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O ul= R/V Knorrg ©]83] 20073 o5 HEHAFANA 27 ;oA
W= FskttMiller et al., 2010).
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Sonic Anemometer-Thermome
(KAIJO, DA-600-3TV)

Open-Path CO,/H,0 Gas Ana
(LI-COR, LI-7500)

Two-axis Inclinometer

Three-axis Accelerometer
(Applied Signals, QA-700-020)

Three-axis Rate Gyro
(Systron Donner, QRS 11-0050-100)

Nylon Tube
(Kokugo, N5-1-1/4)

Flow Meter

(Kofloc, RK1250)
Diaphragm Air Pump
(Yasunaga Air Pump, YP-30VC)

Closed-Path CO,/H,0 Gas Analyzer
(LI-COR, LI-7000)
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2011).
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(a) OBS (b) MME (c) MME—0BS (d) INM—CM3.0
- - -

50N 4

40N -

RLE

20N 1

SON -

40N -

30N 1

20N 1

50N -

40N -

30N 1

20N 1

(n) MIROC3.2(medres) (o) PCM1
50N 4 <

40N 1 ¢
JON 1

20N -

(s) CSIRO-MK3.0
7

50N 1

40N 1
JON -

20N

SON 1

40N 1

30N -

20N 1

80E  100E  120E B0E  100E  120€ 80E  100E 120 BOE  100E  120E

2% 213, F3 giRolA 1961-2000 W July-August 22 99l 100 mm. (@) T=
(b) g=rd JArE FHAFgk (MME), () MMESF #=29] zfo], (d)-(x) /HE =
g Ayt L et al. (2011).

O CORDEX  (Coordinated  Regional  Climate = Downscaling
Experiment)+= WCRP (World Climate Research Programme) &
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MARR DJF MERRA DIF R'CM Ensemble DIF 5
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v 1
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\ =

RCM Ens«emhll: J.IA 11

"%

MARR 1A

0.5

0
% 2.15. NCEP Eu] 29 84 22 (NARR)o| Uehd o9& 7o EEFHAF (=)}
MERRA A&4 go] mE@Ezteto] vlg (hd) 181 2975 8 2d
o] mEWAtete] v L(Q2%), Loikith et al. (2015).

O Ruti et al. (2016)-= MED-CORDEX (Z|&dll 99)e] d3toz =
1% mo| ] e HI AFS SRS o] AT EG o]
B9 R stn glor] BHY shgEe] mE Izt 2o 458
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Quantile 99

Quantile 99

40N =

1B 52 wehs SO0 Al G000l 1 8 W 0 15 20 2 30 40 S50 60 70 80 100

Quantile 99 Quantile 99

15 20 25 30 40 50 60 0O 80 100

Quantile 99

O E o Em e e S0 B0 T e e 0 15 20 25 30 40 50 60 70 80 100

9 2.16. 1989dRE 2009| 7]7He] 9EFE 11€742] <8 ZF42] 99% quantile (1% =

=

Z) (mm day—1): (@) ERA-Interim; (b) ALADIN-Climate model, 150 km; (c)
COSMO-CLM model, 50 km, forced by ERA-Interim; (d) COSMO-CLM
model, 12 km; (e) ALADIN-Climate model, 50 km; and (f) ALADIN-Climate
model, 12 km. Ruti et al. (2016).

O Q& oF ol et si-di7] 4= 289 d3d= 7] $sto
WREF (Weather Research and Forecasting)2t ROMS (Regional
Ocean Modeling System)= ©|-g&scto] 239t 2| 97|endg 7idet

AF7E Ath(Samala et al., 2013). 1% ofF #<=of diste] ¥}
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N

GOL 7OL BOE HOE T0OE 110E 120€

COUPLED-WRF

Lhd L.

:
" .
BOE 7O BOE S0 100E 110€ 120C “0F S0E S0 T0E SO0E SOE  100E 170€ 1200 40€  S0C S0r TOE BMOE S0E 100E 110E 1200

a9 2.17. = JJAS 713 B+ ZF (mm day—1) &= (G2 9)), 2% 715rd (57 9))
J=lx 7] rd (LEZE Q). ZdrRd-#H= (9% ok, drjnd-#= (57
ofgf) 1zjx AtndE-thr|nd (LEZ ofgf). Samala et al. (2013).

O sfifolMde &4 s XS] At sfifdA|stet Y Hess
19709] ot W45 Rolst= TOPAZ (Dunne et al., 2013), 67]2]
ot M55 HoSH= BLING (Galbraith et al., 2010), 3719 ot
A4S ROISkE miniBLING Fo| W= ATHIH 2.18). 9
SHF-th7]-Axsketabgo] by RS A|FAIAH REolgal Sh,
A A AE] BE O] S ErE ool whet AL Eol7] 't
F=obE Az]skel g o] A|QEE] A tH(miniBLING). Galbraith et al.
(2015)+= TOPAZ<2} BLING 18|31 miniBLINGS] A5 H|ugo =z
HestkE JE O] AR|eket Hgo] 7|Ee] B REo His] /5ol

i

il
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A AXA dEe BALw 5|8 FRARTE Qo] AHE
Zee A AT 2.19).

Biogeochemistry Phytoplankton ecology

DOM cycling ()

Atm, Deposition l

small phyto. Protist
Gas exchange 1 ] R:gde: - Totis!
ni en

N,-fixer B =
S Filter
feeder

River Input e
Removal

Sediment Input g I-i e ph o)/
Scavenging 2 Detritus

Carbon_{] n Nitrogen | Phosphorus Iron | Silicon L

J=

OO o o T T

v

P4 2

A~
A

38 g
(1

L]

v
CaCo,
all, Dunne et al (2005, 2007)

1% 2.18. kY AEre BEQ TOPAZ(1Z)9}F BLING(L2%)9] Hdr

Observed PO4/2+N03/32 [ de
2.00 TOPAZ B o2
7 BLING ~ 06
1.60 ? ) - o1
— A — 0.3
0.2
1.20 — f — 8‘1
— — —0.1
| —0.2
0.80 - - =53
— — —0.5
'y —0.6
a.40 =7 -
—| — —(1).9
0.00 T T T T T T T T 807 = h
BO®S 40°5 o* 40°N BO*N
RMSE=0.19
Corr=0.96
1 1
0.9 0.9
0.8 0.8
a.7 0.7
0.6 0.6
a5 g8
0.4 0.4
ot 0.3
02 a2
0.1 0.1
a L)
-0.1 —0.1
—0.2 —0.2
—0.3 —0.3
—0.4 —0.4
—0.5 —0.5
—0.8 —0.6
—0.7 —0.7
—0.& -0
0.9 —0.9
— -1
160°E 100°W o*
RMSE=0.2 RMSE=0.22
. (c) Error BLING Corr=0.94 (d) Error miniBLING

2.19. dH FJYE =x Ex H= [Garcia et al., 2014]3F TOPAZ, BLING,
minBLINGS 8]Z& ©@¢ uM. Galbraith et al. (2015).

19 gl SeldE AdAE B St
Aol tfxEAel AYdAE MCT (Modeling
Coupling Toolkit; http://www.mcs.anl.gov/research/projects/mct/)
e} OASIS (https://verc.enes.org/oasis) 7F 7WHEo] Sty MCT7}
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=& SHCRE OASIS & FHs SHo= dd aidAd olf
Hzol MCT & F=2 ul= $49 2do] AgH ¥ OASIS &=
49 S ndo] F2 AREEI . MCTE ACME/CESM,
COWAST, WRF/ROMS Hurricane model Sof AFg% HHH,
OASIS & 99 tE4Ql s ®ZEQ NEMOE H|ES oot
wHo RS2 ddstedl ARET Sl FZole OASIS-MCT7}
M=ol OASISol MCTE] 7|52 ARE & Al =AUk oe
ARt Hof wet si-tir] 2 A 97]% RHe] Jjdo] §o
SR

A4 oF4 mEsid, TOPAZ E BLINGJJr T2 ‘H%‘E CREE
Rzo] ZfEEo] Agsfe] H-go] sttt -7l A A971F
mdo] ATz ]lsto] siF-t7] A= 2gol ot A97]F w1l

ddol Zhsalifl. 22y obd7RA] siF-div] E¥ae 7= A
ATt 715 Rde] Astes JfEEeH, AA7|F Rde AT

Sg-thr] Bs BES ART Bask gk
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A 22 W

O ololx a7 zlo] WEAH|2 AHAH EC ZAYHE S FAa)
=

N RS, HDS, 89S

O Asia CORDEX9] FoJste 5709 7]3mel (HadGEM3-RA,
RegCM4, SNU-MMS5, SNU-WREF, YSU-RSM)&] oj&4d =3t
7129 S Aege] dig 2o 45S B v ok (Park et
al., 2015). 229 HFAel HWak(bias)T 2T 7]Fo] o] AH:
Atolof] Aol Sle= Helow A9rjgrdo] M|t 7]SH o
Hlsff St 7159 no] A5s FAHS Bk (I 2.20). 124
AHgE mdlo] tfr] mde] Z)dtste] siF-tfr] AT &S Ut
stzlef HAZE Qi

O
[t

-t A% A

o
Al A4EE Y=L lom, B g 2d (COWAST)=



O FFsFIs &AL [RUBEFNA ot fEANY GHhED
5714 M3 AT@IUEARATA AWIE FHSHAA
BE F= A5 gk sty 28 Bge A

oy GFDL MOMS5, th7]= WRFe| 7]4ts}
OASIS-MCTE o515t}

(a) Bias JJA_TAS (b) Bias JUA_PR
< g
(=3
5]
o 4
o | /
— ]
o %)
o o
© @ 24
£ oA £
g g
x 2 4
[} @
o =]
| =
o SK historical p =0,008 I o i SK historical p = 0.05
: 8C historical p =0.008 : 5C historical p = 0.04
: MN historical p =0,083 o * MM historical p =0.118
= ; SK MME historical o = 5K MME historical
#: 8C MME historical 1 #:5C MME hislorical
< 4 : MN MME historical < MN MME historical
T T T T T T T T T T T
-4 -2 ] 2 4 -4 =2 4] 2 4 6
mean mean

7% 220, 2 JIL(TAS, ° O3 B4 R, mm day— Dol dhgt BF Fapol gt 3@
WP ApA. S AT 29 ARG =)ol del 0F 2D G B
A AT 2L AN Park et al. (2015).

O RS &Pe He i AefA mlgdstd= 11 A
53 ST Y (POLCOMS)TH A=|stst 2y (ERSEM)= A gl
AdfFA A By et TRl Jote, ==-AF=x|get

sl 22et SR A HsAd 2 ulE oS A4E 9

Ouf, A tf7|REgte] Ak obA] ALEZ] Rt
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Boundary
Conditions

Hetero- Micro-
trophics ooplanktop

POLCOMS

a9 221 d=sfgaerledol A7 S =2 ee 2 A GA A BY B4R
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st 719 ozt EAEH

| =
B 2Ewhe 1 AZHtimeD)®] 5tF FE(GDE

- ddes § Y 2EWw2)2 I Attime2)o A5 HHGDE

=
=

I

ndg 714 59 ()¢t dAFeE(w)E dH

[

S2 $q . o )
Heat, Humidity :
Momentum
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274 3= 9 7))
32 5 (& 7=
No. A= £4
T2 | 3-D Sonic Anemometer
A ZAF | Campbell Scientific
el | CSAT3
-10cm  vertical ~ measurement
path
_31:1}0‘: Iz Jq- o4 =3
zﬂz ] ~60 Hz
—Accuracy

Off set error:

1 (£8.0 cm s—1 (ux, uy)

{(+4.0 cm s—1 (uz)

=2 Gain error:

e (£2% of reading (wind
vector within +5° of
horizontal)

(£3% of reading (wind
vector within +10° of
horizontal)

(£6% of reading (wind
vector within +20° of
horizontal)

2 | 3-Axis Ultrasonic Anemometer
W A ZAF | Gill
2dd | WindMaster / WindMaster Pro
—_3‘?62} TEI 5%, 7= (sonic)
=%
2 ——1:1‘—072?47]1 20 Hz or 32 Hz /
32 Hz

E3 -ZAHA: 0-50 m/s / 0-65
m/s

-ZAFPAE: 0.01 m/s
—Accuracy

(1. 5% RMS @12 m/s
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O
[
pech
i
o
N
s
()

Y 755X pitch, roll, and yaw)

No. A& £4
Multi-Axis  Inertial  Sensing
System
Systron Donner
Motionpak 1I
—linear accelerations®} angular
1 rate
-ZAH: +100° /sec /
+1,2,3,5,10 g's
—-G Sensitivity: <0.02° /sec/
—Resolution:” <0.004° /sec ;S
10ug
Singel-Axis Analog Gyroscope
Systron Donner
QRS11-0050-100
2 -MEMS Quartz Angular Rate
Sensor
-ZAH: +100° /sec
—G Sensitivity: <0.02° /sec/g
—Resolution:” <0.004° /sec
Miniature  Attitude  Heading
Reference System
Microstrain
3DM-GX3-25
—Attitude heading range: 3%
¥ LORD MicroStrain® 211- 360
3OM-GXE°-25 —Accelerometer range: +5g
3 wos. [0S Y —Gyroscope range: +300° /sec
RS i X —Static accuracy: *+0.5° pitch,
roll, heading
—Dynamic  accuracy: +2.0°
pitch, roll, headin
—Resolution: <0.1 i
—Data output rate: Ztf 1000
Hz
£ | 3D accelerometer
4 A ZAF | Applied Signals
may | QA-700-020
EA | -R/V MIRAI A]~AEo] AFR-H
FE | 2D inclimometer
5 A ZAF | Applied Geomechanics
za | MD-900-T
E2 | -R/V MIRAI AAH0] A&
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91%]: GPS

: C100, KVHEAF Y4t

)

=

[

&

A|m

Differential CO2/H20 Analyzer

LI-COR

LI=7000

—Detector: Two solid—state

detector
—CO2 range: 0-3000 ppm

—Accuracy: <{1% nominally

Enclosed CO2/H20 Analyzer

LI-COR

LI-7200RS

—Detector: Thermoelectrically
cooled lead selenide
—Bandwidth: 5, 10, or 20 Hz
—-CO2 range: 0-3000 ppm

—Accuracy: <{1% nominally

Open Path CO2/H20 Gas
Analyzer

LI-COR

LI-7500RS

—Detector: Thermoelectrically
cooled lead selenide
—Bandwidth: 5, 10, or 20 Hz
—CO2 range: 0-3000 ppm

—Accuracy: <1% nominally

PICARRQ

CRDS Analyzer

PICARRO

G2301

—Detector: Cavity Ring—Down
Spectroscopy

—CO2 range: 0-1000 ppm
—Precision: <70 ppb

-Max Drift at STP: <120

ppb/24hrs
<500 ppb/1

months
—Measurement Interval: <5 sec

_28_




Momentum

Sensible heat

e o d TF
H="p,c,w'T,

Latent heat

Hy =p Lwgq',

Carbon dioxide

H : sensible heat flux

H; : latent heat flux

¢,  specific heat capacity of air
7@ dry air temperature

L, : latent heat of vaporization

g - specific humidity

_29_
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—>| get I*" 60-minute record of N total records |

| motion correct wind vector |

!

| density (Webb) correction |

| time shift signals for tubing delays |
1=1}

_OI for Jt | 4-minute subinterval |

| rotate wind to natural coordinate frame |

!

| calculate momentum, sensible heat flux |

| motion regression of LiCor CO2/H2O channels |

| calculate “raw” latent heat and CO; flux |

|

| high-frequency correction to CO2 & H2O flux |

J=]+1 no
=41
yes
= no
I=I+1 I=N?
yes

| apply quality control measures |

a9 3.2, ZaAg] AxMiller et al., 2010)

(1) Density Correction(Webb corrections)
— open—path 47|04 TSt o]AHe etA molar densityE mixing
ratio= F2FetT),

- 25, #3571, 48 s B3I Webb corrections ©]tt.
P 7

F.=wp + (14 ;.m]iu”]‘” Fpu—=—wpl + (14 ,r.:.r:r,‘lgw"P’
T iR P
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(2) Ship Heave Effects
- EUFY Aot gAdLeR QIS el Wistof| digt HAdo] Hasit,
- W2(50 Hz) o= AAS

accelerometer
15F — — — pressure

f

M
o g

-1-0.04

o
(=]
=

S
Q
no
(wdd)
200 Vugjeanb3

0 20 40 60 80
seconds

7% 3.3. Ship Heave Effect A&dZA3 (Miller
et al., 2010)

(3) Motion—Induced Errors
- LI-6262, LI-7000 5¢] closhed—path S%7]A Yeht= @Fo|t}
- 67 Z2WF 53437 angle rates@t 370 linear accelerations)2t

S olttstE A Zte] AdeAMe ol-&s AATH.

a) LI7000
LI7500
— = = LI7500 (corrected)

ACO2
(ppm)

L A
qvfg— ~_ \/ \/_

1 1 1 1
0 5 10 15 20 25 30
seconds

19 3.4, Motion-Induced Errors?] <
(LI-7000: closed—path;
LI-7500: open—path)
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Al 2d AG7F 2y A

L sfF-ti7] A 29715 24 A
O A9 7] 2d =

- WRF(Weather Research and Forecasting Model)ol| 7|5F F T 9]
AT 28 50 Hold 5

d = LEsfof ot

O A ka3t md 5
- GFDL MOMS5, ROMS &2 A& 4 Sl
- e Fwel add dE wel 45g nejsel

gttt ROMS+=
%_%H /\9,]———— E__/‘lo]___t-” Zo o %—E E]_]_'Eﬂ, MOMS—E EHJ—%}OO]:

Fol 282 mofshzd Aol 9k

O

>{E

O sid-di7l 2

- OASIS-MCTE Ahgsh= 2ol @
B A=l oA maHoltt

- gl &dolq et GFDL MOMS-WRF 23 2dS

sig-ti7] A% A Hrierdzs &8 4 ATHIH 3.6).

Aolet. sfe-ti7] Helz

r&&
_\:s_l‘

O
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| sl
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A
% 3.6. SH=afel7|&d siF-di7] 28nd o] Jfdrt.
2. Sg-tly) A5 e BE e A
O oi¢¥ =5 =t 7iA
_ Sl £ mEe sjoF 4SHAA sjope] AHEHS mishe

]
St ol S &dF ulolA 42 s Aslete 8iF ot
(1%l 11). Noh et al. (2015)+= slgollA Bl oJsf TAst= dH=
s Rostehes Wehe Aldtstalon o it EekEol o
o] o= JPAT 4 IS EATh Mixing length scale (/)& HHE
5

o] (Lol wet w4t

L=
[e}
A
e

- K(z+z)
“ 1+&l(z+2z,)/k

with =1+ ALa™
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O . 7] s 2l ek A

- ofjt EH7]4 i A siHe d44 3 & gEo %=
ZHeote Fa% Aol st di7] i Rt Hieke] oigt
o] 3?%‘4’.

- Sl dE BAe mels] g@ duwme A
convective adjustment scheme©] Wo] ARREY 7 A4S Ho|o}V]
Hrohs 74 29bs MestA Aot = EeHgAdE sliastke Hetolth

- OF @S 2 Q
QO HKim and Stossel, 2001), &2 I7] @ ZFxof det dAA ]
1H7F a5t

2 o5t7] 915l plume convection scheme 5©] A|

windrows (convergences
where seaweed, debris and
foam accumulale)
divergence

seasurface W 3
= = 6 ) k n"! '\.‘

helical vortices ————

~- 298] B4 ZHAL oot FjoF A5 Ffok-t)y] AT 2e gy
3 &FS Tt (Y 3.8). o]& A5t

T d|=35}7] YsiA] SleF AR|srst wA o] AHglo] Qi)
- TOPAZ, BLING T& A€ &4 vt 2t AR|g}st Bdl ¥z A4t
Aol a5 W ATlA Zpolzb qloem AHs| 7| FRE A Q]

5 B4 Wast gk
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Ocean-atmosphere coupling — biogeochemical processes and material exchange

oY /”\\

. «— Oxidation

— regulation  chemistry

Radiation 6
w ~
)

Emissions et /

284 7IAIY olitetaAao] SioF-dir] el o7 s NS
(wave breaking, turbulence, sea spray, 5)° 2ol dFS Hre=r}

(1% 3.9).
-7l 714 wge] FFe F=
1:)0

Langmuir circulation, sea spray

)

& @4= (wave breaking,
| OifE 2y QA gk
SiF-t7l =4 EH2OF AN o dutdo= Gas transfer
coefficient(Do) S AFE3SILH R RO x| dloA] D A=z A
ol A4 Ql EAS AT 4 gtk

2 AFE Bl TS5E+= eddy covariance AHRE 7|Hto = ol 2wt
2ol Deofl izt 4412 oAl AAD & e ZolH Ags) E4=

=
NEE m4E) Here T 4 9le Aol

ok
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(Garbe et al., 2014)

pacpW'c’ = DU, (C; — Cy)
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‘?‘E‘ ]5_.]_1—'— k"?‘\._ ==E (E.?LH'%—
= = |— ofjF-ti~ 2 =
AR AR Gokoy] EAA wdl Bast A7
e N - 97T BE AE L%
- -1 T (€] = [
22pA% 2018 - 27 1=
AT AT mast e
2§ 3t B - Sea Spray
o} 13 — Mixed layer scheme
weteF A3 e fo] ISA|AH b 9]
A A AE WS BEALEH AEEY
FH st
« o] ]EdC f]hixfiai—fyﬁg ﬁl%
- 29 715rd HrAE Al
BC flux A2 Lz guis gt °
o= - AHzt= Bt
— process 7HA
_ _ s e A
32PAE | 2019 | B A971F |- Sea spray W25} Wete] ohg el ®l
HY UgE a= Ad
A5 — mixed layer scheme W¢to] o= el
T E Ad
o) AFa}EF A * Gas Transfer Coefficient %
42 A
X Ale =det A5
L Tel Bus Age mE w47 @ A9
HARS Y e oy vy
A e e -
WS A LH o] IEAAE OH -
obAgst w WS FSALH g
2 9}
*EC flux At= P4 I AF
A ot [e)
BC flwe A2 " m0) 9 92 B flux Az
o - Ay 7|¥RY B7HAE AlE
AP | 2020 CLd Yy B4
— Sea spray
N - Mixed layer scheme
=L oatet s S A A8 A9
- oj4tetEr A E¥ A R4st A4 mE
HYy As A
Aluge A& |« e 7|5 Hel AlgE]e AE
TS Al2H eFo] B A HSAAH HRY
otgool  |EC flux 2= 2 AlF
_ o 1 9}A]
5ZFAE | 2021 5o -
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