I T ATy

cl ok o 7
o TR e
‘W‘_ NN . . R ‘U|
ﬂb ﬂyl = iof N T
e Ho =o o ol <
A Fo wr N A W oar
(! . . . . - - .
me o W BN E E T
. T OT NP R D
* o A R e R
= 3
a L
e o
DT R\ = i
A J! B!
; A
o Nw ol
o )
=
— L W
fr o7 o
< _1% o
o B
~o = 3
X N ol
% T
o IR
— 20
Ny
=~ %
_fo_! o) ﬂ
&) b
50 o
2 T W
o A
3 T I
=
T m R
— =
< =.__._ Hor_._ B o
% —_ % ]
2 = g fu
& _ Kl 2 wvm —
2 om 5 _ N
i b= 252 i
[a | 110 - O =)
w = o) = m o o _Ilkl
m !
J 0% Ho S £ T 3 N o0
e ®™ - 87 7
ol o4 = S o =
30 S .g s o
H § & § Il
S o
0% TS
0 = anm < -
Hy 227 ol
ol 31 =
3}

AT@w— oo TR Euom B oAHee Y K T opRbRl Ele o BINBOORIERANG




_ el el
" el e —
o o o 9
o S S [N o
(2 < e < o
g - S
LR B 5
R 38 |2-3m e
— i BN RSINGY LA
z
| = = %“ Eﬁ
Il o | m T U
= | |% B | work M| & o
i o® = T
w | =0 ¥ ° o o
— |°! G T B
s % T e
V|| TOFOR| BOWOE|  mo H i Y M
R I mor-(mor-| o ~ o7
|7 o
. MM T o .
o e | 5157 ¢ _&¢
r|e~o0 : I o
X (. *aTuT *HI% x® T H = w_m T
o Mo ! 9
_ SIS i Mo oF | NoF o wle ® 3 2 1& 2 oo
— X .
a X 4|t ST roadmw X% g
H = = T | Nop %o E_M i % " ,zw %o
R | Nk Tw N Ao T L B
= Fort- @ o Mm@ T M|y T M Mmoo
mE e RE | WL | @2 @ TR wc uﬂ T oo
; R = T o B = T
= ol | o TN R X
N 0| B o B s el mm o BT o O
—|= BR ' Ao o o
© T —|® Al o Moo < o
= G Y i W <+ )
o | H TR 5 | = B 2
B e | | A frso R I S = B A
T W N L T
AR
Sl oW o o= o
= | B ® X EPpru|d e Fs o
Al Z | X ° B X ol
—_ < w "’ ~ EKok 0O o o o o ™»d o o
T E Fo |5
| e I At
"ole | R R

IIOE-2,

2% TEIs, IIOE-2,GEOTRACES

Indian Ocean Dipole, TEIs,

iii

AeA wkgAT

=

climate change,

GEOTRACES

ol wt

3}
O A4A R (SeaWiFS, MODIS %) & ©I
o}

%




Ak

e
o

.o

"

No

wjr

ol

)

14

H

/o
ok

M

bl

SEEEEEEENEEE

o

ol
b
or
]
o

‘MO
&

=
5

ki

1%

(o)
R

a7k 2

[

|3 ole] e} 7]

A 9l

=4

sl
F Al="A 7]

A ATH B

1

ol
hi

Feel o

3]

e}

]—O

=]
il

A7slee] Bay
B3l e} ojm7

2.

H

b
-
No
<R
K

4
No

&l

i

ol
il

Antarctic
H %3
T =

ibds

o

Wt me} A=

o
T

< 7]
equatorial,

South
Fol| Hlma] Fid o= o

o
[}

t

=

e

Monsoon,

3} 91" 38] 9 Indonesian Through Flow(ITF)Z
AN Ug 2 He

Circumpolar



Ak

e
o

e A kAT

= A
p=

gl

19 1¢ ~ 201849 12¢ 31¥

20174,

=

)

=
[

O A A E (SeaWilFs, MODIS

SEEECRVESERE

2.

w

AT

V.

67% 7

73

2 oo g9 135 9 3=

=5 w39 3=l E9 25=7HA d=s u

(2018)ellA A=F HF

0y

1 20179 793 20189 49 oA}

3]

g 9

3)

g ol

A=)
24

ojg3te] T4 67%

A
)

0

wjr

w"

A

o
No

g e 99

7 60%

67=E wEtA 3E~25%

mebd B9 5E ~ @l 16%,
olel et 2~30C H=ol

=
=

Argo o] A29 RAMA ¥ #

Fol 9

O
i olhrs s

1

O ©

14

oy
_—

1

=
=

ree 3

&

N
)

ol

i)

]
™

i
<

3

o]&

=
=

oJAlR-Z o ©AlE ADCP(38KHz)

o
N
e

ol

=K

5ol 8

African-Asian-Australian

for

(Research  Moored Array

RAMA
Monsoon Analysis and Prediction) buoy #ARFE &

HA Z7IAAE A&

3]

N o
<
G
A oz
T T
o
EO‘W
5o
@ b
X o
@
o 0
—
w5
X
(e}
N o
T
o
&
- X
T »
o 3
OB
N«
T =
o#mm
B
X
el
T ®
TN
o
WK

A

d ols pe WE
I RERE EEE

3]

P e

%719 wgo] s

Ll

g

5TEA =

A et e

[e] T =
$ FEls

oh

Bl

w

=)

ofJ

N

Cl

o

T

w

ﬂwﬂ

j .

o] ~

g

X

o K

= o

X W

= A

moN

4
o

g

ol

el
CTEANME FA = m,

FAHoR 20°E~120°E}

A== S Argo Fol7l wriyzm o,
o

e Argo ¥°] F HI7HA 9 EHIY BGC-Argo

S

1=l &+

o
Rl

=
=

ol

_1?_
8 &894,

No

O

=K

3

o

ofy

o

Lol
W

e

} 52

A

W 6ARE s97A SAET 1197

— vii —

- vi



A=
il

iz}

Nr
)

g
_

2017d &7 67

71€]
150mel & Shallow Oxygen Minimum (SOM)& ¥%o

By Ags FEA BgE

ok
o}

=% %= X% REE= (Indian Ocean Dipole mode) A4+ 19943 1997

Sl
do

[e]

.

e 2 gelw AR

o

7}

=

[s)

F 21 Apolell &EAIA HFo|

o]

2

.

750me Deep Oxygen Minimum (DOM)

300mel| 4]
o7 Holy FHow 7HHA T waste] H9 162 A4 24

] 220]

=

ok
=

Al ok
=

=]

2=
-

=
-

ok

2

2k AbERA AL 4
gZoz 7lAA 2 =7 2 30 pMelA 90 uM7HA

]
=}

o %4

i

150m%+ <F 750mell
ol

7Y 3

2 7FaA

=
.

HA et

o]

2|

TR

I o

2 A7 tha erabetel Yentn

o] A YEhd.

1__

=

S|

ol
o] m=E 1992, 1996, 1998, 2010, 2016l BlmA

]

kol
T
=

o]

71 ¥ g g

1]

=

D

A2
.

tel 7%

o]

NRL-HYCOM
A
LM |

=

Fopel mE wysgov,

hi
o]

7}
(CMIP5) A&

A

o] &4 °F 1000meollA Yebd. 2018

=
(<]

go] &4t Ao

K

Ji[H

o

o

=g

ML

_q]

3000myth 2

ok

A 74g Algel 2

4
tol Aol weh vi7lsh EFelde olata)

o]

Q.

o8

o

= FFoz JhiA o AlFe] AR,

Underway pCOZ2 system

stem 2017 9 7 €9 Ao w2

(<}

AN 24

e
K
o
T
A
of

iz}

4
!

AT e EAs.
T2 ol itstetart thr] Wal ¢ 20 patm

et 9F 400 patme

el AR AAZ YEEHQA Bl 9

M)
ofo

2

=

=

T o]

o]

A

=
=

q o]

A
ol

q

Z
il

A=}
d&

5

<
hi

701—

l

ol
10 patm

8.5 F

=t
n71E

A

7HA

o

=

oJud Redfield B #%<l 16:19] #%
1g olele] e I (2dHF,

=

o]

a4

ok
al

3

No
23!

—

X

N
ofo

ol

;N

. 2017d 793 20189 4€o] &

>~ (e}
F As

oW

_?/]

oy}
ik

609l A

7

A FAAE.

=z
o

2 HBEZoz 7HA

g9 TE oo BE

A

s

57 67=0lA

Ho A7k,

[e}

=

=
=

et drlEg w2
Al

At s g=e] o
7oA VINDTA 3C

tod
2l

A=}
un

o]

A
A

A=}
o

1E(C3) =

A

. EA43 Humic-like2]

SEAR el

-
©

-
o

H
o

-
©

(<]

ol
T

2%(C1,C2)3} Protein-like®] 54 & 714

A

—

< 7HA

3

oClA 4A13F B& GF/F AFA =2 o3}
A

al
=

(AOU)

o
o]
4
4

<!

v ZE7)

o

Az A 2280~2320 umol/kg? WS HIH.

No

— ix —

— viii —

Winkler &%

[e)

dE= w2

=

=

Aol A



2 o ¥

Al sx7F faste FHE BY. F g8l X34 2264~2337 umol/kg
o] WeE HEon, AZda 2391~2414 umol/kegd MAS B F Iz

H Ao wele wsts vehd. 201894 &EFVIRA
T EZFA 1909~1997 pmol/kgdl HAE HPow, AZFelA 2199~2332
umol/kgel WSS Bl HubAQl &EFIGLR TEE T4 60=SH 6720
FEHoRE #EFA EZFA FEET 2GS RIS F dZEEE 23
A 2208~2314 pmol/kge] H;H% Bon, AZdA 2300~2406 umol/kg2l
HE HAS

o}}l‘

Cantx EZA 20~100umol/kge MAS HIom HH#HCE 60umol/kg
o]tk 1000 mellAdE 0~15umol/kege] BHE I Ed 7% 60%0lA NTHXq
o2 B Cant/l AFol BX3e Aoz Yeygorn 74 67=dAE 4
1000m °l4elA = Cant7} A9 YeERIA] ¢o} H 2.4 pmol/kgol AL vh=h3
7HA frAbe HeE EAS.

& flga F9 14CE B8] A Ags AFHs] Sl (AL
)M dAelg F oejelolld 246t7] fel S F Gl & HurMde

ngdas ALt & 483 5 FuF JIder Aesn 715
2 AAE AalA HH A e

O]%ﬂouﬂ e A deoly WA I A A1 A7E AHH
APAAA AAE 2 +4 . & S84l GEOTRACES 73l
(2009d, dB)llA #FS S FHAM ARE AF8t] A8t vlud 2
F Fe ¥=7t vh& A4 4" A2 Agstn Urx daEe] 4@ Az 2
dAGAS. §& MFLdLE sEe ASAAM T2 60%° HlE FF 67%
transectol Al 25 O ¥ &5 Holn dF mIFdre A AAE 53 &

=
Qo g8l AFelA tha w7 vehue.

o
¥
o2
i
by
il
o
o
[o
:L

AFREZAA THEAZ {7180 AFor olFde AE TP AN +3
oA FMThg Agea AF ARE AAE F 4. 2017 79 T4 FHAA

ZITh &% An £ PThe EF 60-707E ol 73 A

(deficiency) & Hola tA] AZH 3} (re-mineralization) W& <k 1007
olg} Zolod e o Fe U A9 HYPo o2& ¥=s BY. A Th
o A% &F ARG 104 o @ vxEE yehd, PThel Agel 73 A
dojubes ol 60~70WE HelZ FEE wtet T BAAA A9 dA 3z o
+ subsurface chlorophyll maximum(SCM)<] zeo]2} dx]a1%=.

2018 49 8/ FHelAM *Th 327 &E2 *Th deficiency’t H=
vetvs Zele A wet b2A Jdeue 57 67249 99 bRdAE o
40moll A JeEREAI, $lzo utel 1 o] (*¥Th Hdl A9)7F 24 ZoAXvrt
wol 20=NME o 1007E offellA Uehd. oA T4 6T=AS wet 3%
o7 7bHA SCMe Zol7F 40 ElelA oF 120vH 744 HA "HolAle &3
AA G, =, & FH(60°E 5°9)0ME ml$ olHgdor Be &£F BITh =
b #SEdEd o] AdeMe dAE PUTh dA Mg Eke
Seychelles-Chagos Thermocline Ridge (SCTR) A oA FE 7|3t F=-3t
%< lithogenic particle® #Yo2 <1 234Th A A 23 Aoz AlEH.

#0poe A UAIGe] A B BADER, o 138U WA7]E 7HAH.
el s w72 WEE 71Age onEE FRno2RE A 20pox 1
ojud] <l 210phe] Fg8 719 Y. Poe That FASHI datete]l 2ol
o - Aste] Al GG E- A FAAR 27w . 3 HHAA 4
9-10719] FZelM A BE AHst 2P0 =7 Fol Jdeon 2phe 6718 F=
ingrowth & 2% 358 BPZ 7o 20Ppoxss A4k 3

O g wsaT
1992 A4942E 883 Fz2 7] Wae % AN Holm
4 QR AN okt APl vehgon, AddczE 493 590 HA

q0@

#E Ba, 8€¥ 99 Hagkol vEhd. EOF #4233 EOF mode 1&

Dipole Mode Index(DMI)$t A##ARHE ENSO WHalel AaARA7 2o,

Ao 2E FIELES ALstn ENSO og dadez F22d v 4L
< E9. EOF mode 2& ENSO d&Hrti= DMI® &2 AAAAE e

Wz, T3 Hsgle dxd A% g8 SA=GT A ‘ﬂE"kOﬂH 3 ¥

st vebd. A4 ARE 8T AL WF ol E HEA ARl S

L

F

- xi —



20174 74°l EEY F=EHAE F MATE 59 S=ddA H=zA 890
~2,296 inds./m (BT 1,641 inds/m)aL, 9 1=olA &9 16=7H4E
ERbrEoh 179 W 487~1,858 inds/m™ (Véﬁ‘ 942 inds/m)Att. ZE 3
Holld 5T BRI 24F (BAS ndsA)AT. 59 5E-HRdAE
4% (63%), OFJ’% (10%), 27 (1%) 22 $33don 9 1=-16%
Helele 22t/ (45%), oF3% (25%), 28lx F3%F (14%) €22 ¥4
SHAT. E%—E?}%ﬂw M e AATS F9 7=(40.3 mg/m)st H9 3%
(38.8 mg/m)ol A HAHNT, §5AAT} LAFAL, FTESFIAEY dada
(C:N) Hl& 1.7~10.6 (T 3.6)5 Ueldtt. F9] 9%ellq g4 w7t 7b
d B dEwen, ol §#3 R AAFe dn B0l v P v 453
E9E (FEF: AARTERY 6.50, 447 2.4 AT #HEE Aew ATy
AT,

OO
—

"

20189 4€<] 0~1,000 mellA &8 SEZZFIAE F /MAFE 9~1,318
inds./m (H4 297 inds/m™)9 3, SCTR A W A& Fd 6 (54 60=,
@9 8x)9 #EF E¥FA JHE =% (11,318 inds./m). EE FH9 £F
EFFAAM 2 MAFTE 2 FFo vE B Tl =9tk BE A A
HAHY BRTES 24F (A nAdsSA)ATG (BE 77%). Awdew 5E

AAFE 5L =9 FH Uz, MAFY dS5aee] BRHL

@9 9%)9 40~80melA =

7%=,
BE AH T M =3 (

™
)

A
ofy
o

o

L
it

fo o

mlL/m), MRk o= FF E3FolAY UF
& ~1,000m)AM ¢ F=&
2% 0.06~11.67 mg/m (H: 1.29 mg/m)o] WS Yetlz, HA&
0.02~1.94 mg/m (F3t: 0.27 mg/m)o] WA Fx 12(57 60%=, ¥4 6
2o 2FEFF(0~40 m)dlA &2F (11.7 mg/m)F B2 (1.9 mg/m)o]

K
EES

ol

— xii —

SUMMARY

I . Title

Studies on the Variabilities of circulation, internal material cycles

in relation to Indian Ocean Dipole variation

Il. Necessities and objectives of the study
1. Objectives of the Study

In this study, we observe the physical structural characteristics
of the Indian Ocean’s inner water layer due to the Indian Ocean
dipole vibration, biogeochemical properties, the distribution
characteristics of ecological environment such as phytoplankton and
zooplankton. By analyzing satellite data and ocean circulation
model and climate model, we would like to understand the
relationship between Indian Ocean Dipole variability and the
Indian Ocean Internal Material Cycle and its relation to gobal

climate change.

2. Necessities of the Study

Due to global warming, the speed of ocean deep circulation is
changing. Thus, the global understanding of how atmospheric
carbon dioxide reacts to the physico-chemical process of the ocean,
which is a major factor in global warming, is needed. The Indian
Ocean is a region suitable for observing biogeochemical changes
due to changes in the physical circulation in the western Indian
Ocean where the deep water circulation originates from the North

Atlantic Ocean and the intermediate and deep water circulation
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originates from the Antarctic Count Current system. Understanding
long-term fluctuations of surface material cycles, especially in the
Indian Ocean, are important to observe the impact of the Indian
Ocean on the oceanic uptake of atmospheric CO2 in response to
climate change.

The Indian Ocean is affected by various water bodies such as
Somali, Monsoon, South equatorial, and Antarctic Circumpolar
Currents. The Indian Ocean is close to the Western Pacific and has
close correlation with the Western Pacific through the Indonesian
Through Flow (ITF). It is necessary to understand the Indian

Ocean, but it is relatively less studies compared to other oceans.

lll. Contents and Scopes of the study
1. Research Period

January 1, 2017 - December 31, 2018

2. Contents and Scopes of the Study

[0 Analysis and understanding of ocean-atmospheric interaction
due to fluctuation of dipole oscillation in the Indian Ocean

O Observation of the physical structure characteristics of the
Indian Ocean at meridional section from 5°N to 16°S along 67°E
line (2017), and 13°S-3°S section along the 60°E line and
3°S-25°S along the 67°E 1line(2018)

O Analysis of Argo and RAMA Bouy data in the Indian Ocean

O Understanding the surface layer circulation using satellite
observation data

O Analysis of ocean circulation model or climate model data
[J Understanding the variation of biogeochemical parameters and

fluctuation of material circulation due to the fluctuation of the

Indian Ocean Dipole

— xiv —

The characteristics in the distribution of biogeochemical
parameters(dissolved nutrients, colored dissolved organic
matter,etc.) within water column

Understanding the spatial distribution of dissolved oxygen

minimum layer and material cycle in water column

Understanding Ocean-Atmospheric CO2 Flux Variation due to
the Variation of the Indian Ocean Dipole

Measurement of pCO2 at the atmosphere and surface ocean
along the R/V ISABU Cruise track

Quantification of the anthropogenic carbon absorption by
measuring carbonate system parameter (dissolved inorganic

carbon, alkalinity) in the water layer

Tracer Study of oceanic material cycles due to fluctuation of the
Indian Ocean Dipole

Understanding the characteristics of dissolved inorganic carbon
14C distribution and ocean internal circulation

Understanding TEIs distribution in the water column and their

relatin to circulation

Study of ecosystem response to fluctuation of the Indian Ocean
Dipole

Understanding of primary productivity variation using satellite
data (SeaWiFS, MODIS, etc.)

Community characteristics of mesozooplankton (Distribution and
species composition)

Sampling of mesozooplankton in the euphotic zone, and

identifying the abundance and species composition.
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IV. Results

[J Analysis and understanding of ocean-atmosphere interaction

In order to wunderstand the ocean-atmosphere interaction
analysis, in July 2017 and April 2018, We made observation from
50N to 160S along the 67°E line (July 2017), from 13°S to 3°S
along the 60°E line and 3°S-25°S along the 67°E at 1 degree
intervals using R/V ISABU. The water temperature in the range of
2~30TC is distributed at depth. The salinity is distributed between
33.8~35.7, and the SICW, which is low in water temperature and
high in dissolved oxygen, appears more and more toward the 25°S.
The characteristics of the currents were observed using ADCP (38
KHz) installed onboard R/V ISABU. Air temperature, air pressure,
wind direction / wind speed, relative humidity, shortwave radiation
amount and longwave radiation amount are observed using the
weather observation sensor mounted on R/V ISABU.

RAMA (Research Moored Array for African-Asian-Australian
Monsoon Analysis and Prediction) buoy maintenance contributed to
securing long-term time series data. RAMA Buoy data with
relatively good observations for three years from November 2015 to
October 2018 at 4°S and 8°S were analyzed. RAMA buoy data from
located at 4°S of 57°E, showed that the semi annual variability is
very apparent, which was observed even in the change of the
thermocline depth. Therefore, it is considered that not only the
change of the solar radiation but also the mixing effect by the
wind is also largely affected. This change is maintained at 67°E,
and gradually disappears toward the east.

Many Argo buoys are floating in the Indian Ocean and are
updated on a monthly basis, ranging from 20°E to 120°E and 30°S
to 30°N in space since January 2001. Among Argo buoys that had
been deployed in the tropical Indian Ocean, there were three

BGC-Argo buoys. They will be complementary to the field

— xvi —

observations and model observations in the future.

[ Understanding community structure and biomass  of

mesozooplankton

The total abundance of zooplankton ranged from 890 to 2,296
inds./m' (average 1,641 inds./m’) from 5 degrees north latitude to
equator during 2017. The abundance was 1.7 times lower than the
northern hemisphere from 1 degree south latitude to 16 degrees
south latitude, which ranged between 487 - 1,858 inds/m' (average
942 inds. / m') during July, 2017. The dominant groups were
copepods (adult and immature). In northern latitudes, the
copepods (63%), Noctiluca scintillans (10%), and chaetognaths
(7%) were dominant in the respective order. In the southern
copepods  (45%), N.  scintillans  (25%), and
foraminiferans (14%) were dominant in respective order. The
highest biomass was observed at 7°S (40.3 mg / m') and 3°N (38.8

mg / m') in the surface mixed layer and was consistent with the

latitudes,

upwelling area. The carbon: nitrogen (C:N) ratio of total
zooplankton was 1.7 - 10.6 (average 3.6). The highest C:N ratio
was found at 9°S (10.6), which abundances of appendicularians
and decapods were relatively higher (appendicularians and
decapods were 6.5 and 2.4 times higher than the average total
C:N, respectively).

Total zooplankton abundance in 0 to 1,000 m ranged from 9 to
1,318 inds./m' (mean 297 inds / m'), and especially peaked at
station 6 in the SCTR region (60°E, 8°S (11,318 inds./m’)) in the
surface mixed layer during April, 2018. At all stations, the
zooplankton abundance at the surface mixed layer was about 7

times higher than the other water layers. The most dominant taxa
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was copepods (adult and immature) (average 77%). Overall,
biomass of zooplankton was related to chlorophyll-a concentrations,
and the distributional pattern of mesozooplankton abundance was
likely related with the chlorophyll-a concentration at
67°E-transect. The zooplankton biomass (dry weight and
settlement volume) collected at depths of 40-80 m of station 23
(67°E, 9°S) was the highest among all stations (dry weight: 17.7
mg/m’, settlement volume: 1.2 mL/m'. Overall, the dry weight of the
surface mixed layer was about three times higher than that of the
other water layers. The carbon content zooplankton ranged from
0.05 to 11.67 mg/m" (average: 1.29 mg/m'’) and the nitrogen content
was 0.02 - 1.94 mg/m’ (average: 0.27 mg/m’). The amount of carbon
(11.7 mg/m') and nitrogen (1.9 mg/m’) was the highest in the

surface mixed layer (0-40 m) of station 12 (60°E, 6°S).

V. Application plans of the results of the study

Distributional pattern of mesozooplankton and the related
environmental characteristics can be used as a base data to
comprehensively understand the characteristics of marine ecosystem

in response to climate change in the Indian Ocean.

Satellite data showed that high temperature region() 28°C)
moved toward the northern region from January to May in the
tropical Indian Ocean and low themperature region showed
seasonal variation along the Somali coast, showing that it extended
from June to August and shrunk toward November. The Indian
Ocean Dipole mode index, a strong positive mode occurred in 1994
and 1997, after which the intensity is slightly weakened. The
negative mode is relatively clear in 1992, 1996, 1998, 2010 and
2016.

The NRL-HYCOM reanalysis data was analyzed and the climate
model (CMIP5) data were analyzed to determine whether it is
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appropriate to wunderstand the climate and climate change
processes, which showed large uncertainty in MLD of surface layer

in the northern Indian Ocean.

[J Understanding the characteristics of distribution of
biogeochemical parameters and fluctuation of material cycle within
the water column

The dissolved nutrients, which act as a limiting factor for the
growth of phytoplankton in the surface ocean, were analyzed
onboard. The results of July, 2017 showed that phosphate, nitrate
+ nitrite and silicate showed a typical distributional characteristic,
which depleted in the surface layer and increased at deeper depth.
In particular, at depths greater than 500m, the concentrations of
phosphate, nitrate+nitrite, and silicate tends to decrease gradually
from northern region to south region. In April 2018, the vertical
distribution characteristics of phosphate, nitrate + nitrite and
silicate showed the same trend as in July 2017.

The N: P ratio of dissolved nutrients has a value of 16: 1, which
is the Redfield value when the production and elimination of
dissolved nutrients is caused by a biological process. If the
measured value deviates from this trend, it mean that there may
be other process (such as influx through the atmosphere and
nitrogen fixation), which are responsible for the trend. The N: P
ratio of the dissolved nutrients observed in July 2017 and April
2018 was mostly 16: 1, but deviated from this tendency in the
surface layer and deep layer.

In order to understand the distribution characteristics of colored
dissolved organic matter, samples were collected and filtered on a
precombusted GF / F filter paper at 450 oC for 4 hours in the
field, analyzed by a fluorescence spectrophotometer, and analyzed

using a PARAFAC model to isolate colored dissolved organic
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matter. As a result, it was separated into two species (Cl, C2)
with the characteristic of humic-like and one species (C3) with the
characteristic of protein-like. C1 and C2 showed a low
concentration in the surface layer and showed a tendency to
increase with water depth, showing a positive correlation with
apparent oxygen consumption (AOU) and nutrients.

In order to understand the spatial distribution of dissolved
oxygen and the material cycle characteristics within water column,
the value measured by the dissolved oxygen sensor was corrected
by measuring the dissolved oxygen using the Winkler titration
method and obtaining the correction coefficient by the value.
Dissolved oxygen distribution in the 67 oE transect in 2017 has
two minimum layers at depths of about 150m and about 750m,
and there is a maximum dissolved oxygen layer therebetween. The
Shallow Oxygen Minimum (SOM), which is about 150m deep,
gradually disappears as it goes south and the Deep Oxygen
Minimum (DOM), which 1is about 750m deep, increase its
concentration from about 30 pM to 90 uM southward. On the other
hand, the maximum dissolved oxygen layer developed in the
northern hemisphere at about 300m depth appears to be different
in the southern hemisphere and develops again in the southern
direction. In 2018, the distribution of dissolved oxygen has a
minimum layer near the depth of about 1000m and the maximum
layer of dissolved oxygen exists about 500m. The minimum layer of
dissolved oxygen is the strongest in the north region, while the
maximum layer of dissolved oxygen gets stronger toward southern
region. Dissolved oxygen at depths greater than about 3000 meters

deep has similar values at all latitudes.

[J Understanding of ocean-atmospheric carbon dioxide flux

fluctuations
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The flux was calculated by measuring the partial pressure of
carbon dioxide in the atmosphere and surface ocean using the
underway pCO2 system. In July, 2017, the atmospheric carbon
dioxide in the entire observation period was about 400 patm.
Surface sea water has a value of about 20 patm less than the
atmospheric carbon dioxide in the surface sea water from the 67°E
transect to Mauritius. There is strong salinity front around 58.5
°E, after that longitude, partial pressure of surface carbon dioxide
decreases about 10 patm. During April 2018, the partial pressure
of carbon dioxide in the atmosphere was the same as in 2017, and
carbon dioxide in the surface seawater gradually increased to the
north. At 60 °E, the CO2 of surface sea water is higher than the
atmospheric CO2 except for the vicinity of south latitude 19 ~ 17
°S and 10~8 °S. At 670EFE line, the partial pressure of surface CO2
is higher than the atmospheric CO2 at the northern region of 7 °S.

In order to understand the characteristics of vertical distribution
of carbon dioxide system in the water layer, we sampled and
analyzed dissolved inorganic carbon and alkalinity using VINDTA
3C in the field. Dissolved inorganic carbon was 1947-2020 umol/kg
in the surface layer in 2017 and 2280 ~ 2320 umol / kg in the
deep layer. The overall dissolved inorganic carbon concentration
gradually increased from 5 oN to 3 oS, and then decreased again
to the south. The total alkalinity was in the range of 2264 ~ 2337
umol/kg in the surface layer and 2391 ~ 2414 pmol/kg in the deep
layer. The total alkalinity shows a smaller change than the
dissolved inorganic carbon. In 2018, the amount of dissolved
inorganic carbon was 1909 ~ 1997 umol kg in the surface layer
and 2199 ~ 2332 umol / kg in the deep layer. Overall dissolved
inorganic carbon concentrations were higher in the northern part of
the observer than in the south, at 60 and 67 °E. The total
alkalinity was in the range of 2208 ~ 2314 umol / kg in the
surface layer and 2300 ~ 2406 pmol/kg in the deep layer.
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Cant showed the range of 20 ~ 100umol/kg in the surface layer
and 60umol/kg on the average. At 1000m, the range of 0 ~ 15
mol/kg was observed. At the 60 ° E, a relatively large amount of

Cant was found in the deep layer.

[J Oceanic material circulation tracer study

In order to analyze 14C of radioactive Dissolved Organic Carbon
(SOD), samples were collected and processed in Korea (Seoul
National Univ.) and then submitted for analysis overseas.

Trace elements act as essential trace nutrients essential for
biological production and are directly related to climate change,
ecosystem changes and environmental pollution. Clean seawater
sampling equipment was wused to collect the samples, and
pre-treatment and analysis were carried out in the clean laboratory
of Busan. The data obtained from GEOTRACES research team
(2009, Japan) for the data analysis were compared and the results
of the analysis were similar to each other, except that the Fe
concentration was slightly higher in our data. The concentrations
of dissolved trace elements were slightly higher in the depth of 67
°E than in the depth of 60 °E, and some trace elements were
somewhat higher in the depth due to the inflow through the
seabed.

To estimate the transport of organic matter from the ocean
surface to the deep sea, we measured 2*'Th in the water layer
directly after the sample was pretreated. At **'Th at 7 stations in
July, 2017, ?**Th of dissolved surface showed strong deficiency at
depth of 60-70 meters in the surface layer, and due to
re-mineralization, at the depth of about 100 meters or less,
concentration reaches to equilibrium to U series. In the case of
24Th of particulate matter, the concentration is 10 times lower
than that of the dissolved phase. The depth at which 2**Th
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depletion occurs the largest is approximately 60-70 meters deep,
almost coinciding at 7 station along the north-south transect,
which is consistent with the depth of subsurface chlorophyll
maximum (SCM).

The depth at which the 2**Th deficiency appears maximum at the
8 station in April, 2018 and the depth of 2**Th deficiency is
different among the stations, which occurs at 40m depth at station
of 5 °S of 67 °E transect and deepens, and appears at about 100
meters at the station of 20 °S. This is consistent with the
increasing depth of the SCM from 40 to 120m toward southern
region along the 67 °E transect. In addition, at one station
(60°E,5°S), a very unusually low dissolved ?**Th concentration was
observed, at which **Th of particulate phase was also low. This is
attributed to the 2**Th removal may be attributed to the influx of
considerable = amounts  of lithogenic  particles from  the
Seychelles-Chagos Thermocline Ridge (SCTR) region.

219pg ig also a natural radioactive isotope of the U series and has
a half life of about 138 days. The main origin of the ?!°Po, which
is generated from ***Rn, the mother nuclear species released from
the ocean to the atmosphere, and its parent nuclear species, 2!°Pb,
is the atmosphere. Po is strongly adsorbed to particles similar to
Th and is also used as sinking tracer of particulate matter. The
sample is sampled from 9-10 water layers at each of the three
stations, and *'"Po is measured. The ?'Pb will be measured after

ingrowth for 6 months and the excess *'°Poxs is calculated after

the recovery.

[ Ecosystem response research
Long-term changes of chlorophyll using satellite data for 19 years
showed a tendency to decrease toward the central Indian Ocean

from the coastal waters. Seasonally, the lowest values were
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observed in April and May, and the highest values appears in
August and September. As a result of EOF analysis, EOF mode 1
is highly correlated with ENSO change rather than correlation with
Dipole Mode Index (DMI), and except for the eastern Indian
Ocean, chlorophyll concentration tends to decrease spatially due to
the influence of ENSO. EOF mode 2 shows a high correlation with
DMI, rather than ENSO effect, and spatial variation is apparent in
the eastern and western Indian Oceans due to the Indian Ocean
dipole oscillation. In order to understand the primary production
variability using satellite data, we will find the optimal algorithm
by comparing with the primary production data measured in the
field.

The total number of zooplankton populations that emerged in
July 2017 ranged from 890 to 2,296 inds./m (average 1,641 inds /
m) from 5 degrees north latitude to 487 ~ 1,858 m from the
northern hemisphere inds / m3 (average 942 inds / m3). The
highest taxa in all peaks were copepods (adult and immature). In
the equator, the copepods (63%), the spider (10%) and the
phytoplankton (7%) were dominant in the order. Copepods (45%),
(14%). The highest biomass was observed at 7 ° C (40.3 mg / m)
and 3 ° N (38.8 mg / m) in the surface layer mixed layer and was
consistent with the Yong Seung area. The carbon: nitrogen (C: N)
ratio of zooplankton was 1.7 To 10.6 (average 3.6). The highest
carbon - nitrogen ratio was observed at 9 ° S, and it was
concluded that the ratio of the species and the number of the
copepods were significantly higher than those of the other peaks
(type: 6.5 times than the average and 2.4 times).

The total number of zooplankton appeared at 0 ~ 1,000 m in
April 2018 was 9 ~ 1,318 inds./m™ (mean 297 inds / ™) and the
surface area of peak 6 (60 ° east longitude and 8 ° south latitude)
And the highest in the mixed layer (11,318 inds./™). The number

of populations emerged in the surface layer mixed layers at all
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stations was 7 times higher than that in the other water layers.
The highest taxa in all peaks were copepods (adult and immature)
(average 77%). Overall, biomass of zooplankton was related to
chlorophyll concentration, and the relationship between population
and chlorophyll was high at 67 C. The zooplankton biomass (dry
matter weight and sedimentation amount) collected at 40 to 80 m
from peak 23 (67 ° east longitude and 9 ° south latitude) was the
highest among all peaks (dry weight: 17.7mg / ™, sedimentation
amount: 1.2mL / ™) The dry weight of the surface layer mixed
layer was about three times higher than that of the other water
layer. The amount of zooplankton in the water layer (0 ~ 1,000m)
of all stations was ranged from 0.05 to 11.67 mg / m (mean: 1.29
mg / m) and the nitrogen content was 0.02 ~ 1.94 mg / m (mean:
0.27 m / M & 1t: 3 & gt:). The highest amount of carbon (11.7 mg
/ ™) and nitrogen (1.9 mg / ™) were found in the surface layer (0

~ 40 m) of peak 12 (60 ° east longitude and 6 ° south latitude).
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Fig. 3.1.1.9. Zonal(left) and meridional(Right) current distributions along 67E
(KIOS201707; 5S, 6S, 7S, and 8S from top to bottom; horizontal axis denotes the
time in UTC during a day)
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Fig. 3.1.1.10.  Vertical current structure of shipboard ADCP
measurements from station 5(9S,60E) to station 39(25S, 67E) through
station 15(3S,60E) and 16(3S,67E) along the R/V Isabu cruise on
April, 2018. (Top) Zonal current speed (Bottom) Meridional current
speed)

Fig. 3.1.1.11. Vertical structure of meridional and zonal currents in each stations

along the 60E line in April, 2018. (green: northward plue, red: eastward plus)
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Fig. 3.1.1.12. Vertical structure of meridional and zonal currents in each stations
(16~27) along the 67E line in April, 2018. (green: northward plue, red: eastward
plus)

Fig. 3.1.1.13. Vertical structure of meridional and zonal currents in each stations
(28~39) along the 67E line in April, 2018. (green: northward plue, red: eastward
plus)
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Fig. 3.1.1.14. Meridional distributions of Wind speed, relative humidity, precipitation,
photo—synthetically available radiation, air temperature, atmospheric pressure, shortwave

radiation and net radiation measured at the R/V Isabu along the 60E during KIOS201804
cruise
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Fig. 3.1.1.15. Meridional distributions of Wind speed, relative humidity, precipitation,
photo-synthetically available radiation, air temperature, atmospheric pressure,

shortwave radiation and net radiation measured at the R/V Isabu along the 67E during
KIOS201804 cruise
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Fig. 3.1.2.1. RAMA array map (https://www.pmel.noaa.gov/gtmba/rama-array-map)
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Table 3.1.2.1. Data acqusition state of RAMA data (Quality: bad(beige), good(blue), excellent(red))
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Fig. 3.1.2.2. RAMA buoy observation data during recent 3 years (2015.11~2018.10) :
Monthly averaged atmospheric and sea surface variables in the tropical southern Indian
Ocean (short wave radiation, precipitation, zonal wind speed, meridional wind speed,
relative humidity, air temperature, sea surface temperature, sea surface salinity from top

to bottom: (red) monthly mean of the year (cyan) long—term averaged monthly mean)
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Fig. 3.1.2.3. RAMA buoy observation data during recent 3 years (2015.11~2018.10) :
Vertical distributions of monthly averaged water temperature in the tropical southern

Indian Ocean
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Fig. 3.1.3.1. Monthly climatology of NOAA(National Oceanic and Atmospheric
Administration, USA) OISST(Optimum Interpolation Sea Surface Temperature) during

1981~2010
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Fig. 3.1.3.3. Satellite derived sea level height and geostrophic current
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Fig. 3.1.4.1. The difference of NRL/HYCOM reanalysis sea surface
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Fig. 3.1.4.2. Distributions of 20T isothermal depth derived from

NRL/HYCOM reanalysis temperature data with 80m contour (negative IOD
phase in July 2016 and positive IOD phase in July)
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Fig. 3.1.4.3. Distributions of 20T isothermal depth
derived from NRL/HYCOM reanalysis temperature
data with 80m contour in April 2018 (positive
10D phase)
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Table 3.1.4.1. &4 AH&" CMIPS 71% ¥ =5

No Model Name

Resolution

Vertical Levels _grid (lonXlat]

Sou, CONFIGURATIONS
T bec-csmi-l China T, 1/3° @equator Tripolar 20 360X 232
2 CanEsM2 Canada 256X 192 a0 256X 192 del
3 cesma usa Nominal 1° (1.125° in longitude, 0.27-0.64° variable in latitude) 60 320X 384 19 Models
4 CESM1-CAMS usA Nominal 1° (1.125° in longitude, 0.27-0.64° variable in latitude) 60 320X 384 13 Institutions
5 cMcc-em italy 2average, 0.5° at the equator (ORCA2) 31 182X 149
6 cmcc-cms italy 2average, 0.5° at the equator (ORCA2) 31 182X 149 = =
7 CNRM-CMS Italy 0.7° on average ORCAL a 362X 292 Time Period :
8 CSIRO-MK3-6-0 Australia  The grid is a tripolar curvilinear grid witha 1° resolution 31 192X 189 20 years (1980 — 2000)
9 GFDL-ESM2G usa 1° tripolar 360X 210163 63 360X 210
10 GFDL-ESM2M usa 1° tripolar 360 X 200150 50 360 X 200 9 :
11 GISS-E2-R usa 1° latitude X 1.25° longitude Russell 1x1Q 32 288X 180 Climatolagical Manthly
12 HadGEM2-CC UK 1.875° in longitude by 1.25° in latitude N96 360X 216 Mean
13 HadGEM2ES UK f g hy 1 between 30N/S=nd the pul:ls3 e 4 360X 216
14 IPSL-CMSA-LR France  2X2-0.5° ORCA2 31 182X 149 CMIP5 Historical
15 IPSL-CMSA-MR  France  2X2-0.5° ORCA3 31 182X 149 R1I1P1 Ensemble
16 IPSL-CMISB-LR France  2X2-0.5° ORCA4 31 182X 149
17 MIROC-ESM Japan 1.4°(z0nally) X 0.5-1.4° (meridionally) a 256 X 192
18 MIROC-ESM-CHEM Japan 1.4°(zonally) X 0.5-1.5° (meridionally) a4 256 X 192 Global Grid :
19 MPI-ESM-LR Germany  average 1.5° GR15 40 256 X 220 144 x 73 (2.5 degree)
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No Data Name Variable ResolutionGrid (lon X lat) Time Period Reference

1 DasilvaSMD94 Climatology Wind stress 1°x1° 360 X180 1945 -—1989 da Silva et al. 1994
2 Dasilva SMD94 Climatology Evaporation 1°x1° 360X 180 1945-1989 da Silva et al. 1994
3 Dasilva SMD94 Climatology Precipitation 1°x 1° 360 X180 1945-1989 da Silva et al. 1994
4 IFREMER MLD MLD 2°x2° 180 X 90 1961 — 2008 de Boyer et al., 2004
5 Levitus94 Temperature 1°x1° 360X 180 1935-1978 Levitus, 1982

6 Levitus94 Salinity 1°x1° 360 X180 1935-1978 Levitus, 1982
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9 o 3 BRI ¢l W FE&F F de WHLS TrOCA °lth. TrOCAE
Touratier and Goyet (2004)el €8] A|otd FHAZ Tracer combining Oxygen,
inorganic Carbon, and total Alkalinity® °]& Aojxom, o33 o] FHoH}.
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TrOCAS = 1501.4 x exp(-0/92.894)
(2= 0.94)
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Fig. 3.3.2.14. 201793} 2018 #=x8° TrOCA2l potential temperature?]
Ao 2 TrOCAY 34

(2) Cant® ®X

Cans T4 20 ~ 100 umol/kge] HHE RHPor HFHOZ 60 umol/kgol AT
1000 mol A& 0 ~ 15 ymol/kg] HWHE RIAEH 57 60=olA FHoZ B Cuy
7b AZol BE3E ZoE2 UEyoen 4 e7=dAE F4 1000m ol A= Cundt
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(1) d=n7

o
nFL 2 (Fe, Mn, Cu, Zn, Cd )& S3ddAe LdE5Z=Z A4 Hooy o
il

FAAE BAN B e D5 vAGFIOR AFae] FA, YA W,
FFeqel g Ansol Ak, ov] HAF 5& FHOE AW 300) W o] A
o2 A g A% VFEE ¥ FAU9LE P FF A7t TATE Zea

il
Aol AP=ojgkFoll= BT, sHodAes A HE 5 AA 7Is 2 F47E FA,
dE T AT HF AT 8 FA 52 olF2 o] EoklA e A7t gl &
, =g A Ao |zt 3E 10093 o] IA uFdAE FF A
¢l GEOTRACES® &4 A+ &3 FolA &3 5xb& wwwt A7 3
o, olrfA = Ul FE ofgtH|o} 3] E Bay of Bangal & X3 AL dIF
Aol AT AFnt wREo] oA mFdL B AL A7V A

& Aol

ol

u%

(2) N ZAH EE

S E ASez nFdLr HH dFAHAY (Clean water sampler)$l
Ultra Clean CTD(UCC, NIOZ)E =93dted A4 AollA AP E&aAdrh. &
UCC Aule AdRelAd & 7k HeHolyrt Jix=Ho] A" ZdFIA
Subsampling 3 CTD &A1 E#o] 7padtAl AA, Adelx &% =& glo] =
AEY 2 A7 A3 5 AAE FIPE + A AFHUJT. B5ed EA, A5l
AR BE F43 A7l hH AE AR5 gsta, o] #FE 3W whESte] wA}

El@ H 9} accumulatorel] 8 E AF{FIT7E AASE FHE FY5A

UCCe A& 4l deploy A7 o &

s
Jl 50m7tA] HAe] sl £, oF 283t dhi7leksd

AE FURF °o]% UCCE %
S7HA Bolegd AF717F AdE 7] 2eldeA & Fo Al FA7A sHAl
2%, oA 2Hee AHdA Fa FAAA At & 24709 ATl T, EE
tolgta €8x 1670 ZolodA A8as AHsem, 500m 5 8749 FHlME

Aele] mFFE ARE 47 Ystdd 2e ZoldA WE=E AFE sk Uccrt
2 F, AR Aol ¥ ¥ clean-air &40 F¥3] FHHU
H

Fol AP AEA HolA subsamplings Tt
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Fig. 3.4.2.1. UCC deploymentzd¥ #A 234 Agoly Wi (9%), UCCE 3

deploy & %, &4 50 mellA AF717F As MdE BE (LE8%)

=(I)l=
=
=
2

g A d 24" (HDPEAA) &7le asFARE AF7] HE SAdR
Subsampling d92H, 72+ 4 2 500 ml 271, 2213 50 ml bottled] 1718 %4
A5 AEE A¢sat. ¥ A7 A8 HDPE bottle® 944 2 A7 P34
Ao A s e, Alkali detergentol 1579 WL E soaking A7 F 7] 323
Mili-Q water2 Al W 3 Fo] 65~70C<2 hot bathel ¢ 5% Supra-pure
grade? G4HE A9 WA o] heating AlA AHAIZ] @ o] % o] F Ayl H A3}

o] ZUEA AaAH DA AMBsATE. WA ZUE o]F T FollA] A 2 9
B EARREHY qUAE St FHF WA BE B3 9 FdvtEg F2AA
g Aot BE A2 A 9 AAE FYSIA

LEd9 vFFE 24 A B AlR9 4§, subsampling Tl A E7] Aol

HZE 7Y 2o Ny gasE 923k, Np purging®? 2 o] &3t Zua o435
APsidvt. dEl= GEOTRACESCHA HI®E e 94 wlg] A" inline
capsule filter (Supor Acropak 200, 0.2 ym, Pal)E, B|ZE3 PVCHFY A2
sto] Abgstglent, g Aol 2784 A&ttt ©] A|RE2 Ultra-Pure grade
22 0.024 M ¥=7F HA 7hete] A AE £(13M Conc. HCIE 500 ml A& 1
ml 7)), JA o]FA ] Fate] Bpste] APHRE o] o Folrt. T, 1A H
o mFEda S 98 5007E o] olste] AFFeAME A4 FHE 8/H9 (10,
20, 50, 100, 150, 200, 300, 500 m&] zlo]) AF7leA 12Le] & AW o
et om, ng] AAHE filter-holder (PE, Nuclepore)el 47mm pall-supor,
0.2 ym A#AAZE AZelo] HZEI PVCHHY dAst] 2o Wyow oJitslgct.
olAlgE wEl AAAH E petri dishel Hel, JAl olF AFHW| W5 BHHstAnt.
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A 3% ATAEEY g % A3}

Fig. 3.4.2.2. UCCE ol&43% &F(EAE) HA 84 A= 975 2 ANE A7 25E%H)

UCC A7) o] &3 GAE vFas Ar o3 2 AR A LH5Qex)
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Fig. 3.4.2.3. 20173 7€(¥%)7 2018
A4 A7

L
i
@
to
it
I
=)
off
o,
B
>,
il

(4) N B B4
olgA Aozl mFLL &F AFEe B A7Y 197% 130 Avd APHIA=
A

E
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d AT Ax] AHFEAY] (seaFAST ICP-MS)E A &S =49t o AvE o &
3t] NobiasAl€9 Resing o] 43l dl5 HA 2] extractions FP3FIFon, o]
online® & 3 AFEM7d A5t v= 4L vt A& 54 M Inllbs
WE EEBER 7bsle] 7]171489 drift2 93 oA mysdony, v FH NASS-5
°} CASS-6 EFAIEE 37 A3t 348 3 53 oA &5 #F&At. CASS-67
NASS-6 54 323 2 438y 3582 o 94-120%2 wi¢ A= e
Aoz dedr (V-102%. Cr-120%, Mn-114%, Fe-111%. Co-109%, Ni-87%,
Cu-104%, 7Zn-95%, Cd-100%, Pb-99%). =@ seaFAST ICP-MSE o] &3}
A 201849 AEE ¥ 54 gr3den, 20179 79 A2E @A Hsn o
| — S : gy =y

W

(o3

[ S— s 'f'{.n A \‘
Fig. 3.4.2.4. A7 A 19750 +5% A 23 347 &2 vFds AA=
AR(EF)e} B AP FHE ¢ T £ vFdA AHY-AFEA)

(seaFAST)9] & AP(LE2%)

(5) 247 9 29
B A e nFda AR AR FHle AP E A P B Apzle nFds
7 e H5L 71E9 GEOTRACES A7x(20099, d)ellA 22 HAdA A
2010 LR} v AR Hlu 4E AP S Fated FPatgon, Fed A9
£ 201799 2018 F & BF IEE dE A7 #I w2
Aete AoZ UEth Fe 271 tha B4 Uehude AL A8 AF 2 =349
2 AL @A) o] BEE AME] feE ok ddstn o
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Y. Th-234 FHAE o1& dAY F71€2(POC) AZF FHAT

(1) 9 7
PThe UALS AT 9942, F 24,1499 ©4718 770, The &
A

3], fAske]l FAAgel wig A, FE FFAA JAe FAAEE(scavenging
rate) & FA = FAARZ da 2o gon ol EI FFo v@hEselr M
B2 EES AAGE AdAA #7] #ae A2 5 (POC export)S W=
A% AR 22 FEA Aok 2t 1 Rk 0 gol A 2w
2 A77 A 7] wWEd, B AT e WF £Eo0A PUThes W Hx= A
BellA AR AlRE AAE T JA] AGAA FHstnA s

(2) Alz AFH B

(7}) 237

L& PThe A%, ¢A nFFEH ARS 4 FH 874 Aol (500,
300, 200, 150, 100, 50, 20, 0 m) ¥4¥k CTDY Niskin bottleZ%E PE
bottledl 4Le] al+E A3 F, blank’t 7Hg W& ez 41X 25mm silver
membrane filter (1.2 um)°ﬂ 2 AFdo] A AL A FH oA 8/ AR
£ 4L° PC bottledl EA At Ath (ot 18). olFA A#E A&E Conc.
HNO3& 6 ml 7Hs) pHE ~22 %& F dA8 359 FAAA *The % 10
dpm 7b&t 3 6A1Z oS sttt dAtE Y] 2MThe 8o R 2L9 s+
o o3 F(F 6L) AHE silver AFAAE FHE wWi7hA AH F=dA FH A
A Azt

7142 (POC/PON)

A3 AR} elelM 4 L S PE bottled] A5
T, 2 Aol A Az AR FR o 87/ AEE 25 mm silver membrane
filter (1.2 ym)ol §A AFHaAth. AFHA= AHE Ao B F7122 AHE 93l

FAED e ool Mol AHAY. AFH AR L FAFEA Az F
o

petri dishell ©o} 94 -20TC WEAd B#ASAT. o] Alge AF B A3d
=dH IR-MS A ZFEA7]2] Elemental AnalyzerE ©| &3l POC/PON B&=E

106

S48 dge= 4 dr]l Fel ok

Fig. 3.4.2.7. & Aol /Mg thald &5 A o3dx 9 ojatd dA

) ANEAH A R AF
20179 7Eele= T A, 20189 4€ell= F 89 AAHAAM FF FF
500mol A8 FF74A] 87 ZololA alFA R (12LE AAsAT).

10°N

r

EQ KIOS17. 070 ’
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Fig. 3.4.2.8. 2017\ 79 (9%)3} 2018\ 49 (L2%) 2%Th A& ANFH AA

(4) Alg EA W
£2H 9 P4The AAe FPo 58 FHAA BOThE spike 71stn H4 6413t

% Mn 33 (Mn co-precipitation) & ¥Eo] ¥Zagdct. WA 1/28 FHAH
NH40H €9< ¢ 12m]l 3% 718te] pHE 8.0+0.1% & & Ao njg] vt
E0]2 KMnO4 ¢ MnCly Al%FS 2Hdl2 0.5ml¥ 7stel A wreS dozig, A
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Qe AFAE WE) WE ALY

A

A 34 AFAREY g o

A3

Wkgo] WEA dojyA FEE immersion circulators O]Q-'é‘ﬁ Heating =5 <
85CE AA A B30l 1241t o]} 7tdatdt}. ol HAAE<] F&3] 7tetedtin
s G 1.2 ym, 25mm silver membrane filterol ZF 8712 A|E2& oJZ3t
T, AFAE 24 F= UdA FF A7A AxIdu. AR e AME Aol A3
background& %571 913t B8 AA A AAES 93] oMEH derE &
ol AFsATt. Azt v @ IR QAN E A ARA e I/, Milar o=
13, z8lx Al foil (16 um)Z 23] 44 B-counter(RISO: Low background
multi beta counter)®& °]&3ate] 54 SH ATt FHAITLS F count +o 53
FEAA7L &EH ‘ﬂx}ﬂM] dsted zkzb 33 5% oW E fAE F UEE Am T
Z 4 4 cycles(cycle/4A13t) o] &H 3t 29 SHFE (cpm) S ST & 47
HolEE A% 9@ wWejstdrh, WAl o] mE AME fste] BE WA AT
=

-

(T

o

71

Fig. 3.4.2.9. Mn 3 3AES WE7] f8 dAg FA AsE 7tEste Ba5EH)
% 2

=
3 AAE A F o9 A8 AANE B
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Fig. 3.4.2.11. A7) B x| & A

) A7 8 B9
7hH 20174d 7€

Fe AZ710 HE(@)-7FEE o AA A=

std
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400 —@— 04_Particulate 409 —@— 07_Particulate 400 —e— 10_Particulate 400 —@— 13_Particulate E 200 200 | ( |
—e— 04_DIssolved / —e— 07_Dissolved —e— 10_Dlssolved —@— 13_Dissolved = |
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= e : & .0 a0 L = .
Th Activity (dpm/L) 234Th Activity (dpm/L) *“Th Activity (dpmiL) [m) | |
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0 0 of T 400 13 (5518 6TEs¢ 400 | ann |
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a v Fig. 3.4.2.13. 2017 7€ 67E A& wet 4 447 §&4 *'Thel 4 ¥x9} CTD
400 400 400 | -
T &< It 2 ol 452 FREWa FH LX) vl
500 500 500 ¢
Fig. 3.4.2.12. 20174 7€ 67EA A4 &F4 *'The] A4 54 X (h) 20184 44
ZTh Activity (dpmiL) ZTh Activity (dpmiL) Z4Th Activity (dpmiL) Th Activity (dpmiL)
201715 7% 77H ;8‘71‘5]0“}“1 234Th %_;S] 7‘%;4_ _g_z‘,:_;\o} 234Th% = 60*70‘3] Fﬁ 7rl°] oﬂ 0o.o 05 10 15 20 25 30 00,0 05 10 15 20 25 30 30 00»0 05 10 15 20 25 30
A ZFe A (deficiency) & Holx ThA] A A% 8 (re-mineralization) o] €& <F 100 100 100 100
"El o]st ZoldAME omdFd UI 7o HFPd o2 FEE HATH YA E 20 . 200 200
_ £ (245 dpn) ™
The] 49 &F AET 10d] o8 ¥e FER JEH Zold wel S¥HI B ¥ g w0 300 00
— 400
4ol el @itk *MThel 2ol /b 2A Lolube olE 60~T70m Lol= W | oo | o i o 5 e o 15 e
|_Dlssolved —@— 05_DIssolved —— 13_Dissolved 500 —@— 19_Dissolved
=) = 500 500
9EE w0 FA™AM Al dAEH o=  subsurface chlorophyll - S
24Th Activity (dpm/L) 24Th Activity (dpm/L) Th Activity (dpm/L) Th Activity (dpm/L)
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Fig. 3.4.2.14. 20184 4¥ 60E, 67Eo A A/ &4 PiThe] F4d 47 B

20189 49 871 HHANA 24Th A3 &F 2**Th deficiency’} Hd= e
UE Zole FAd wet 24 vegun 68E Ao 3¢ sxoME < 40mdlA e
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A

A 3% ATAEEY g % A3}

WA, o] wal 2 ol (MTh Hul Z23)7E A Zoixtirl el 20%Me <
100m otgiellA Yetvs ez Uentt. ol 9Heg 2445 SCMe Zel7t 67E
Ag we GEHor A4S 40v A oF 12008 74A] HAH ZoAXE S 435
Atk T, 60°E 5°SellA e ¢ ol Ao vte §F PUTh v=rt A5 o
AAAAE dAF 2HUTh 9A /M e EXE BAY. olE Seychelles-Chagos
Thermocline Ridge (SCTR) A Ho|AFE 71913k 2333 k9] lithogenic particle
o fPeR A *Th AA & ez Y7,

Particulate ***Th (dpmi/L) Dissolved 2*Th (dpm/L)
0.0 0.2 0.4 0.6 0.8 1.0 00 05 10 15 20 25 3.0
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100 100
g 200 200 ‘ 7
§ 300 Eggg ;é?) 300 "o o8 4
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Fig. 3.4.2.15. 2018 49 60-67E A& wit HF YA/ &4 *'Thel +2 &
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ig. 3.4.2.16. 2017\ 79¥9 3 2018 499 ¢ o] wWE chl a
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(6) B9
24Th/28Y Activity Ratio (A.R.) 24Th/28y Activity Ratio (A.R.)
0.00 025 050 075 1.00 125 0.00 025 050 075 1.00 125
9 o o8 20 0 i
o ?
~ .
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E 200 200
g KI0S2017 KI0S2018
—@— 01 (60E 13S)
= 001 R 300 287 Gifeoe 5o
—@— 10 (3S 67E) —@— 13 (60E 5S)
—O— 13(5516' 67E54") —O— 19(67E54' 5516')
400 | _@— 17 (95 67F) 400 | —@— 24(67E10S)
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—O— 23 (15S 67E) +-O- 26 \67E 245)
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Fig. 3.4.2.17. 201793 2018d *Th3} ojw|3)E Uztel uHE N

ojulg <l #8Um B4Thel v E & o] &3k 2%The] YA AZ fluxs AP 4
stol, ol BAFA AN Ag (B0 PThEe total >®UF 2¥Th activity, A
= 2MThe] B34S (0.0288 day-1), PE 2%Thol A% A« 98 export flux,
€ F% olFdl o #Thel $% FH), P'The] A7 Fxg Ata Bk

0% Th/dt = (*BU-24Th)A-P +V
I A3 FARAE (steady state)E 7FFstn AtE P4The A7 ZH~E G0E

|

<

SCTR A9 sectiondlAl ¢k 4170+3010 dpm m?2 d', 68E sectiondlA:s HF
13504947 dpm m? dle& Jelgon E3 SCTR Aoy 4719 &R 2F

o F et ujf E& o F JENTh

w3, 20179 67E section® ®lm3tH (538+365 dpm m2 d7!) &3] 2u] o] A
Y927t 24 vetgen ols Ad #5o] Agd o] Foxl Hg z<ratd A
A zpolef|A] 7)1 Ao R et

ol E A8 ¥ POC ¥k AP/} Yexe LSUAw, 71Ed Axgolr] dojxl
Cppz/?**Thel H] ko]l 0.9~3.8 umol dpm™' (BT 2.0+0.46 umol dpm™") (Subha
Anand . 2018)° WA tE A& A&, B AFdA dojd dAE frlerio
27 o 67°E @wWold HF 1.1+0.9 mmol C m? d'e2 Yeygen, o& 3

2
(

N
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A 34 ATAREY e Y A

2

= A el A2l Azel (1.0 - 7.8 mmol C m?2 d) FAIAY e A4
Aor o v Ao Uyt Owens 5 2015).

o] SCTR A9 60E sectiondlAl d4ad f71et4o A fluxe <F 8.2£1.0
mmol C m?2 d'&, WYRT} 2~34) oA Eonw T 5 Aol ES marginal
seast ARG FA 2 UEsT

ju!

A, POC AlgE 9% & A7 =4%H Elemental analyzer FH =2 =% o
71 Tl Jdem FF B Ao Aozl A5 POC BAE 53l g% A3 A
TR R A R = i e B 7 =

S92 N0po/20ph FAAE ol 7 Y BAEH F4 A7

g

0poe A UAIDY AW T9d42, o 13899 w71 g 7B, 2y
SzolA g o Holgle UdA M4 Thate wel, 7144 olnaZel Ry
o] gl thrlre] WER sl 219po3} T ojm| & F9l 210phe] F J1dL YIS
53 % FYolth. 28y Pog Tht Mg g84 4 4

B D P
& wol/lw ek B AFAAE TE dgd v

£ Qmgelq P A B e 5D AT
HoA ARE AAse] PN FHE A2 Ab

il

oo &

g U
,%
=
_ﬂ

o
[
e
po)
o
o Jo

o
)
i
4
O%
_O'E
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o

(2) A& AHA T

28] 2%Poo] 7§, YW CTDE Niskin bottle25E 10L9] 45 A5d ¥,
blank7} 7Fg W& Aoz ezl 25 mm silver membrane filter (1.2 ym)el &
AF=o] AR A& oA FA A F 8-10LE Fetxg &7]d A AFedt. o]
PA oA7E AlEE Conc. HNOsS 6 ml 718l pHE ~22 2 & Az &
FHAQ 29Pog oF 10 dpm 7Fet F 6413t o1 Hi7Et T ‘”1}51194 20poe o]
FA ARE silver AFAE FEE W7hx] FUF=oA Ax3 T Y5 EASATH

B3 As A B4 £ A

Wpy 245 93 ¢ A8E 2 370 FAAA(13, 19, 349 FH) £ 9-1070
Zolol Al A FZoA A43E 0, 50, 100, 200, 500, 1000, 1500, 2000,
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2500, 3000m %).

(4) N8 A 2y

EEHY P02 F$E& FAAA *Pod 10 dpm spike 7Fsta, FA ojm| &
d 2ph FEe HF L 9T & FAAQ A F(Pb, Stable Lead)E
60 ppm ¥=7F HA 7be & vl ol 2REH HA 6AF F, H FHA (Fe
co-precipitation) & TE] %3t WA NH40H &9 713te] pHE ~9.0

2 8E 5 AF AoFA JHAEo FES AZ WA B ]’\1 Hastnt. o
F H AAdE] F&3 tAdskttn #dE Siphon-off ¥R FF5HE wet
W A F ok ~500 mle AET EA fE v AdgA E‘r’\] -‘:"*0] 7t & o
A, AAE o3 WHLE 142mm filter paper(Whatman 42, 2.5 um)e°l
Zr AEE FY Boz Aqdug T, oA E Ho petri dishol ®o} 93t 20=

o
ol
3
=2
o
ol
T
g,

AT, YA Bl wmE ALS fste] RE @AY AEE 7

Fig. 3.4.2.18. 7t A& A IAE(Esd A ) A4 25@FH)F o3 25
=22

(5) dv] A7 2 E9|

AAN7AA counting ZHH 21%Poo £ W BEE ot oY Zow, dukxo
Z gl A et profile® Al th2A eFe Fdol UeERth YPhe FEe
6 MY ol F FEF ingrowth o] Fo] ST & low, 35 & (recovery) B
3 Fo, &% 2Ph counting Tl 2PbERIEH 7]d8tA @&, FY (Excess)
Hpoxse] A g Aol & Ao}

115



A 3 AFAEFY W 2L A

116

Activity (dpm/100kg) Activity (dpm/100kg) Activity (dpm/100kg)
0 5 10 ® E [} 5 0 1H 5 \U 15 k-] =
o — a
o phao T
o =
St. 19 0“? St. 34 "D"l
ey a .Y
E o \‘:\ T 1000 q: 5 -"({\
= Y = = i
Fowo o | & 5
j; 1500 g 1500
1500 £ kY
b1
2000 -4 2000 .
w0 b - @ oo g S A o
) ° A el
3500 2500 0y

Fig. 3.4.2.19. &F Po-2109] A%

A 5 BelANS AT
1. 94AEE &8 2224 9 o
7 A8ARE S8 FREY WEold
(1) o=k =z Ad A3}

- AN F3E 199 ] FEEH] I3
g AH sldelA S7H(Fig. 3.5.1.1 a)

)
3
ot
il
ofN
o2
:

Qe M obA . &

- 2REE $EE 493 5¥ AA Heolxm, 843 9494 H1 =S dEhlx, 11
47 129 ZasAW BRoe didoR =g = 44 (Fig. 3.5.1.1 b-3.5.1.1

m)

B

WE KOT 120E

E ATE STE S0E \OOE 30E NE FE WE ME GIE NE I0E MTE ME AVE JWE IWE

(j) Sep. % (k) Oct. (1) Nov.

Fig. 35.1.1. (a) G789 2 199 Z2=29 A4 HF 94 (b)-m) F=2=
g 193 €9 F222Y v A3g

(2) 2292 EOF(Empirical Orthogonal Function) ¥4 Z3}
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- EOF mode 12 Dipole Mode Index(DMI)¢ ##A (R value : 0.28, P

value : €0.01) Et}E ENSO W3H(R value : 0.44, P value : <0.01)¢} 437 - 19 gL A=k A53E Wgel ENSOS 99 Z4addAAE veha, 39 39
7} 1, FRA R ENSOd 93 gFew Frade BALYg Adstn i 7 < A= AFHE W3 ENSOO 99 AAAAE HolA¥ ENSOY duAe=
(a9 3.5.1.2 a-3.5.1.2 b) =& A#AAA I} eI (Fig. 3.5.1.3 b).

- EOF mode 2& ENSO(R value : 0.19, P value : €0.01)°l 23 dgrje= - 287 49 39L& ENSOd| og Jgrtt Jrcr e B53F wgtet &
DMI(R value : 0.54, P value : <0. 01)9+ T2 *‘ﬂﬂﬂl vehin, 34 wst = AEEAE debdti (23 3.5.1.3 b).
E AEF AFAF 3l F AF5FH A JA=delA FEg #s dAA(2E 3.5.1.2
c-3.5.1.2 d) -AEg A gl FEEF WMate ENSO 9% o] Uehvdn YA,

Hog Qe AINT WFd 23 Warl w4 Jehdo

EOF Mode 1(8.6%) 10 of 1 Mnde mnmph,‘ll Time Series '(b)=

Index(DMI, NINO3)

e W

Btk B (e |

2 Mode Chlorophyll Time!
(=12}

i
L NIND3
X wE i #4600 11 02 03 04 0% 00 07 00 99 10 41 12 13 14 14 10

Fig. 3.5.1.2. (a)-(b) EOF mode 18] 2223 A/Z7td W3} (0-(d)
EOF mode 22| S22% Al/¥3t4 W3}

(3) #2249 K means ¥4 A3}
- AEd A Ao ZREIDe RS A3 EFH ENSO o syt 38
ettt dm, 53 AA=dw glEdelr gwE FRag ws wa.

- AAIZE A Gele] F22E W3 E oldstr] fs EOF E A5 FoA &= 9
o] FAAEE o]€3 K means ¥ACR T/ gz FRI A=t HFF w3

o} ENSOS¢te] 4334 24 (Fig. 3.5.1.3 a).
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BOE

100°E T20°E

(b) | Chlor-a vs. DMI

Chlor-a vs. NINO3

A" o= Saji et al. (1999) ATelA Lol o J&F3 Exe] & F-th7]

F5AE W2 =g A5 F0] TAstE Aew Hu

- FHZ 199(1998d ~2016)7te] A= A=31GF ¥sle A 2719 ez +
=3, First Type IODE El Nifio (La Nifia)7} &4 Al7]19} Sd3iA dAst= 3
2 positive 10D (negative I0D)E 20067 2015(1998, 2005, 2010, 2016) (
4 3.5.1.4)

o Mz

8

- Second Type IODsms ENSO A o|Fuy AdEy I oS8 A=
positive IOD (negative IOD)¥E 20033} 2007 (2001)(Fig. 3.5.1.4)

Area| R P Value R P Value
1 |-040| <0.01 -0.25 <0.01
2 |-030| <0.01 -0.16 0.01
3 [-0.21| <0.01 -0.30 <0.01
4 [ 052 | <0.01 0.20 <0.01
5
6
T

0.02 0.73 -0.12 0.06
-0.08 0.23 -0.12 0.06
-0.11 011 0.04 0.60

Fig. 3.5.1.3. (a) K means #2402 QAE%¥S 771 ALz +
B3, (b) & A F2EE W A=Y AFF W

9} ENSO 7te| ZFaaA &4

(4) A=F A=535 sy 229 Wz 24 Ay
- Guo et al. (2015) Aol E 63d B¢ A=Y EFFS ABE o|§3ld A=
DA 7)1 Aol #e ddYetn Ja, 2

F AT A VA BdeR FEsta
AFolM = 19d(1998d~20164 e}
Second Type 10D (Indian Ocean Dipole) S F¥3tx ¥4 43 (Fig. 3.5.1.4)

- Dipole Mode Index (DMD ¥ AMA=d3 FAdxde d4H =35 o] &3to

120

PositivelOD

28 First Type (FT) 10D
{Developing phase of ENSO)

2006, 2015

Negative 10D 'NINO3
1898, 2005, 2010, 2018 -1

2003, 2007

2001

I Second Type(sT) 10D
{the Year Following ENSO)

99 00 ©0f 02 03 04 05 06 O7 08 08 10 11 12 13 14 15 16
Year

Fig. 3.5.1.4. Dipole Mode Index(DMI)2} NINO3¢] climate indices(1998'd 1
4~2016'd 129)

- Fig. 3.5.1.5% 3.5.1.62 199 &<te] F2=292 594 First9 Second Type
I0D9] positive®t negative 717F, Zelz Hd 7]ZHIOD7} LolvA] & dAx: 99,
00’, 02, 04, 08", 09, 11, 12, 13, 14)eg2 FEsn AGFo ALHF TS ALtst

2 Aol olgete] BBl F1A WeEA

- %9l First Type 1I0DE #HW3} vlwslo](FT plOD - HW) F22IL 5%
G Az ofghv|olslol A Frdla(Fig. 3.5.1.5 a), 29 AF FE2=H A
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O(FT pIOD - Hd)e 4% $2 2 a9 Asta A sldor Fdrch 7443
3L, 53] olghulotafeld Pdro o] AP (Fig. 3.5.1.5 b), ¥ First Type
I0DE <9 %9 #wsle] (pIOD - nIOD) 9% FH AR IS Adstn A
A F7HFig. 3.5.1.5 ¢)

- 9 Second Type I0DE #HWd# Hlwaled (ST plOD - #H4Y) F=22HL& 54
Z=dT MREg (Aol Xl)oﬂA 73, FT plODOlA B9 oletulelale] &
223 Z7ke UeA 2kn(Fig. 3.5.1.5 d), 9 2% ZZ2- Aol (ST
nlOD - H)E FA=LT ofgu|gt & A ldS Astn UA slgere &
9 A$(Fig. 3.5.1.5 A)¢ ¥luwsted F74l(Fig. 3.5.1.5 e), ©l= FT nlOD7} ¥
9 div] A al el A A wmste] whdle] Ao R ko] ST I0DE &9 4
b B te] (pIOD - nIOD) TUEFNA S7H L (Fig. 3.5.1.6 f), FT 10Dzt
Ztol 94 (Fig. 3.5.1.7 ¢) 9 Hlmste] ofghu]olalel Al ST 10D9] Aol i

- plODZre] 224 FX 2ol (FT plOD - ST plOD)olA First Type! 7ol
ER2Y TRt SIS 34 olgiulofal ol A k3 (Fig. 3.5.1.5 g), nlODZte] =&
29 % i}c’] First Type nIOD - Second Type nlOD)°lA First TypeQl 7%
o 2224 F=7F A slgollA A& (Fig. 3.5.1.5 h)
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{a] FT pIOD Non'mll

i) ELnIoR- e
a7

o - =Y T ]

Fig. 3.5.1.5. First®} Second Type IOD 7|3t A& E o] &3te] AHH3ta Afol& A4ksh
of FrEde] I3 W5 24

- Fig. 3.5.1.62 A= A37% sy 2299 A4 WAstete 434S JE
W Aoz 4y o] 2ol (plOD - nlOD)THE Al

- FT I0DeIA 222" Fx°] Aol (plOD - nlOD)E AR uteg} FJA=FT A<l
Z=FollA A Jebd(Fig. 3.5.1.6 a-3.5.1.6 d)

- pIODS| /17| FE2de g BARFe] Aztzet ¥ AN FrbEel,
heel SAEF AN Ar)E Holm Age] BaH

ol

- MG ME ofehulolalst muelol BANN A AMA AA EXAT, ALl
e WEE Uehln, 59 AmE Egett WaATdAE A% Fzzds Wt
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- ST IODe #=2=23 Wz (pIOD - nlOD)E FT I0DI= 2 (Fig. 3.5.1.6
e-3.5.1.6 h), plOD9 7|3tel]l SRZFL FAEFS] A7t2Ere} FriEe B2 39
AX AE3F Theel S7HE L Aed Fol AidEn

- AA=glA Fr2de] Wste FT 10D A9 g8 o5 #astn 723
Agdl agelol £t ofehH|ola oA F7IITE.

fu

- ST I0D¥ FT I0D%+& 22 A Add plODY %Rt nlODS A $l F=
4 5= 37}

3 A1 = BE S A= Walker Circulatione]l %

- FT plODE dgwr} &
= do] el Aoz FExA H
1—_14 Y

o olEawA <l

- wHlE $EY gl AdHwA AQEGNE JUAoR Fe FeokE JY
3o 537k FAANA ARGAAE B4 4F BRol I BN e WA 2
°l Aol & UERAIL, FT nlODE olsh wiel @4e] Aul Amakola] wa

- 2R2Y HMIE F-dr] F5HE i T4 %
7bell AFel7t 27 Yebdth(Fig. 3.5.1.6).

4
Leﬂ
oy
o
fu
o}
ZO{:’Q
R
rr
2
o
B=)

u
oy
=
2
o
fu
=
ol
&
o
1o,

- ST plODE <=7t &gEe] Ot st F3Jo
Aol7b e ARE Bl

- Bol AUden 7Y FFoR ddte] HARY P2 delt Feo] F7hy)
3, 897 990 Fu) AEFelN FFo] SANAVA FT ploDS]
A7 F-A QEFIN A4F Aol ez, 1097 1196 &1

- 53] ST I0DE FT 10D €2 &dl g3 oA a7 d328o o &
o 1EQn, F22E H3lE FT I0DSE €8 dd-dr] 4=
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g o] T-A A @z FaAAE AFd A7t AAL, 7HEH} Agde &
wejob &A) ¢} oftulotalol| A o] 7b “EbdTH(Fig. 3.5.1.6).

- AEAoR AR 4INEY W me Fzed Wit ARF AAA e
S, du AEFE whek B3 AAEFAA Aot WAL, ofetulotelsh WAT-S
Eashe ARG HRNE Folst Ay

- esgt wRE A7ld) B4R FT ploDS) ASe 43 Aol Husk e e
o FEsge BARS, cllold ¥ WAWIN FHAEL, AE dRINE Fadh
»

= [<]
2, W] APyt 2 F Y3 ST plODe] 7 foll=
oll

= @gel Huzk A o
3 sbeel 2ed Wie ARG dd A

7hE AL, oftr|otel =
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(2) A=F SAYAY Wk 898 BH

O A ARG FF g B

- VGPM(Vertically Generalized Production Model, Behrenfeld and
Falkowski, 1997)

PP,, = 0.66125 x PJ5, x [( X Zgy X Chl_g x DL

Eo+4.1)

PPopt : Photosynthetic rate, Eo : daily average PAR at the surface,
Zeu : euphotic detph, chl_a : chlorophyll—a conentration, DL : day length

- A A QALY 2 Y TN JEHOR PARS day lengthE
LT e A dEel A4z AR, 3 ol gtol qF s Aste] 9

- Photosynthetic rate® F 70| ¥Ho] AAE o] U},

Py = —=3.27 x 107 x SST7 4 34132 x 107° x SST°

— 1.348 x 107 x SST% + 2.462 x 107* x SST* — 0.0205 x SST*
4 00617 % SST2 + 02749 x SST + 1.2956 , Behrenfeld  and

Falkowski(1997)

pr = 0.071 x SST — 3.2 x 10~ x S8T? + 3.0 x 10~% x §8T?
opt =
Chl_y

ST — 3 ¢ SST2 — 5 ¢ SST3
+(l.0+0.17><5.ST 2.5 107 x SST 8.0 x 10 x.S.ST) i Kameda and

Ishizake(2005)

SST : Sea Surface Temperature
- F A A FelA @A @t FRs g s A3 WS Kameda and
Ishizake(2005) W¥H<S Al&3tx 9031, Behrenfeld and Falkowski(1997) WwHo]
BhA =4 FE AT
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Fig. 3.5.1.7. Kameda and Ishzaka(2005) 3 7# 2k
zkoll 1 Behrenfeld and Falkowski(1997) "9 ol A
Axkd & oW grez Aoidoez Behrenfeld and
Falkowski(1997)¢] ZtiH ez A 4

Table 3.5.1.1. Euphotic Depth 54

The four major approaches to derive the Zq, from satellite observation.

Approach Algorithm Reference

() Chi-a based empirical model Zetys, = 340(ChI0 (Morel and Berthon, 1989)

Caleularion n{ Zau o goan:

Zeuy = L,(PlR)

(a) Single empirical model Ka(PAR) = 0.6677 xKa(490)0575 (Plerson et al., 2008)
Ka(PAR) = 0.0864 +0.884 x K(490)—0.00137xK 3(490)~! (Morel et al., 2007)
() Switching empirical model Ka(PAR) = (1 — W)xKo0r (PAR)+ W x KT (PAR) (Son and Wang, 2015; Wang et al., 2009)

Where, K4 (PAR) = Kq(PAR) algorithm by Morel et al. (2007)
K™ (PAR) = 0.8045 xK 4114 (490)°917 by Wang et al. (2009)
Kahd 490) = ~0.05256 + 1.3537(22000)

Ra(670). Ri(670)
W = —1175 + 4.512;2000) for [0.2604 <2< 0.48211

W = 0 for [0 <0.2604]

Res(670)
W= 1 for [ {ZEE>4.821]

(@) OP-centered semi-analytical model 1. a(490) and by(490) are derived from Ry using Quasl-Anlytical algorithm version 5 (Lee et al,, 2002, 2005, 2007)

2. K4(PAR)(Z) Is caleulated using a(490), by(490), and sun angle (&)
3. Finally, Zews, is caleulated

- Euphotic depth % Wi & =A 47Fx] 2 tair] A =S
HAle ZEEZFE FEE o/&F WY, T WA Kd(490)2 ol&d

Kd(PAR)= °]&% W, =93 Wia vixtez 0P 7|Wte= —’I‘—7é'3}

=

128

e EE

- Yoo et al.(2018 accepted) =& AIoM = IRt FHAH AN dAFA=
2 o]&3le] Astd ZAddE 0P ZiWtez FW ol tekdt g oA
Euphotic depth® Z Fg3t= ALoZ B,

4

Zovs oy kot ot . (18099 )

v Zoa )

=z

Zou oy More ot (2007 )

@
o Ze )

AgelA F4
0C4V43} 0C4Ve W

-t o® 0C4V4 F3 WS 0C4Ve %4 UHED FdH e w4 FHd.
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Az}

- QA7 AR FES Sl 20 3 el e AAARE ol S
Aalelol = Aol 20189 49 AT ARE ol gl F7.

i
ol

AAAAEE A AdA MODIS aqua?l AEE AR S o] &3lo] A

A

- ZF22YL2 004V4AE9 0C4V6e olg3sted A4k, euphotic detpthe
Kd(490), Kd(PAR), IOP W& o] &3lo] AAt =38,

EE2H(0c4. V4, mg/m’) EEEEH(0cd4_V6, mg/md) EEF2(°0)

R E R

a0 e e

Fig. 3.5.1.10. MODIS auqa®] 2018 4€ A A5 E o] &3l AN #%

- ATl A= AGelM fAPAA FE dAALNE 20189 49 E9F @S
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vHlao A 3 WA WL Behrenfeld and Falkowski(1997) A7l A] Xﬂ Ald e
Abgetda, & HA WL PhoptE Kameda and Ishizake(2005) W¥Holn E=2
2HL 004V6 WS AME-3I9 3L, euphotic depth® KA(PAR) S 01%5} Zlo] i,
WA= PbopteE Kameda and Ishizake(2005) Wiola F2223S 0C4Ve W
< A}143t9 3, euphotic depth® I10P 7|9 W& o] &3] FHH )

£W

-3 A g e Yeix] £ R ddidos A dqd dA w4 FHHR, F
HA PHe A A P vaste] Fdlow v F7
1. PP(Kd(490)) 2. PP(Kd(PAR)) 3. PP(Zlee)

WE  WE IE

Fig. 3.5.1.11. 7]l AAE 14719k A FAYHS o] &sto] A #

20179 79l B4 67= Ao F9 5ZeA gF9 16=E7HA W9 xZdd
(0~200m) A, 9IE 1 tEdoa SEZHIE £3 9g5d BEXEAS o3,
A= REAT 7FHE S (=Y AFA5) T AF-S FgAstux st
(Fig. 3.5.2.1). 20189 4¥°le B4 60% 49 &9 3% 39 12=714 a8
B4 67T% 9 99 3molA e 24704 WS, 91® 3= A (A 4% b
A B4 60% 29 12%-8%) MY F 1271 FAHAA @I Lo FE o] A
S aAh(Fig. 3.5.2.2).
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Fig. 3.5.2.1. Map showing survey stations during
2017 cruise along 67°E transect in the western
Indian Ocean
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Fig. 3.5.2.2. Map showing survey stations

during 2018 cruise along 60°E and 67°E
transect in the western Indian Ocean
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R/V oAlR-Zd] AxE t3 ZZHaE AY7(MOCNESS: 9737 1 m? %23
7] 200um) S A& THFig. 3.5.2.3). 2017delE EJUNO - 200 m) WA 5

2FAREE EUE 3409 F322 FEIAT. 2018de= EFel4 1,000 m W
A F TN FEom FRael 2 APHAG. AWFFS F3U(0-200 m) WA
LFHRES EUR A2 PhY $F(EF £V, 952 AN L TIF £

o
AF)ez FEsHE, 4719 1% F£F(200-400m, 400-600m, 600-800m,
800-1,000m)e & FEHATE. AFL w3t @e] FE glo] FPsAnt. A Ase
A T2UYUoR HF v 5%/l FIxEE 1y T AgAoA v (Discovery
V8, SteREO, Zeiss)stollAl g4 & A& EA5A}(Fig. 3.5.2.4). $EZZFIAE F
%742 David et al. (2003) ZL8]3 Chihara and Murano (1997)%& Fraisle] #4
A=

Fig. 3.5.2.3. Multiple Opening and Closing Net Environmental
Sensing System (MOCNESS) attached to R/V ISABU
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Fig. 3.5.2.4. Quantitative and qualitative analysis of
mesozooplankton using Discovery V8, SteREO, Zeiss

FEZYIAE AT B Z2YA (Bom, 2 mm T oam 0.5 mm 0.2 mm)E o] -3}
o 571 @Z71aF (0.2-0.5 mm, 0.5-1 mm 1-2 mm 2-5 mm )5 mm)Z FE3 5 {2
Afod#A (GF/F 47m)o] o7} F 2 (-70C)stellA B&A AT, 2 & A84

a7 24413 60CollA Az ¥ 2 YA & (Sartorius Cubis MSE)Z #4333
o FEIYIE 92T A4aF ENS fd dFAERE BE EFHs /s o
FA (GF/F 25mm)o] oA3ste F&WE F 24430 B 60T Ax F CHN
analyzer (Thermo flash EA1112)2 E439th (Fig. 3.5.2.5). AgAA 44
@Anl7 ’3}01]’\1 T4 NA F ENFE A FH AolE Fat] A, A P E T
Aol 3 Wl SEZIFIAE AATFS st vl2a2d9(1,000mL) ol ZH 3 Al

S8 200 B A

Fig. 3.5.2.5. Analysis of carbon and nitrogen content of total

mesozooplankon
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°ﬂE ZF o/ FA (FFSE dxstE 74 671) 28z 2018dedlE F 1070
A (EF, SCM, AF)E veti= T/ 43 374

&

%] EH;i‘F/\‘:] (200-1,000m /\’“(04] 400m, 500m, 1,000m)J)olA Niskin 5712
s AF(Z 2L A)stAth. AP kel dle P F ALA(GF/F 47 m)ol] :F
HEZ2 200 mHg ©]3te] ¢&HolA o3} & 15mL conical tubeo] Hol A& WEa
od F4% WEsda olF Adgdzr &4 90% oFAlE 10mLol ¥ol 24417 & 249
A Y BASte 45425 F53 H, 3 Z%7] (Turner-Designs 10-AU)E =
A3kt

Fig. 3.5.2.6. Analysis of chlorophyll-a using
fluorometer (Turner-Designs 10-AU)

. 23 9 E9
(1) TP EEELIE MATS 2FCE 2dA =

(7h) 20174 A%

AT 7129 201749 7€ B4 67% oA EHS 5moA @9 16=71A e
EGHO - 200m)ollA I53 FEZTLFIAE A=Y HPAIZo] F3H3} ofto g &)
=Holglo] FofFrzo] Fate i £ B3] &, 59 3= 39 9=9
A9 F3A(0-200m) WA SEZFZFIES F, ofde 38 AF3HA

ForZol%E (diel vertical migration: DVM) & 3t SEZZIAES At A
A FEFD T BET NA FAAM At A AR dAHEE GEFAT. 59 3
Zox Fopk A F AolE UEH FEIZFHIAELS 27H< Clausocalanus
arcuicornis® Pleuromamma piseki®il, @9 9=)A &= Lucicutia flavicornis®

st Ath(Fig. 3.5.2.7).
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Fig. 3.5.2.7. Diel vertical difference of Clausocalanus arcuicornis, Pleuromamma piseki
and Lucicutia flavicornis during day time (06:00-18:00 h) and night time (18:00-06:00 h)
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(63%). °F&% (10%), 247/ (T%) €22 %4
). ok (25%), 2B FETER (14%) €22 FH4AH(Fig.

“—I';T‘
= &74F (45%
5.

2.8).

W x

136

Surface mixed layer (SML)

\\{- \\" Qng'\uu}‘h‘a\b\‘ﬂ-)&
g — py —

Middle layer (ML)

Total abundance (inds. m™)

\u‘“-\‘-\\\ﬁﬂs‘\pe}h},\e\wﬁse

og P -
Bottom layer (BM)

Relative abundance of taxonomic groups (%)

g ey P T e Tl T T T
A \\\Qﬁ;{’\»&}"-‘ ARNAT LY
f bl e el

Latitude ( }

160 Surface mixed layer (SML)

sﬂ r

i)

40

10

0 |
EESIIARAEALEATLABAY YR
,,,,,,, o i gl
M

il Ilddlela\-ﬂ' (\IL}

)

“\‘-\’\‘h\"\\\°? FAERIRMENALNY

,,,,,,, - v s
Bottom Ia\vr (BM)

100

(]

40

20

i Siphonophores Hydroids

== Foraminiferans SN Nocthcascinrifons mmmm Decapod larvae
== Chactsgnaths EEEE3 Adult mpep-ud; . Inimanure copepods

= Ostracods

mmmn Other Barvae®

T hali —

Fig. 3.5.2.8. Latitudinal distribution in the total

abundance and taxa comprising the

mesozooplankton community along the 67°E transect from 16°S to 5°N in the western

Indian Ocean during 2017
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Fig. 3.5.2.9. Latitudinal distribution in the total abundance
of the mesozooplankton community along the 60°E and

67°E transect in the western Indian Ocean during 2018
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140

Fig. 3.5.2.10. Latitudinal distribution in the
taxa comprising of the mesozooplankton
community along the 60°E and 67°E transect
in the western Indian Ocean during 2018
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Fig. 3.5.2.11. Glass fiber filters for analysis of
mesozooplankton biomass(dry weight, and total carbon and
nitrogen) during 2017
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Fig. 3.5.2.12. Glass fiber filters for analysis of mesozooplankton biomass (dry
weight, and total carbon and nitrogen) during 2018

Fig. 3.5.2.11.(Continued) Glass fiber filters for analysis of
mesozooplankton biomass (dry weight, and total carbon and
nitrogen) during 2017
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Fig. 3.5.2.12.(Continued) Glass fiber filters for analysis of mesozooplankton biomass
(dry weight, and total carbon and nitrogen) during 2018

(W) 201799 20184 32 ELTAAE 42S (A5, @
ARANA AAANA selA 243 AAF BA
a7l glal, AW 0 AE 4RFS Adoz @
=44 ARAATE AR fAE 5+ gol, AR NFo W
AT gre AW Aol 64, Re ol 6A-AY KR TR
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BAe Aot EASGh %3 % T glol BF EFFAA wg Be AR
JE Aol et F 249 A S BAE Fa o\ )
A AT EASNEA, 2R3 B3t del Aol E Ui Fo) £
geleh, £ 2adl 232AE AN AT 2 G ME a7}
9 12E~14%0 EAstEd, 9
S8 ZFF B9 1=K, 295 39 11RdA 16% Ml A Ao the
AR 577k EAGAG. EF Ao|@ SCM S0l FRIFAE 29 A=y
& 54AL Ao AN AR FAo] 9RY F PH PEEHL 3
F A& Aoz Addrt. (Fig. 3.5.2.13~3.5.2.16).
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Fig. 3.5.2.13. Settled volume for mesozooplankton biomass during day-time in
2017
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2017
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Fig. 3.5.2.15. Settled volume for mesozooplankton biomass during day-time in 2018
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