg)

Chain 13mm X 10m (34kg)

a8l 3-1-2-1. FEAL

KUROSHIO EXTENSION

Shackle 1/2"
sling ring 5/8"
Shackle 1/2”
SuperMax X 10m
Shackle 1/2"
sling ring 5/8"
Shackle 1/2"
4030 m —— 4 SEDIMENT TRAP
] In air :72kg
In water : 30kg
Y SuperMax x10m
Swivel 3ton
A -
— l:
SEAGUARD
In air :12.4kg
In water : 7.2kg

SuperMax X71(67)m
Wire 8mm X 440+50m (85kg)

Shackle 1/2"
Sling ring 5/8"
Shackle 1/2"

Chain 13mm x10m (34kg)
Buoyancy8 (203 kg)

[l

Wire 8mm X 450+120+200m (120kg)
+ SuperMax 85(80)m

Chain 13mm x 10m (34kg)

% Buoyancyb (152 kg)

Swivel Ston
300kHz LADCP
5476 m —— In air :30kg +3kg
In water : 13.2kg
SuperMax X 52(49)m
37IM(SEA-BIRD)
5528 m —— In air : 4.0kg
In water : 2.4kg
Shackle 5/8" )
Shackle 5/8"
Swivel 3ton
Shackle 5/8" A/R % 2ea = S0kg
Sling ring 5/8" Inair:33kg —— 5530m
Shackle 1/2"+Shackle 1/2" In water : 25kg
Chain 13mm 3rings + 3rings

Shackle 1/2"+ Shackle 172" é
Shackle 5/8" + Shackle 5/8"

Chain 16mm 0.5m

Master ring 24mm

Shackle 3/4"

Nylon rope 24mm > 50(50)m + 30(30)m

Chain 13mm > 10m (29.8kg)
Weight (0.825ton) — 5620 m

ol A F A|AH! AL

— =

| 23 |



FEAQ MY S| HE E4 o7

Ll AR/ A" 22t [

A7 A" 3= 2018 8¢ 10¥ 1140 AR/ Al2=El T3t AX™ 8 9% 33°43.20'N,
7d % 156°33.55'E°A AlF /\P\E“Oﬂ AAE SR 7]9F Auke] slo] = & Z(hydrophone) 2]
AL B AT A" EA fFek Aol AgE ek vl A5 (deck unit)ell 3
AE SR Aol Aele 5495 mE A FH R AR Al 2Elo] fJA|sk A

A3 do] =of, HEZ%EQ.E 600m 71 ol $ 9% 33°43.40N, B=

O

2Eo] Fof £55= 06 misE L?ﬂﬁ‘] Jo3he], 208 F 75 kHz ADCP7} AXH H AR5 &

AT Az" A A BERE AR AN FAS D] B3 g So)
S A, ol 845 Aol H4E 75 kHz ADCPS] R EFow ok}
3 AlA

F8 ARACE AL" SuperMax 2ZE FARHO R AlLtRA|T A 3

& 7HHAL, 4,000 m olstell B2 177 {2 Fols & 570127 k)7t AAHMA AR Al
»®lo] Beo] okt 1Esle] sk 34 Al BEo] BEF] ABEM Ao 9=
e 2 34 2AYLe FaEiy nE ANE 3459k

2018'd 84 10¢ 3d A5 AHl= 293 AR tRREst fAES V) 2A SR
#5 AUET AU Fx AWE 20079 AAE A AN Q=S BE 4
5500m ~ 5550 mZ ko] AF{ AHA AAE AT g A FHIYA FH L AF A
290 FFE T2 @ 89 Uel 177 fe) ol § 207dnt 43l 51027 k), 3

%

Zol= 3H(T6 ko) Frhekel HE EA AolE BAlZl AV $ES Sk 2017 119 3
2 A% AL whsh ATE welelel Aol WelE B 35 kA% Aol Aol
A Aol ARAE BRA AR AR 44T A AF AL FYSAAL, 20184 8
2 129 AF 22 FY AT} vhge] Fste] Aule] AFHEG 1AA k= WAle] opd A

Mol Tl whgel ofs) WeWMA molX 2e XéESﬂ YRS FAT A A olF

= [e)

T =

252 ZAESAA 3 YXoA 1 km Bl 9= 33°42.92N, B E 156°3450ENA] AlF
<) < 5

Eul

i‘l

rlo

S A2 THFig. 3-1-2-2). & 2 ARt 2/\]7& 40% 59t 4900 me] AlFAlel
B AnEL AXse] 9% 33°43.00N, A% 156°33.94E A HoA FAFE nlgoz E3}
sttt 7174 483 ARE doks aEste] AAS S sHA g AR Aute] deje A
BlolA stolER2ES W ST AgE S-St HF AR AAE =St A
F AR A= 9= 33° 4288N, A% 156° 34.75E2] 4 5534 mE AlF AEX A A A
NA THOZ 400m 7HF "olzl 3ol fA|sHA FH AT

| 24 |



A% SRS e Y Zy

LATITUDE(°N)

33.710
33.705
33.700-
33.695-
33.690

33.685
156.55

156.56

156.57

gl 3-1-2-2. AR

H 3-1-2-2. AF 35 &gl 2™ A =,
TIME(UTC) WORK Hl2
33°43.2185’'N 156°33.5821’E
2018/08/10 01:1 R ENABLE
018/08/10 01:13 A A8kt AR A 2] 5495 m
33°43.3377’N 156°33.8107’E
2018/08/10 02:16 A/R ENABLE
At AR A2 5452 m
Akt AR A7 5424 m
2018/08/10 02:16 A/R RELEASE
LT 0.6 mis
2HA Fol7} ZFol| He=XA] oF
2018/08/10 02:38 FINDING 75 kHz ADCP _
ol 7] ¥ 34 2y Azt
2018/08/10 03:30 ADCP on deck
Sl A AlFAe &5 WIS &
2018/08/10 03:48 17" Glass buoy x 5 EA AT 4 A+ 29A HEHeo 7
Ho] B3
2018/08/10 03:54 SEDIMENT TRAP
2018/08/10 04:00 RCM S/N 19 RCM Seaguard S/N 19
2018/08/10 04:21 17" Glass buoy x 10 EA
2018/08/10 04:28 RCM S/N 615 RCM 11 S/N 615
2018/08/10 04:53 17" Glass buoy x 8 EA
2018/08/10 04:58 SEDIMENT TRAP
2018/08/10 05:03 RCM S/N 180 RCM seaguard S/N 180
2018/08/10 05:17 17" Glass buoy x 8 EA FE 3 Fo] AR
2018/08/10 05:54 17" Glass buoy x 6 EA 4% 2~3 Fo| 7AA
2018/08/10 05:54 300 kHz ADCP + 37IM SIN 16770
2018/08/10 06:05 AR SIN 41085, S/N 51724
33.735
33.730 g
33.725- R2-1
R1-18 =
33.720-m2-17 =2
m —
33.715 M?-‘iS M:‘FB = M3-18

M1-17

156.60 156.61 156.62
LONGITUDE(°E)

. .
156.58 156.59

(20174 Mx|, 20184 3|+~ H

156.63

Mx|e} 8% A| Mute] o|S3}
xhA%))

CTDO8

156.64 156.65 156.66 156.67

x|

|25 |



ol oo

b

33°43.20'N, 73 % 156°33.54° E«l % 900met 4F 4,000mel AAYA =
stAth AAYA Y2 AR 7= McLaneAke] Mark78H-21-8 ARH8-dked o] 120 cm<}
91 e Zw71E TAL AFUAE 20709] 500m FeheaE HoR F5SGth £ 7
2102 sk ti7|2RE gl B2 5 FARCE 109 e, g
AR A7) shdel AR REE AMEst] Als Wl A ddde =9 7)te
ated ATk

A= gl 7P 2 9% vA= ¢
stk 10 mell &5 F5A

]_

2
)
N,
i
AN X o doogy T
)

N
N
rlo
o
4 e ro o

lo
of
otk
o
ull
:)g
i)
N
N

=49 7&%4 AJel o3k HHE 29S Haslstr] sl AR7] el
ARESER T 183 2R TI(Ee] 164 om, A7 91 em)e] A A o] A AFA FJHL LAY

2xg
g & Qo] ARV ARA AARE 3E 2918 Agsje] ARY 1Yol ofF ABE
) sk

AZAA ZE 2~ AR 7] 2dl= 2018 8€Y 10¥9) 3]Ele] 9L 2170 7o e FEE
I AFo HAE ARE 539t 59 Al UES JEHE 2ol HA, A
8] B2} EF(sodium borate) 2 F3H oF 50 E2Y {48 Yo 21709 AR H

= e}
A7 Azt AR 71e AASE Y vl diEE] wA 2 /X B4 32018
89 12U AlF AzHO Z== 54 9000 me} A= $4) 4,000 moll A X = ¢tk

2}. PIES(Pressure Inverted Echo Sounder)

PIESE AdstA A&d 473 177 #¢ W&
717V, st fre] wbol= PIESS] Al2=E, wiEE], 2% 2
AstA] == R FHE fASHES PIESE W3



RISE LA HE U .o

A A AAE & A9 R Al 2'kETE JolA= A9 st HEgk X E A9
slofof gt

PIESE 3|4 ulgtell AXx|=]o] uige] 4=Qh(bottom pressure : Pbot)d 3 A oA EZ7HA] 12
kHze] =3 =2 AlZHtravel time : 7)& 43t A XA BSE Phot= S804 &
=3+ SSHe} Hlu-ASshe AEE AMEEHL, #EH 59 &2 AR & A i s
A Aol F/EE EAAEE ol8St o WE =A4EEE(GEM, Gravest Emplrlcal
Model) & THe & = 71Xt &< 94 F23 &Y AHES 9itste /e 58

FH @k

36°}\?°E 165°E 156°'E__157'E 158°E 159°'E 160°E_161E 162°E

35'N

34'N

33'N

32°N

31°N

30°N°

2! 3-1-2-3. Pressure Inverted Echo Sounder Z+= AA.

20173 11€¥€ 6¥3} 7Y, AlF A2HE 7|E=o0 2 YA Jason TracksS wal P& 140 km 7H
Ao g Q% 34°50.77'N, 7% 157°20.30'EQ] 44! 5126 m 7ol PIES(S/IN 274)9} 9% 32°
23.32'N, 7% 155° 52.10'E2] 4] 4,553 moll PIESS] A% 50mol @5 < &= An|7p o
2% C-PIES(S/N 406)5 AX|5te] 108 Ao =2 Poote} 7S #S3FATHFig. 3-1-2-3, Table
3-1-2-3). 23 £ A7 AL 108 71FE0 7 15~16% (HA 02 43 A=sle] HAH =
T2} PIES AX AAoAME A2 Fof 3¢ A o W& EHARERY 7|EE 7o A
& AA FAd ik CTD #=S 31l PIES AHlol A= A7t AAL 317 Y I
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2N e BULHO| WIS SY 7

A TRAX4 213 ALE3ke] 12 kHz9] €3 A5 E #=39d. CTD #=3 #= A
Eold &<l & 7 PIESY] &% &8 EE9| RELEAS &2 2sE %—01 TRAX4 Z 2717
o] &3te] PIESS] A US RISt HXE FH st FFol| B4 At AAE 1*&6}&1
¥ f9S FAstEA PIESE 3 *6‘}%1@. PIESO= FH 2 Hltﬂr gho] EVE AX|F o] 9]
o] 4 W HelAe o] 7hestA, sige] £ AU 5 7 A3 A HA
=gy $7} 2o} 18ske] PIEST Z~ElEdA =
Z 83ttt oW 34 Aol PIES 2] 25 A
oA A BlojuA] ghe HAddA EFO0E FAste] oA oAl 3¢ & & Atk 3
47} 9 PIESE #AFEIS} A7l RELEASE REE AR A7) AEE A7 EojFe &
olste]ok 3t} PIES(S/N 274)= -46%, C-PIES(S/N 406)+= -89%2] A7t EojFo] AUt}
2018 ®AMIAME S5 AR A"y 2 PIESY 3 Ao 1018 Frlsie] F 4U1E
ARsle] AHek djoF MEE A= == 3 tH(Table 3-1-2-4). 201730 A= 2t) Z 10)
= AALEE T Q2 7FH-2 C-PIES 3U1E AM&3lt)h AALEEE B2 ) PIES(SIN 274)=
oA PIESE £El5te wlEg] wAlet 5F A5 5 AYPS 43X F BZof AL Th
PIES WHoA ¥ —f—é}L Pbote} & 108 IHAS=Z, C-PIESO| dZ2" ©Z &A1= 308 T
=2

S

o_oﬁ

i_,

3-1-2-3. 20174 PIES MX| & 7[7| HE.

EH

Station Name Co7 C09
PIES Serial Num. 273 406
Measuring Variables Poot, T Ppot, T, U
| ocation 34° 50.7140°N 32° 23.3646°N
157° 20.3687°E 155° 52.0430°E
Moored Depth 5,126 m 4,553 m
Surfaced Time (GMT) 2017/11/06 20:09 2017/11/07 23:16
Recovered Time(GMT) 2018/08/09 05:31 2018/08/14 08:53
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HE 3-1-2-4. 20184 PES A%| & 7|7| &

A3 SATALLY S

21

Station Name Co7 C08.5
PIES Serial Num. 405 115
Measuring Variables Poot, T, U Poot, T, U

Location

34° 49.2948'N
157° 19.6059'E

33° 01.4700°'N
156° 16.8540'E

Moored Depth

5145 m

5126 m

Surfaced Time (GMT)

2018/08/09 10:08

2018/08/12 12:06

Recovered Time(GMT)

Station Name C07.5 C09
PIES Serial Num. 111 273
Measuring Variables Poot, T, U Ppots T

Location

34° 15.5999'N
157° 02.6870'E

32° 23.3210°'N
155° 52.1015'E

Moored Depth

5235 m

4553 m

Surfaced Time (GMT)

2018/08/13 04:42

2018/08/14 10:20

Recovered Time(GMT)
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7tk HERow =93 F B Hoﬂoﬂﬂ 30°C 7FEFe o] #FHUTE 2018d+=
] el 2= 2017 d =9 HwsS W ¢F 5°C 7F

79 ol g Asigon e
% Eoh Alvo] Balg stEd=s %ME e o 25°C AT BEE Mol 27t
AP Holth Qop e AR Yok B9l snn BEOE AYVFE FLe F2
S Woldth A WA B WA AW 0] ELEAAL W, FLe oF 12T VET F
b Gk B9 RN GESGoR P5% Fel WA F7hske] %9 R Fod o=

=
AL o) 22 o 30°col o2 7+ =tk
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'-ﬁﬁ,,_-4\f
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Bt @24
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i
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oA Blojuy B SR WY F F2o] FASH Wobd W A& £ F4sH ok,

dEow ARTSFE QRS
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130°E 140°E 150°E 160°E 170°E 130°E 140°E 150°E 160°E 170°E
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SADCP(Ship-mounted Acoustic Doppler Current Profiler)= X0 R2¥ SulfEHA=E 3|
T A& o= S7E BSITE SADCPe| 54 Fybrol wetA F3ke] Fabs 8l Eésol

v 1L TE Figo] Fol50] A4 o7l =AY Edlsel Skt o
AEsta Hesk f5S S & 5 ok oAM= 150kHze} 38kHze] SADCP7| 24| =
o] &AL F 7AIAQ] A3 R 38kHze] SADCP#ZE1Tlo] o] FojH ). o] ¢

+ T4 46~1,500 mell A* 10&vth FRH R 24 m (HE e ARE
o, 2018 d0o= =4 39~1,500 mell A 10Ewnit =22 o 2 16 m HFe AEE AUk
g3 T =T 5L A=Y GAEES 34 YeERgIT
JE F5&H FEANQL FAANA ATl oF 1 mise] A3
EEE e FEALIMFI F& #SHIAT 2018dd=
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29 FFe AMrlE 2018do] 2017 R FSHA #SHTE o= A5EHY FEAL FFo
M717}F 7}~7‘4«] el M7IET Ate 7]1E9 2 3KSekine and Kutsuwada. 1994, Book et
al. 2002)9} Y= 3t}

TAE 25 EFHE 74 9F 1500 m7bA] 22 iEF
=
=

32

fré50] BEHYTh SHA¥F SADCP

B= FAo] BSEHEY &) d2o] 5 AN F-I =719] barotrophicsl 77 5=
A= AGEsI7E olH. ol % FAIE Hstr] S8l BHASA ol AdEE Lowered-

ADCP #Z=< AAEAH. 4] A &£xxtole 24Edd T3 9g< shad

201813 o] 201730l Hl3] A s HA FAFERC)7) kAl YERST

2017 e 2018
0.5 m/s ' ’ mean velocity 0.5 m/s 1 mean velocity

(46 ~ 118m) ST g & (39~119m)
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16°N 10117 ~ 11112 16°N - 07/28 ~ 08/19
' 136°E 140°E 156"5 160°E 170°E ' 136"5 140°€ 150°E 160°E 170°E

07 3-2-1-3. G BAIEO| A5 SARE o M,

2_917 £ SES S S 2 2_918 LEE L
" T T T P~
T [ [ / T TT A | S~
Bu 2 P
PR S T
i) I 1 .
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M3 Sk WHE H Zat

2. S A7l HE &4
7t SF 2=

sl 91213 75 kHz ADCP= 2 AFAE 4 510 et 110m 71 22 4 620
mell AXHA. sl 7ol o3 dFo= B A
T £13m WA 3 ol = st S
AfAe]l 71ewA EF oz Ao 700 m7kA &7

bl AdE &S FSAE AFAe] 7l=wA #5 ?*n‘ W&ol AU A 924 mel A
“ .

25l RCM 19= A l FART 13m Q& Al A
.

Z RCM 6159 %Er f&é #ﬁ—% 2,066 ME +9m HY A A 2,111 m77}Z], 4,040 mol| Hxl
= RCM 1802 +3m HHolA HW) 4,067 m7HA 7)LHA B=39TE Hel=olA 58 I

¢

§F 300 kHz ADCP+= 5476 moll X511 +15m ¥ oA 48 A3 o, By
G ARt fEel A AFA HA WE S o= 2018 54 119 #F 4do] 16m
A= dojAHA 4 M A7) ﬂzsit} ZF A7 ADCPell 7158 A= 71Est] A
HEol o A5E BHAstY 13 #F A5E AASIAAL, dlF #F Al i £9

AE=E BAT

AlolE W Al(fluxgate compass)e] &3} z& 3ol A @Ash= -2.3°9]
o8 #5 ARE A5k
FEAL G Fe drA otdlget BEY WA s AlololA B3teAl ALY
(meandering)3t A & o2 wWEA o]5ds EAS HAY AF T2 HAHL FEAL &
4 7 E(Kuroshio Extension Path)ell §1X|slHA FaFele= SFo] F5 o|Fa, B2 T4
o] & wl= AFolA 4 200m7kA] 100 ~ 180 cm/se] 3 3 F7F
Fate] Fo|l A Hloju g AT B¢ AEFORE o]Fste 48]
o] EAst=t oluf FFolA 44 100m7EA] 50 - 80 cmise] A&Fst= S #SHT.

=
1=
‘:li‘
5
AA A7) 4 12molA 4 600 A E FLE
%
=
3}

u> -~
R
3

o

I+

o

w

o ofsliA AT WP We H(IH 3-2-2-1).
AAEL 2579 cmils, GEAAELS -20.59 cmisE

c =
FTAE-S 918 cmisolal FEAES 476 cmis® #E T4 Ul A

=

= [e) gl [e)

Z9} g ZAAEL 3.95+7.44 cmls, HEAE-S 3.9846.93 cm/sE

BEAEs= 580] FE o|EH HU 752 SAAEYN EEAAENNA 130 cmis HY A &
o

Tk ©F FE5A2 BER F30) £4 2006 me] FAHES 0326349 cmls, HEAR
4 m

-0.64+3.26 cm/so]aL, 3tF2 4 4,040
MSE B 75 TXAME sk F50l 5 Ao U3 AE ofsHl B3t IR &



ZoA FE3 359 FE5 EIXE FABIAITHIE 3-2-2-2), T F&50AdE 2 AolE B
Aot & G5t 7Y 550l FshAIRE A EAVSHAL, StFolAle dHT ©l
do) BN sl EASHEA ok FHE Fo] BEANIY 3-2-2-3). Hf Joll A
=3}t 300 kHz ADCP2] TAAE-LS 0.23+4.30 cm/s, FEAE 0.38+3.46 cm/sZ 3f# AL w}
g} EEdshe ofgh i%—o] DA BESHA 4 4040me] HE FERT 580] 743
THH 3-2-2-4). A 2,066 moll A vie X714 #5g Hd % X5 15 cmis W=
& AolE Ho|A %‘XIUL, Bt F& EXY Aol 7 FAEE EAlske oA AT
B2 93] At A FAZoNA 24 HE 59 M0 12423 1242432 F717F b
Elvtar, 3437 (near-inertial oscillations) 8 $12] 18-24h Abole] WEAlo] 74&4A] VERFHA
AWyt FEEA JEhdth FEAL Y F3 4£8E0] “ﬂ:@bﬂ g s Pol U=
FoolAe 3Y ol FE e WEol ESHA Yehdti 2| 3-2-2-5).

LR oot AL oSt At ——

100 . Il | | | i”’

200 |
=300 ‘ i
£ ‘ 100
© 400/ th 50
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500 | i
800 | -100
, CTD08 - 75kHz ADCP (V) 11/02-08/10
100 ‘ | ' | ' ’ I f
200 | |
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% 100
O 400 | 50
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500 |
-50
600 | | §-=100
]] ]2 ‘ ........... 2 ..... 3 ........... 4 ...... 5 ........ 6 7 8 _150
TIME
2l 3-2-2-1. 75 kHz ADCPOIIM =8t A7 &A((33.72° N, 156.62° B)2| &5 7L 24,
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3T HTALLY LS U 2

110 cm/s 937m

UINSZ/ 77 NN\ SN

15cm/s 2066m
TSRS /2 | 2o R

15cm/s 4040m

!;"1,~-N.w“m]l““w,amn,J”\‘A\_,,_de\k\,m’W ’FX\“%J//.;&M\\X\“HA.”.M.““ . '“M\\\“”y‘wwr-&ﬁ W,_.\JMIJ,{WVY ”Wﬂ'l\\“&\

I 12 1 2 3 4 5 6 7 8

MONTH
T8l 3-2-2-2. TS RSBA0IAM 2ESH AlF MA(33.72° N, 156.62° B)Q|
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5480 oo 20
sags | v 15
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5500 BRI R | s
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Hih 2R B2 24
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Lt. PIES (Pressure Inverted Echo Sounder)E 0O|&2%t HE

0X
ic)
A4

(1) PIES A&
C07, C09 AA oA 20170l AR/ 20180l 3] F ] PIESAIEE University of Rhode
Islandoll A A AlSH= ¥ (Kennelly et al., 2007)S A-&3te] A3t = 24, 714 AL

& e soll 9= A &7] Wl 108 1A AR Hewkd 39 olske] vl
=E 2A1ZF 2 o] A mE AT PhotS A, Azt WE AlA BAZE WA
|

1
A Aol A o] FAE gt WIS AAN F= Zo] T8 BA
et ofgh Fhd FA o 93t 3 a Hotol WS o FfHom uw-p- Zropa] A o)A
Z YIS PIAE 457 2401, K)F HEEFT7] 2A(M2, S2)= AAT T Alte] mE B

% AA Foll =X o3 HASE o AEsA Al
Aol AAYY 247E ¢33 T A 24 EIH01, K1, Q1, P1, M2, K2, N2,
S2)& AAsIAT olFA BAZT =M o3 o] ks A & 9} nRIAIR 3Y o]
ske] @XlE 5= AATSE 1243 1149 A5E AUtk 249 ko] HLE AlsfollA vt

Go2RE 50 m 9o F&5S ZAHdE C-PIESY A 9 npiAZE 244 93 ghd
371 Aol 30% 7HA e SAARAA HewH 39 olste] @lE s AATL T 1243

49 ARE AT

ot
o3
5 o
2
Y
r
.31
HI
o
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e
ox
m[o

PIES/CPIES Processing Flowchart

Inputs: tau, prs, tmp

1) windowing
and
Hourly Values

* Prs tau tmp
w - -

2) Despike

-~ = T;mk tmp,
3) Initial Detide
(P.)
+ P_ - TS
as a

4) Dedrift
(P, - TS,)

¢ P, — TS, -DC

5) Final Detide
IF CPIES: u,v, cmtmp

(p,_ - DC)
™. B = P_ — DC =TS 6) Velocity
\\ Processing
~
\\ cmtmp eguilibration
. cmbmpy u v despiking
\\\ u v, cmtmp
\\ hu h h
- Y

7) Low Pass
Filter

Prslp, taulp, tmplp, ulp, vlp, cmtmplp

gl 3-2-2-6. PIES XIZ2X 2| ZAIE (Kennelly et al., 2007)
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EAEELE(GEM)S ASA G o WE 2 F/FRE BEIEZHA PIESAA SA S
r e 9 GE zEYdE Heshed AHEEH, dAY AL FA/AE ZERY S ol§

o GEM< ®H=7] 98l FEAL gAY dE AA Y sidste %= 153-161°E ¢
% 30-38°NellA] 1813(2000-2018) &< =% EN4(Good et al. 2013) Z23Y A7FE ALR3}
Atk GEMo] HAAT9S & giHsy] fsiAe #S Z2uldo] AATL, I Aol At
g A YollA 18 F F 9012712
4] 1800dbarS @ 6149719 ZT2uld-S A}
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[ e
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o 32
=
o
ofy
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g3tk o] TEAIES AT R 1A

GEM©] o] AYE 7o WE 3 F/HE B2E 2 Uitk GEMS B FA A
Ao e 5 F2A/FREZ % 25 £017] #si4 Donohue et al. (2010)°] 3
< wet 4% 200dbarell Aol AMGE AEtil GEMS FHEQTE o|FAl ol GEMOIA
b ¥ et 5, Skl siEshe 6-16C T4 o

EN4 profiles(p=0dbar] : #9012
EN4 profiles{p>1300dbar) : # 7897
ENA4 profiles{p>1800dbar) : # 6140
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T2l 3-2-2-8. =2 SMEZ E(Temperature GEM) & AIZL ==, Wz M2
ZtZt C09, CO7olM Z=HEl 1 2f HYIE LIEMHCE
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A3Y ALY LS

HA 201730 FEAIQ oA Y= B 21555E 3755 Alo]E A=ETt A
A 099} HA 14AF0] 200~400 m FAloll= old] R =< (Subtropical Mode Water, STMW)<]
545 7 gt EA@T dSo] ofstal 2 17°C-E 348 o 5742 Qui et al
(2006)°ll Al #53F ofddl REof WSS JX|g B3 AR 09ET 5E A= of

TAOE AZAHAT oldd REFRT
i HATol vehet, 43 08RTE 5FE AR olA= 300~500 m Aol

7e FAANA=
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O ks A52 2498 dar) ok A 694 FH 07 A= 55 SR E&S
FaA 71017 FHth A 0FZoAE EE B vlustds w 29 dI5o] ofstal
A G99 5 GEo] 7 o A AAe] AX dRo] BYskeE FEHE BT

Depth (m)
w
[=]
[=]
Depth (m)

1000, + — i
32 34 36 38 40 42 44 32 34 36 18 40 42 44

Latitude (°N) Latitude (°N)

T3 3-2-3-2. 2018 (2xHAx) CTDEFE &Seh +2(z) A g=2(P)9| 25 HHH

| 41|




QA o QR HA Fe-dE, §24kr ARE o] 85} T-S diagrame FAEHA
ot && 4HA9] 739 CTD AH|o| SBEABEZHE 853+ ARE AMESIth Bk THol= 2+
S Y% FYgole AR g2 EYF EAS
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FEANL Y A9 £8E0] 9 FEAL Ao Tt FFTF F IEd
2018 &A= A o7 TR F8E FSTEE ZAE] 984 UCTD (Underway
Conductlwty Temperature Depth) #Z-2 AA|EFATE UCTDE Al o]FA sl42] A2 E48

Z317] 9%k Avlo|tt. FrHAo g 83k o524 YAE ARt UCTD AlA Z2H

46}/\1711 3371 S WHESte] A4 A2 dHe IE5E 4 9t
A% 7504 85% o]F It F 51¥e] 7| ~H

3= T, A5E g53Th UCTD #= 9
= Aol £55 °F 57 knot E FAISHH A ZEHE FFOE Tl T oF 4721t Hslat
o] ¢F 400 m 7HA] EFEEE 3L, o]F AXE o83ty oF 107 F HFHeE 3|
3Rt UCTDS A #AZ0 AR&3te CTDeF thEA pumpZt §lo] sHdEEol wet AAE
THste e ol vEnh webx AFAHEE Skt oA sPEEET) alelEojoksta,
°]& 123 Ullman and Hebert(2014) WHS AL&3le UCTD #SAEE A3t

30
28
26
u g
=150 150 | L
F-] 2 g
"E. 0 —
© 2000 | 200 | io0 2
s ©
3 =
| I 18 @
g 250 250 | e
u
a 16 E
300 | 300 | 2
14
350 | 50 |
12
400 | moi 10
328 33 332 334 336 338 34 342 328 33 332 334 336 338 34 342
Lat. [°N] Lat. [°N]
0 a5
50 | 50 |
100 | 100 |
E 150 | 150 | 345
=) | B‘
= &
& 200 200 | =
s =
o T
g 250 1 250 | ]
o 34

300 |

g

350 350

400 | 400 |

L n i i i i i i 1 ! i ....l o 335
328 33 332 334 336 338 34 342 328 33 332 334 336 338 34 342

Lat. [°N] Lat. [°N]

12! 3-2-3-4. UCTD(Eh2t CTD(P) 2=(&) H H=2(Eh AtzH| .
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UCTD#=3} AEZH APA=S vlwsii® UCTDZF CTDol Hlg] SR dde &
HAFEY, UCTD 52413 SHEAANA avre FFol Yehdesd ol 7€ APA=
oAE & F AN LFHEY WE wEolth 20T o)t T=4o] 33 FeHE 27|
Tl CTDISZoA = 2410 A Feolth ol 7€ #Zo] TR Egdds &
=314 Falr] ot} 34~34.2°N oF 150 m~400 m FAolA Fe3 JEe] ZHE F A=
oA YEelPdTh UCTD YEEZE HW 345 o] 1o Eo] 3o ez mo 9]
= Ao #FHIL o3 F T AAA ZHET APHAY. AHBASS P
AzEatel7F Bol Urets A& olgtal 78S skt UCTD= 7} ol &3stHA] A&z o=

m FGEA8AZS

FEANL FAY FARFERIE olfslr] s 201733 20180l Z+ A A A CTD frame
o] ADCPE AZsle] CTDHZT Ao LADCPHZS £33t A 4% CTDRZ 37
IFIo] ADCPESS Ao zn AFAel A uad=e] FEAEE SHIRY F
& 25 A AHolA LADCPHEZS AAEH o, 2017d0+= CTD frame2] &% o] =3 T
7} 7y 9] 2] AHA CTD framed] < 712717} 107 o) ol 71&7]9] Wy tol
5°o]4Foled Al LADCPS] A87F X R3FHTH LY 3-2-3-15). 2018d0l= A EAE A
st7] 913 CTD frames 3670 Aol Delv ZlolA 24709 5ol el ACE A
stal, F7tE A2 FAFE frameol 2SO Ay B2E AHAA frames] 71E7]
7} 57olgto]la 7]&7]9] W= 2017d3 Hlwste] w9 Fo]EUth 2018 S-S F3l
A& #F = Thurnherr (2010) S o] 83ke] AZFoll AX 2m7tE e f&58 ALSA.

40 T e S S VR S S TR

KE17 | KE18

ﬁ‘iiiiiiii | ﬁnﬁ“nni‘n |

C13 C11, C10 CO8 CO6 CO4_ COGC CO7 CO9 Ci4 0 I S SR SO S e I S
5 5 F P F FT QT FTF o
g o YFFF O

Tilt[°]
]

02! 3-2-3-5. EEY CTD frame2| &t 7127] X EEHA}L (2D 2017 () 20184
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4500
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5500

Lat. [°N] Lat. [°N]

721 3-2-3-8. 20184 LADCPRRE| S8t R4 DELIH, GISARS (RERS

20180l = W2 FItolA Ar|Tre] THIAHOZ A
|

FES SAET AStHos dr)e] W *
LADCP fr&HRiE2= CTD =4wHEss BEA FASEEE siAsk=t AT 9
th SAFEEIZANA CTDO7.5AAES 71+ 2 ¢ 1 misY #43 FEEFI) 254 o=

= & F Atk FEAL dMFe Falo] Hojds
= ofs A A%k oF 2,000 m7kA] 05 misE il 7EHAl EE0 CTD08AE A <F 1,500~5,000 moll
Al 05 misol ] FEFRIE BSEHAEH BESAEY LAge] ARG A o] Wi
of AA sjF7t ot

| 46 |



H3E ATHULE HE o Aut
4. ARGO float® £3F HFEE o83 A5 #S
7}. Argo float
(1) ol1ZZE #A=
ol EEE(Argo float)= HE F3 Al=F §lo] FAFHES 7HAH F{FE @t ol Eshe
galolth, dtd o g 4 FF(1,000m)S woUthyl 94 Ao R REe A ws
AA] A=E AFHEE B8l AEdh AFe 58S wet o)Fshy] wEe] A
<
T

S/N 2901780+
TJ(Profile pressure) 2,000 m
1%—6‘}%15}. GAb g T f&ol A A=
158° 03.50'E<t Y= 36°0 04.01’Eoﬂ 2719
g 11A] 1483 11A] 268 oA & 100 db IHA S
AA #S AE ALsH %%—6‘}1‘—;% %@SP%E}(E 3-2-4-1). 3Y tAS=
S/N 29017802 20183 7€¥ 25 2
SIN 2901779 A A7HA|

o
CHE 9 FRE] o)5 e A=3Fr] 93] olTZZE 27] SIN 2901779= 59,
tAo = t7] 44l (park pressure) 1,0 3

&ssHHA —’FQ—

= 3-2-4-1. Argo

Column Value Value
WMO 1D 2901779 2901780
Argos number 41616 41618
Launch date 2017/11/03 2017/11/03
Launch latitude 36.09 36.1
Launch longitude 158.06 158.07
CTD senser SBE-41 SBE-41
Control board APF9A-943 APF11-1717
Park time (days) 4.04 2.04
Ascent time (hours) 9 9
Surface time (hours) 6 6
Park pressure (db) 1000 1000
Profile pressure (db) 2000 2000
Cycle(day) 5 3
WMO ID Pressure (db) Interval (db)
1000 ~ 2000 100
800 ~ 1000 25
2901779
200 ~ 800 20
2901780
10 ~ 200 10
0~ 10 5
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(2) Argos HAA] A
OV ZFZEA AFAHSE HFH dolE= ArgosServero| A 2= w8 & Q) o
= e B A5 E ofalFZEEQ ol WS (Argos Number), HIAIA|2] Aol 214 A
B, Az - AE Tol AAE dltiel Argos HlolE WARAZ FERHACG 7|EHOZ HolE
HAIA = g9 EFo® yr R Jar, 247 E5E 3180 EY 1634 WAIX 2 7449
o 2y oJ¥e] FalE 27 HEE HE wHo] 72t APR-9AS APF-11E 7+ B3} v
AAZF el gehe g7t 2Rtk olE fdl F olalERES AR AgA e FEske
TZ3AT WAIA #HEe 94 ESU9E #3FEAAHCRC: Cyclic redundancy Check)E

H 3-2-4-2. Argo EEE A2} 2F Atz 2430 X2 YY.

TEST 4
1. platform identification ARGO PTT number WMO ID “&-8 Ak
2. Deepest pressure test Deepest pressure < profile pressure x 1.1

profile date2] Julian date W89 Ak

3. Impossible date test 17167 <= JULD < UTC date

-90 =< Latitude =< 90,

4. Impossible location test .
P -180 =< Longitude =< 180

profile positiono] SX|AA] A AM|A 2% A=A} topography bathymetry 3+

5. position on land test 5 vl

6. Impossible speed test float drift speed =< 3 m/s

T, G, 4" 19 21 pressure > -5dbar
7. Global range test -2.5°C =< tempature =< 40°C
2PSU=< Salinity =<41 PSU

8. Pressure increasing test | pressure #x¢] =AF R FUFSH=A] AA

test value = |v2-(v3+v1)/2}-|(v3-v1)/2|

* Temperature

test value”} 500dbar w]Rtel| A 6°C W%t

9. spike test test valueZ} 500dbar ©]’gellA 2°C w]gh

- Salinity

test value”} 500dbar W%k A 0.9 PSU v+
test valueZ} 500dbar ©]“gellA4 0.3 PSU w]gt

test value = |v2-(v3+v1)/2|

* Temperature

test value”} 500dbar W%t A 9°C w7t
test valueZ} 500dbar ©]23ol A 3°C ©]3t

9. Gradient test
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A% SRS e Y Zy

TEST A

* Salinity
test value”} 500dbar =
test value”} 500dbar ©

dko| A 1.5PSU =] v

s
1A4Fell A 0.5PSU =] 5l

* Temperature

AHF It 2xxto)7} 10°C m gk
* Salinity

AHT gtelFte] HExlo]7} 5pSU m

10. Digit rollover test

o]
=
11. Stuck value test St T2 A L, EE e Y AF HAF

* potential density (from top to bottom)

AHS dHate] F=27} 0.03kg/m Rk

13. Gross sensor drift test | == G& AA drift AAKCIH #= 259} Hlw)
)=

14. Frozen profile test Argo float &8 2o ZT2ulY YA of B AL

12. Density inversion test

(3) Argo float &= A3}

2017 11€ 3¥e) F3lgh 27]9] oA EREE 7] TYUSH HeFHOE o|Fsitt 2017
11¥ 199 = 36°51'N, A= 159°00°E) ©|FHE] A& TE HEE o]F3th 59 (HACE
F=3E SIN 2901779+ WHAIAl Wako 2 2018\ 1Y 28U (1= 37°08'N, HAE 157°27°E)7HA] A
Zo 7 olEdrh HLH Fo] e A7) Y% I7°NFEH Y= 33°30'N7HA| HHA|A w3Fo 2
A dstar GEoz olFshuA 2018d 3¢¥ 9Y(SI= 33°34'N, 4= 157°00°E) Shatsky
rise A% sjgoll =23t} o]F AlA-L wle} 2018\ 49 % Shatsky rise2 53 3 % 2018
59 WA G5ZE o7 olF5dt) FA7FA Shatsky rise HEEANA W 5L shEA HA
3] Zo g olFslal Jrth whH 3YU Ao ® == SN 29017802 2017 119 20Y A
AEFo = 80 km HHAE 9] 39S 3| HASIHA 197HF £ 20184W 1€ T¢HE EAZO=R
o] &gttt

i 130°E 140°E 150°E 160°E 170°E 180°
ARGOS-TRACK 2901779 : 5-DAYS
; > 2901780 : 3-DAYS
PARK DEPTH : 1000m
TARGET DEPTH : 2000m
4ao'N!
< Ry
N[ fat”, %0 {
J 154 { ...,\‘-f;l}
30°N
25'N

02 3-2-4-1. FRAIS HE0| T3 Ago BRE 0I5 AT BE 2.
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T2o] @2 Al7] 9% 37°Ne] 5 Yol X5k, 2018 4¥€ 1% 38°15'N, A%
150°E7}A] ol % 2018 7€ o, 9= 32°10N, HAE 154°20E7HA] E&Eo 2 o]l F3liY 2
719] ol EFZEE 5 F7] AR QE) FEAIL S Yol A Al-FIHEQ o] &
AL B3I T 9] B£F 428 290 136CE 9= 37°NolA 71 a1, 8¢ &
5 32°NollA 282TCE 7P EUh 2719 olalZ=EdA #A53 F4AE -9 X5
HH 34 AFE £ A9 35 ol o IRt A-AH] £ HEo] F
Hatal FF G2 A EA o3 wWFo] A A-FAHR] WHEo] BT FREOE FHE
3k &t A 100m ©]Ehe] - dE S AR WMEARGE FHE EAdo] st
o, FAEE Y& 3BNE 7|Eo 2 BE sddoes A-Ade], E&F o= -1l
o] |47t BEITHE 3-2-4-2). A% 35°Ne & 3]H9] 345 psu o9 nHEFE T35
ol 4l 300m7kA] BESIL 34 psu ©lFHe] A FESFE 600 ~ 700mol EEITE A=
35°N9] B2 9o A= 27] 4 50 ~ 120 me} YH T ol ATt 3475 psu o] FESF
7} #=H 3, AGESFE 350 ~ 500 mell EEICH LY 3-2-4-3).

0 5 101; 20 25 30 35 40 45 50‘55.821!?5_?0 75 BP BF)_ 0_§ 10 15 ?0 25..'530 35 40 4:50 55 60 65\5?_'9._2"5.’_'{_3(_]_3120

—_ (. e = =

! Nr-‘ \*‘\’-.

easure [db)

0 5 10 15 20 25 30 3_5 .4.0 45 50 55 S{E 65‘_?0 75 80 85 0 5 19 1_5 20 25 E-D 3_5 4_0 45 50 55 60 6_5 70 75 B0 85 90
250 [ —— 250 e
500 [ B . 500 FR=Eae T e T
= - Dozt et e M ———
5 750 L e T 5 750
£1000 £1000
: 13500 £
1250 ’34_75 1250
13450
1500 = [3455 1500
1750 = 34.00 1750
— 33.75
2000 3350 2000

J%l 3-2-4-2 Argo EZEO0|AM 2t53H 21t HE 2. 2001780(21%)2t  2901779(LEX).
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Temperature Salinity
150°E  155°E  160°E  1B85°E 150°E  155°E  160°E  165°E
39°N 4m 39°N 4m
‘\h .
36°N i so 36N o 1 35.0
ko 25 - i
33°N - 20 33°N - 34.6
-y 15 - 34.4
30°N 10 30°N 34.2
150°E  155°E  160°E  165°E 150°E  155°E  160°E  165°E
39°N 100m 39°N 100m
. iy
q"‘fh T - &
36°N 22 36°N | & 35.0
A 19 N 34.8
33°N y 1 16 33°N : L ¥ 34.6
- 13 - — 34.4
30°N —J %10 30°N —J V342
150°E  155°E  160°E  165°E i150°E  155°E  160°E  165°E
39°N 250m 39°N 250m
“aly .
36°N L0 18 36°N 35.0
£ = }3 X - 34.7
"N "N .
33 J 3 13 33 Sa? 34.4
10 L 34.1
30°N —J1t g 30°N — 1338
150°E 155°E 160°E 165°E 150°E 155°E 160°E 165°E
39°N 500m 39°N 500m
6N Q_H 13 36'N 34.4
- = : " 34.2
33°N 3 L Z 33°N . 34.0
5 — 33.8
30°N —Ji 3 30°N —l 336
150°E  155°E  160°E  165°E 150°E  155°E  160°E  165°E
- =
. = : >
36N 45 36N 34.5
L 4.0 34.4
- . 34.3
33°N 3.5 33'N Esi
3.0 34.1
30°N —1f>5 30°N — 1340
T2 3-2-4-3. 2A2 ERA0IM BESH Argo ZREQ| 4AlM £ o8 Hi

Lt #5 siF 54 A
FEAL FHYY 5 dMF 54 AR Hall ZFolu AT ZoldA o=
BIEE o] &3l a4 2 YL 2= 1gdxer =AWl SVP(Surface Velocity Program)

drifterE AH&SFATE ©] drifterss £3 dlF{ol we} o]FstAA dA 7IZF T4 X BRE
TR FF AFE BSshe AHIE, 15 ASFH71H(NOAA)S AOMLAA 3338kl Qe
Global Drifter Programse] €3to 2 2018 8¢, 571 AA-ANA 11719 drifters F3letdth £
Al vl A A ARE 250 W e dFAY SAF difterel, % dFE wet
o] 53] 93l A 15m Zlolol| 6.44m dole] YLdE Aol ¥F drogueE 73T
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3-2-4-3. Ocean Current Drifter 55} A&,

EH

No. Time (UTC) Latitude (°N) Longitude (°E) SIN

1 08/09/18, 04:14 34° 49.241870° 157° 19.488655’ 65433170
2 08/09/18, 04:17 34° 49.395389’ 157° 19.504818’ 65433190
3 08/12/18, 03:02 33° 42.802166’ 156° 35.027555’ 65385690
4 08/12/18, 03:03 33° 42.688703' 156° 35.023983’ 65480860
5 08/12/18, 03:04 33° 42572877 156° 34.984602’ 65480870
6 08/12/18, 18:39 33° 01.597033’ 156° 16.909132’ 65431350
7 08/12/18, 18:40 33° 01.677731’ 156° 16.953017° 65432430
8 08/13/18, 10:17 34° 17.018127 157° 02.770838’ 65339940
9 08/13/18, 10:17 34° 16.988328’ 157° 02.747297° 65339650
10 08/14/18, 18:04 32° 23.592060’ 155° 51.638099’ 65339630
11 08/14/18, 18:05 32° 23.523214’ 155° 51.585239’ 65339580

olgf 18- 570e] AHolA F&}3F surface driftere] T3l YAFEE 20183 12¥ 317149
olzAHo|t}. 7+ HHolA F3Iet driftersS F3F AlHAA AVHE ARG 3 ARE
Ho|thrl Alzte] Aol wel Rl & F22 Ezith

7V Bz A o)A T3k 27149] drifter= 9% 40°N-7 %= 156°E H7HA] AN H=z=2
o] F3tRL, 1 o]Fe 17]9] A5Vt EFAEH] AR thE 17]9] drifter] %4]59}% ThA
dolgoh 7P & °1W F31ek drifters A A AHoA LS diftersS =
3I°N- = 162°E F-9] obfell ofs YA7I7ba<t 28 v ¥ro = glojyitt ILFJT— o}
FollA Blojdt drifter‘é% T YHE AE, dFe 5% 5 ok o R o)Fssh

aF7E g Aol A drifters 3ol 9% ool FE#XA YEAT, {7 s A
Aol A FAAFol o3k AlALEe] 31x4d o]Fo] FEelzlth Driftert $1x1% 9=l wheh
02 B4 F710 o3 FHALES 3t o)BAh

o

50°N T ASONp = r———— 1
= = ¥ #5
- 4P
_-J;\I" A :'-f
1 0
40°N} ¢ ) 40°N

LR L Y

30°N

20°N

i

10°N "

130°E 140°E 156°E 166°E 170°E

8l 3-2-4-4. 5518t Surface drifter25E 258 20184 12& 31271X|2| o|= #HIA.
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< FEANL FAHY shR sl $A

il At 712l B #Zo] AY (UG ol d& T

A5 0| AR, AlEFTHAR] AlgHd o] 17] wZell Extended R

(ERSST), Simple Ocean Data Assimilation (SODA)E H|&E3F A3 AE, FX2d &%
T I &3t FEAL GG Y HsHS EASATHE 3-2-5-1).

econstructed Sea Surface Temperature

140°E 150°E 160°E 170°%€  180°W
[d} ndard Deviation (0/0.2/1.2) [°C]

%.c ] ]
& iy

R S
25:‘30“5 150°E 160°E 170°E  180°W

(e) SODA Mean (0/5/50) [10°J/m?]
50°M e —_

140°E  150°E  16O°E  170°E  180°W
{f) Standard Deviation (0/1/4) [10°J/m?]

e

30°N
. i el
IEII!‘:'E 150°E 160°E 170°E  180°W 140°E 150°E 160°E 170°E  180°W
.81 1K09 Mean (0/5/50) [10°J/m?] (h) Standard Deviation (0/1/4) [10°J/m®]

O
251

150°E 160°E 170°€  180°W 1407 180°W

T2l 3-2-5-1. SMEIHY TRAIQ SO AE 250 A 700 m

L 82| 45:4(1964-2008'H) Hitnt EFEHXKL

| 53 |




o FRAR S SRRSO HE

m
0x
re
-

7t FEAQ =S ME S|t Shatsky Rise FHO| Z2|H EM4 H|w

Shatsky Rise 2 F2AQ FFHo] FFEG Tl X sh7F sl sigdd. 1

H 3-2-5-29] HHAoA & F Axo| T G EE Aol ARgET ofstal, %o
2 FHFEANL AEY AZ7)E FsiAl YUERdT) TS Shatsky Rises BIESH X189 I

o8 FEANL AET} GROE A= FHE Hlnh

{a) Mean Temp [°C] (1 4?_#_5;; meridianal)

0 (b} Mean Temp ["C] (155-165E meridional)

= 54

100 :
iy / 7
T 8
Pl v :
A0 =—-—-—-_ 3 éﬁ
a
2
0

700
25 a0 35 40 45 50 25 30 35 40 45 50

psu] (145-185E meridional) (d) Mean Salinity [psu] (155-165E meridional)
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= 200 2
E 338

300 | %
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E B ~—/.§ -2
0 500 el :
RO0 EEETETTUEE e N e :E
700 o e .
25 a0 as 40 45 5O 25 30 a5 40 a5 50
 fe) Mean u-vel [cm/s] (145-155E meridional) (1) Mean u-vel [cm/s] (155-165E meridional) %

100 b 1 | ) 20
i o o o =Y (o 1 15
E 00§ | M 10
- 300 F | {5

. n 1 {]

400 § 1 -5

i 1 -10

8 500 F ¥
-15

[ o 1 =] =

G600 ¢ : -20
i 'i‘\ | | I= 25
700 - FW— s " - = =30

25 a0 35 L] a5 B0 25 an 35 a0 45 50

LATITUDE (N} LATITUDE (N}
T8l 3-2-5-2. FRAIR ST MR SiA(SA 145-1555, 1% WD)n} 517 s1AUSH 155-165%,
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FEA L Y Y FSHE 700 me] EE&FS ALtete O A
59 oF 350l 9AI% Kuroshio Extension AE2} 59| oF 41%=0) £Z3}= Subarctic Frontal
Zones FTHOE FE W £ G Aol7t A Yehde AAHE, 48 EE WY
20| % AfF A=A A YERUH, A AEAE A JERdS o F AT
d-F4d F7]9l A= Kuroshio Extension A|E<2} Subarctic Frontal Zone2] &-&3Fo] AxHA
A S7VskAY A ZFASk= Kuroshio Extension-Subarctic Frontal Zone (KE-SAFZ) &
(¥ 3-2-5-3), Kuroshio Extension AEE FACZ d& w3k d&Fo| 22t F7tskAY
3t Kuroshio Extension (KE) =7} EA13HE RATHIH 3-2-5-4). KE-SAFZ RTof

1970'dtholl Hl3] 1980 AthHe] d&Fo] MutH oz ZAaFte Ae & F dom, KE
To w2 1990 dthel 2000t Zykoll Hls| 1990t Fwka 2000t $FRES] A8-FF
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Upper 700m Heat Content: CSEOF mode2 [J/m?] 4
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PC time series of the mode2 (KE-SAFZ mode)
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Upper 700m Heat Content: CSEOF mode3 [J/m?] , o
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& UeEPdtE AS & 4 Ao, o]#3 KE RE= SAFZ} #A §lo] KEQ] A7)

N
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AEo] sk, JiAoE A77F A2 2 mm o|ete] FEZFAEY] HIEo] FUHEIA
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5 o7

747k e] ZARE AAIS] SR E, 2017 d0l= AAYR1 B8R 8, 904 HEEFAESY AT
o] 7P =A YeRtoH, o we} 747t stZF(Bacillariophyceae), 28 2ZF{(Haptophyceae), 5=
FHChlorophyta), 12]al 231 2 ZF{(Cryptophyceae)2] A A|414~21 fucoxanthin, 19’-hexanoyloxyfucoxanthin
(19°-hex), chlorophyll b, alloxanthin®] A5 %=7} 43 8, 994 chlorophyll a®] %9} 34 =
olAlE e wotd = UATh ol HAHe FA BE AFTFERE LT FIIIEY
Taol 78 Yo Asdnt W] W9 00 thd 2-8=7}F %2 Prochlorococcus®]

A A2 4 divinyl chlorophyll a2l 7d-¢- th& MAEd = HHE AdG0A 2388 F57} wol
A= @igo] BEFJoH, o] E}E} W% (cyanobacteria) ZMH FEE U3 zeaxanthin
o] % TE 8, 9 BHolA HH R FFaste BFFES HEPHAT SHARE zeaxanthin®]
¥ AL ©A] Prochlorococcus] Aol 7118S B JdxFo] Ao it 7| =7}
Z Synechococcuse] M = 23|28 HAAAdGAA S71ekdth WA 9FH 2 ZF/(Dinophyceae) 2}
3= ZF(Chrysophyceae)2] AA17F-e YER= peridinin 3} 19°-butanoyloxyfucoxanthin (19°-but)
o =+ A 8 99A AA F7FSHA Ftt

2018 o= S, A, Aol ko] 4o FEG 2017d 7= 2E], FEANLY} 2

H(RER) 3 54 Aol= BAst= YA 81 qu
EEYIAE T8 A& FEES AT AR Btk 7P a9 A% A 0
Ao e (16 mollA chlorophyll a F=2] Huigle] Uepton, &5 l L
= AYsta A9ER A= A 9 oA Add AHelld A 9dlM= 90
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T 23X A FARH UdERAIT ddiF o s Alxze] A7)7F A3, FFET SHS A
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7ol UElyth FHrzRel FEZF E3 94T Ahv HolA LAY B 2 4 4
E 7IHo R uf=et AfEolAe EE Aol7} HEsHA Uit Rt 2 S2F9 d2F
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g ASETE BojAl= AL YR B F Utk AR 4RT AR oAM= HFA AL
2 ERTE AAFo] volAls Aol Uesth sHAT AR 7M s tE Af=E dHel
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chlorophyll a, zeaxanthin, chlorophyll be] 7447} 34 UEST

(4) FlowcytometryE ©]-8& ZH|AAEEFIE MAST
ZNAAEZHPFE] 73 MASTE 20173 20180 FEEHE AA-A =
UERA] gtor, E3] T8 AY FodA= FH 7-990A4 dulFoz @ A

I
2
2

T
o
ot

_‘ 0

| 74 |



A% SRS e Y Zy

T AATE 201739 P AAEEFIE T 5 Cryptomonads, nanoflagellates, picoeukaryotes
9 Synechococcuss= AH 8, 9914 =A] IZE A1, picoeukaryotes?} Synechococcus”t -frAHH
HES GeERHSITHFig. 3-3-2-9). T/ue] Al AT el Ee AAFE REdhs
Prochlorococcus®] 74-¢- B2 7HAl=5 Hehislen, 53] A4 1159 33 shiolAM 78

Be A4S ehigc,
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2! 3-3-2-9. F2A| &&EA 2017H AL ZF =2 ASEEFE ZE9| A
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(<40 zm, Cryptomonads, nanoflagellates, picoeukaryotes, Synechococcus and Prochlorococcus).

201811 9] 2 AAEZHIES] 73 MATE L5 0kA L dlHd FH 0
& 7t BZHEAKFig. 3-3-2-10). FEAI 29 FFS A L= A= A Xu%oﬂxt A
78 AA del AR, T Sl AR 7oA AdiAocE B2 w5 UEAS. A sl
A} Cryptomonads ¢} picoeukaryotes”} 5-AFSH SiB1e] Al EXE Yehllon, A3 09 25



2N e BULHO| WIS SY 7

of|A] Z+z} 57x10? cells ml?, 3.8x10* cells mItZ2 7} 2 AAFES Vet =3
nanoflagellates®} Synechococcus”} F+AFgF IE-S YeRflod, A 19 25 molA] Z+zr
4.9x10° cells ml?, 6.4x10* cells mI'2 & AAFES A + YUtk o)F AY=E 242
MAGF7E Zasith A3 704 thA] F7F8FATE Prochlorococcuss TS BERT = w2
FEANL fiFelA B2 MAFTE SAEULL, QoA o= Aol BEEA FUTh
A 49 56 mol A 1.4x10° cells mIt2 718 2o AAFE Jehd AHL 7|H0z Z2AQ
37 YIS e AR G DCMTFTANA w2 Azg7t dEEHIAT ol A2/ F e
T3 54 Yeiid AH 794= A9 oz e Al 71 YERGTH

(6) FEAL FHAYd &= NEEHIE T EF7 2 %

2017'd 109 FlowCAME ©]83te] #53 A, HA A A4 Eof F oA A
EZE0] =33s¥ Tt FE Rhizosolenia, Thalassiothrix, Thalassionema, Lioloma, Pseudoeunotia,
Ceratium <2 ZEo°] =339, AA 694 Chaetoceros, A7 8ollA ol AAlSH=
Chaetoceros®} Bacteriastrum 42| FEo] 25 ATH(Fig. 3-3-2-11).

II““IM_

AIEI=gI==ms
AEe=aman

<744 6 >

E=jEnsginae

< A7 45 >

EAL = IM FlowCAME &E35t0{ &tolst
O|O|X| Zzf.

2018'd 1099 ZAfA= ®WEo] 20 pmdl HEEFIAE HEE T8 AT A=xF
cleaningS ©]&3te] Azta) spwke W
A7 DY =] YT AHL/AHL] QofAlL 3 W4 w2 Lioloma elongatum,

2

& of| A
Actiniscus pentasterias 5°] SAZo®E ¥z FHAOo, Al P ofdtf e AFEFTU
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Asteromphalus elegans, Chaetoceros lorenzianus= 374 = ATh. Coscinodiscus marginatus <}
2ol F2A4e AYd 5E4E Ad T2 WFder dRUE A g1 SdsAT 112,
1Y FEAL f'ﬂhr«l FIFol F7ehs ANE AHe A5, Gl B oldd AxEFo =3
o] Z7Fstd=dl, =7 745 Asteromphalus arachne, Bacteriastrum hyalinum, Chagetoceros
messanensis, Fragilariopsis doliolus, Nitzschia <3} Pseudo-nitzschia <2] thFdt FEo| #&F
A, epHEm x| <43k= Dinophysis, Ornithocercus 42] FEo] #ztgd wel Y4 A2F
o] 23 Wxe =T EAFE AR Hol HXetL UFol= EFstal, 1%
s A A/ A T &5 et B 588 §E4& Hole %7‘4 72 % 23%9
*‘”‘—E‘%EE Fol St A AH T UM B Fol BERENLH, T o7l HHAA

4632 TEF 639 JHEZRF EdS FQUSIAUTHFig. 3-3-2-12; Fig. 3-3-2-13; Fig.
3-3-2-14). ol FEF/F 3 e Ao=E osE & oy, xR FHH EF 2 53
< 9?3 ARk cleaning@ g 02 Qlste] RIS Ejete OE AEEHAEC] AA
HA7] WjZoln EF ¥ S st AR &A% AAAA Fo WHE 53 uS
A BAS F7HH R 18T Aol

o o

o

¢

T2l 3-3-2-12. F2A|2 TN £85H= SASLUT. (@) Coscinodiscus marginatus,
(b) Actiniscus pentasterias, (c) Actinocyclus cuneiformis, (d) Asteromphalus elegans,
(e) Coscinodiscus granii, (f) Chaetoceros danicus, (g) Actinoptychus senarius,
(h) Asteromphalus arachne, (i) Rhizosolenia hebatata, (j) Bacteriastrum hyalinum,
(k) Azpeitia barronii, (I) Chaetoceros peruvianus, (m) Hemiaulus sinensis, (n) Hemiaulus hauckii, (o)
Asteromphalus roperianus, (p) Chaetoceros messanensis, (q) Bacteriastrum furcatum,
(r) Bacteriastrum comosum.
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(a) Y 7 /KJI (b) | () (d) » ; o (ﬂ /

& o “ L Fopm : (E] — b—-“. o e

12! 3-3-2-13. Morphologic images of pennales in Kuroshio Extension. (a) Fragilariopsis doliolus,
(b) Nitzschia sicula, (c) Nanoneis hasleae, (d) Thalassionema bacilare, (e) Pleurosigma directum,
(f) Pseudo-nitzschia pungens.

(c)

T2l 3-3-2-14. F2A|2 &AM E8i6H= HEZTF (a) Dinophysis acuta, (b) Dinophysis tripos,
(c) Dinophysis acuminata, (d) Dinophysos schuettii.

(6) BANESY PHSH JESFIAEAANE 77 24 T

A= ¢ 20179 2018 BT sFollA $A-sk= 7FQl Alphaprotebacteria,
Betaproteobacteria, Deltaproteobacteria % Gammaproteobacteria’} <3+ Proteobacteriai=©] 3]
HollA 3 SRtk =3 AHEZSFTIAEY AAF] 5o wt AT STk w3
Flavobacteria”} 2018d #|-2/A o] 2okA e 3iH] AH 0~249 35 Y oA Hoj
70%° 15 ARE & 3 2AS Yo, 1 9 Helse mlg B FFEoR
EAHATE 20179 E9] 3 pm olEke] YIAELS 3 um o] AHE Hlste] F4lol e
TSI T YERS S U Fig. 3-3-2-15; 3£5 Alphaproteobacteria; =% Deltaproteobacteria;
1% Gammaproteobacteria) 3l < W3l= A UERA] Zodth o] YAt FEE wvhE| g
olZ AAR= 3 pm o]l v o} 32l GammaproteobacteriaZt 71 - 7] W&
oln, o]& Fal ALY W ot I AolE HYUS & F Uth

- Above 3 um size (%)
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08 3-3-2-15. 20174 F2A|2 &t=H0i|AM Proteobacteria &2 £
(Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria Deltaproteobacteria).
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at

2018 FEANQ FAHNA 3 pm o) B olst Ar|e IRERA EF oL i<l
AT AYoAx T2 F|Hol H|St] Deltaproteobacteria®] A& 7| =71 =9kom, AH
24 A5 9 QofA e Y-S AL tiFEE |He A S04l Gammaproteobacteria’} =24
A A SFATHFig. 3-3-2-16). °]& S5te] &5 WE B wE oY S AAF &
T ATk 3 pm Z7] olske] FRHEAZAAE tFEES slY EZo A Alphaproteobacteria”l 5
A ATk 44 A 7oA AEEFAE AT 2 JAYE ARSI BE AR 2eolrt
A Yepgoy, dAdE 7 A 4 F 694 Thh AolE BT o] dde) FFelA
Alphaproteobacteria’} =4 el on, EZo) A Alphaproteobacteria 2.t} Gammaproteobacteria

7} 3kt

- Above 3 um size (%)

Alphaprotecbacteria Betaproteobacteria ‘Gammaproteobacteria Deltaproteobacteria

5 T [

- Picosize (%)

Alphaproteobacteria i Gammaproteobacteria Deltaproteobacteria

&
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T2l 3-3-2-16. 20184 F=2A|2 &HEH40]|M Proteobacteria &|e| 2
(Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria Deltaproteobacteria).

201739 Al 7 AL flow cytometry2 #Z3 2T FARE 2E5S 1T 4
AR FRIAAME AHGeE AdHEHE=E A 7
Prochlorococcus”t YAIZ o2 -4 ‘S}Eiifﬂ, AXAYS 7|Fog BZ 9 9 AHZ 1004
Synechococcus”} -+ sl A Rl sl E& sy 2 729 sy T35
4] Prochlorococcus”} -3 o}EiE‘r(Fig. 3-3-2-17).

3 um o} =7 IAYELS Z‘i/ﬂﬁfﬂw Bacillariophyta, #41<e] 333 3hFollA
Mamiellophyceae”} %% 3o, 1 ¢ ojF &l o Al HaptophytaZ} -4 3FATH 3 #m

ol3} Z7]9] WAMAYEL Aol A Chlorophyta Cryptophyta”} -4 3tdom, 1 9 diFi&
9] &l H ol A Haptophyta”} +4 3} THFig. 3-3-2-18).

r&;
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- Prochlorococcus HL/ LL (%)

Prochlorococcus HL Prochlorococcus LL

Depth [m]
Depth [m]

- Synechococcus 5.1 /5.2 / 5.3 (%)
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2! 3-3-2-17. 20174 F2A|2 EHE40IAM =0|MSMZF 2812 £ 3= (Prochlorococcus
high-light (HL), low-light (LL), Synechococcus 5.1, 5.2, 5.3)
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2! 3-3-2-18. 20173 FZEA|L EEIA0M ZRISHMZo| 2x
(3 um o|ate| &l Prymnesiophyceae, Bacillariophyta, Mamiellophyceae, Prasinophyceae,
Orchrophyta_unclassified, Cryptophyceae; 3 um O[5} =O|AZEHIE Z&!
Prymnesiophyceae, Mamiellophyceae, Orchrophyta_unclassified, Archeplastida_unclassified,

12 13 1.5 10 9 8 76 4.5 14 13 115 10 9 8 76 4.5 14 13 1L5 10 9 8 76 4.

Pelagomonas, Prasinophyceae, Chrysophyceae-Synurophyceae, Cryptophyceae)
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(1) 284 9 JIA s B2
2018\ 8¥ 9] AW AL AxAPAEHL 150.7~7822 mg C m® d'E QOFAQ dF FF
< W goA =i, FEAL FY FEFe e dlYolA WEdTh(Fig. 3-3-2-19). =T A
39 8540l dofd AAH 7dAME AEEFHIE AEFY SV wEt FuHoes w2
L ARo] UrEbst T tiF-2e] %S0l chlorophyll a gtel =& DCM SollA A4k o] =7
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Fi 73T SHEE ds 94 74 225 Ho
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£ Fig. 3-3-2-20° =4ls}=oiQdth 2017L:1 8%4 , @A A FulFm (3R
TE& AN Aol7t A YeRgerH, AdYel ] {35 dFA =2 FvFm #ke] YEr
W A gy gREe] BHEANA 73T Y AEFel 52 FACdA & FFm #
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QUFEAL Y] 2 = ¥ AEFFHTZY ALEHY b=

<
T
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(2 dElgol MAST 2 Y4

2017d wrElglol AMA= F3 sldol A oF 8.0x10° cells mI'E =A Yehgon, E3]
A7 70014 10.1x10° cells mI*Z 71 A Z7go] = ATKFig. 3-3-2-21). 4] 1,000 m o]jo
A1 Brelgole] AT A9 BZolA Eof FSo2HE Y f7]E Fw(export production)
o] & 7ol Utk

-~200 m -~1000 m

Bacteria (X10° cells mL?) Bacteria (X10° cells mL?)
o 8 0 ! T 7
- .
6 5
b1 —
E g ,
g 100 4 s
3 3
i .
10 z
i 1
200 2 o 0
14 13 11.5 10 9 8 7 6 45 14 13 115 10 9 8 7 & 45

2] 3-3-2-21. 2017 F2A|22-840fA2| Prokaryotic A4AH.
201839 A9, QoFAQ o] JES W 19E BH 0~249] FFolA HHEE o A
7} 35.1x10° cells mI*= w9~ A Yebstom, 4t sl te AT &93) =7

Ve THFig. 3-3-2-22).

Bacteria (X10° Cells mL?) Bacteria (X10° Cells mL?)

2.4 1 0

w
co
=~
()]
F =Y

9 8 7 6 4 2.4 1

T2 3-3-2-22. 20184 F=2A|2 2-EAolA YT el|2(of Q| THA|=

Jo

20183 FEA|Q3AA o] SFuuloA] HESE ulggjo} AaE e 19w Aol AH (o
A 7P wob f71= Eaol TS AASFITHFig. 3-3-2-22). A 004 A 47 A}
Akl Oigk whelglol AabE e wlgo] 12-17%=E YAl Yehd Wi, AE HHelAM=
50% o= X3, RIFEAR otduisiHolA wd= Holws T3 oA 550 8%

& AAHTH
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120

100 H~

80 ~

40

(mg C m2 d'l)
o)
o

20 -+

Integrated
Bacterial Production

O T T T T T T T T
St.09 St.08 St.07 St.06 St.04 St.02.4 St.01 St.00

Station
T2l 3-3-2-23. 2018 T 2A|2 EHE0|M XA HIE|Z|of AHAM,

() FEAIL BFH AL D A4t
20173 10¥ FEAIL S HAA IAFALLE o] &t AYMAYNES FHT
A3, FZAQ o= dRF F3HEE(ammonium uptake rates)7F 7HE =A UERS
O™, QA (urea uptake rates), Z4FH(nitrate uptake rates) E3FEE, HATA L E(nitrogen
fixation rates) <=0 2 %A UEFSTHFig. 3-3-2-23). A o] $1x)3 AH 8ol|A LA ]2l
3= Judel AAd 5345571 604 mg NO; m® d'2 7P A4 vehgon, dude o
®ohe AR 1394 AefEe UL dEFH 849 FIEETE 22 265.0 mg NH,'
m® d*, 306.0 mg Urea m® d'Z 7F =& 32 Btk =3 gukz oz AHoze dusy
NA 3 e FATAHA 93 U] T FAuALEEE 7P A= AH 1380 FH
9ollA 7F& =& ZH4.0 mg N, m? dhS Bt
BE A% gl X3 AHEZ FAE U= 20179 109 2] 39, WG] FZA|
2 FFe 3 EAol wet H AJA4ke] 91.140.1%°1 0.2 =4 YElTE AT HAA Y

QNG MR W T |

o] F4=H= AA 8M BT okl YIHol FHIN AV FFTLE FAHUA A

0

2ko] 165% 744 S7behe AdE Uetllon, ti7] Fo| dAh 1S Be NEde] uy
EAEg & 9FE & ACE /U dAuAEEE ddd X VA s 2AVIT F
F YERATHFig. 3-3-2-24). sFA|NE 2017\ A4S dEE, AAE 2 849 F3ES A
o =& 2 7Y 1NS Hrhete] A@FoEN, ARG AP IIEHASS

FoIg Bartk ek 2018d 2AIAE kinetics AFE F3) olelF BAYE ngdtu 3
gor, @7 AuE B4 Fol Ak
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MN3F Sl e o At
(4) YREALLE o4 Yoo 72 AT
20179 FRAL FAAe] A5 Ao s=EFAE] da el da wvt
7P g s Bon, ol duididelA 3 ste dAnBARE VAT fr1E g
SEETL HEas 9v| THFig. 3-3-2-26). AT duisiHH =9 Ho|HoAM = FEE
FAE A7)0l OE FFHAY Aol7t A FUE W, AA A= A7) mE I
A9l S77F BFEHAT =3 A= dujs|dors FEZSHIESY F7]d nE Ho| A&
59| zol7b #AFHAUTKFg. 3-3-2-27). ¥ AHE Ed=E 2017d FEA L FAH Holw
ZAF A3, 25 GA- ol A pico-, nano-sized] F71ES A A=A o]8H ¥ TEET
AE AEgd AR FZ5HT
| ost 45 ost 6 ast 8 Ost 11.5 Ost 13 est. 45 ost 6 ast 8 Ost 11.5 Ost 13
12 - 8. .-
- - “ oy
? 10 7 . P ? 6 | ch_t@l _____ ‘ (3}_\\_’"
=] 8 A EE - \_J
< - < neE - -- "'D%ED
Z 6 - A = [l
© 0 24
o 4 O o NelE ---gF----—5-
2 0O A ©
° 21
0 4 (] It -
‘2 T T T 1 16‘ T T T 1
-28 26 -24 22 -20 -24 -23 22 21 -20
8"13C (%) 813C (%o)
7l 3-3-2-26. 2017'd FEA|LR 2 &AM Y SAAE o|Sst Y M=9| Ho|T A7t
(1) > 5mm (2)52mm  (3)24mm (4 1-0.5mm  (5) 0.5-0.2 mm
(6) 200-100 pm (7) 100-20 pm  (8) 20-2.7 pm  (9) 2.7-0.4 ym
12 - -
o [st45] o7
—_ b (1) (2
£ ’ ® @ (53 [3] 4
z ° e ke o
) ) (8) 4(7) O (m O
o 4 - (5-6) (8) (2) (3)
(6) (&) &5 ¥
(5)
2 | A o) 6 @
(9
0 T T T 1 T T T 1 T T T 1
-28 -26 -24 -22 -20 -28 -26 -24 =22 -20 -28 -26 -24 22 -20
5'3C (%o) 5°C (%o) 8'3C (%o)
O 3-3-2-27. 20174 F=2A|2 =HEA0M AUESHRAAE 0[&st F7|H M=o Ho[L HA7&Dt
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2N e BULHO| WIS SY 7

3. A% dA Y=
7t M2

SolAlo} Aato Al 7]Q1E WA (East Asian dust)s= T2 B-Hol| AA T FFOE HAHM
GOz o] FHTHLee et al, 2015). FopAol WA= A, 3 22 FId

of Fotrlol WA= Fef el FuEo] i LAy X S

(Tan et al., 2013; Yoon et al., 2017). SEfH rth Pacifi Subtropical Gyre: 15°N
to 35°N and 135°E to 135°W)3llY #EF3dlTv 22 FUE 555 HUKDore et al., 2008;
Karl and Letelier, 2008). ©]ol o] & ollAx dxAB4HI-2 Fofrlol HA ol & FFS vt
STH(White et al., 2007). HE|S8%F ofd] SR/ FNA B2 FAA7 ] IFHEo= HEe
AP 4kAd-& BIBALA 7)ol Bl oF 70% =S4TH(Yoon et al., 2017). ©] 718 Y3 ik e
sHA g4 HEE A7 Aer deA Ut sHARE, ol 7ER] Fopa|op H

2l

e
FF AT

rtr _IN'

RN
4 EY 2

A

t g Agolth, B AT|AE Bewor ol
#7 SldolA 20179 1195 201849 87 AAD HAE =P A ABUAE
fEshEh 53 BA FAAO) 109 HH0E YRS THSAT o] AT BHe MYy
F Aol A Folrlol WA HF AR Bh Bzol WA= JFL BrFolk

Lt G d

FZAQ A F3(34°43.7531°N, 156°37.3075'E, 54 5,536 m)oll $IX|gk A 8ol A 2017
W 119 5E 2018Lﬂ 8€7A] AAIE EHAE EP(McLane PARFLUX Mark 78H-21)& 4 <F
800 m<} 4,000 mel] AX|3FATHFig. 3-3-3-1). EAE EfFS] HAAUA g5 F7]= €, 5
109 Ao 2 HAsIAtHTable 3-3-3-1). HAE EfS AR Aol BAFEF(sodium
borate) = F3}E °F 5% X=2ZY AE AR B go| HAE AE7 FHsHA] =S 5
ot AAYA Alss Seoz #FHEEd 1 mm o]l swimmers 2] 3 tH(Figures 2-3-2
and 3). °]% X|3}8} B3t du) #AEAS 915k McLANEAFS] WSD-10(Wet Sample Divider-10)
< °o]&3tq Al FESTh E} TR AR T dFe AFE F4E At Milli-Q FF
T2 Al A ol AHEIon, dAEEE o FAZ stk AxH A= AR FAE
ZHsle FAF ZYHAE ALty Feka(Total Carbon, TC) 33} ZZ4(Total Nitrogen,
TN) 3F2 CNS U424 7](Carlo-Erba EA 1112 CNS elemental analyzer) & ©]-8-3t] 413130,
A4 A v‘i‘—*—*. LL— Atololl oF 10719 EFARE AHES oF 3%e|stE ST
F-71€kA(Inorganic carbon, 1C) $3F2 Coulometric F-7]8k4 #497](CM5014 model, UIC)E ©
st SAsIN o, B4 AUEE oF 1% o5t F-X3IA T UAMS f718k2(Particulate Organic
Carbon, POC) 32 F8A oA Frigka S wo] ALlsldth g4bd4(CaCos) =
Py FUekA 5o ghibzdge] B4 H](CaCOy/C)Q! 8.332 F3dte] AlLkstAth.
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3% st e 2 Zat .o

02 3-3-3-1. HIYY SEfTY KolojolMe] BE HEE,

k=1

I 3-3-3-1. FEAR EEA AFMIM EXE AME =

J

Bottle number Open date (yyyy.mm.dd) Duration (day)
1 2017. 11. 04. 01:00:00 27
2 2017. 12. 01. 01:00:00 31
3 2018. 01. 01. 01:00:00 31
4 2018. 02. 01. 01:00:00 10
5 2018. 02. 11. 01:00:00 10
6 2018. 02. 21. 01:00:00 8
7 2018. 03. 01. 01:00:00 10
8 2018. 03. 11. 01:00:00 10
9 2018. 03. 21. 01:00:00 11
10 2018. 04. 01. 01:00:00 10
11 2018. 04. 11. 01:00:00 10
12 2018. 04. 21. 01:00:00 10
13 2018. 05. 01. 01:00:00 10
14 2018. 05. 11. 01:00:00 10
15 2018. 05. 21. 01:00:00 11
16 2018. 06. 01. 01:00:00 10
17 2018. 06. 11. 01:00:00 10
18 2018. 06. 21. 01:00:00 10
19 2018. 07. 01. 01:00:00 31
20 2018. 08. 01. 01:00:00 31
21 2018. 09. 01. 01:00:00 30
22 2018. 10. 01. 01:00:00
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2017 KE-8 800m sample

8 800m swimmer

2017 KE-
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M3y AL

2017 KE-8 4000m sample

Al 4,000 moilAo &

78

a2l 3-3-3-3. A
2017'd 115§ 2018'd 87X <4 800 met 4,000 mollA #SH

14 M%< B okFig. 3-3-3-2; Fig. 3-3-3-3)

HzoIx} ME7IE olgsl &S
kS
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JIIﬂ

5 o7

(1) =4 800 mollA A HAYA EH=

FA% ZY2(Total particle flux)= 0.5-248.1 mg m?day’e] HolA W3ty oH, H
88.0 mg m?day'= YeRRTh FAF 1o Huigh(248.1 mg mPday) 2018 5€ T
(5.11-5.20)° YEPFom, HAF05 mg miday)2 2018 6¥€%(6.1-6.10)°] == U THFig.
3-3-3-4). F7]€+4(POC) =Y 2= 1.6-22.2 mg miday’e] W3PS BHYon, 20183 5¢ =
$3(5.11-5.20)0l HH#k(22.2 mg miday)¥ 20181 7€oll FHA7H(1.6 mg miday?)S JERITH
(Fig. 3-3-3-4). ¥H3F(CaCO;) Z~E 7.1-1185 mg miday’e] ool WEsigon, Ha
Bk Z3 (1185 mg midayh)= 2018 29%(2.1-2.10)0) #F=HJUA, HAE(T1 mg

m?day™)& 2018'd 7€l YEF}THFigure 2-3-4). FZA(TN) S8 2+& 0.2-32 mg m'Zday'lsﬂ H
3l M9E Bygon, HUEkB.2 mg miday)2 2018 5€ F<5(5.11-5.20)°] #FZHIY, HA
%402 mg m?day™)-& 2018'd 7€l YERSTHFig. 3-3-3-4).

N §}i
y rlo

(2 4 4,000 molA S3E JAFAA EFH2

FAY 282 0.02-125 mg miday'e] HHolA WP on, HFFS 443 mg miday’=
UERATHFig. 3-3-3-4). $2 7 2829 Hgh(125 mg mPday™)S 20183 2¥%(2.1-2.10)°1 1}
Elgtom, H4340.02 mg mZday’)& 2018'd 7Y€l B== ATK(Fig. 3-3-3-4). EH4tA %ﬂii
0.5-67 mg m‘Zday'lfl] Mol A WMslela, Ha gakd Z2 2467 mg m2day?)= 2018
%2(2.1-2.10)0 #F=H A1, HAZH0.5 mg miday?l)S 2018 49 F<(4.11-4.20)01 ERS
(Fig. 3-3-3-4).
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POC flux (mg m*’day™) Total particle flux (mg m?day™)

CaCo, flux (mg m’day™)

A% SRS e Y Zy

300

|_ 2017 _| 2018 |
' ' 5/17 EAD

250 1 1/20 EAD —
— /1 800m

CZ4 4000 m
200 -

100 o va

25

20 A

15 A —

10 A -

o
L
I<— Nodata

140

[ 800m
77 4000 m

60 -

40 7

20 A

IN

NN

A
I<<— Nodata

3.0
25
2.0
15 - | |

1.0 A

1

0.0 T
Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug.

PN flux (mg mday™)
|

No data

2| 3-3-3-4. AFEE 800 m, 4,000 mollMe] IXF Z2fA
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FEAL A AFHQ d4 e dofstr] fsf 2017d7 2018 Fef T A

H= AZ] vHFE F=AH](VMP-500, Vertical Micro Profiler-500, Rockland Scientific International
Inc)E ol&sted #EHS FHsATE VMP-500 FHl= HATZE (5 mm)o] F&AdE 725

o

S 7HE stell dRE AR oE ASd= Aoty dS5o AHEE VMP-500

7 mis £22 Afetstn, Addle] HxdE FHFE ek AlolER

A5 g5o] 7Fesith. VMP-500 AHIE T3l €4S F Ae 7 718

512 Hz9 #<& ARARE, o5 o|&sty dFo|A 24-E&30 &4 AF4E AL
a S8 7H stoll a3t ol AHojd.

4=, = 2]

2017390 FRA L F] sHe] F o) AHA AAWATE ASZVE o] 8T
T 7E B35 FYSSY ZE ARolM EFHE 4 oF 400 A 5T A5E 5
dF T2 A4 BESH0th VMP-5002 At A AolEE Fel 857 wEel, 4=
A7 A3 s ellrs AH7E siFel ofs) AdutellA "el7hA] olFditt metd e A
Al LT Al FAe BEFFE = ok #F A FH 138 AN UviA 2E A
o] 5ol 107 kgim® o)de] HlmA ZF3h 4kgo] #FHJTE ZE #F A NA 2408
Ql EFo] 7P Adtal, A 80~120 m7kA] A&H o Fha Huh 22 FoAE 107°-10°
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Lt ZZHEAN S-S 0[8510 CHshIol sid=etEd HE-1

T35 WolAe &3 AEE Fotslr] s A2 G4t AlTE ALt A2 gitk AsE
FA3l7] 98l Osborn (1980)2F Shih et al. (2005)°14 A¢HsE 27}A] WS A&}
Osborn (1980)> 2 SitA|7E 24ke3 459 HlE 8o EdEs9 322 Yo
A= A& AJSIOH(K, = ae/N?, o= TZFEE=02, V't 7% AHE), o= 7 ot
o2 AMREE 243l WhHolth Shih et al. (2005)= AP Aol 72| A7 FAAST)
GF AE(e/vN?)ol Wt GAlE B3t S Akt =3 Shih et al. (2005)9] AT
oA FFe ArE Ea FAAY (/oN?<T), X I (7<e/vN?<100), GF S5 99
(e/uN?>100) 2.2 JrolAm, GF &5 JGoME K, =2v(e/vN?)/2 9 )

g

rie
r2
-
2
>
rlr
N
m
=)
Ao
o
u
u
o
rg
N
Jot
24
ko
9
N
01::
L
R
o
v
r:[_‘
o
I
o
fru
o
o
o

& W ueich WA AHBEe A9 osomdHs shin PHuTh Fo Yol
(e}

Osborn WHHol B A, dFAaAHEe] ¥ 35 ofgolA= Shih WHo] ] Atk AH 6, 7,
9, 10, 149A1= 10 m¥s ©)4+e] 73ek A7 gato] Yelytth Ui A48 npA 2 A

olefjoll A= A&kl HE7t o3ttt
CTDAEERH A= A 2 z23kd 3 vwEt S wl, 4 CTDY E=
ERE AR AL o] iR B ATA RIS AR s, I
B+ Oshorn WH-E ARESIAS Wl o =LA UERELTE Shih WHE AHESAS of Ao @)t
o] WM Aol frAkstrh
20183 &= 107] AHolA el VMP-5003} CTDERE] ZHAZFPHZ oz At Az skal Zga)
S 37 Jehdth WA APaA=o AL 2017959 A$o= thEA OsbornHE - Shih
o} Foll AA Z2ade] A shih ol o A Yekgth AT ¢ 24E
IR FEAe ddEte] A5rt 10° mis AR =4 o 4
Ie= 2A FEAL GG aFY WAt wEksta
Fol A &3 Ao=E BT}

oA e A7 Bate] YER}L, 100
/\\_]__

[e]

e

T
o

w}

o N 24 rE
K
2 &

of ru
o

WaAS
GFES FAojre)stdt. 28l FHu2el= Oshorn (1980) WHS AME3t9S w) o =A
UERStTE Shih et al. (2005) RS AMSSEAS o Ao #te] ey AEFol fAkSHh
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1A BE5eatel el Wzge Btk webd =5 AAd CTDARERE 42

=Tl A XU A7F FAUAR Wsh= AS 783 Thorpe(1977)H S £ell
g oA WREH7E A 2R A7|= AUA[AAE 7HE 3 GM(Garrett and Munk, 1975)
model S AHE3le] TSAHHoAM ] FHELS THHH o2 ALEIAT. GM model2 W F-3}7}
AARA FAERe] AAHY Yehes 2 dE/AETFEAA O myolde] 24-s o] &8
TFAGFALES 55k Yo E o3} o] FoHt) (Gregy et al. 2003, Kunze et al. 2006).
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Rw:—iz
Ni< &>

D HFAARE, ¢ oostrain, V), oshear, R, : shear/strain variance ratio

h(R,)=

L(f.N) =

GM model-2 Thorpe®HET 2 H 02 A7 ARE o] &3l A4S AEE & dte
Aol Aok WA WES RS 7Hgsta A A@Alolr] wizel] WEIe] ZiR ol o
2 @A ol ArE 2HES Al il dAE 2t

AR vAFETE SHE 59 4 248 B4 2 f5% BSS 59 4L A5
Al GM model& &3l A2 A4h&S Hlue] Bokth &34 F4 100 m7kA ol o2& A4S
Foe F 2089 Z7] W 271 2 9=t C07, C08, C10, C13, Cl4 FHoNAM = F4
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2 AN T3 Al GAE S, FE WIFoE F AF=T] AL Al A
b & 29k 1Y(HIL7T15-GPCL)H B2 1A(HI1818-GPCL)ol Al GPCE FESattH 1Y 3-5-1-1).

g GE oA 7]Eol] ZRF piston core (NPGP1302-1B)E Al 415t A FEAIL
o] WsE Hop Wds] duREuz stk olejd= & ATE Asl BAF A=A
2 je] AHoA FFEAEE 55t FH, HaAsith 2o Alm AFH $A
Aol & 19 AT

E 3-5-1-1, 2017-201814 EAJOIA BI=3t E|MZ AlZ 22

BH| AR | A=N | AEE | RO | gae W
NPGP1302-1B | 32°17.55" | 158°13.57’ 2,503 613

GPC | HI1715-GPC1 | 36°07.64" | 158°13.09’ 3,350 1421 | 43wk 248 Pilot core &5
HI11818-GPC1 | 37°47.00" | 162°46.50’ 3,060 1,123 FEag g8 MC 85
HI1715-MC1 | 28°36.95" | 153°20.86’ 5,881 34
HI1715-MC2 | 31°08.98" | 155°14.90’ 5,482 36
HI1715-MC3A | 36°07.64" | 158°13.09’ 3,350 35

M HI1715-MC3B | 36°07.64" | 158°13.09’ 3,350 33
HI1715-MC4 | 32°23.34° | 155°52.16' 4,554 37
HI1818-MCO01 | 37°47.00° | 162°46.50° 3,060 29

2. 97

2} 125 um, 250 g#m, 355 pm A =

125 pm °]’%2] AlEE sample dividerE ©]&3t FL3HA vra, oF 300704 o] /-3
Z FHE 45 9 74A dividings BHESIATE 3 & 582> Kennett and Srinivasan
(1983), Saito et al. (1981), Ujiié and Ujiié(2000)2] £l whsich E A A stehs 984 250
pm ool AlgoA BHAE FFFS T T o] 10070A o FE3H9 L, "2 Beta
Analytic Radiocarbon Dating Laboratoryoll AMS YA EAEAiszxA] BAS o F3yoh
14C dAdl= FHY4A: BE B 3T Marinel3d ©|o]Elwlo] 2~ (Reimer et al., 2013)E 7[Rl =Z
http://calib.org®] Calib v. 7.1 Z2I3& ©]&, 2 Atl(calendar year, Cal 14C age)= X 4313
CHStuiver et al., 2017). ATA 2] dfgkol 23 reservoir effect?] 2L QAToA Rad
el 718k, 4R = 4145 o] 83 tH(Harada et al., 2012; Kuzmin et al., 2001; Kuzmin et al.,
2007; Yoneda et al., 2007).
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A% SRS e Y Zy

T4 73s 5 9T AETRYs FEreYsel Adsie Adem 747 i
Globigerinoides ruber, Neogloboquadrina pachyderma, 12|31l Globorotalia inflata Al F&, 44

8% % Uvigerina spp. &< 250 p#m o’de] AlgolA FEdte] AN ALTHL 2A(0
180)= AT B4 FE3FE 414 Zolu o] Arld wet tE 4 JeEE 7
9 JMA Z71E A$SIHTHEzard et al., 2015; Friedrich et al., 2012). G. ruber2} N. incompta
= 250-300 #m, G. inflata= 355-400 xm =Z7] W oA <F 3071 E F=3 3L, University of
Michigan at Ann Arber®] Finnigan MAT 251 mass spectromater= =2413tA o EF=2 NBS-19
o) BAZke B 223 £ 0.08% (n=29, 15)ATh
5 7Y dAY FE22 T e s AT 634m mNke] EZZoA &
2 AA, AEEASEE AA, AEZ]Y 2F AAE AX F X3 THRea and Janecek,
1981; Hovan, 1995). F7]7f4ta AE9 YEEAL =3]gaslr|=He] Master Sizer Micro
(Malvern Instrument Inc.)E ©]-&3}3Th 143Nd/144Nde} 87Sr/86Sr #2412 Sh= 7] 23R YA
2] TIMS (VG54-30, Isoprobe-T)E ©]-&3tR 1, EFE4 < INdi-13 NIST SRM-9872] #4
gJ,]_ 87Sr/86Sr = 0.710246 + 6 (n=30, 20, 143Nd/144Nd= 0.512101 + 9 (n = 30, 20) &= &4
Ak A= ZF 143Nd/144Nde] =Fol= wl-$- 438k Chondritic Uniform Reservoir (CHUR) &=
FZ33 eNd = ((143Nd/144Nd)/ 0.512638) - 1) x 104)) = A-3FAch

3. 94+ Ay
7f EMA

HI1715-GPC13} HI1818-GPC1e] =8 T4 AE-2 43| v|A|ZF(calcareous nannofossil), HE
A AY(pelagic clay), &% (foraminifera)3} f=(diatom)©]th. HI1715-GPC1(18 3-5-1-2)°l| A=
A3 2R AEAAUZE EAE YeEuH, M3 2/F7E FAE do &2jEAS, JEAA
Uzt A o Z2Ae e AR gokHEth 2z ¥ A ALY AARE
UEtHAY oFzte] Augk 25 Holw, FF ¥l 7o g Yehes Aud &5
ot B FE& A9 mrt o] HAdA FEEY, JA FEAAYS H3xFE
o] Ut oF 728 cm Zolol HA43] EHAGo] WMsle AAFIE SAJITHI A A ST BA

HI1818-GPC1(1¥ 3-5-1-3)9] F HA4-& MslzFoln, YELAY, F354 F2F7s ¢
A vepdth. A3 x2R/e AEAAYUIT A 3& FINS 0 M3 xF{F, F3F, 127

AHow

4

e

l

o] ¥

44 ¢
o

3

N—r

(

ut

7F $AIgE & ¥ H3AS Yehdth E343e] AARE Ao, AudEo] )
860-870 cm T-ZFoll 3AkAl Z=o] WAZETE H1715-GPC13 HI1818-GPCl EF Y& 199
FHSHA YEeRY

NPGP1302-1Bol| Hls] HER HZAES O 7351, E3] HI1715-GPC1o]
AAARA EAHEL AS oF5A Ues AS=ZE gAY
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M3 Sk WHE H Zat

Lt OFX[8F d3t| o= f|=2 E[NE H=t

Al 71l FA S(NPGP1302-1B, HI1715-GPC1, HI1818-GPCl1)e] HAH E & ZFol|x F=3
A rEFe AL FTHLLY] (J14C)0l ZAT FHAUE 4= AFHAES 7
SIATHLE 3-5-1-4). $7]&EA)(6,000 @ A o] )9 HPFHHELS FYaA<] HIL715-GPCL
A 9F 29 cmkyrZ UER} ©EQl NPGP1302-1B(1.6 cmi/kyr)9} HI1818-GPC1(1.2 cm/kyr)ell
af w9 E=Th ATAIELS BT sl Al fAste iAol AERE F
o= HAALY EA| 7teido] Hal, R HAES R34 AToE A FEHE
o] Y9 HAEL AZ HZAA AT FFol HEIHL & F Itk LAY

=
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= &
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A=) SlA bS] P& 1A FEF FAIS NPGP1302-1B(32°17.55" N, 158°13.57
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