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SUMMARY

I. Title

Carbon cycles in the northwestern Pacific

IT. Objectives and Necessities of the Study
1. Objectives of the study

To find out the changes in the carbon cycles in the northwestern Pacific
caused by the global climate changes on the basis of the long-term

monitoring on sinking particle flux and sea-air CO, flux
2. Necessities of the study

It is necessary to monitor the changes in the carbon cycles in the northwestern
Pacific since the Pacific Ocean has experienced the significant environmental
and ecological changes due to the global warming, such as the variation of
marine productivity, the expansion of the hypoxia, and the increased input of
the green house gases and the polluted materials. It is not well known the
impacts of the El Nino/La Nina on the carbon cycles in the western Pacific
since the research on the carbon cycles has rarely conducted in the western
Pacific compared with the eastern Pacific. It is essentially required to
understand the changes of biogeochemical cycles in the northwestern Pacific

caused by the global climate changes.

II. Contents of the Study

O To find out the impacts of the climate changes on the sinking particle
flux in the northwestern pacific
O To find out the impacts of the climate changes on the sea-air CO, flux in

the northwestern pacific



IV. Results of the Study

1.

Sea-air CO, flux changes by the climate change in the northwestern

Pacific

Sea-air CO, fluxes were the highest in 2013 and the lowest in 2009,
with negatives values from 2008 to 2013 in the KEO station of the
northwestern pacific, indicating that the northwestern Pacific acted as
the sink of the atmospheric CO,. It showed little annual variations from
2008 to 2013, implying that the climate changes had not considerably

influenced on the sea-air CO, flux in the northwestern Pacific.

2. Particle flux changes by the climate change in the northwestern Pacific

Particle flux showed little annual variations in the F1 station of the
northwestern Pacific from 2007 to 2011, but it had rapidly decreased
from 2011 to 2014. The factor analysis indicated that the annual
variation of particl fluxes from 2011 to 2014 was ascribed to the effects
of PDO (Pacific Decadal Oscillation) and ENSO (El Nino Southern
Oscillation). Particle flux displayed a clear decrease in the F2 station of
the northwestern Pacific from 2009 to 2011, specially during summer.
The summer decrease in the particle flux resulted from the reduced
production of cyanobacteria, which is caused by the decrease of the
phosphate supply to the surface waters due to the increase of surface
temperature. Consequently, the increase of surface temperature by the
global warming has resulted in the annual decrease of the sinking

particle flux in the northwestern Pacific

V. Applicaion plans of the results of the study

@)

To hand over the CO, data collected in the northwestern Pacific to the

CO; Information Analysis Center
To use the basic data for improving the earth system model, which
combines the ocean-atmosphere-sea ice-ecosystem
To use the development of the new research project, which is related
with the efficiency of biological pump in the equatorial Pacific

To use the basic data to establish the exploration plan of the R/V Isabu
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Fig. 6. Sea—air CO, difference (AfCOs), sea—air CO; flux, and wind speed in the

northwestern Pacific during 2017 autumn/winter
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tel  SAsSl
Prochlorococcus®} pico-eukaryotes, Crocosphaera®l &% Beckman-Coulter
Altra Flow Cytometerg ©]-83to] Al53t3tt (Campbell and Vaulot, 1993). 2} &
o] AEZHES Prochlorococcus®l W3] 59 fg C cell! (Ii and Harrison, 2001),
pico—eukaryotesol] ™ &l 433(ME & #)%8 fg C cell! (Blanchot et al, 2001), 12
i Crocosphaera®) tall 20 pg C cell! (Luo et al, 2012)¢] WA FZ A& 3o
g4 AAFez kst f3S Ul ZAE QA FX & Flow injection
autoanalyzer (model QuikChem AE, Lachat, Loveland, CO, USA)E o]&3}o] #24]
3o, CSK %589 (Wako Pure Chemical Industries, Osaka, Japan)< ©]-&
sho] AA s
FIHH R, AFAJoA] A= AAhuAuH ElolE dolry] fd, FH
HeFo| A FQ AAuAubg Elo}el Trichodesmium™ Crocosphaera®l A @oll of
3 ZAFS 2008 sttt A A AN 3= W Trichodesmium spp.2F
HdE=He 2zt 1.7 x 107 trichomes m ¥} 687 x 10" cells
m 2otk zF ZFo dl&l Z+ 30000 pg C trichome ' 20 pg C cell'e] W3 AFE
Algste] AalFgoz akst Ay (Luo et al, 2012), Trichodesmium®] 2 A 2
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thickness, AOT) A&5E2 Aqua Moderate Resolution Imaging Spectrometer
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Validation, and Interpretation of Satellite Oceanographic data (AVISO)Z=F-E A
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a) Surface water properties

Chlorophyll-a (mg m™ )

E

= z
2 =
g 2
) 344 &

Fig. 9. (@) Mean surface water properties for the 2007-2014 and (b)
meridional section of salinity along 137°E. Color shading and contour lines
in a) indicate chlorophyll-a concentration (mg m?>) and sea surface
temperature (°C, with an interval of 0.5°C) acquired from Aqua MODIS. The
red symbols in a) are the locations where sediment traps were installed at
FM1 (134.5°E and 17°N) and FM2 (136.0°E and 13.5°N) stations. The NEC
and NECC represent the North Equatorial Current and North Equatorial
Countercurrent, respectively. Both the color shading and contour lines in b)
represent the salinity distribution in January 2014. The salinity data were
provided by the Japan Meteorological Agency and an inset figure shows
the stations covered along 137°E.
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7t Algol A F4% SPFrv, SPFpoc, SPFpic, Z18] 3L SPFopats AF 71702
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of dWl HH S AESAT 10 o] AEAem AR Aol o]Fojx elA
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SPFopa: ZH2F 10.32 £ 618, 0.89 + 0.67, 7.16= 4.00, 223 0.84 + 0.69 mg m *
d' o]tk (Fig. 10 and Table 1). AZAA Ul A&7 HAEE 5, CaCOs= 70%
old& AAEH 7HE & ¥TS AAES AL, POCS Opale 247t 8%¢F 6% ]
o 2 ATellA B5E A 1000mell A o] AR Sl el ofdd S
FFel AR A " old HAE Ef] Ad Adet FARSEIH
(Kawahata et al, 2000; Kempe and Knaack, 1996, Mohiuddin et al, 2002).

A7 FMIolA A4da 282 & A4 adan 949 Wgs 1o
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A EYAaes 2-490] dAnbdor £ ge B adelx= Etshal, 2010d %

=
, 44 FMIolA A&7 aE

|=]
B3 AL B WAL AAsAol BAW, 874 xaBe A9 JEHE gow
FARG AU BYzolA AAH s Aol 73 Wit AHL FEE 1
A3 8ol g T NAF wAY @R FES FFYA Fne) %)
of W= Atelel A o @ ©e] Axh BEHUAL, ool e AR v ool

=5
Ao BaEo] ¢t} (Boyd et al, 1998; Deuser et
al, 1990; Neuer et al, 1997). A #ZF713F &<, A SPEmv 2008 o] 5.25
g m? yriFy 20129 H2A 198 g m? yr 7hA ¢k 26M]9 RS zke 2 Az
HstE Wl =9, 44 FMIOA SPFwel #4E ob7lsts Al 7] (2009.
07. — 2010. 0505 ALstH (Kim et al, 2014), #H s|EolA Hit SPFmm
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(2012-2014, 59 mg m 2 dH& AF71 7 27] HE9) 3
dhell ms) s ity Aoz 7de AA #F77 Fet SPFTM, SPFpoc,

SPFpic, SPFopat™ SAIAS 2 F93 4 AFgFS AT (p<0.05, Fig.2a-d). #74
_]

=t
AAE A Opal®t CaCO; 28] il POCSF CaCOs2o Ao
0 ]

1 & (mole) ¥ (747}
SPFopa/SPFpic®t SPFpoc/SPFpic) = Z2HZE >0.01-0.34 128131 0.17-3.449 HYE H
Fom, olgfst vHE Al HAAYPA EH 29 fga AIFH FA ATk mE A

S BAT (p<0.05, Fig. 10e).
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Fig. 10. Chemical analysis results of sediment trap samples collected at FM1 station (a:
total mass flux, SPFyny; b: particulate organic carbon flux, SPFpoc; c: CaCOs flux, SPFp; d:
biogenic opal flux, SPFopa). Bars (right y-axis, mg m? d?) in a-d indicate observed
monthly mean values. Red crosses (SPF/Avg, left y-axis) represent the ratios of these
observed monthly values (SPFs) to the averages (Avg) of the entire monthly value
collected in the corresponding calendar months, which can minimize the seasonal
fluctuations and better show interannual variability. Note that the values in e) are in
molar ratios. Background gray shading was inserted for the winter and summer months
to separate the four seasons.
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Table 1. Particle flux data recorded at the FM1 station from October 2007 to May 2014.

Duration _Flux (mg m? d™)

Cruise open day (days) Total mass POC CaCO;s Opal

[ 2007-10-11 17 11.55 153 6.33 3.10
2007-10-28 17 14.36 121 9.77 3.35
2007-11-14 17 13.50 1.15 10.67 1.86
2007-12-01 17 16.14 240 9.07 3.37
2007-12-18 17 16.49 0.93 1261 3.23
2008-01-04 17 16.67 1.18 12.83 3.30
2008-01-21 17 14.53 132 9.75 4.03
2008-02-07 17 3112 416 13.75 497
2008-02-24 18 1273 0.77 9.60 2.25
2008-03-13 17 4.50 0.25 3.60 0.53
2008-03-30 17 17.15 1.64 11.37 453
2008-04-16 17 17.71 1.58 13.15 2.78
2008-05-03 17 1543 2.67 6.47 133
2008-05-20 17 12.93 461 3.80 041
2008-06-06 10 11.13 3.66 7.18 2.25

II 2008-06-19 17 10.73 0.88 7.30
2008-07-06 17 9.54 2.52 2.30 119
2008-07-23 17 16.61 197 9.50 192
2008-08-09 17 11.69 091 7.73 1.25
2008-08-26 17 8.30 0.90 472
2008-09-12 17 12.86 118 7.89 1.69
2008-09-29 17 14.68 112 9.60 142
2008-10-16 17 12.64 1.10 8.19 132
2008-11-02 17
2008-11-19 17 1563 113 10.94 -
2008-12-06 17 1845 198 10.16 173
2008-12-23 17 15.22 125 9.20 147
2009-01-09 17
2009-01-26 17 8.83 111 4.86 -
2009-02-12 17 22.58 177 14.40 3.09
2009-03-01 17 25.23 201 16.65 311
2009-03-18 17 8.79 0.71 5.86 0.81
2009-04-04 17 1141 0.74 8.29 1.00
2009-04-21 17 15.55 121 10.31 1.86
2009-05-08 17 14.32 1.07 10.05 146
2009-05-25 17 14.75 1.26 9.74 1.65

I1I 2009-07-03 17 6.15 0.55 445 0.17
2009-07-20 17 7.53 0.72 479 0.17
2009-08-06 17 10.34 114 5.66 0.63
2009-08-23 17 10.93 0.86 7.61 -
2009-09-09 17 16.46 1.00 12.24 123
2009-09-26 17 12.97 0.74 9.94 091
2009-10-13 17 5.29 0.36 4.09 0.32
2009-10-30 17
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2009-11-16 17 7.86 0.53 5.65 0.33
2009-12-03 17 14.03 0.45 11.90 0.44
2009-12-20 17 6.45 0.38 476 0.25
2010-01-06 17 4.20 0.37 274 -
2010-01-23 17 448 0.32 3.34 -
2010-02-09 17 3.04 0.30 2.04 -
2010-02-26 17 5.68 0.55 3.70 -
2010-03-15 17 433 0.13 3.75 -
2010-04-01 17 3.30 0.13 2.83 -
2010-04-18 17 351 0.29 2.58 -
2010-05-05 17 4.92 0.69 3.03 -
2010-05-22 12 430 0.73 2.20 -

v 2010-06-03 18 8.34 0.67 6.19 0.35
2010-06-21 18 20.09 1.68 1491 0.65
2010-07-09 18 30.58 221 2344 117
2010-07-27 18
2010-08-14 18 12.32 1.26 8.21 0.50
2010-09-01 18
2010-09-19 18
2010-10-07 18
2010-10-25 18 12.33 0.76 9.46 0.45
2010-11-12 18 343 0.24 2.66 0.35
2010-11-30 18 5.08 0.47 3.62 043
2010-12-18 18 2.35 0.20 151 0.09
2011-01-05 18 272 0.20 147 -
2011-01-23 18 430 0.39 191 0.38
2011-02-10 18 20.71 182 12.21 1.96
2011-02-28 18 26.04 3.86 11.50 1.82
2011-03-18 18 2532 2.27 16.47 2.18
2011-04-05 18 2731 175 19.65 212
2011-04-23 18 11.68 0.93 7.97 0.95
2011-05-11 9 6.03 0.40 3.87 0.54

\ 2011-05-20 18 7.50 111 446 0.27
2011-06-07 18
2011-06-25 18 18.88 119 14.16 167
2011-07-13 18
2011-07-31 18
2011-08-18 18 20.02 2.24 11.44 3.90
2011-09-05 18 28.13 135 23.12 2.16
2011-09-23 18 531 0.23 443 0.20
2011-10-11 18 12.79 0.78 10.04 0.89
2011-10-29 18 1124 0.56 8.98 0.71
2011-11-16 18 19.39 0.74 16.34 1.28
2011-12-04 18 7.88 0.57 5.56 0.95
2011-12-22 18 5.62 0.49 3.67 0.77
2012-01-09 18 1193 1.00 841 151
2012-01-27 18 8.81 0.60 6.47 0.99
2012-02-14 19 9.96 176 4.29 0.93
2012-03-04 18 0.38 - - -
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2012-03-22 18 091 - - -
2012-04-09 18 0.13 - - -
2012-04-27 18
2012-05-15 18

VI 2012-06-18 18 571 0.45 452 -
2012-07-06 18 8.01 0.36 7.10 -
2012-07-24 18 5.01 0.10 449 -
2012-08-11 18 7.81 0.15 7.26 -
2012-08-29 18 317 0.25 247 -
2012-09-16 18 7.66 0.56 4.86 -
2012-10-04 18 591 0.19 4.99 -
2012-10-22 18 3.57 0.11 3.15 -
2012-11-09 18 6.76 0.36 531 -
2012-11-27 18 3.14 0.10 2.76 -
2012-12-15 18 3.50 0.20 281 -
2013-01-02 18 6.90 0.24 5.80 -
2013-01-20 18 3.10 0.18 2.35 -
2013-02-07 18 474 0.16 3.99 -
2013-02-25 18 1.10 0.03 1.00 -
2013-03-15 18 219 0.80 0.55 -
2013-04-02 18 5.52 0.16 494 -
2013-04-20 18 299 0.13 2.46 -
2013-05-08 18 3.48 0.24 271 -

VII 2013-06-01 18 4.64 0.16 381 0.09
2013-06-19 18 15.00 0.78 11.32 0.65
2013-07-07 18 1331 111 8.25 0.67
2013-07-25 18 11.52 0.84 771 0.49
2013-08-12 18 11.99 0.85 7.85 0.48
2013-08-30 18 15.25 152 9.44 0.69
2013-09-17 18 16.45 146 10.07 0.84
2013-10-05 18 9.32 0.60 5.84 043
2013-10-23 18 8.78 0.40 6.86 0.28
2013-11-10 18 1044 0.57 7.59 0.45
2013-11-28 18
2013-12-16 18 3.61 - - 0.10
2014-01-03 18 1.09 0.24 - 0.10
2014-01-21 18 2.80 0.28 140 0.22
2014-02-08 18 148 0.26 0.46 0.10
2014-02-26 18 218 0.07 176 0.07
2014-03-16 18 3.24 0.24 2.36 0.08
2014-04-03 18 1.95 0.12 144 0.09
2014-04-21 18 4.37 0.08 4.00 0.05
2014-05-09 18 4.01 0.19 3.07 0.11
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i

L 43 FM2el A JAAdda 28

2009 7€ H-H 20143 5¥€71A] Ht SPFry, SPFproc, SPFpic, L8] 31 SPFopa
= 747} 988 + 510, 0.78 = 048, 6.74+ 351, 183l 028 + 0.27 mg m 2 d o] At}
(Fig. 11 and Table 2). S| 2] ofdd] A Ho A ¥ old HAE EF A
AE dAske], CaCO;z (68%)+= POC (8%)<} Opal (7%) Ht} =2 H|F& A
Astdh. A3 FM2el A JAAAA 92 ] FElg AEA 2ea A3 WstE
BAY (Fig.11). SPFrv, SPFroc, SPFpc, ~18] 31 SPFopas 20091 3} 2010 T
3 o dd ¥Mas BAAE o] vAE 2011d] AL ArHa o]F FElst
A gt 5 Wit SPEyd 54 F5% AfolollA of 3 &9 AAE Zte A
gk Al ol ‘/}E]r‘*ﬁr FAH o R A SPRrye 20108 A 472 ¢ m? yr "%
20149 HAA 176 m? yr 7HA 938 A AIFS Bt (p<0.05, Fig. 11a). A%
AAE 2] SPFopa/SPFpic®t SPFpoc/SPFrc Ml 77 0.04-3.84 18] 31 0.45-3.872]
HAE Bla, Algte] mE S8l Wat A2 vehuA Sskd (Fig. 1le).
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Table 2. Particle flux data recorded at the FM2 station from July 2009 to May 2014.

Duration _Flux (mg m™ d™)

Cruise  open day

(days)  Total mass POC CaCO; Opal

III 2009-07-03 17 10.31 1.05 6.63 161
2009-07-20 17 17.03 1.23 11.75 2.26
2009-08-06 17 17.74 1.28 12.47 2.20
2009-08-23 17 16.07 111 11.54 3.15
2009-09-09 17 3146 1.89 24.44 1.78
2009-09-26 17 16.77 2.19 9.81 1.94
2009-10-13 17 10.85 1.05 6.85 132
2009-10-30 17 5.13 0.34 4.00 -
2009-11-16 17 5.84 0.32 475 -
2009-12-03 17 8.30 0.63 6.07 047
2009-12-20 17 8.10 1.00 4.89 -
2010-01-06 17 424 0.33 2.96 -
2010-01-23 17
2010-02-09 17
2010-02-26 17 7.09 0.49 4.85 0.37
2010-03-15 17 7.64 0.64 532 0.25
2010-04-01 17 7.83 0.45 5.86 0.33
2010-04-18 17 9.13 0.64 6.75 0.34
2010-05-05 17 7.26 049 521 0.72
2010-05-22 12 9.85 0.99 5.83 1.10

v 2010-06-03 18 19.17 1.95 11.76 1.36
2010-06-21 18 29.62 2.20 21.33 2.03
2010-07-09 18 21.57 1.82 12.82 214
2010-07-27 18 19.06 1.28 12.45 1.30
2010-08-14 18 1473 114 847 101
2010-09-01 18 10.58 1.00 6.72 0.88
2010-09-19 18 10.23 0.99 6.32 0.65
2010-10-07 18 440 0.33 3.10 042
2010-10-25 18 6.80 0.53 438 0.57
2010-11-12 18 6.06 048 391 0.22
2010-11-30 18 2.96 0.21 1.60 -
2010-12-18 18 5.92 0.83 221 0.27
2011-01-05 18 5.39 0.34 3.77 0.24
2011-01-23 18 14.30 111 8.94 0.96
2011-02-10 18 7.71 0.62 5.10 0.60
2011-02-28 18 20.53 1.82 14.67 1.54
2011-03-18 18 13.67 0.96 8.66 1.13
2011-04-05 18 841 0.61 531 0.55
2011-04-23 18 5.63 0.33 2.96 0.30
2011-05-11 9 2.03 0.09 1.06 -

V 2011-05-20 18 21.72 0.78 17.38 0.87
2011-06-07 18 5.19 0.45 2.96 0.88
2011-06-25 18 21.56 1.87 14.50 242
2011-07-13 18 7.57 0.59 5.02 0.81
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2011-07-31 18 6.77 0.60 435 0.82
2011-08-18 18 13.18 1.04 8.08 1.78
2011-09-05 18 20.04 161 14.10 0.56
2011-09-23 18 8.89 0.64 6.11 0.74
2011-10-11 18 14.73 123 941 2.09
2011-10-29 18 13.86 0.85 9.95 0.89
2011-11-16 18 19.53 1.25 13.86 211
2011-12-04 18 18.29 141 11.45 242
2011-12-22 18 17.55 4.26 5.29 131
2012-01-09 18 18.44 1.57 12.11 2.26
2012-01-27 18 6.96 0.39 5.13 091
2012-02-14 19 5.08 0.24 401 0.40
2012-03-04 18 17.45 0.68 14.96 0.65
2012-03-22 18 8.05 0.45 6.51 0.42
2012-04-09 18 4.61 0.59 249 0.48
2012-04-27 18 414 0.59 198 -
2012-05-15 18 7.60 1.74 2.60 0.34
VI 2012-06-18 18 6.21 0.37 5.13 -
2012-07-06 18 4.86 0.26 4.00 -
2012-07-24 18 13.03 0.54 11.32 -
2012-08-11 18 12.12 1.06 7.85 -
2012-08-29 18 5.87 0.50 3.69 -
2012-09-16 18 12.94 118 7.58 -
2012-10-04 18 11.53 0.68 843 -
2012-10-22 18 10.14 0.65 7.46 -
2012-11-09 18 391 0.28 2.96 -
2012-11-27 18 13.88 0.98 9.75 -
2012-12-15 18 16.06 112 11.23 -
2013-01-02 18 7.98 0.66 5.28 -
2013-01-20 18 5.83 0.48 3.46 -
2013-02-07 18 4.02 0.29 2.57 -
2013-02-25 18 471 0.25 3.44 -
2013-03-15 18 5.23 0.40 345 -
2013-04-02 18 6.42 0.38 474 -
2013-04-20 18 5.62 043 3.98 -
2013-05-08 18 431 031 311 -
VII 2013-06-01 18 4.74 0.51 3.10 0.18
2013-06-19 18 11.47 0.58 9.81 0.15
2013-07-07 18 5.53 0.34 4.29 -
2013-07-25 18 439 0.40 291 0.18
2013-08-12 18 9.07 0.75 6.18 0.36
2013-08-30 18 5.75 0.38 413 -
2013-09-17 18 12.16 0.54 10.04 0.19
2013-10-05 18 8.21 0.69 5.56 -
2013-10-23 18 8.55 0.52 6.79 0.20
2013-11-10 18 17.33 0.87 14.30 -
2013-11-28 18 7.96 0.50 5.97 0.36
2013-12-16 18 232 0.16 1.70 0.09
2014-01-03 18 4.22 0.32 2.88 0.15
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of ME E3F Zloleo oA 3T NEE Alegd) 4l
o md, Aandgl @ ol AZTRAE WA A B350 4 (Karl er
nd Letelier, 2008, Wilson, 2003; Wilson et al,

L
A E8 oA #3E 59 A dass
43k alu}. 515N FES AR FH2o AHY FT7F AL AFdA
A 1S AA AT (Fig. 120). §°N
T2 o] WA= 29, 349, 12€¢€° AFSFY ZAAAY # (5-6%) A
W, T2 A ™A E 5-6% KT AurA oz ol o)E ty] F Aie Hu)
7P g 8PN ghol 71918k &S A AlEt} (Sigman et a]., 2009). ZelB R, 7S
A ZH o) AMAL JUdF ol &=l s W] A, weEbs JUddd
A AMA W7l AP FYs gae] AdH B g WHItE 29
Aoz odert

A wetol A, F%

ot
o
ol
N
o
1o,
N
2
N
B
i)
B>
=
o,
=2
19
o
pay
o

O

—

OH
ol =

ol
rir

3 Y

i

o] Zhael oaf 7AHAS AolaL, o= Algtel W& SPFopa/SPFpic Hl9] %

olal] A A=At (Fig. 10e). & A=71Y AEE0] Aol whe} Fas)

o, SPFopa/SPFpc Hl9 ZAE  diatom (5, OpaDe Aduzel =

coccolithophore (5, CaCO3)E X33t vE 22 & =

AR S-S AAIS . diatome FSFGol st & Fa e o o8 e o
o

=
FHE &A= 0]%3}1 FEES AN F AT (Arrigo, 2005

o,
N
K
i)
[>
Lo
>,
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il
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N
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rlo
(o3
(o}

Fg

O
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o

3
N
d
b2 R
R N oAE =2

[e]
Cermefio et al, 2008). &% © & coccolithophoreE ¥ %3l= HU} 2 ZHIE
TES dYdd g =2 ?lﬁ}g—j,% 7HAH, G FdYE 2R AFE 7

3t} (Arrigo, 2005; Cermefio et al, 2008). ©]#3F thx=# <l *F

284 agla gy EAES EURE, diatome AthH FTHEY AaE §
T T IYY xR AawA AW 5 Qv Ishida et al (2009)= HElE G
Pl A (225°N% 25°N)ell A ] A= Ef APdowiy {FAg 235
B kAL, 1997-2005'd &<t SPFopa/SPFpc HI7F #HAshe] $h&S W53
of¢} 2] A¥E A o, il ofde] HeEi ol A SPFopa/SPEpic Hl

L AW 18 B gastel gor, ol o] Aol nuy UG olEE B
T+ o
AR

[

714 ¢l 7 Attt (Kwon et al, 2016; Watanabe et al, 2005). Deuser et
al (1995) <A 1978-1991d &<t H-thA ol A SPFopa/SPEpic Bl 2] F-AFSH A E
X 3183}
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o] A& AFE3Fe] AAEeltE (Marshall and Plumb, 2007; Tomczak and Godfrey,
1994) :

Wi = [0(z,/f)]ox — o(7,/f)]oy]/ peu (1)
Ty = Pair X CD X I/Vl() S Uy (2)
Ty = Pair X Cp X Wiy X v, 3)

o] 714, f+= Coriolis parametere] i, ¢ 7= ZtZb zonal® meridional wind
stressOlt. pons Pews Cpy Wi, uw, LEI v, ZF2ZF 7] (1.2 kg m™) ¢ a5
(1027 kg m?)e] Ux, 32 A< (drag coefficients, Large and Pond, 1981), 10m
=olo| A9 wind speed, L] i zonal¥} meridional wind vectoro]t}. %9 Wgk
= olart &8 9ugit. EKE= "9 A& ol&3to] At (Cheng and
Qi, 2010; Trusenkova, 2014) :

EKE= (u*+v?) (4)

o714, w29 ?E Z+7; zonal?® meridional geostrophic velocity anomaly ©]
th FrrA o R olYg 7] B YA 25 VIS WEel o& Wstd & 9
o 53], 3714 7]$E=, ENSO, PDO 183 NPGOE HEjH ol A s} o
WA S mxE Ao R delA ¢ (Behrenfeld er al, 2006; Di Lorenzo et
al, 2013; Di Lorenzo et al, 2008; Hou et al, 2014, Mantua et al, 1997, Thomas
et al, 2012 ). WekM o5 WES FHstr] 913 ONI, PDO 12l NPGO
Index®= &7 elstdth. QA4 oA SPFpoc, SPFpic, L2131l SPFopats X351
Al kil ol5o] SPEFvY 2 4¥AdS 7HAERE SPEyel i & 7] o

Folt} (0.8, p<0.01).
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Table 3. Correlation table among variables used for factor analysis at FM1 station.
SPFm, ONI, PDO, NPGO, EKE, Wg, MLD, SST, and Current-U represent total mass flux,
Oceanic Nifio Index, Pacific Decadal Oscillation, North Pacific Gyre Oscillation, eddy
kinetic energy, vertical Ekman velocity, mixed layer depth, sea surface temperature, and
zonal component of current, respectively.

SPFny  SST  MLD CurLent ONI  PDO Wi EKE  NPGO

SPFy 0178 -0132 -0052 -0329 -0452 0213 0078  0.060
SST 0178 0720 0291 -0022 -0312 0557 0217 0204
MLD  -0.132  -0720 0546 -0135 0023 -0302 -0350 -0.144

Current

0052 0291 -0546 0062 0046 0108 0319 0124
ONI  -0329 -0022 -0135  0.062 0462 0028 0059  0.165
PDO  -0452 -0312 0023 0046 0462 0202 -0120 -0.237
We 0213 0557 -0302 0108 0028  -0.202 0188 0033
EKE 0078 0217 -0350 0319 0059 -0120 0.188 0.178

NPGO 0.060 0.204 -0.144 0.124 0.165 -0.237 0.033 0.178

AA 4 A5 (n=80)= A Wste] 7Hd & FiES AWetes A WA a<l
(Flany, ~30%)c] F3& AALS e &
current-U¢} =& A##AA7 U
index®} ONIE= SPEry A AA t"ﬂ@rfﬂ ~20%E Adst= 7 HA 89l
(F2ael w8l =2 7% (>0.7) o] A¥le= T Aol HAAYA
929 gk ENSO9 & =3 Kim et al (2014)9]
NPGO indexi= SPFrv# ¥ S HolA &t SPEy¥ 37FX
oA ole et AL A 94 FEAR ARE AMEStY] ¥
a9t (Hou et al, 2014). o] XA 7YX
NEZHIE YAA I Al=oA A7}
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TS5 H Y (central North Pacific Ocean)oll A PDO°l| <3| oF7]¥ wWsl=
7} Kuroshio Extension (KE, 30-35°N)ollA Egz<l  Aejeo] AAAA
(teleconnection) = 123t th %2l PDO dHl &<k of7l®l 274 HIEs (5
negative sea surface height anomaly)& ZAH|3E Eaf 3139 Az
olBg oo g HE AM&oF HRRAOR o]E3irt EA e H L E%é}x}ul—z]—’ o]
g Wsts2 KEO P E A7, dEo8 oFs Fukgth o= North
Pacific Subtropical Mode Water (STMW)7} A& W7}
FAHL EF Wd 7Y ol 2 AAHe dFor s dFE FsA
t} Oka et al (2015)9] w2w, KEE PDO7F &9 Az Agd 3 2010dof ‘¢F
A 2o R WAL, o] STMWE ZsA AT STMWO] w2 U F=o
ojsl], Z&std STMWO] 72 FZe] st A golA AFe YA ol&=xs da
AlZ < 9lal, o] 25°NellM il d5emiy #Q1HAY (Oka et al, 2015).
gy, o olfE ARG o3 Y HAhE Flund 854 &5 A
olth, A WA, Szl AFA Ao STMWe J&F 71 o]F A7 (28-30°NH-E
17°N7+ A& <laf m|e]g Aolt}, F7}2 o2 North Pacific Tropical Water
(NPTW)= A7A49] A&d EFF zlo] otgdd A8t ol £dF o] +
o} STMW 3 Afolo| A s a8 Wajd Aojth. + Y
ol wel, 43 59 PDO =52 424 Addeor i1 v dUdd =3s

A

2 S
ataL, o= fQliwAel Aypel dA|eA =tk v TR PDOR ofF7|d 27

WEE WA T RANRgI ] AR AUZNE o 5de AR Ba
SAR, e B e o] ARE welsy] FEA W ARHow, &

5
SPEmvel 3t ‘community’s AzF, AL, & oE g 7S sl 27
0.88 1831 0.81°]aL (Table 4), o]+ SPEpyolAl Wsle] & F &
ol olall AR HA Fee AAITT o] ATt
A Ll FHEFES AFEEAT] T, & 2R &
& AR st AP ES FAT F flS Zolth Karl ef al (2012)2

Bejg el WY FA FBAL o|MES] HESFAEY YAy FaT
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Fig. 13. Interannual variations in a) total mass flux (SPFry, mg m? d™), b) chlorophyll-a
(Chl-g mg m?), ¢) eddy kinetic energy (EKE, cm? s, d) vertical Ekman velocity (Wg, m
yrh), e) mixed layer depth (MLD, m), f) sea surface temperature (SST, °C), and g) the
zonal component of current (current-U, cm s™) for each season at FM1 station. First to
fourth columns represent winter, spring, summer, and fall, respectively. Error bars
indicate one standard deviation of monthly data for each season of the year. Linear
regression lines are only shown for those with significant changes (p<0.05).
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Table 4. Results of factor analysis for annual, winter, spring, summer and fall season data at FML1 station. SPFyy, ONI PDO, NPGO, EKE,
Wek, MLD, SST, Current-U represent total mass flux, Oceanic Nifio Index, Pacific Decadal Oscillation, North Pacific Gyre Oscillation, eddy
kinetic energy, vertical Ekman velocity, mixed layer depth, sea surface temperature, and zonal component of current, respectively.

Current % of
Season Factor ID SPFmv ONI PDO NPGO EKE Wek MLD SST )
-U variance
Flann 0.149 0.109 -0.077 0.014 0.408 0.658 -0.864 0.835 0.586 301
All F2ann -0.726 0.726 0.830 -0.071 0.012 -0.253 -0.085 -0.236 0.240 20.6
Seasons F3anN 0.037 0.215 -0.282 0.895 0.466 -0.158 -0.169 0.096 0.256 11.9
communality 0.550 0.584 0.775 0.807 0.384 0.522 0.782 0.763 0.467
Flwin -0.669 0.738 0.889 0.056 0.752 -0.006 0.322 -0.219 0.132 334
Winter F2win -0.078 -0.469 -0.137 -0.793 -0.076 0.783 0.131 0.781 0.024 229
F3wn 0.304 0.184 -0.159 0.234 0.095 -0.015 -0.817 0.134 0.883 14.0
communality 0.547 0.799 0.835 0.687 0.581 0.613 0.788 0.676 0.797
Flser 0.772 -0.468 -0.772 0.182 0.736 0.649 0.146 0.066 0.266 30.0
Spring F2spr -0.331 -0.170 0.049 0.154 0.125 0.493 -0.874 0.818 0.321 213
F3ser 0.015 0.708 0.261 -0.639 -0.134 0.222 0.153 0.032 0.737 16.2
communality 0.707 0.749 0.667 0.465 0.575 0.714 0.808 0.675 0.717
Flsum -0.885 0.841 0.207 0.059 0.12 0.276 0.456 -0.012 0.694 31.0
F2sum -0.159 -0.175 -0.830 0.816 0.241 -0.327 0.677 -0.153 -0.022 24.8
Summer F3sum 0.188 0.23 0.143 -0.005 0.033 0.784 0.202 -0.947 0.409 147
Fasum -0.201 -0.103 -0.130 0.253 0.927 -0.104 -0.449 -0.062 0.084 121
communality 0.884 0.801 0.769 0.734 0.939 0.809 0.907 0.924 0.658
Flra 0.040 -0.856 -0.523 0.005 -0.021 0.182 0.379 0.516 0.859 29.8
F2eaL 0.099 0.255 0.405 -0.022 0.730 0.735 -0.646 0.264 0.267 24.2
Fall F3eaL 0.093 0.088 -0.141 0.875 -0.309 0.246 -0.371 0.709 0.287 13.0
Faea 0.891 -0.283 -0.556 0.066 0.279 -0.225 -0.027 0.159 -0.157 12.0
communality 0.814 0.886 0.767 0.77 0.707 0.684 0.699 0.864 0.916
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Fig. 14. Vertical profiles of a) salinity (psu), b) sea surface
temperature (SST, °C), and c) potential density anomaly (o,
kg m?3) for every January from 2008 to 2014. The data
were collected at 137°E and 17°N by the Japan
Meteorological Agency.

_48_



. A FM2el A

il
i

A3 FM2el A

<]
T
B

o
~

NS
KA

=
_ZMO

)

b, and e), ©]

th 1822 SPFmy, SPFpoc, SPFpic, 18] 31 SPFopy EFollA <A

ki3

A A

o
=

3

A

pikis

W
ik

B

o (Fig. 15¢).

)

0]

e

I (Fig. 16), 3%

)

a1y

s 1
T E

A

20093 58 201437V A Crocosphaera®l =

o (Fig. 17a).

%)

Ho=z dHA ot (Karl et al,

Fig. 16d), webA < 244

7] 2 5 <
wolx 2kt (Fig.

7t o2 AOTe €9 Wsl= SPEpvely

=
e

8b).

ATA

g

rokoh (Fig. 15). %
= A= h=R =

[e)
=<

o] 7]

A

dol =ot.

=
¢}

aAlE 7 714 T

_44_



‘h)’.

T T
‘ | a) 0.055 |
~ 20¢ A y ] A
1 - 1 = . s 5+ I | : H +J
E7 . EER: £% %I 4 ah LHC
b e T s [® — = r_ |.| — 1 ‘ ‘ 1 || e
& 107 L ‘ _ s _] b | | ‘ 5 g 00451 [} il e ol 9| ‘ =
A PRl E e i T A U
= Je + [l L v R S S & 0.04 f , g 2 TR .
= i | A 4 i
ot e 0.035 4 g—
8 ; o e — —
) ] or ' d)
P (=] -
6f - & .o B S
o ’__ = ‘ 57‘” 04r r ﬁlllﬁ%‘\]
8 Ng = = T T i ; RN - o o
& LY [ ng‘—ﬁ Pl 28 [&E=R- ) [ f6l
i ‘ : ﬂ L 5 0.2 (= o] = | _l|
L & =
2.I 1 L L I L 1 1 L I ? i 6 1 1 1 1 " e 1 i 1 'E ‘l-
- —r— T 015F " ‘
4 )
02+ % e) N )
v —~ - T
odet T L
g o | { ‘ _ _ b - 'ﬂ\
L N | = ) - 13 i T = [
25 o I | 2 “mebg AEERL0Y
5 0e genls IR
= — — T, |
7Y Oodea a0 | Tl
0 L i i L L i L N L L " i 0.05F L 1 n n i & i 1: L n n
1 2 3 4 8§ 6 7T 8 @ 10 11 12 1 2 3 4 6 6 7 8 9 10 11 12
Month Month

Fig. 15. Monthly variations in a) total mass flux (SPFry, mg m? d™), b) chlorophyll-a (mg
m3), ¢ &N (%0), d) U-component of surface current (m s%), e) phosphate
concentration (umol kg’l), and f) aerosol optical thickness (AOT) at FM2 station. Red
circles and horizontal bars indicate the mean and median values for the study period,
respectively. The edges of the boxes are the 25th and 75th percentiles. Red crosses are
outliers. All available data during the given period from Japan Meteorological Agency
were used to better construct the seasonal variations in phosphate. Nonetheless, there
were still no data for March, September, and December.
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Teet #E5E AESY As5e dAdYdY S77F SPEw 9549 W
stoll tigh Fa 7[o4A7t obds AAEH AAa wrE gole] FHRETF A
3= & ot A=A FE Prochlorococcus®t picoeukaryotes®] FHE GAl 7F
2ttt (Fig. 9). 243 ok Ny (gas)E &) o] & 7Fed FH=z A
A1 7171 98] duAE Q= 7] wiEdd (Karl er al, 2002), 24 s%=7F v
A FohH AAnAE sHA oe & AEEdAEd 44T + Utk (Shiozaki et
al, 2010). ®weF AFH YoM AAYE FE7F F7FAYYH,  ProchlorococcusSt
picoeukaryotes= A7 wrE|golete] HAAA FASIYES Aeolth. adB=E

AT7IZEERE AAAS FrtekAl @¥ks Aotk HE dA4ES HAbde]l 234
1AS Bt (Blais et al, 2012; Park et al, 2008). 12y, &
MEF F A F8E AT dibde] 2y S iAol GAHA %
AT (Shiozaki et al, 2010; Shiozaki et al, 2013). A2} W=,

FAANZE webA, 4w SR fllE A

Aol A9 Ao vt ot Al fresty] wiiol, dARE 9
= 2 dTelA #5d 2AuARe] AaAE AMT ¢ oglth webA, Ak

= o grael Wk 7 7he st
A HElEFol A AAd e A s
S BT ol AFEed i AAdEn
(Deutsch et al, 2007; Moutin et al, 2008). A A =2, 2009-2013d &2 &AFA}L
A QI FRe AT #SHAY (Fig. 17d). A7-AHo] SAZHFE Ee] "ol
A (>1200km)= arefshd, Qlakdel gk Aol o @2 mn|E Aola, df
Z12HHe HAE A *S Aot} (Kim er al, 2011; Jung et al, 2013; Martino
et al, 2014). A7-A oA o]l SR 2HE | 4t FYS vHstaL, whebA
AR FE Al ik AQls Lot Y] fE Y W Ve zHA sfFel ¢

of oY

(oini

4
el el A SAT AT NECE HAUgRe] NedY 538 d7AY
=
[¢)

o o|%A7]7] Wel, NECS| Zmt AFAGeNA G4F ol Fwo FFL vl
A glolth, A, o] AR ALA WA Puskgth AFAGN A4t
FEE NEC/E 719 oF%k o859 A2 vebdeh (Fig. 15d and o). 11}, 9

Apele] Az Wk A AAA 2k} (Fig. 16). Hebr] NECE g su
fez]
l

I
o oA Foke Aol dE =Y, =

_48_



Jo ™ o o
oad_ﬂoL] .
%W).noﬂ%mgwr%.@ ,
&h&@@#g@%%vp NG T e =
S o T Mo 5 28 T A T WA T o
E.Fo@uﬁmuﬂiwa zlegamron_Aﬂ%aa%mo %a,_%cg,?mw
oﬂ%,w_ibﬂn&omﬂ%% = oo N T s v de s
51.11 T ~ <

1#@%%%%2@%% %@%%%ﬂﬂﬂwwu% Eﬂﬂ&mmﬁ
< " Eom_JllA < ﬂ]k;t.&o])]..;o;odﬂ
B S AWMXEO ) o = o ™ oI 90 UFQOE;?_Mmﬂﬂ
o op Xéuﬂﬂlﬂ%o#ﬂ_p iﬂi‘lyoE.Wﬂo,_%oﬂVldM ,&ojﬂlﬂ]ﬁo

Py BT Lew IR SEw TR AR S
magamMi,EﬂVﬂuxlﬁﬂﬁ _%uowuaﬂﬂ X~ E,aﬁ@o% }%Eev
o w T A 2 N A S M- e =~ T K T Y B = o o) o oy

ﬁouié@l%_%%ﬂ%( ﬂ@_z_omﬂ%ﬁ%ﬂmﬂﬂo g Ho o o
o N ) o} & ﬁﬂ W o} oy wru = P N 5 Yo W = S | - go o = s
__&ﬁi,ar.ﬁow.ﬂ%%% %ﬂﬂﬁ&%%F@l%ﬂ@%ﬁ ° ¥
%zmzﬂﬁoimﬁi#ui _xmm%wmeﬂﬁﬂaLﬂ%%(ﬂ«‘M%o
NH ) % WM ™ % M_ = wr No o W W W = = = gy T = KK R L mﬁM = M =
;aﬂwo@ﬁ%g%gﬁo wss%%@ﬁ_:aﬂ%@zwﬂé i
of & x5 BTN L EE mﬁﬂﬂo@ﬁ%ﬁxﬂ%mgﬂsoﬁemooﬁmj

X o) grn T = 3 ™ R i
Nlm%ﬂ%%)mﬁ_g% d%xﬁ%é + uuarﬁog%mw%

wLM71ﬂ}>%moﬂ_a mcfmﬂaqaﬁ%i%ﬁamﬂ%ia
mw%%a%%m%%ﬂ MEOEﬂ%%MW@%%@&QVZW
o iﬂ oF o%o/“_zo wp Mo SR ajo =~ Eeﬂv 7oz Eﬂlﬁﬂﬂodﬂﬁaﬂlﬂw
ﬁ@éﬁﬂi%m&dﬂ @@Mﬂyﬂ%m%g@rmﬂmﬁ?m%ﬁm

T T J.1r

~ No W= o T g R R w B s W o R W R o s -

ww@oamﬁomjﬂ@ ® aJ;ooZ;;Zii_fh@E%mw
— 0 / : oL —
,m.L;lMﬂ_iLEHINrn_AhmO#OJI,M ﬂﬂﬂrAMMooquuAlEuﬂxEeﬂﬁ%utﬂﬂoﬂ.ﬂm
oA = ﬂm%“% F % oy B = T ﬂﬂ_éomﬂﬁis
Eo_._aiﬂi < S x| J 72 =y @%&on_lh

EéeiuoﬁcTaﬁmWM@ﬂﬂH ﬂie@hﬂﬂﬂléMﬁ.@iﬂ% 1_,_|ﬂ_HX.Ao_.5ﬂ1
éiﬂ%aggwyﬂﬁ @oﬂmﬂnwaF%iyﬂwwbﬂ@ﬂﬁa
Q ﬂuﬁrmu { L w0 N Mo e B B O W o ) & M T woo T o T M
4 % = O S T N BT X o o T oL R T % v,
dﬂMigeko %otmﬂZ . Vaﬁ.ﬂmaéeﬂi N F1_sz]ooK
oS Ao Mo B A W OB D ﬁa WT oo Ko 4, T L. AR S
" AR B o o XS : H QO = @ﬂ%%@r%@ﬂﬂ%bﬂD
— <t ™ sz X o:c - ﬁo = 7o Bo = & Ee <L A

QO oF o T o X o i
Aoﬁoduﬁajl oLm d|

X dﬂon_On#

m K

- 49 -



=

oM A=

L
L

|

o

oy g alE Ao
ol
l

o]-&k=9k PDO Atelell A viepet

-
T

2]

[e)
A Stk 2013\ ¥ 2014 ol A -A]

F

I AEE AT 22,

S

tHH T TRE ey
LN U U
Toom X Wy e o
B WMoz W o oo m o B . o
T E A4 OB R D e
W o= T N B ™ = o B oo
o8 ‘HOI X o) Lt el — =
B Hom o N oo o B KD
s A .
ooy 2 o Gl =0 M o A4 T
R CCH N U S G LA S
P T g T pkm g R
o = o T T
S VI
B~ of °° ™ g 0 ogy L T o Ty
i mw N B o B N - o
= L B ‘olt = U m = < e Mwl
U= B % Foar N & o W o
n ' i~
YR S oo Wom oo R
N T o e o W
oA g o W R o0 A
@ g o 7T T K g WL
T A D e o T
I G R N
T [any no' - T P
i o %_m g By N
o M A ow _ oW
~ O N b B A
o E W e L wm D O oy L
o F o yhl —n PPl
N s N o lv_AI XH < = Lf - T om
R A BT S
0 0 ) —_ N
T X N NE mo T = " o MA B KA
T Mo TR R e TR
N oo M T o o M
=T g s kg Tows g Ty
muwamrwﬂﬂﬁd.ﬂ%i_awwkmﬂu%
N n} ~ >0 1_ ;OL ‘a
waewno@ﬂ X g a4 ®
0 B O ol o .
™ ool Mo T of AR 0T 44 M

tl

-

s

o5

o

Bth f o

=

=

EEREE

_50_

-

R

w7} ey

)

o
pal

bg3t ol

H
fe

0]
yul

t:;l_
oF i,

o



7|0 =

=<

al

H 4

i} — ~
mxr mnm % ® o@ as
— 3 o o
TR B/ de = S S _
= S
ror e
oMo 5o o X B < ” =
Hp 2 By v go m RV W ﬂ“ < mm X o > mf BE X on
—_ o~ 0 5 o =
WA c—l M,AIOC,._MA_IﬂOf o OU\I_/_AIOY Jhuvo‘l_ﬁl EV %U ,MEH.#MHI
w Ro R L FE LT = A W 1 ol
X N ~o - = < & o
< E s N op M o) X0 N o RO 1% N W
) B oH o N N o . T WE L
~X - n_u._ — N Zﬂo e iﬁ —_ — of ‘;Imﬂ N ‘Mﬂ
w = Y T a3 pogladipes DE R
_ - _ g
R T T T L LT gt T EF°
o T R I ~ 2 wp T oM gn <
=0 R Mo mw TE Mo fm g A M| RF ¥ T Q e g
o X ) BT R N TR N -
, , L 3o H ok L Ao~ o = zﬁumi_m,%
ﬂ | Ao Oﬁ <f
o =
P £ 5
N =
e
W Hjn - =
o° . or ,‘w ‘;Imﬂ EE —_
oo ® X e G T
= M o = T ﬁﬂ o _ on
- < ° ~ r = " S i
B! m ) o ~ 00 14 ~
o T 1 - T o
L3 o o oF B
— o ~ No 15
_ . N T W OB R
|
LO.—O m \Nﬂ [N - a3
[ B R A % B oA
@.m ORI B %) W o2
x° o X T _
T X il's N o
— R
jul7 — ~j
Jl N Lo
TS
d

- 51 -




21 3k
(2016)

A FolA FHH 82,

H frrle4, ebzdeE, A71d
1. B g dA ZH 29 T4 EH27 8o 53
oA 27 A3l ot g AN AE BAS
A zesola. 794 24 Y | gw pdaA ogzdqwn an| 10
o1 v 3} 290 dAWsiz Hag Bl AL datd #
01:7]:‘]-‘—‘ 3. A ’;’L“.Q_i ?_]—“SH 7&-/—1\——‘1—’—- J H—]I—E"
or— yuide]
gob Aol Zhastg)
Bl s o) )
109 14L7H 114 2974
S g A 7]/
. il © []
2-1. BA e} ol A ol ASErA RO T
7bese il o7l oltstEa wEe
sjoF o] akslEr 398-408 uatm® WHE H
1=1pY 3 ok OH [¢] pul gl S A
2. EAHBY A Bop B RN mFeg olibsEa
oA Y- K FEE 327473 uatme] W
7] o]4tst AE HEHIS
v g2z FAEIY o5 100
Wby = “Subtropical “Subtropical mode water"
e o " A Aol AFEL 3l
Qa3 mode water 878 = =5
TEAS G gan = Fojy] oluFes WBF
> o o < 155 mmol m? day’o.&
As A #9805 mmol m>
S5t F-d day™) o wlsl 268 71 =
7 olustea &
W A
Al 1.0 100

_52_




o5

N
o

0\(
W
2

=2

£ I

oW

0.5

43 FlellAd  2007d%H
20149744 FAE FH2
= A=H & B¢l FH
HasE BHis

o

AeEF A P24 3
U FH 27} o EF Lo
HE A BAE RS

A 20079 XE 20143 71A]
#=3 JAAYA FH29
Hal= A F2dst, PDO,
ENSO 713 sl ol

100

0.5

%
AT By
[e)

BEAEHEYE KEOHH A
2008 3B 2013@7+A] S
F-t7] olitsierA w e
L 5d % RE g9 e
Ho O7|2HE Yo
FaEReH, 20093 7F
A geka 2013 7HE
Eq9tom, 2008dFE 2013
W7kA 35 AW EE
UER A &Sk

F-thr] olatsieta w3k
ol 2008 %€ 2013137}
2 FEE AWsE 1ol
A B2 ZAoE Hol, &A
BFelM 71+HsrE @l

7] olAtsteta we
of Arste mA= IF

0

[0}
fo

100

1.0

100

_53_




AH2E el rA=

=
=

73 °]

=
[e)

2 ATt HEse 7}

oF o
oF o

—_
o

o

4
N
o
;ﬁ
Bl
AR

o

ma

on

H|
B

sl

(©]

il
il
o

o
i

= o7Fed Ao 3o

o

o~
=

|

N
_z#ﬁ!
7

AL
00

_54_



5 B -
£ G A
3 0 T
@) a O_E 1: ] O&O
2 " %o -~ w wm
n IR
ﬂwd ~ %M < ol o
W s T MM
- < 0 i )
) g T e M=
090 = ’ Nlo W NoOF
—L 0 iy
ofl £ = < W w5
_ g =75 ®m T Z
MP k= " T T ol 0
B s T = ¥
ﬁ_._._ @) .JAﬁv ﬂe ‘WIO AT Oﬁ
0
= ) W A T od W
| _— JEU ﬂa IM
~ s oA o T 2
> A —
ot ey mo®E
o w0 T
= X ~ 0 —
. —_ ,WE :um.b B SR - =
K0 S E oo wor P
o X 20 o S
@] @) g O ™ dp - do e
ST w o T 2 ;
= B o B R T of
o000 o 1 MW o Tk o o
OB om W M ome g m
= BT o B X = Aoz o=
= % =~ = B olo
T X T N B oW 9 og T
%! T jil's T~ e 3 o IF o

O
@)
@)
@)
@)

&

£y

ol

=

=

& A AR} o
_55_

]

3

Sk

":l."‘

A=)

o] upE



M6 &

o2t
o

=

Arrigo, K. R., 2005. Marine microorganisms and global nutrient cycles, Nature
437, p. 349-355.

Bakker, D. C. E.,, et al, 2016. A multi-decade record of high—quality £0O, data
in version 3 of the Surface Ocean CO,; Atlas (SOCAT). Earth Syst. Sci.
Data 8, p. 383-413.

Benitez-Nelson, C. R., et al, 2007. Mesoscale eddies drive increased silica export
in the subtropical Pacific Ocean, Science 316, p. 1017-1021.

Blanchot, J., Andre, J. M., Navarette, C., Neveux, ]J. and Radenac, M. H., 2001
Picophytoplankton in the equatorial Pacific : vertical distributions in the
warm pool and in the high nutrient low chlorophyll conditions. Deep Sea
Res. Part I 48, p. 297 - 314.

Blais, M., Tremblay, J. E., Jungblut, A. D., Gagnon, ]., Martin, J., Thaler, M.
and Lovejoy, C., 2012. Nitrogen fixation and identification of potential
diazotrophs in the Canadian Arctic. Global Biogeochem. Cycles 26,
GB3022, doi: 10.1029/2011GB004096.

Boyd, P. W., Wong, C. S., Merrill, J., Whitney, F., Snow, ]., Harrison, P. J. and
Gower J., 1998. Atmospheric iron supply and enhanced vertical carbon
flux in the NE subarctic Pacific: Is there a connection?. Global
Biogeochem. Cycles 12, p. 429-441.

Behrenfeld, M. J., O'Malley, R. T., Siegel, D. A., McClain, C. R., Sarmiento, J.
L., Feldman, G. C., Milligan, A. J., Falkowski, P. G., Letelier, R. M. and
Boss, E. S, 2006. Climate-driven trends in contemporary ocean
productivity. Nature 444, p. 752-755.

Campbell, L. and Vaulot, D., 1993. Photosynthetic picoplankton community
structure in the subtropical North Pacific Ocean near Hawaii (station
ALOHA). Deep Sea Res. Part 1 40, p. 2043 - 2060.

Cermefio, P., Dutkiewicz, S., Harris, R. P., Follows, M., Schofield, O. and
Falkowski, P. G., 2008. The role of nutricline depth in regulating the
ocean carbon cycle, Proc. Natl. Acad. Sci. U. S. A. 105, p. 20344-20349.

Chen, Z., and Wu, L., 2012. Long-term change of the Pacific North Equatorial

_56_



Current bifurcation in SODA. J. Geophys. Res. 117, 06016,
doi:10.1029/2011JC007814.

Cheng, X., and Qi, Y., 2010. Variations of eddy kinetic energy in the South
China Sea. J. Oceanogr. 66, p. 85-94.

DeMaster, D. J., 1981. The supply and accumulation of silica in the marine
environment .Geochim. Cosmochim. Acta 45, p. 1715 - 1732.

Deuser, W. G., Muller-Karger, F. E., Evans, R. H., Brown, O. B., Esaias, W. E.
and Feldman, G. C., 1990. Surface-ocean color and deep-ocean carbon
flux: how close a connection?. Deep Sea Res. Part I 37, p. 1331-1343.

Deutsch, C., Sarmiento, J. L., Sigman, D. M., Gruber, N. and Dunne, J. P., 2007.
Spatial coupling of nitrogen inputs and losses in the ocean. Nature 445,
p. 163 - 167.

Di Lorenzo, E., et al, 2008. North Pacific Gyre Oscillation links ocean climate
and ecosystem change. (Geophys. Res. Lett. 35, L.08607,
doi:10.1029/2007GL032838.

Di Lorenzo, E., et al, 2013. Synthesis of pacific ocean climate and ecosystem
dynamics. Oceanogr. 26, p. 68-81.

Feely, R. A., Sabine, C. L., Hernandez-Ayon, J. M., Ianson, D. and Hales, B,
2008. Evidence for upwelling of corrosive "acidified” water onto the
continental shelf. Science 320, p. 1490-1492.

Gruber, N. and C.D. Keeling. 2001. An improved estimate of the isotopic air-sea
disequilibrium of COs Implications for the oceanic uptake of

anthropogenic CO,. Geophys. Res. Lett., 28(3), 555-558.

Hou, X., Dong, Q. Xue, C., Song, W. Qin, L. and Fan, X., 2014. Seasonal
evolution of the interannual variability of chlorophyll-a concentration and
its forcing factors in the northwestern Pacific from 1998 to 2010. Int. J.
Remote Sens. 35, p. 4138-4155.

Hu, D., et al, 2015. Pacific western boundary currents and their roles in climate.
Nature 702, p. 299-308.

Ishida, H., Watanabe, Y. W., Ishizaka, J., Nakano, T., Nagai, N., Watanabe, Y.,
Shimamoto, A., Maeda, N. and Magi, M., 2009. Possibility of recent

changes in vertical distribution and size composition of chlorophyll-a in

_57_



the western North Pacific region, J. Oceanogr. 65, p. 179-186.

Jung, J., Furutani, H., Uematsu, M., Kim, S. and Yoon, S., 2013. Atmospheric
inorganic nitrogen input via dry, wet, and sea fog deposition to the
subarctic western North Pacific Ocean. Atmos. Chem. Phys. 13, p. 411 -
428.

Karl, D., Letelier, R., Tupas, L., Dore, J., Christian, J. and Hebel, D., 1997. The
role of nitrogen fixation in biogeochemical cycling in the subtropical
North Pacific Ocean. Nature 388, p. 533-538.

Karl, D. M., and Letelier, R. M. 2008. Nitrogen fixation—enhanced carbon
sequestration in low nitrate, low chlorophyll seascapes. Mar. Ecol. Prog.
Ser. 364, p. 257-268.

Karl, D. M., Church, M. ]J., Dore, J. E., Letelier, R. M. and Mahaffey, C., 2012.
Predictable and efficient carbon sequestration in the North Pacific Ocean
supported by symbiotic nitrogen fixation. Proc. Natl. Acad. Sci. U. S. A.
109, p. 1842-1849.

Karl, D., Michaels, A. Bergman, B., Capone, D., Carpenter, E. Letelier, R,
Lipschultz, F., Paerl, H., Sigman, D. and Stal, L., 2002. Dinitrogen
fixation in the world’s oceans. Biogeochemistry 57/58, p. 47 - 98.

Kawahata, H., Suzuki A., and Ohta, H., 2000. Export fluxes in the Western
Pacific Warm Pool, Deep Sea Res. Part 1 47, p. 2061-2091,

Kemp, S. and Knaack, H., 1996. Vertical Particle Flux in the Western Pacific
Below the North Equatorial Current and the Equatorial Counter Current.
In: Ittekkot, V., Schafer, P., Honjo, S., Depetris, P. J. (Eds.), Particle
Flux in the Ocean. John Wiley & Sons, New York, p. 313-323.

Kim, D, Kim, D. Y. Park, J. S, Kim, Y. J., 2005. Interannual variation of
particle fluxes in the eastern Bransfield Strait, Antarctica: a response to
the sea ice distribution. Deep Sea Res. Part I, 52, p. 2140 - 2155.

Kim, T.-W., Lee, K., Najjar, R. G., Jeong, H.-D. and Jeong, H. J., 2011.
Increasing N abundance in the northwestern Pacific Ocean due to
atmospheric nitrogen deposition. Science 334, p. 505 - 509.

Kim, D., Choi, Y., Kim, T.-W. and Park, G.-H., 2017. Recent increase in surface
£0O; in the western subtropical North Pacific, Ocean Sci. J., doi
10.1007/s12601-017-0030-7.

_58_



Kwon, E. Y., Kim, Y. H,, Park, Y.-G., Park, Y.-H., Dunne, J. and Chang,K.-1,
2016. Multidecadal wind-driven shifts in northwest Pacific temperature,
salinity, O», and PO,. Global Biogeochem. Cycles 30, p. 1599-1619.

Large, W. G., and Pond, S., 1981. Open Ocean Momentum Flux Measurements
in Moderate to Strong Winds. J. Phys. Oceanogr. 11, p. 324-336.

Lee, K., R.H. Wanninkhof, T. Takahashi, S. Doney, and R. A. Feely. 1998. Low
interannual variability in recent oceanic uptake of atmospheric carbon

dioxide. Nature, 396, 155-159.

Lee, Y., Kumar, K. S., Lee, K., Shin, K., Park, K.-T., Yang, E. J. and Shin,
K.-H., 2016. Effects of elevated CO- concentrations on the production
and biodegradability of organic matter: An in-situ mesocosm experiment.
Mar. Chem. 183, p. 33-40.

Li, W. K. W. and Harrison, W. G. 2001. Chlorophyll, bacteria and
picophytoplankton in ecological provinces of the North Atlantic. Deep Sea
Res. Part II 48, p. 2271 - 2293.

Limsakul, A., Saino, T. Midorikawa, T. and Goes, J. I, 2001. Temporal
variations in lower trophic level biological environments in the
northwestern North Pacific Subtropical Gyre from 1950 to 1997. Prog.
Oceanogr. 49, p. 129-149.

Luo, Y. W. et al., 2012. Database of diazotrophs in global ocean: abundance,
biomass and nitrogen fixation rates. Earth Syst. Sci. Data 4, p. 47 - 73.

Mantua, N. J., Hare, S. R., Zhang, Y., Wallace, J. M. and Francis, R. C., 1997. A
Pacific Interdecadal Climate Oscillation with Impacts on Salmon
Production. Bull. Amer. Meteorol. Soc. 78, p. 1069-1079.

Marshall, J., and Plumb, A., 2007. The wind-driven circulation, in Atmosphere,
Ocean and Climate Dynamics: An Introductory Text. p. 197-222, Elsevier
Academic Press.

Martino, M., Hamilton, D., Baker, A. R., Jickells, T. D., Bromley, T., Nojiri, Y.,
Quack, B. and Boyd, P. W., 2014. Western Pacific atmospheric nutrient
deposition fluxes, their impact on surface ocean productivity. Global
Biogeochem. Cycles 28, 2013GB004794, doi: 10.1002/2013GB004794.

McGillicuddy, D. J., Robinson, A. R., Siegel, D. A., Jannasch, H. W., Johnson, R.,

_59_



Dickey, T. D., McNeil, J., Michaels, A. F. and Knap, A. H., 1998.
Influence of mesoscale eddies on new production in the Sargasso Sea,
Nature 394, p. 263-266.

Metzl, N., A. Corbiere, G. Rever, T. Takahashi, and M. Ramonet. 2010. Recent
acceleration of the sea surface fCO, growth rate in the North Atlantic
subpolar gyre (1993-2008) revealed by winter observations. Global
Biogeochem. Cycles 24:GB4004.

Miquel, J. C., Fowler, S. W., La Rosa, ]., Buat-Menard, P., 1994. Dynamics of
the downward flux of particles and carbon in the open northwestern
Mediterranean Sea. Deep Sea Res. Part I 41, p. 243-261.

Mohiuddin, M. M. Nishimura, A., Tanaka, Y., and Shimamoto, A. 2002. Regional
and interannual productivity of biogenic components and planktonic
foraminiferal fluxes in the northwestern Pacific Basin. Mar.
Micropaleontol. 45, p. 57-82.

Moutin, T., Karl, D. M., Duhamel, S., Rimmelin, P., Raimbault, P., Van Mooy, B.
A. S. and Claustre, H., 2008 Phosphate availability and the ultimate
control of new nitrogen input by nitrogen fixation in the tropical Pacific
Ocean. Biogeosciences 5, p. 95 - 109.

Neuer, S., Ratmeyer, V., Davenport, R., Fischer, G. and Wefer G., 1997. Deep
water particle flux in the Canary Island region: seasonal trends in
relation to long-term satellite derived pigment data and lateral sources.
Deep Sea Res. Part 1 44, p. 1451-1466.

Oka, E., and Qiu, B., 2012. Progress of North Pacific mode water research in the
past decade, J. Oceanogr. 68, p. 5-20.

Oka, E. Qiu, B., Takatani, Y. Enyo, K., Sasano, D., Kosugi, N., Ishii, M.,
Nakano, T. and Suga, T., 2015. Decadal variability of Subtropical Mode
Water subduction and its impact on biogeochemistry. J. Oceanogr. 71, p.
389-400.

Orr, J.C., E. Maier-Reimer, U. Mikolajewicz, P. Monfray, J.L. Sarmiento, J.R.
Toggweiler, N.K. Taylor, J. Palmer, N. Gruber, C.L. Sabine, C. Le Quere,
R.M. Key, and J. Boutin. 2001. Estimates of anthropogenic carbon uptake

from four three-dimensional global ocean models. Glob. Biogeochem.

_60_



Cycles, 15(1), 43-60.

Park, G. H.. Lee, K., Wanninkhof, R., Jhang, J. Z., Hansell, D. A. and Feely, R.
A., 2008. Large, non-Redfieldian drawdown of nutrients and carbon in
the extratropical North Atlantic Ocean (46°N): Evidence for dinitrogen
fixation? Limnol. Oceanogr. 53, p. 1697 - 1704.

Park, G.H. and R. Wanninkhof. 2012. A large increase of the CO, sink in the
western tropical North Atlantic from 2002 to 2009. J. Geophys. Res.
117:CO&029.

Pierrot, D., Neill, C., Sullivan, K., Castle, R., Wanninkhof, R., Liiger, H.,,
Johannessen, T., Olsen, A. Feely, R. A. and Cosca, C. E., 2009.
Recommendations for autonomous underway pCO: measuring systems
and data-reduction routines. Deep Sea Res. Part II 56, p. 512-522.

Qiu, B., Rudnick, D. L., Cerovecki, 1., Cornuelle, B. D., Chen, S., Schonau, M. C.,
McClean, J. L. and Gopalakrishnan, G., 2015. The pacific north equatorial
current: New insights from the origins of the Kuroshio and Mindanao
Currents (OKMC) project. Oceanogr. 28, p. 24-33.

Riebesell, U., et al, 2007. Enhanced biological carbon consumption in a high CO,
ocean. Nature 450, p. 545-548.

Sabine, C. L., et al, 2004. The oceanic sink for anthropogenic CQOs. Science 305,
p. 367-371.

Schuster, U., A.J]. Watsom, N.R. Bates, D. Pirerrot, and M. Santana-Casiano.
2009. Trends in North Atlantic sea-surface fCO; from 1990 to 2006.
Deep-Sea Res. II 56, 620-629.

Sigman, D. M., DiFiore, P. J., Hain, M. P., Deutsch, C., Wang, Y., Karl, D. M,,
Knapp, A. N., Lehmann, M. F. and Pantoja, S., 2009. The dual isotopes
of deep nitrate as a constraint on the cycle and budget of oceanic fixed
nitrogen. Deep Sea Res. Part I 56, p. 1419-1439.

Singh, A., Lomas, M. W. and Bates, N. R., 2013. Revisiting N. fixation in the
North Atlantic Ocean: Significance of deviations from the Redfield Ratio,
atmospheric deposition and climate variability. Deep Sea Res. Part II 93,

_61_



p. 148-138.

Shiozaki, T., Furuya, K. Kodama, T., Kitajima, S., Takeda, S., Takemura, T.
and Kanda, J., 2010. New estimation of Ns fixation in the western and
central Pacific Ocean and its marginal seas. Global Biogeochem. Cycles
24, GB1015, doi: 10.1029/2009GB003620.

Shiozaki, T., Nagata, T., Ijichi, M. and Furuya, K., 2015. Nitrogen fixation and
the diazotroph community in the temperate coastal region of the
northwestern North Pacific. Biogeosciences 12, p. 4751 - 4764.

Takahashi, T., et al, 2002. Global sea—air CO. flux based on climatological
surface ocean pCQO,, and seasonal biological and temperature effects.
Deep Sea Res. Part II 49, p. 1601-1622.

Takahashi, T., et al, 2009. Climatological mean and decadal change in surface
ocean pCQOo, and net sea—air CO- flux over the global oceans. Deep Sea
Res. Part II 56, p. 554-826.

Thomas, H., England, M.H., and V. Ittekkot. 2001. An offline 3D model of
anthropogenic CO, uptake by the oceans. Geophys. Res. Lett., 28(3),
547-550.

Thomas, A. C., Ted Strub, P., Weatherbee, R. A. and James, C., 2012. Satellite
views of Pacific chlorophyll variability: Comparisons to physical
variability, local versus nonlocal influences and links to climate indices.
Deep Sea Res. Part II 77, p. 99-116.

Tomczak, M., and Godfrey, J. S., 1994. Ekman layer transports, Ekman pumping
and the Sverdrup balance. in Regional Oceanography, p. 39-51,
Pergamon.

Trusenkova, O. O., 2014. Variability of eddy kinetic energy in the Sea of Japan
from satellite altimetry data. Oceanology 54, p. 8-16.

Wang, W., Zhou, C., Shao, Q., and Mulla, D. J., 2010. Remote sensing of sea
surface temperature and chlorophyll-a: implications for squid fisheries in
the north-west Pacific Ocean. J. Remote Sens. 31, p. 4515-4530.

Wanninkhof, R. 1992. Relationsahip between wind speed and gas exchange over

the ocean, J. Geophys. Res., 97, 7373-7382.

Watanabe, Y. W., Ishida, H., Nakano, T. and Nagai, N., 2005. Spatiotemporal

_62_



decreases of nutrients and chlorophyll-a in the surface mixed layer of
the Western North Pacific from 1971 to 2000. J. Oceanogr. 61, p.
1011-1016.

Wilson, C., 2003. Late Summer chlorophyll blooms in the oligotrophic North
Pacific 850 Subtropical Gyre. Geophys. Res. Lett. 30, dot
10.1029/2003GL017770.

Wilson, C., Villareal, T. A., Maximenko, N., Bograd, S. J., Montoya, J. P. and
Schoenbaechler, C. A., 2008. Biological and physical forcings of late
summer chlorophyll blooms at 30°N in the oligotrophic Pacific. J. Mar.
Syst. 69, p. 164-176.

Zhai, W. and M. Dai 2009. On the seasonal variation of sir-sea CO, fluxes in
the outer Changjiang (Yangtze River) Estuary, East China Sea. Marine
Chemistry, 117, 2-10.

_63_



