TSPM15040-070-6

S=of si-siF Het =x 22 =
Set up of an ice—ocean coupled modeling
on the Arctic Ocean
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SUMMARY

[ Title

Set up of an ice-ocean coupled modeling on the Arctic Ocean

I. Purpose

« Simulating sea ice distribution and oceanic circulation of the Arctic Ocean
using an ice-ocean coupled model

 Improving prediction performance of sea ice by optimizing the model

II. Contents

» Optimizing the sea ice model with a Green’ s function approach

IV. Results

« Improvement of model results by a Green’ s function approach.

» Reducing the model errors by about 10~20% in sea ice concentration and
extent, and by more than 80% in sea ice thickness.

V. Application

« Predicting sea ice movement/growth and oceanic circulation in the Arctic
Ocean

« Providing a basic data for various development programs on the Arctic

Ocean including the Arctic sea route
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dv oCw y y
= — R 2
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ART # ek $ue) Ae F Fe gl Adol o I Avatn, A WA G

1 aui auj
L= — _J .
€;j 2(856]-—’_6%) o
P=P"Ahe 9
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P ' ice strength
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C' : ice strength parameters, 20



o] W, nonlinear viscosities 1, (= t&3 o] Ao}

. P
@A) 141 140 8 20 ey (L— 1)) (10
n= % (11)
e

e . eccentricity of the elliptical yield curve, 2

AR WA v B Akl EVP rheologyE A 8417171 9184 stress tensor 0,5 T
3l VP rheology 2= ¥ 3} elastic &S F7FetAd ) o= SIWF27F 1 cm o] d

7gF-ellwt s e

1 n—¢ P 0
Eilp i) . 3 S = 12
2770“%— o™ Ukk52j+4<5lj € (12)
1905 1 —( P
T ol o TRE e Ukk52j+4<_5m €
#1eo] HA4S Fal EsHAAS ALtste] M EE time stepell Y W S5 AE u, v
5 7% ¥, MPDATA schemes o] &3 W &%, 577, + 7/, W WF2:E 59
ol FFE AT A5 2 (14), (15, (16)F #Zom iy #¥H WFE9 oF
wuk oyl s d9st BEdd = Z3gh o= W o]l & iR masse W3t
Qo] & wgof] o3 o] il H= A4S A nHFT F A dAFv
Ahi o(uAh,) o(vAh;)
ot ox Y
0 Ah, o(uAh,) o(vAh,)
s _ - +8+D (15)
ot ox Y s s
oA o(ud) oA
o4 _ _old) ol )+SA+DA (16)
ot ox

_10_



ﬂo.o
re
o

ol

or
Jr
i

—

o
o

oAt

A~ o

Mellor and kantha (1989), Hakkinen and Mellor (1992)el 7]

o

B

o
=
el
<

rvze]
ang
M

XA

X
B

—_
file)

7o
el

No
JH

—_
o

T
__O

¢+

o
B

i
o

Bl

(17)
(18)

0< A<1 °|t}. h,

1
T

_(H

=

21 (A7), (18)¥ .
=2]

[e)

R

4 4]

1y s=s ERE, L

9

-

T

oJ

}

ko)

w0 o]

=
il

starh. A

S

o]

(17), (18)lA A

=

=

A

/;1
7
el 4

PN
T
=

-

=3
o

)
—_

s, 1 9| W,

S

_11_

AA= 29 139 2o

-

R

e



Wao

Wai

T

Wio

Wy

H

—

)

gyl
<

XO

0

o

"K

_Z#O

Nl iy S shukel s

Oo}: g

= el Sl

il el A 7] =,

9]

S
> 2a
N _ |
T_m._u Sal SR
a0 B 2| =
olo|S | & &
< s < <« e—
e &

it

_12_



g Qaz Q’LQ ( 2 O)
PoLz

21 (200l A L= brine effect (Bgkel a3} @ i o] F&x o] ¢
3

ool vA= ZrhHE a3 el g Ee ojvlstH, 4 (21)3 o] AltE T

Lt 3§99, 302 MJ m-3
r 3y el 9 AE (brine)

_13_



ok,

@y = T(T1_T2) (22)
o,

Qi = T(TO—TI) (23)

W7leh sl AEW, AW 5o FAEwUdAY AWE W,
@5)0l ol &) A4kE

AN Fr= a7 159 25w gito] oJs) A9uE A5FAE oJulsh, Wi
of g Q AYAL CpE ol &3lA A 263 2o] AT = 9tk

F
= = O (T,~T) (26)
pUQ]o
Uu
Cp=—— . (27)
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ol & 1 m, 2 olatall M 0 m= AA st

(HN]
[e]
o
(<]
a9 3 - BE BE 99 2 FAE

7173 A 8 & European Centre for Medium-Range Weather Forecasts (ECMWE)ol A

k= 0.75°7tA 9] ERA interim AEE o]&3t o, 1980 F-E 20158 7bA] 12A]%F
o® AuE datstel AR&SESIT o71A aed 1A E S vhE, GabEAL R E
, A, 71, w5, 7Y 2 F AT (runoff) ol o, sl A o] d/d w32 bulk
o] g&3ate] Ateen, PHC €& ARE ol &3] 90 (tAew 53 dE

o},

2!

o

l

RS A )
)

¥ o

ol
-

_15_



Assimilation (SODA, version 2.2.4) A& E A&t o, 1980W@H-E 2010 71#] 31\ 7H
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0)E skt 339+, 98 S Radiation =AS o] &al Axstgom 77 10Y,
19 4o =2 nudging AlA TR 22 7%, Sl W= 72z Flather (1976),

Chapman (1985) &71& A}8-3Fo] AALstA )

_16_



e WANSE W

-

T

oM AEH

|
A

A 34 =2d 2F3}

A G 7] o

ofp

,HO

3
pul

% ¥ of o}

PN
T

-

=)

ARkl

§d %= 23~30 km )¢

9|

A
&

B

o ubAl .

=
=

AFoE

o

R

Axk Ak

7]

e A

!

N
]

e B I K R

|22 e w7y

o]

—t

B

m

nr
4

file)

olo

el

H
H

Green &<F 7]

s

Aol 7]k

2=
H

G E I B

ey

e
SEE!

sheie.

S

R

=
T

=

1. Green &5 7194 /&

4
\_ﬂ

]
—_

oj

il

o
o
]

AJr
)

—_

0
N

—_

b
W)
B
v

B
fiTe)

oo

ofp

b

|

HMpts =58 v Green &5 7

47
she] Wlael A Hlojr}

[ ==
A -

&+

o

wK

I
X

AJr
)

7]
o1 2

o

1

3

AR
=
[e)

&Lzt

SR

S

=

R

Aol A
EE!

e

9tk

(Baseline) ¥}

Green S 7ol 9

2] &

i)

=
=

(Perturbation)

he

=

=

| Green 5 3328 G

I

°]-&

_17_

WE = Baseline 2!



Bl 2 (29), (30)ell hYdste] mde] HAstE wiWs 'S FAeA Ht
na :PGTR—lyd (29)
=(Q '+G@"R'G)! (30)

2 (29), BO)ellA P FE2 wizise] FE&4kS ulsid, Qv wiiwS 7] 3

EF4A, G Green 5 FE, RS B35 Axe E4Hr)e® o] Folxl AL om|gt

9o 39S B8 AE AASE ARG g B oled ARE A wag )

T dolMe Bl ey sk B 5 2o TS FEATIV] fste] s AL
AN AHEE = vhERE vz e Green 9 7MW S A &Sk 2 Aol HE
sty W= F 97| E drag coefficient, ice strength parameter, background vertical
diffusivity, albedo® TAd¥tt 2 A3 AE X2 i1 29 2o 7|5 43 (Baseline)
o] 2% ROMS &% Edox dubx oz Algsla = S AMgdon vts 23

AES] A5 =98] ofe] H=d] oA ARgetal = WM ge Faskidnh

1980 A a5 = o] g3dte] 1097 29 spin—upS 3 o] F 1980\ FE 2002 7HA] 23\ 7F

12412 bR o] 71704 A RE olgste] Rd AEs FdsAt o F 2003d5-H
20159 7h4] 13dzF & 107 A3 (Baseline 2 97) Wite A3)S A&Estadh. AL 4%

314 7}
= Y FA B3 AE(ACESat) A=} EA8HE 200358 2008 7HA o] ol &2 A}

& °]&3to] Green 5 7IH< A&t

_18_



X2 A= Ay =4
Experiment Parameter Baseline Perturbation
1 Air-ice drag coefficient 3.0x10°° 2.1x1073
2 lce-water drag coefficient 7.5%x10°° 525x107°
3 Ice strength parameter 5.0x10° 2.75x10*
4 Background vertical diffusivity 1.0x10°® 1.0x10°®
5 Ice dry albedo 0.65 0.7475
6 lce wet albedo 0.6 0.69
7 Snow dry albedo 0.85 0.9775
8 Snow wet albedo 0.72 0.828
9 Water albedo 0.1 0.15
2. 71% 4 ¥ (Baseline) 2%

g B3 el 19 4% HadlSST 94 22 2 712 2% (Baseline)] 4 A @9
A FE FUREES BAFET. ASH A% Luxsk D Ao} ddgke] Y FEs)
Znt)

ATt shARE = oAE B sy

2]
HAe H=y & At} #==-2d 7F RMS (Root Mean Square) 2 %}

rlr
)
o
i
2

_19_



HadISST

a9 4 9143 #A=(HadISST, 1) 2 7| 23 (Baseline, oFz)olA A& H
ALEH(2~3Y), JEH10~11%) F Y v% T BF

1% 5% ICESat 914 #5 4

HolEd dY F=

N,
M
>
ue)
&
Q
w0
@,
=
o
Y
>
2L
r_m
i
:?L_',
ok

d | HlE] ¢F 1 m FAA
A gt #=-2d 7+ RMS (Root Mean Square) 23b= AS&H, o83 7Z+7; 1.85
m, 2.10 m% YEFSTE

_20_



o
S,
S = = N N W W s
W W (@] W

baseline
v — &
¥ © Summer
o 35
y 25
¥ 2
&
X AT 15
1 » 1
....... v , 05
b
a9 5 94 %(ICESat ) @ 7]+ A3 (Baseline, o))l A A=
ALEHR2~3Y), dEH10~119) H Y T4 37 £%
3. 3% 2d A3
% 32 Green 5 7IWE& ol &3 ALtd ZF dERAST] HAZS HoFE SN 2d
A 3lo Green < 71H AEA AHEH TS A 5= HadISST 31 5% 2 ICESat 3f
W 57 Asoltt. sy FAS #E e A 1%E AF 47449 w4 (drag

coefficient, ice strength parameter, background vertical diffusivity):= ICESat 3% 7

A% 5RE AF 9779

ARE o] &3t HAZS =EdoH N TE9 Y U=
7] 4= (albedo) = HadISST 3lW %= A8E o]&3lo] HAS =F3%ch 7|+ A
H (Baseline)oll Al AR gkt HAgke]l Abol7b 714 AA UEbd WS+ Ice strength

_21_



parameter® #=-%1d 719l 0 X2 7FAA7) 7] el A AFEEE Fhol H8 676%
SR s ARgEloF st Ao yErwn HA o] dd ghol nlis| ZA Apeluh=
o= ROMSelA e AEstd Fhol =9 th& H=38] RdolA Ab&sh= kol B3|
A Zk7] Wil Ao w AZbET)

3% 3 Green 3 7IHS Sal AlLkd ZF JEHGT HA G

Experiment Parameter Baseline Optimized value
1 Air-ice drag coefficient 3.0x10°° 3.55x107°

2 lce-water drag coefficient 7.5%x1073 5.76x1073

3 Ice strength parameter 5.0x10° 3.38x10*

4 Background vertical diffusivity 1.0x107® 6.38x1077

5 Ice dry albedo 0.65 0.631

6 lce wet albedo 0.6 0.49

7 Snow dry albedo 0.85 0.907

8 Snow wet albedo 0.72 0.531

9 Water albedo 0.1 0.176

7oA vE 2 WA

3ol AN E 7t dEHFe] HA S o] &5t AR H=E HA S

Atk 1% 6 HadlSST $14 #5 2 HA3 2dolA Add i 5

5 HoFEy. 7|F 2 ¥ (Baseline) 231 4)9 ¥y S =l

o Eeta Edo] Al ALHE, AFH BT W w7t 7| 2 ¥ (Baseline) 23
)

S} zpol7t A8 Qe Aow UeEt oF3E RMS A7 0.08% 7l

j?L
1
i
)
>
o
ol

21 5] (Baseline) ©ll
131 10% FFAgA Wt 2 Aol 0012 ZA ZY W wke AS Ve A

= =
o Afolg wold @gy] wiEel Y HAE T Y b=

o3 g &3 EF EA e dom Bud,

o
aQ
w0
@,
5
e
i)
j;
—|—'
r
B\
i to

_22_



HadISST

Gkl

Rl

A

B (ek)el

s0) 2 A3
2(10~11

’

(HadISST

=
=

s
A&H(2~34), o

=
=

BE

Azl wdo

g/]

(Baseline) 7}

3]
=

o7 7F A
FATH 1 H

Kol
=]
3

t}
1)

Fo} 7ol 715 ¥ (Baseline)¥ # 43}

H

ki3

5

7).

o
N
oW

%, M3t wle oF 16% 3

(Baseline)< ¢F 19

A4

Hlsl 7l&

o)
o

e

A5 mele] ARl fALEA dEReHE 8).

(Baseline) 2 ¥}9} %

44

T e

_23_



-
»

NE 14
2
o 12}
§1o~~~
(o=
£ 8
o " HadISST B N\
-i —— Baseline 71/,
8 4} = OptIMIZEA |- S i
CMIP5 : ,
2 i
123456789101112
Month

% 7 13d(2003-2015) Het i WA ¢ HE

C\IA

£

%
«©

o

3

e

9

x

it : 1: -

3 i ; Voo ;

I HadISST SR

© . : i

3 -1.5¢ —— Baseline :

—Optlmlzed ; : :
2%03 2004 2005 2006 2007 2008 2009 201 0 201 1 201 2 201 3 201 4 201 5

Year

I3 8 131(2003-2015) Hyrd €4 siv) HAS W S W4 anomaly W&

}.ody 2A 2 2

HAst mdoA A i T AEEE #HS53 v (2d 9). SR =9
= 29 Y FAe As 2 HASbe] wep 2dl Adrp 24 s As gl

_24_



A FA7 A== Aol Bol /fdsen 1

of wet vt ¥k B add= B5 o gs wet TR o] EAstE dHe o=
A QY AL &4 = drh. RMS o3+ AL3, o232 247 099 m, 0.84 mE 7]+
213 (Baseline, 27} 1.85 m, 2.10 m)°l #H]3] 23} Zo] 50% o] FFAastdtt. shA g o
ds] Aed Aol 5599 Y FAVE #S5ET FAA AdHE EA= HAE
A e Ao Btk

a9 9 94 #AS(ICESat, 9) 2 HZA3 2d(ob)ol A Add
ALSH(2~3Y), JE2H(10~119) Hi Y % F7F 2%

a9 102 7l A ¥ Baseline) 2 FHAs ZEdoxA AdAH o

histograms Rt IHoA x5 1 m FEA2=2 8 m 7HA] 3 F7

= =
2o 74 AW FAW A% AFE Ut 1FE 28 Basclindd A, AW AT

_25_



(Proshutinsky et al., 2011)ol A Hi¥ uv} Q= ¢F2 o] ¢ #A=HT 2HA
4

e e FAEZHr WA HodtE EAHS X1 o, E3
Ao kS BraA wA Adsge A mdo AL 2

m
o] =3 A wWobkxle™ 4 m o de FAw W B #53 A Hast

=
IN

o

wa A5 Aol w4 AF Ay T

= 2~
olsk 4= it}

o
=

16000

12000

8000}

40001

0 1 2 3 4 1 6 7 8
Ice Thickness [m]

16000

12000

8000}

40001

0 1 2 3 4 5 6 7 8
Ice Thickness [m]

a7 10 BdoA AdE o5F W F7 histogram
(#1: 715 A& (Baseline), o}g: HZ 3} =d)

_26_

to
NI
E
o
oft
4o
M



T2 Green 35 7S A&ste] ndl HHsts £ o A89d ICESat 914
#= A =7 obd Upward Looking Sonar (ULS)Z #=9 W 57 A89te] vl
s HAst wd d3E HAsAvH (2 1. :La‘oﬂfﬂ xF< w5 AW FAE, yE=&
oA PR MY FAE YERdT. #52 F 6709 ARE ol&std o ZF Axo
3 A= % 19 2oke 9t 7= 2 ¥ (Baseline) 2 A3 md HES 20039 F-H
FastA 7] e ULS &3 A5 F 20039 o] F A5RES vl o] &3F% o™ 20031

oF wEH AAWE A% 9o TAFGh £ 2 HHHE FPPA /17 2003
= 7

€ |
Bl 200897k4 9] At o m, 20099 o] Fe] A3
%!

i=]

LT

Atk 71+ ¢ (Baseline) Z23}2]
b=

_27_



¢ :USSUB_AN (1975-2005)
¢ :BGEP (2003-2012)

: 10S_CHK (2003-2005)

: NPEO (2001-2010)

¢ :BIO_LS (2003-2007)

@ : Davis_St (2006-2008)

*

Optlmlzed simulation

»
»

R2=0236 '@ 2003~2008
® 2009~

(&}
(&}

1N
N

N
]

Modeled Ice Thickness [m]
w

Modeled Ice Thickness [m]
I\) w
a‘?-’. .

d'

3
v:»

_
—
d
*

i

(=]
be
(=]
»
r

0 1 2 3 4 5 6 0 1 2 3 4 5 6
Observed Ice Thickness [m] Observed Ice Thickness [m]

a9 11 7= ’Q(Baselme) 21 34751' Tdo X AQdE s FA
I

HAAstE 2 ARE 7E w9 F58 Bd T Ao oRE Y FA A do] &
3t AIE AAE AR &4E R PIOMAS 239 A3 (Schweiger et al., 2011)9} W]l
StATHZE 12). s Fa= zt 2d Azt WA s FAE w3 F daiien s
W Tk 015 olaksl Aol AE Y FAE 002 AAssth. PIOMAS 29 A3}e}
HaglS w7l A3 (Baseline)® 4% A&H B~49), 953 (9~109) H+ ztol7}

k

=4
m®, 89 km’¢l whH H A3t 24 Ay

217} 105 1 A3 me Ashe 2 ARE Aelst 55 km', 34 km'E
A7k Yl 61% Hadtdth F =W ARstel wet Y A AL A3 AR EA

_28_



o
ok
e
&
ko
=
to

b7h 2 @ asele,

50 - - -
- PIOMAS
—— Baseline
40¢, 1
—— Optimized

N W
o o

N
o

Sea ice Volume (x 10° Km3)

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Year

a9 12 2003 EE 20153714 2] 99 S Fu A AL

npxjuto g nd HAglo mE S| 7 FEe Wl dls oldsty] fE e A
3l (Baseline) % A3} wdoix AW 3¢ H Y £EE vlusAtH(2d 13). Z

Ao AawE i §5 BE(IYE 133, 13b)E 94 #=(2¥ 13D ¥ v &2
a2 iyt Aol EA ek AE AAEEEY] £k (Beaufort Gyre)¥ H=S3E ¥HE 3
% PSS T o] B FE 2 fFEF% = Transpolar Drift Stream (TDS)S #+
Adstar vk Beaufort Gyregs wet AAIMEo R F3at= W 5 457 dH=a)
Ade wet vlg PSS S HTE AN R FEEHL E OE 5T At Le-ad
e T 5o oFE fEEHE dY =3 Aoz AAHAT AT adds=
- el 4R Abs wel ¥ E sj7bA] o Y fro] 14 #Zel vl
- A ARFE A o2l g o] f ' o] Zdd= B vt ot R sG] Ao
A @i BAE o FHEHA BHE dfo] ] FA destA FAA AME= A
o7 Azten

shAIRE 7 Aol AT S FEe Aol (HAst 2d - vE AY, 19 130)E E

_29_



Optimized

EASE-Grid Sea Ice Motion
Mean of all March means

\\\\\

o~ S Ror o
\\&w\\v@x\m\

’

3k (Cost
= s

T

L
T

-

-

01—

G 2ok A BDAA y;

7

H] g

7 €]

d¥ 13:d(2003-2015)

2(b)el A A
Al
— 30 —

Al O
2]

-

.

]_

NN
! 7

A MDY ST

o

445 =

PO R X

“n 2P s e Y

e A
e e /)

s RIS
SRS
;e S ],

\ 3 ot s

NV PSS N
IR T IN
R AV .
cen e l
NP %v
” =

IR RN

=i}
=

(Baseline) ZA¥}¢] n]g 3=
o2 7)1% A (Baseline) ¥ A3t wd Azlo] ¢ x7F dujr}

t}. v]& 4 (Cost function)E

(a)

49
23]

==
LA

|

a9 13 7

function) @< 7]
=)
i



L
7t

3}g s o,

puy

bt
JJ

]

(31)

1o

Fagol e

i

. 715 A3 (Baseline) 234 o371 Adid o= A YeEld &

A7y AA vrERsk

S WA e ok 10~20%9 <3}

]

mK

Ho

—

O

s

J

g

o A

S

of 2] wjZf el o

-

R

of AF-8-5
= 80% ol LA7E Aastsivh. Bl HAsE 3T o AR IE ICESat ¢

o

e

o)

ol
=

# 7gol =

pia

3 Green

14%_

e

s}

Aol A we A4

=

o1}, et

P
T

sk
=

ne
v
o

_31_



Normalized Cost
100

* SIT1 : ICESat
* SIT2 : Submarine/Moored ULS |]

"SIC SIE_ SITI _ SIT2

a9 14 HA s mEA Adw S| 5 %=(SIC), HA(SIE) %
FASID digk ¥-8 g=F(cost function). SIT12 914
#=(ICESat) s® F7¢} vugh 7534;— SIT2+ ULS #= &y
A vagk A3s ojnjety B= ke 7]+ A3 (baseline) A3
#o® o ;‘éﬁi’r ST

_32_

Content)

md HAAXsE Sl -y A oA AdE A FEe] eAF A
el 3 SAdoE FFS MA=AE dotetr] ffste] 74 AP AFE &
5745 Hlasdn

HA R gl A s sE 4 1000 m7bA 2] e & F(Freshwater
& ALt ATHE 15). B &3 2 (32)F ol & ALtstArth

1000m 5. — 8
FWCZ/ 5 dz, S, =34.8psu (32)
0 (

2

e



Np

ol
s
=

o

oF
ol

(Baseline) 2 23} 2dolx AdH T &3

49

71

Al "7 20 m

i 7h et

9

2 A AHEFe] Beaufort Gyreoll <]

=y

PN
T

A

i 7h ot

%l (Baseline)°ll H] 3|

Al
=

B HH35 md A3 A)F

=
=

FA T

S

05~1 m =ZA A4

3

o

A epde =

(<))
=

T 1.25x105 km*e.2 %

E

E

oA 4

W
il
®

—

e}

i
)

Mo

ol
i

B
iz

o}
!

B
i

ol

S e BAE 2 ol

SEHE 2R g

=
=

=
1o

o
T

il
o,
o

o

To

-
!

il

]

o7h EA3

A3t oA sir

w
e
=

=y
B
il

M
i

_33_



baseline

a8 15 7l A($) 2 FA3F md(S7hel A Ade 133d(2003-2015) H
1000 m &4 &% 2 o] (o))

_34_



npA ko 2 Zh Aol A AdE HA s -
Ao vlwstdth 28 162 ARAON #3 A ol A 9
219 (Baseline) 2 &g} ®dlo] T-S diagram2 "¢ FAFS =
HAAsE 3l Y xS et gAY steee Yk #%OM A& Tol dig
M &= gk 715 AP (Baseline) % HA 3t mde Aoz #5 ool &4
s EA A 3 (AW, SMLW, PSW, PWW)E At do =z Afadstx] HEata vt &5
3] AWO] Fo] #ZFo H3) 05T o] wrom SMLWO 79 3 Ad=A Fokrh
P 2 Al R dite] 298 W Adart A8 e

rd
ol
18
(o]
N
,_]_\‘i
ﬁqum
%}"H
Q
0
”‘m
=
mlot{
%
ﬁ?é
NP
Ry
N

Y we

_35_



/ ARAON 2012 CTD/XCTD

N

& CTD
& XCTD

L
o

°

Temperature ( C)

.9
= [$)] o

'
-
[$)]

81.9623

74,6667
74.4995

%5 26 27 28 29 30 31 32 33 34 35
\ Salinity (psu)

73314

ad

71 A

1
g

15 T F ~ 25 ris
e
1t v

o

Temperature ( C
o
l'n o

'
-

o

5} .
Baseline

# 2

N

5 26 27 28 29 30 31 32 33 34 35

Salinity (psu)
1.5 ZT F 3 ;5 Al
.
1t g,
LAY
06 0.5¢
[
5 0O
©
2-05
£
@
= 1t
_15 Optimized

simulation #

3

5 26 27 28 29 30 31 32 33 34 35
Salinity (psu)

6 2012d & ARAON #= T-S diagram(z) %
(Baseline), # % s} 2Ao A AAE T-S diagram($-)

_36_

Latitude (= N)



M 4 & A7er 27 HAME 2 7|0 x
A (]
A1 A AFNYE =38 IA=&
e B EEEEEEE ol 7
ATNL=E 1|2 8|4 |5 |6 |7 |89 /[10]11[(@=)
_ Green & 7|HE
SAUT | g ost mo 2 s} 30,000
(2015-
2016) |HOM/=2 =M 10,000
T2
A s
A 2 AN HFE dEE
1. A58 AAdE8e mE g4
78 MIASE IIE =Ex Syx | IEA
_ Green &= Z|Hg | 22 ZI E0AM o
SIS | o5 me 2ma; RIAl 124 124 100%
2. AFYE AYER mE G4
_ _ SEx | LA
72 | W& NS E et = il
ZUYS3(2/52)
=M S3(22/53)
; 2015- =2(SCI/H|SCI) 1/0 1/0
SRt = .
2016 sho| gt # (= 2l/=Z L) 11 11
JlEE2 (7= A A (ZIE=AAZ] 2
2121 o4 (SHAH/A| A/EEAP) 010 | 01/0

_37_




TR AR S

;|
b =2AA A%
X &t i e
2 =g sh= x| 2 .(No. =
A= = =Aa | AR 2E A =X [Vol.(No.) S SCl+
The Effect of
Tides on the ) . Ocean
2016.06 |Volume of Sea| ' Ok | Ho Jin Science | 5120 | =9 | SCIE
i Kwon Lee
Ice in the Journal
Arctic Ocean
. st 2w 43
GEY Y EY = R SR iif'
2015.11. | Tidal effect on the sea-ice volume | @ OK 4h FAMOS Meeting
4 n the Arctic Ocean Kwon, (Forum for Arctic Modelng = 2
Ho Jin Lee|and Observational Synthesis)
201652 | Green & 7|#HE o|2¢ S=3l Aol =, X SLoisll oF5lE
O Ecél il&i" Ol_a_x,_l 2016 T'__7:” |_|':'71-°Ho—|9—| %[‘H
o A8 L/SAH A
X Aol cfa (e, FSA PSR PRS-
ol HEAL A AL BFA} 7| Et = o =z3A oH & 7| EtX| A
1 1 1 1

_38_




ol

090
l

ol
B
(Il
il

T

)

.

K0

M 5

=3
)

gl
il

i

A7

% A

3=

J

9]

IS

_ZTI
o
=K

N

jruge]

_Zri
=
ol
oF
el
0

G

H
ﬁo
e
0

o

i
i

=
=

19, webA 671 7] o x

)

o
3

A stol] 1]

ko3
T

7]

_39_



2001 W= HAJol = Ay A o) 2wl 5 e fEe g 2 A
TaoA FHogste] st B 2d As vl A4 252 AOMIP (Arctic Ocean

Model Intercomparison Project) 34

20129 58 FAMOS (Forum for Arctic Modeling and Observation Synthesis)® ™ 3 S
bt d 18] A7) AFH. e waet gstdAlS g 54 (553 school) &3
-+

s} u}o}

[} -

2
1
oft

5
N2
B

2013 58] 2015 7bA] wid A eto] A+ A

Fel
e

20131 FAMOS 3] 9]l A Heat/Freshwater Fluxes, mixing, 3l <3 2438 55
SHEFAMOS Coordinated Experiments” A1 & 23

“FAMOS Coordinated Experiments”S F3)alm A& o] o

20150l = 1485 FHHFHE &8 F km ol waFE H=El HGR

3]

=

_40_



M7 &

iE
o

=

Balmasedal MA, Hernandez F, Storto A, Palmer MD, Alves O, Shi L, Smith GC,
Toyoda T, Valdivieso M, Barnier B, Behringer D, Boyer T, et al. (2014) The Ocean
Reanalyses Intercomparison Project (ORA-IP). Journal of Operational Oceanography,
8(supl), s80-s97

Chapman DC (1985) Numerical treatment of cross—shelf boundaries in a barotropic
coastal ocean model. Journal of Physical Oceanography, 15(8):1060-1075

Fairall CW, Bradley EF, Rogers DP, Edson ]JB, Young GS (1996) Bulk parameterization
of air-sea fluxes for tropical ocean-global atmosphere coupled-ocean atmosphere
response. Journal of Geophysical Research, 101:3747-3767

Flather RA (1976) A tidal model of the northwest European continental shelf. Memories
de la Society Royal des Sciences de Liege, 10(6):141-164

Hakkinen S, Mellor GL (1992) Modeling the seasonal variability of the coupled Arctic
ice-ocean system. Journal of Geophysical Research, 97:20285-20304

Hibler-IT WD (1979) A Dynamic Thermodynamic Sea Ice Model. Journal of Physical
Oceanography, 9:815-846

Hunke EC (2001) Viscous—plastic sea ice dynamics with the evp model: linearization
issues. Journal of Computational Physics, 170(1):18-38

Hunke EC, Dukowicz JK (1997) An elastic-viscous-plastic model for sea ice dynamics.
Journal of Physical Oceanography, 27(9):1849-1867

Jakobsson M, Mayer L, Coakley B, Dowdeswell JA, Forbes S, Fridman B, Hodnesdal H,
Noormets R, Pedersen R, Rebesco M, Schenke HW, Zarayskaya Y, et al. (2012) The
International bathymetric chart of the Arctic Ocean (IBCAO) versioin 3.0. Geophysical
Research Letters, 39:1.12609, doi:10.1029/2012GL052219

Large WG, Gent PR (1999) Validation of vertical mixing in an equatorial ocean model
using large eddy simulations and observations. Journal of Physical Oceanography,
29(3):449-464

Large WG, McWilliams JC, Doney SC (1994) Oceanic vertical mixing: a review and a
model with a nonlocal boundary layer parameterization. Reviews of Geophysics,
32(4):363-403

Mellor GL, Kantha L (1989) An ice-ocean coupled model. Journal of Geophysical

_41_



Research, 94(10):937-10

Nguyen AT, Menemenlis D, Kwok R (2011) Arctic ice-ocean simulation with optimized
model parameters: Approach and assessment. Journal of Geophysical Research. 116,
C04025, doi:10.1029/2010JC006573.

Proshutinsky A, Aksenov Y, Clement Kinney J, Gerdes R, Golubeva E, Holland M,
Holloway G, Jahn A, Johnson M, Popova E, Steele M, Watanabe E (2011) Recent
advances in Arctic ocean studies employing models from the Arctic Ocean Model
Intercomparison Project. Oceanography, 24(3):102-113

Smagorinsky J (1963) General circulation experiments with the primitive equations, I

The basic experiment. Monthly Weather Reveiw, 91(3):99-164

_42_



L{Ct.

F

o
=

A L}
Hr&{ Of

o

2. O] EM U4

0.
0{0

o

T

—t

od
IJ

0
m™
M0
I

)

I

il

0l
Rr

_43_




