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SUMMARY

[ . Subject

- A diagnostic study on the variability of the Pacific-origin waters in the
Arctic Ocean: Numerical approach

II. Objectives and Necessities

1. Objectives

- To diagnose the primary factors influencing on the variability of the
Pacific-origin waters in the western Arctic Ocean using a numerical
ocean model

2. Necessities

- For identifying temporal and spatial variations of the Pacific-origin
waters at the locations where it is difficult to be observed through a
numerical approach and understanding fundamental property and
circulation of sea waters in the western Arctic Ocean

- For providing effective information to help developing a real-time sea
ice prediction system for Arctic route exploration

- For providing ocean forcing (e.g., sea surface temperature, surface
current) to the Arctic atmosphere-sea ice prediction system in order to
predict the changes in sea-ice reduction and Arctic climate

- For suggesting economic evaluation of fishery resource development
due to the variability of marine environment and ecosystem in the
Arctic Ocean

II. Contents and Scopes
- Establishment of a diagnostic numerical ocean model for the Arctic
Ocean

- Diagnosis of the primary factors influencing on the variability of the

Pacific-origin waters

IV. Results

- Successful establishment of a modeling server in order to run a



numerical ocean model for the Arctic Ocean

- Successful installation of an unstructured-grid ocean model on the
server established

- Model stabilization using 5-year spinup with suitable model setup and
optimized parameterization

- It turns out that local wind is the primary factor to effect on the

variability of the Pacific-origin waters.

V. Application Plans

- Will be applicable for the projects which develop the ice-ocean
real-time prediction systems for the Arctic and Southern Oceans

- Will be wuseful for establishing the future plans to observe marine
environmental variations in the Arctic Ocean by providing the
fundamental information on the properties of water masses and
circulation pattern

- Will be utilized for fully understanding and predicting the variability of
the Pacific-origin waters and then applicable for the studies which are
focusing on variations of sea ice retreat and Arctic climate changes
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(1) Massachusetts Institute of Technology general circulation model (MITgcm)
MITgem2 MITol A 7)dgt of7]-3f % =% 2ol (Marshall et al, 1997a, b),
e o] A9 JA/EH9EA iy 2ol HEFHo Atk (Menemenlis et al.,
2005; Losch et al., 2010; Heimbach et al, 2010). H&d =de EId o)A =33}
He d7E0] ST (Nguyen et al., 2011, 2012).

(2) Nucleus for European Modelling of the Ocean (NEMO)
NEMO: Z2g F4o2 3 4ddY 7159 99 AT /et s
[948-& F= Az OPA,

(Louvain-la-Neuve Ice Model), A&}t ==l ol TOP, 18] 1l sources/sinksE -+

M gsydsste gEs Az LM

o bl

ol

[e=]
=1

o
o

PISCESZ FA 5o 9t} (Madec and the NEMO team, 2008).

(3) Finite Element Sea Ice-Ocean Model (FESOM)
= AWI (Alfred-Wegener-Institute for Polar and Marine Research)oll A 7133k
sy-sfoF " =g (Wang et al, 20124, vIFZAA A A=S 712 Finite Element



Ocean Model (FEOM; Danilov et al., 2004)o] AWI®] Finite-Element Sea Ice Model
(FESIM; Danilov et al., 2015)¢] ZAg=o] ot 3| B9k olye} H & Wa-3lY A
A% ¥35 o] 9t} (Timmermann et al., 2012).

(4) Unstructured-grid, Finite Volume Community Ocean Model (FVCOM)
= wAREAl 2t $2E s gFATaolA T iR =29 (Chen et al,
2003) 2A, B4 AAE 7HAA o Ak 98 ndl=z AZpste] HAT B
A, si-sl g A Ed soz rEo] kvt A WA (version 4.0l sf ®(ce)-
H| Y(ocean) -3} =Hwave)- &4 E(sediment)-A§ | - 8H(ecosystem) E o] EstAl =
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AT S0 BEHJT (Gao et al, 2011; Chen et al., 2016; Zhang et al, 2016a, 2016b).
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Table 1. Ocean model candidates for the Arctic Ocean

(Curvilinear)

Curvilinear)

Mo del
, ode MITgcm NEMO FESOM FVCOM
Option
. o Finite
Spatial Finite Volume .

. L. Difference o o
Discretization | (Arakawa Finite Element Finite Volume
e e grid) (Arakawa

etho -gri

& C-grid)
Horizontal e Spherical ) e Spherical e Spherical
. . * Spherical ) .
Coordinate ¢ Cartesian e (Cartesian e (Cartesian
Structured
. .| Structured
Horizontal grid (Orthogonal Unstructured Unstructured

Vertical
Coordinate

z coordinate

Curvilinear
generalized (s,

z* coordinate)

Sigma-z hybrid

Curvilinear
generalized
(sigma, s

coordinate)

Viscous —plastic
(VP)

Unstructured-G

3"-order DST

Flux limiter

Sea Ice model | dynamic-thermod | LIM2, LIM3 FESIM )
) rid (UG) CICE
ynamic (Zhang
and Hibler, 1997)
o 2M- 4%-order
centered
d o 2M_grder o 2"-grder
Tracer o 3"-order o )
. . centered e Explicit upwind
Horizontal upwind )
. . e TVD flux-correct (horizontal)
Advection e 3"-order DST )
nd e Upstream-Bi ed-transport | * FCT-MPDA
Scheme e 2"-order Flux
. o ased (FCT) TA
(time) Limiters .
e QUICKEST (vertical)
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(1) ZE2AA: B Ave Dellrle] R730 & A EA] 18 /M9 & FolE 717 Intel
E5 2697 V4 (2.3 GHz) Z2AM|A 2 7i7F §AlE o] Qo] F 3671 == A E 713

=
(2) W =T]: RDIMM 2400 RAM % 128 GBe|™ 8 GB #8] 6 7/f& FAE o Utk

Server 10}
- PGI, INTEL Compiler,Library 3 ZHE S/W 42%]
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Figure 1. A schematic map of modeling server constructed




(3) 3tE TafolH: &8 2~88 SAS 300 GB A8 27] (RAID1-0S)¢} A &1 B8 SAS
4 TB #2] 6 7l (RAID6-home: 24 TB)Z T4 =0} Stk AHe] OS EF-2 RAIDL
o2 A%t g2 Ule] A E S5 & Ao AW WA H2== RAIDG
2 TASAL o] & /homeo] PREE Hol Uil o] FIHE AW JE & HEUEY
A Frew ALgHTT

(4) &8&Al2H" (OS: Operating System): £ AHE &&3h= A28 #HE3 AL
CentOS 2]%5 2 release 6.8 W Zo|t}. ‘cat [etclissue’ & Faf AT 4= Ath.

(5) 2L Y £x 2L F39317] 93 FORTRAN, C (gfortran, J1€ %)

3, HEAEE 9% MPICH ¢} openmpi 5©] A X =t
=3 BEAY F¥= $13 OpenPBSH Torquest 22 A2 7 AX H AT

7t. FVCOM Z&= t&=2-&
FVCOM =@ wAlFAl = gig 2d E3o]#] (http://fvcom.smast.umassd.edu/)ell
&3l §A4 7] 2 5ES §oF g2t Jhssith §A4 FAAE A &

A D =S Hogwa Sdsly FVCOMS 457d 2 w8 4 qlth &

SESIE
A2 tar FLE g5 Zo] =S = T Utk
gunzip ¢ FVCOMxxx i tar xvf -
H=ollA Z01x FVCOME| 71 #2191 vE &g Fx+ 19 29 Ao
L. METIS gtol B g A3
METISE= #E3lde FVCOM ZE=g& Adsr] 9 28 d9S Uvres Tz

gk gle]lH2] gl (graph partitioning library)e|th. o] glolB el & HAY3 7] HsiA=
METIS 42~ fEEge] 7}4 makefiles =& AW 7o) A #4351 make’ s 2
Fohd Hoh. FHAudo] AFHow o] Fo|AW libmetisa’ o] HAHH L, o] A
g FVCOM g A4Eth o] YL ts LM AE FVCOMS 3T o
a3k gdolth

rlo

%

I

_10_



FVCOM_XXX

g Q|| o MmMiim||©| ©

1385515518 5] ¢
Qliallal|l4]|8 Pl |2

2 il B llg | 0O

| | | — || O = (@]

| v = 4y I m 0 O -

w o) = ) (@) o 1] 0 +

Q - o = E (7] 1] -

= = = A ; A, n o

e i) un m = M = -

L a @ |

-

o

=

| | |2

@

Inlets Estuary Seaice River plume |

3

17 ]

Lock-Exchange KFs

Figure 2. FVCOM directory structure (Chen et al., 2013)

t}. FVCOM #H 3+

2 dATdAe HA #d 408 A RE"EES S5k A 4.0
current-wave interaction, ocean-ice interaction, current-wave-sediment interaction,
nesting modules¥ Z& MEE REES I3t ¢tk FVCOM AdY e 7jEAo 2
271 5AAE MKtk D A, 2 FF. AeHd HIY L ‘configuresh” & 2~3HES
APt ‘makeinc’E  AFHoE  AHSTE 9 ZIZAHAME o8 AL
* Jconfigure.sh series’'E, T ZE2AAE o] 835 A9 ‘Jconfigure.sh parallel S s}
H #Ho} o] #ALS ‘makeinc’ 3 uje] “TOPDIR”, “LIBDR”, “INCDR” & # 3}l
23 FVCOM yEEe, glojrglg] A% tdEd, incude 2% HHAEZE 25370
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2 AAs Fo. 5 A= A makeinc FYES FAHSI] fdd d53F “TOPDR”,
“LIBBDIR”, “INCDIR"-& AA3tt} =3 Z= 2& (FLAG_1, FLAG_2, ..., 5) 842 #&
AR (DAY H7HHEA)s = dA oz it (Z]1&2] AW FVCOM #+4 i+
A& #a: Chen et al., 2013).

AupdAl 7]E0] BE object mhdut A ol A{stH ‘make clean 2 A3y
off &t A2 ‘make’ = Aoty Ao

SEEERE

2}, QI%&(input) Y FH]

FVCOM ®173 4.00lA= 271A] EFJe] Q1 mpd &FAlo] olok. A W7} ASCI
ZTUog “CASENAME grd.dat”, “CASENAME dep.dat”, “CASENAME_cor.dat”,
“CASENAME_mc.dat”, “CASENAME_bfw.dat” So] 9Jon] m}d U A& =2 T Hx|
Zof 3y A¥r7F "Qstct o2 59 “Node Number = xxxx”, “Cell Number =
xoxx otk AEX] GAIRY mYd "CASENAME_spg.dat™®] 732+ sllHoll "Sponge
Node Number = xx 7o AZEX] Lt L MWy} TQsict £ Hxy ofd FJrle
NetCDF @Alolc}. Qo] oGSt “dat’ o]Q]e] Q1= mdL2 ‘nc” mU=z o]Rojx{of il
FVCOM A A3 Eet s AlF-El= XA 2](pre-processing) m7]x|o] "nc’ oY A%
ot metelof Qo A4l w{Aoll= MATLAB pre-processing programs’} Zo] A
g3t ApMIEE W82 chapter 404 TfR7]2 SHIC

oK

of. FVCOM AlsH
ohal 1 2 4| A(serial)

uju
o
ojo
ol
%

st Ao Anpd S AAE ‘fycom’ 1} casename <
Mg o] ApggiTh A
./fvcom --casename=YQOUR CASENAME

o2 =0, Gulf of Maine (GOM) 2@ 388 A], ofgfje} Zro] "YOUR CASENAME © 2

‘gom’ S A EHSHH =l

o
ol
o,
rlo
)
oo
i)
iy
)

./fvcom --casename=gom
& o2 | A(parallel)S o]8&& 7492, MPI (Message Passing Interface) =&

openMPI &=z 7 38o] MX|E|o] Ql= JEjo| A mpiexec FPFZ T3t Zo] o4stH =
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./mpiexec —n CPU_number ./fvcom --casename=YOUR CASENAME

4. R QI I Ay
7k R A}
w2l A% AL APYSl] PeidE A shelel 24 Afaek Aokl AfRt Ba
Shch 24] AREL QMM ALE, 8 AxF AVl chato] 1repstA AwWstuAt ik
(1) 2Axt2
International Bathymetric Chart of the Arctic Ocean (IBCAO) ®{A 3.0 £
At&5 IBCAO FHo]X|(www.ibcao.org)oflA the2E ®FS 4 ot ES 4 74X th&
Digital Bathymetric Models (DBM) NE=a=1 GMT netCDF Rl
(http://gmt.soest.hawaii.edu/)2} ESRI ARC 2]t mojoz ¢ ezt vkS 4 9l
oF. & A-tolA A8 DBM Ats+ 'IBCAO_V3_500m_RR’ Atg &, HER, 29, &
Al AF2S 500m x 500m sHA== Tlo] 9tk (Jakobsson et al., 2012). XAt AE =
ot 2ot
¢ Resolution: 500 x 500 m grid cells
¢ Projection: Polar stereographic,
true scale: 75° N
scale factor: 0.982966757777337
latitude of origin: 90° N
longitude of origin: 0°
* Horizontal Datum: WGS84
* Vertical Datum: Mean Sea Level
e Extent (Polar stereographic coordinates): Easting -2904000 to 2904000:
Northing -2904000 to 2904000
* Grid dimension: 11,617 x 11,617

Aotd  AtEE  Global  Self-consistent Hierarchical High-resolution
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Shorelines (GSHHS) At2= AHRs}9ict WAto] EoA shape Ao rheat W]
L}, MATLABS] M_MAP m7]X|o]lA] ‘M_GSHHS _I' function2 XM intermediate 34}
wo] dorHg MY 4 9t

shape 3 W ZE0A E220h o] A Alae Y=, d= AAIZ Eof 7] o
2o A X®&  (polar  stereographic = AA)ES B3] YA
‘Display->Projection’ W|%2 0]835}9] polar stereographic AA = wWHekstch WHete]
AAA IBCAO_V3_500m_RR" ASCIl At25 AJ[E] RE2 22 Hch W 25O
248 ‘Generic Model'2 AA5tH ‘Feature Objects’ W]30f4] ‘Build Polygons'=
ol gstol Felzl Msjo] Zissic. AR BN 0L9A U HE g 2L

ofm

5 2D Mesh Polygon PropertiesS xAS £~ QIth Mesh Typel 2= Paving,
Bathymetry Typeol 4t Bele 4 A7jE|2 Aestdl 4] Lco] AHERoR 44
o] ‘Map -> 2D Mesh'S ol&sto] o3 REOA 241g Bl4] Tel=e AAE & 9
T}, SMS2 A E 235 gol Am Axls 0@ 39F 2rh A8 Az} AR 10~25
km 0|1, & LT 21 24246 7], & A 21 47,331 7|2 LA=o] o}, 2w ZHx}
B Al R el AR ©@ES #ste] 7iUth Zof] ¢JX]st Canadian  Arctic

Archipelago A|¥9-2 FA|oIL 2|0 £4& 3,000 m 7HAgE 12fstict &, 3,000 m

A= 24 sigma 12]lE2 AASHY T, A EE 0.5~75 m2 & 41719
Ailg dulo] ok (1Y 4). A1 AAL JE= "AO_run_sigma.dat’ mpJojlx] =}l
& 2 qlon, offiet e AHg J/dEo] ot

NUMBER OF SIGMA LEVELS = 41

SIGMA COORDINATE TYPE = UNIFORM
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Figure 3. A horizontal model grid for the Arctic Ocean with the colored
bathymetry.
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Figure 4. A vertical grid structure of sigma distribution along a transect.
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. 29 17124
(1) s % (SSH: Sea Surface Height)

23 ool SHMnEe] £7|x 02 AFEH ALRE AVISO gridded Atzoltt
(http://www.aviso.oceanobs.com/en/data/products/sea-surface-height-products
/global/index.html). NASAO|A A AEeh A52ld #F AFRE 22 AREof S
AF2g Atzolct. 19929 109RE 201049 12971819] 93t Algolo] e 1° x
1° olt}. X4+ A sl ZA SSH At2g Alsdth. 1™ b= E{F SSH 2Z9] o &
HoRa Qo £7|R-E 19929 10458 20108 12€7FK]e] SSH &7t Atas Ht
sto] AbgsIgic

L
(=]
SSH (m)

180°W

Figure 5. A plot of monthly AVISO SSH for March 1993.
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22y Ad89] x7|x71 (IC: initial condition)22 Met Office Hadley Centred
Al Al ask= EN4 (http://www.metoffice.gov.uk/hadobs/end4/) AtgS AR25}SICE
EN4 xtg+= 22 WOD09 (World Ocean Dataset 09)°] £& 4 AE XgE5 o|8&519
objective analysis (OA)S Edl Afx]2]st Zlojtt (Good et al., 2013). 7 6& EN4
A} 29] quality control (QC) A2l MWAS Hozx1 k. WOD09 A& ot oz}
Argo, ASBO (Arctic Synoptic Basin wide Oceanography), GTSPP (Global
Temperature and Salinity Profile Program) Al 5% AF2LEQict QCH 42yt HE
2R IR Afae OAS 53| AjA2lEl=d] 2 3 oA Analysis Correction (AC) A
710l AFREIQIT of7]A AC 2718 R AUYAL (OI: Optimal Interpolation) 541 dhE
Aoz F= Wolth. EN4+ EN AFAlo] A 424, Atgo] 2244 (uncertainty)
ofzte MeoR AFstL otk olPA ATHE YU 22 L AL ARES L
1981 dRH 2016 7HK] BtstRal 21 72 241 5 me}t 100 m oA Bt 23 o
wol W RAZ 17 Zlojtk o] A= o] 238 spinup 2 Al BeolHo] 52}
Qro] £7]57102 AHgHct

Monthly input data from:
Argo
ASBO
GTSPP
woDow
(Sectlen 2.1)

Data preprocessing
Including duplicate remaoval
(Secton 2.2)

l

A A;q:ltgl;::t”ﬂ ::TIW Quality control of profile data Dutput as monthly
eyl A {Section 2.2) NetCDOF file

Cbjective analysis =2 Persistence=based forecast
uru:ertaintg_r estimates = Mnntnl:-;:]tT;:rt‘I'.:;:nalysls of next monl:_h's ocean stabe
[Section 3) = (Section 2,3}

v

Qutput as monthly .
/ NetCDF file / / 15971-2000 climatology /

Figure 6. A flow chart for processing performed on the EN4 data (Good et al.,
2013).
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Figure 7. Plots of 1981-2016 mean ocean temperature (left) and salinity (right)
at 5 m (upper) and 100 m (lower) depths.

o B9 GAxA

AARZ7A (BC: boundary condition)& ZFA RBHAAXRZ (SBC: surface
boundary condition), 7JEF3AI&271 (OBC: open boundary condition), 712]1 387
AZ71 (RBC: river boundary condition)C2 s 4 =g, & HALor= AL

1HHA] 7] w20l oF 2 7HA] FAIRZ0 ARt Meshr]e sHA
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o el o] Y £31g oujgict J[EHoR
71 uhd, 718, EigEAIE 502 olRojAich of7] g 9J3t At NCEP

(National Center for Environmental Prediction) Aj&4 A2t Wood Hole

rok

Oceanographic Institute (WHOI)OA] Al&st= OAFlux (Objectively Analyzed
Air-sea Heat Fluxes) Alg+= AEotFTh (http://oaflux.whoi.edu/). 7|t v,
FUisE, 712 52 NCEPYA, sEHo|A ] A4A] (net heat flux: Qnet)o]] #AH
longwave/shortwave solar radiation, latent heat, sensible heat &3} 722 ¥Hox=
OAFlux AtgofaA] dojxitt. OAFluxofAl+= COARE (Coupled Ocean-Atmosphere
Response Experiment) bulk flux &12]% 3.0 (Yu et al., 2008) Al-& o]&sto] 4
Al | Aottt 2Y 82 1981 R 201087H4] et €8 71938 A ti7]
 (BHEH 71, Qnet, 10 molA9] & Ad2)9] & UERH Zlojtt.

[o]l}

S0l 22 £ ARHIH ol & 5 UARol s M AE 3 ez 4
E]Qit}. IdstEel ofolatE Ato] HoJH|Esl, otol&HER} RetAlottlE Ato] Of
A =2golsizt Thite Z7, 221 e A5=6l7E Thte wiFgsiE olot. Al
MFaACNAM =24 (=9), , ol tist BAIRAS Aestiloh

O =4 M AAZA: dE National Astronomical Observatory (NAO)e|A]

MEet AAT SF 22 2P (Global ocean tide model: NAO.99b;
Matsumoto et al., 2000)2 0.5° (FAo 2 F9 16 7| A (£9]) % o
3t amplitude®} phase #HES A3t} 16719 F8 Bx2+= M2, S2, K1,
01, N2, P1, K2, Q1, M1, J1, OO1, 2N2, Mu2, Nu2, L2, T2 °]t}. & A
ANM = M2 Exol tafArt el =33 a1qi7] ol WWBA AA ==
ol A M2ell thgk amplitude 9} phase #t& APWAHS ARt BEll A=}
off F-ofatitt.

@ F=-¢3 MEAAxA: v Sfateld 8 F< HYbrid Coordinate

Ocean Model (HYCOM) ¢ = AJ28) 2} & H=rsfoll 8 3= ARCc0.08
Experiment 11.0 (1/12° Arctic Cap HYCOM/CICE/NCODA) A5E AL&3}
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At} (ftp://ftp.hycom.org/datasets/ARCc0.08/expt—-11.0/data/). @A} 1993
WUHEH 2015W704] ¢ 2, 939 FAEEE 0.08° 7HH02 A Fskal
St 718 9= ARC HYCOM Fof| o] Aol A Al sk 252 25 A

B3 do)t} (http://www7320.nrlssc.navy.mil/hycomARC/arctic.html).
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Figure 8. Climatological atmospheric forcing fields as surface boundary
conditions: sea level pressure (SLP) for January (upper left), net heat flux
(Qnet) for September (upper right), U wind (U10) for January (lower left), and V
wind (V10) for January (lower right).
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ARCc0.08-04.6 Sea surface salinity (psu): 20170830

ARCc0.08-04.6 Sea surface temperature (C): 20170830

252 A9

Figure 9. Snap shots of sea surface temperature (left) and sea surface salinity
gl

(right) from ARCc0.08 HYCOM simulation for 18h September 01, 2017.

bick. s (sea-ice) ©Ho] EIAEW QPget 7Izto] Hojw dode

7h 2E PSS #1Sh spinup A& olAd

A
5

A
=

oF

A70 B HPPrIALo wsY ATo]7] 2o 3
Potoict. 2 MY R Basto] ofgt aoke ofefet 2t

o F

Spinup A]7F: 360 x 5 (Y)

Time step
Smagorinsky

- external: 50 &
- internal: 150 & (nsplit=3)

ARt T 24,246 7R, A 47,331 7
A Axk 41 2 (8]t 24 3,000 m)
Az
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. opA
- vi5: 8te &3 (bottom stress) x, y POz offjet &2 Ao|A Aihdo
('r},_(,r,,,.)=Cd\/m(u,v} y (1)
C, —max| k% /In(>%)2,0.0025
= : (2)
o714 Co= ¥tH P Alg, ke von Karman %y (=0.4), Zoe 22 SAAXOIA
HIEHE| 9] 0|, Zo= bottom roughness (= 1 cm)o|t}. v}E OpzF Ala~ Zro] 0.0025
W} A A9 00025 o2 Algstert
- BH: SEHAL 232 ofgflet Zo] x, yIeF9 internal Reynolds stress@t
g ol 2ot Moz AN

au @ 1
K (2.2 = = 1),
az’ az o, : (3)

o] 714 K, 2 vertical eddy viscosity AlZol1 K. = 5.9} 7ol MY25 turbulent
closure 27104 @ 4st "ot 22]1 S, 9HAst g4 (stability function)©. 2 of2j
QF o] ZJoj=ry.

- 04275 — 3354G,
" (1 — 34676G)(1 — 6127G,) . (4

S

~

o71A Gi = (Pglg’p.)p. olth. 2oMAsH AU o) G, 9 AFst ke 0.0230]1 QHAlsH
AR o 513t ZF -0.28S 7HRICt (Chen et al, 2003).

7

LY

- 2, & Met Office EN4 7]|98A Xt& (1981'd~2016'd H+F)
- SSH: AVISO 7|%8tA Atz (19923~20109 H+t)

. _7;<_7]

> P

. AAEZ
- EF7): AL - 719 B (NCEP. OAFluy): ] 12iA% - dwd, 53/
A9, o

- i AEA &4 - NAO99D (global NAO), & 2 A2 - HYCOM reanalysis
- SN weleia] g
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o Uojr] nd AN
2013)0|A] H-R-5F

H550] et w48 FVCOM ARAL 0§59 (Chen et al.,

rlr L

6. e Az} ulw
EY WEXO)
2 Ao HE &4 JEe Mg maistgy] mEo] Moo tht A

=0 Azi5ted
oa T O AN
of. AR oR B33 Yo Hoigly] mlRo) 6o £9) BEA ol9ol PZol
2o15ep] Heol A9l BEA (RS Ageio] G0l 24 0 Zuish A5 S 4

jst= 7ol sty wWoEch  Earth and  Space  Research  (ESR:
http://www.esr.org/)o]| 4] 7§&3$t Arctic Ocean Tide Inverse Model (AOTIM)2 &%t
Aoz 5b-km SHAEQ] Arctic assimilation modelE 7FA]il Qth o] rdle H-s
2 Aol 300 o7f9] R =40 WE Ataet ERS, TOPEX/Poseidon Q1594
dold altimetry Al25 =3tst¥tt (Padman and Erofeeva, 2004).

1.2

10.8

-0.6

0

Figure 10. Co-tidal amplitude chart of M2 tidal constituent: ESR-AOTIM (left)
and FVCOM (right).

JH 108 =24 x5 B8 A& M20 st AOTIM £38ist Axte} FVCOMe] ZA
= vl wst Zlojoh Aoz T8Xl M29] co-tidal amplitudeS Y H, WA A Y
2dofsl 7fGGANAN &5 2ot B2 AlE (amplitude)’t 21 B2 A%<l
ofol&E A Ze AlZo] Atk 1e| 1 ofo]&Ee} TUE Abo] FFoIAE FZo]
A7) Uehdth Getalop thge) AZo] st vlelEs)el Ftatsjol s KZo] & o]

£
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ol2{gr AOTIM®] co-tidal amplitude®] 5742 FVCOMo| & AjddstiL l5S =
oltt. ThAQFZE 2 I JfubAA X9 Adhule & x|, AR5 B EsS| EHo
D& A (co-tidal phase’} 00]AW co-tidal amplitude?} Z|&]Q1 3L)o] UER =0,

x4

Bo| tjsiAl = EN4 RIS 1981 RE 2016W7HR] "t £7]|2710
2 Argstal siaw Fug s ZE, sPIVISAAE 1L2shA] 22 idealst 4%
s
ES

5 2
29 spinup2 8517 WiZof vluw Tkt #EALR 2 RPALRZ) EAfSHA] =
of. metd AlEEold 1d & 22, EF 33X Bxe RV|RU02 ARESE EN4 7] est
A Ate AAE vlus Bt (2™ 11). sPRde aL2fshA] 29| gizof 2jAlof tf
St vt Oi | AMRoA ] vlwA @ w2 ARl o5 Wol AR REE
Helth, J-HE %5 A2 Tt A2AFY siart i dEe= wru7i= Zlo] B
o]al i%ﬂ%‘ﬂ A a7t %%‘541 912% At EfE Y= W Yol A= ENA

O.u.; n]
R
N

5 =
G 9n 2ole] 248 430l qu ool 3ol Yehti 9eg & 5 ATt
B9 YL Y, W AN RF DAY ARAE SAT B 54 00
spinup2 & AEo|H EN4 2 % 3, 24 2 % 45 5 5390 s+ =A
542 & AR & et *}E%Ur Tt & dtolA= 5 spinupo] 2 A+t
2Ao] REeP] $85] B 527 FEL MUK I stol £R Y 29

of M AUzes Yt APE NI ik,
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Figure 11. Comparisons of water temperature (left) and salinity (right) at 5 m

between EN4 climatology as ICs (upper) and FVCOM (lower) after 1 vyear
simulation.
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A 2 280 A B5 Atas EOZ sto] AS=30 At sioir g
71%494 HEAMS molsl Heju st} Ao ‘BIs) 4w EFWE U 8o
T HAA i ofet2 553 s G4 S, ARIEHAL s H CTDE ol
6}04 i 542 dEsIH 1% 12 2010978 2017497HA] sHA 713t &t 28
% CTD #& Fds2 Wehd J-ojth &2 of sfiqoAe] At siwA #Edo]
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Figure 12. A map of CTD stations around the Chukchi Borderland from 2010
to 2017.
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Figure 14. Anomaly correlation between individual variables from 2010 to 2017:
sea ice extent vs. PSW temperature (left), sea ice extent vs. MW salinity (right).
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ol & 7] T Q1 MEste] ZA 3 7K B Alg o]
st A ¥R F7F control run (CO)E ofF ™3 #A]

Casel (C1)2 H|Fal g 7HHdA0NA 22t A&, s HEo] st Hds 5 Hes=
459 7712 FYsH] FUL (FF 33~35 psu, 4% 6~10 °C, 3j&T RIZ 0~0.6

Case2 (C2)= sfmHOAIQ] vl Q&S =7 1202~A47 170%, £9] 70=~80% &<
o Rofstict &2 FASNM 55522 0¥ 7|2 vl F4 452 0, 3

o) 42 10 m/solch. Rojgl oj2jo] A7 WEe T3 160] LERQIC,

52
rlo
a
S,
k.l

al

AluR] e AlE2fo]de 5d7E9] spinup &0 55319 2, 97 #EE X7
Ao stal, spinup AlEdfo]doflA ARESIRE Zvt det 23 APt BaS52 At
gato] 7k 790l tjstol 197F AlBRl oIS Saisteir.

Table 2. Idealized model scenario runs
Scenario case Initial S, T Local wind Bering Strait meanflow
Control run (CO) climatological run no no
Casel (C1) climatological run no fluctuating
Case2 (C2) climatological run fluctuating no
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Figure 16. Time series of salinity, water temperature, and water elevation
enforced on the open boundary of the Bering Strait (upper) and local wind
enforced on the area of 120° E~170° W and 70°~80° N (lower).
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individual scenario runs.
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