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Development of a high-resolution ocean model around Hokkaido
~To evaluate effects of the Okhotsk Sea on ecosystem in the North Pacific~

Hiroshi Kuroda'? Yuko Toya', Taku Wagawa®, Akira Kuwata' and Takashi Setou®

A triply-nested 1/50-degree high-resolution ocean model around Hokkaido was developed, which is capable of
resolving submesoscale variability. Our final goal is to quantitatively evaluate effects of the Okhotsk Sea on lower-
trophic ecosystem (i.e., food conditions of fish) in the Northwestern Pacific by developing the high-resolution ocean
model coupled with an appropriate ecosystem model. In this report, we conducted a hindcast experiment during
2003-2011 using the high-resolution ocean model. Simulated results were demonstrated with a special focus on the
Coastal Oyashio Water distributed in the Northwestern Pacific, which originated from the northwestern part of the
Okhotsk Sea during winter to spring. In addition, we discussed relationships between the Coastal Oyashio Water and

phytoplankton spring bloom in the Northwestern Pacific.

Several essences were then summarized to appropriately

simulate lower-trophic ecosystem around Hokkaido in near future.
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1. [FUSHIC

el X o ORIl (HAME +k—> 7i) &K
FHEOZOOWHTICHEINTE Y, TSI
I CAE S AL, FHAICEE R KIFT & THuiE L
(BRI 3E S ) NV ol D W b 7351 3 B TA N s Y SRS
WitiE, HARWOX BEGR, 48— 7iE0RA RS
TR, RPHEOR B RCHEBERR 2 ETH D,
INOIFEELGFICRTEN L2 RN L0 ERRE (6
I, 1984) O HLTw5. T, KFEREMIC
VAL VU JE T A 3R OV B2 T C b 5 Bl 25T
~NEET S (Qiu, 2001). ZNZ IO L EERE 7 F 5
LE#)d b\ Idkkx I AT — VOZE)ZRL (eg, T
% - W+, 2002 ; Ebuchi et al, 2009 ; Fukamachi et al,
2008 ; Ebuchi, 2006 ; HTF &, 2009 ; P &, 2003 ; Rosa
et al, 2007 ; Kono and Kawasaki, 1997), Z42& & %2\
ER ~ BEAN AR O KIS LR & CLHT S (eg, 18
¥H 6, 2008 ; Tto and Ohshima, 2000 ; #%H &, 2003 ; Rosa
et al, 2007).

RPREE RIS E H 32 &, EIZ, ZO0R%R
LIRS T A, —DIFE~FKFIIHAT 5
TRABRKOEEKTH ), HARENS I K= 72
A U725 ARG S & & IR SN h 6 K
TSRS 2. b ) —DR3A~FF 0T i EHEH
KTH L. BRI ER N - THEET %
BRI X o TT T mICEE S, BRI R 72
FTIE 7, ERTREMAEE, HEE, A, ER
gk, =FEmZ &, HERA WEPHIC A S 2 L
HENTwb (Nakayama et al, 2010 ; Rosa et al,, 2007 ;
KA+, 19715 K4, 1987 ; Hanawa and Mitsudera, 1987).
NEBEK ORI RE TR L TEmB I N, K&
(1971) 13A~FFOWKENIZ HBLT 2 KiE 2CUT,
143 33 LT /KB 2 iy bk (KR4 (1971) T TR
FEK]) EEFL, REFRITR S — iR EBEIK DR
BELTHwbNRTWS, F7z, inEHEKOKIRES
IO ZN L) HREERIETH 0, W CFEI 556
THREKE D SEHETH L. HIE, HEREKok
BiEZoZz 6Ty, K& (1971) (34 h—v 7iff
DUEIKET 727K GEKkAK) THhLRetEzfEmL, —
73, BEH S (2003) (3 HREERMEA K IC Z O & K> T
W5, BRI O—BIZIE T & — VOGRS &
FNTHBH (Mizutaetal, 2003), HUEEKMETAKDINTRH
KO TEELRIETH LG, 1—F v T KBE~F k-
V7 W~ IR R O 7 SRR — i - RERS A Y AT
A E ST ERIAKIIEELZRE 25133 TH 5.

th, ZH %, WEE R

I RBLHK SR RER PSR 125 2 2 I A4 T
Ho. FITBRIZE I, IBEBEAKIZ=EEMICS 5570
T2 EHHY (Ogumaetal, 2002), 1974 45, 1984 4F,
2006 FF LTI EBE KRS =ZBIGRICE TRALLZZ L
T, BH K (BRI &38R S 272 (B, 2006).
BEZOMTIE, REGAKPEMMG & =Moo T A
AEQREDPEL DI EPHMOLNTBY, IhFEEE
WX LTI BAOREEL RIFT I VDD, T2, InEH
KR K 9 2 i 2 EOK IR, A OB L CE
G52 20 b ¥ 7 ISP RBEDHF D R DWW TR
ZOMARZIT S5 W REMED i S vTw 2 (A,
2011). —7, HEEWKIERRICIRY 71 7R
BGRBIEY DL, L~BFINEBHKHIEKE
AT DI ETHEFOEETNV—LDY —A LKL
5% 1 (Shinadaetal, 1999a), 7z, (K& 2G5
WK DSEKE QWA G2 b S ¢ 5 2 L THET
V— O] &4 L % 5 REMEAER S LT\ % (Shinada
etal, 1999b). & 5612, INEHEKICIZES 22850
BASNEFENTE Y (Nishioka et al, 2011), Fi#ik |2
BULHWMT T 27 b DFEFTN— LB T D HE
A 2 T2 (Kono and Sato, 2010). BLERZE W
T8 IR IS B U CRE L2EF 7V — A1,
KEEDSHET 5 2 & T—H& T3 525, RimEEKTR
DEFHEIIEE L 2w EHH 5 (Nakayama et al,
2010). 2D LiE, BEETINV—LEOBEHBOER I
TR EBEIK DS, FOBOKIMEEBIEICB VT, %%
RS KRB L P - SREMICIRA T UL, B ~RE
WAOBFHOMIGIE L L THT 7V -2 %2 58ESE 5
KTy vERNALLTEY, BE~RAHIIBIT 5%
TN — L DI - MEFERE L0 L T O iRk A E
P E A R R H .

Z 2T, Frld, AR— 7P O L RER
RS HE R EEICFHEY 572012, dbifEE)Ed~
AL &2 W R & 5 SR REHEE T IV EREEL C, K
REERT TEEOLHETTVERELTYS. iR
BRI BT BT 572008 EET VIZW D
MHE SN TW5BHDY (e.g, Kono et al, 2004; Kuroda et al,
2006), BFE M, K Ha, DS CinERE
KO W 5 E A ZRICIWICFE ST L 72 E TV,
Sakamoto et al. (2010) OWIZEA KA TH L. W HIT L
Bk, AZRORPEFERMENISI S A= 7, S
T U 7oA BE 2 i Rk 235046 L, BRI 1
TNE D S EBEELKEP AT S LT, MR
DOMZKILDORIZNE Y ¥ — TR BERESTE S 1, B
AR E IR 2 S5 Vo v F TR - MRS
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N5, ZOBEERMBOKTEAT — i3 10km &5k <,
PEMI R | I P S 7B FUEE 7V CRBLT 572
WIZIE, 2km DT ORFEFIRPANTT RIZ R L. £ 2
T, 4%, SBITHIEIZBWT (Kuroda et al, 2014), €
TNV OACFRERE % 1/50° (F) 2km) (ZRRE L, S5
TN FED RESER 2 0 L, AbilERE B BT 5
Y EHESOBHBIIK L Twb, KTl
Kuroda et al. (2014) =7 v 77 L — F L 72 iR
HEETVIZOWTRAL, ¥ Iab— bk SNzinREE
KOGAG, ik, BEBAREREE#RE L, &EIC BE
BB D A IERKERERET) ¥ 7 O5BORE %D
L7z,

2. BFETILDERE

HEVEE 7 )L O H A% 1213 Rutgers KT O Regional
Ocean Modeling System (ROMS) % 4% L 7z (Haidvogel
et al, 2008). ROMS O i EJEFIIHIZ 121G - 72 S JEEE
% (e.g, Song and Haidvogel, 1994) TEZFSN, F72,
AP T AR S AR R CTER T 5 2 LR TH
%. ARWfFETIX, ROMS # HWC, HAM=EANTE
FNVEER L. Z2O0FFIVoOHEEIIE, JERFEEDIE
Eas, AL, At~ = BRSO e e &
IISRE SN, BEEE TN 1/2°, 1/10°, 1/50° T
HbH (1), HETNVTY I 2 b— by DilEELEI Ot
S, B, P R BEER E 2. 7o,
1/2° & 1/10° OEE T IVIEEALE TV RS S, i
T, R, BIKI - Hor7m 7 7 A ViR
SN, FEMLETIVIE, KikdEs$hE EOF #&E— F
PHWAZRITZESFEICEISWTB Y (Fujii and
Kamachi, 2003), 7 H¥ A 7 V- CETIVE & BUEED S
FRHTEAER £ 1, Increment Analysis Update (IAU)
(Bloom et al,, 1996) # > CHEATEASHESEE 7OV IZ [FAL
S (Kurodaetal,in prep.). ABf7ETIE, —#ED[FH
b7 0 A2 X0 AMEBAERL S L5 ) % [ PR AAT il
ISR b, 1/2°0 & 1100 HEE TV E FMLE T IV
SRR E N LM TFM Y AT 21 FRA-ROMS (55 -
At EMHINTE Y, 1 AMEBIFABT, TS
BB X 02 » HOPHIFERDERS L, b ETIidoK
FERETIZEL Y ¥ — D7 = 7 A M CHRK - Tl &
L CHikE AR S Tw 5 (http://fm.dc.affrc.go.jp/fra-
roms/index.html).

1/2° & 1/10° g€ 7V O FFMNIZ D T, Kuroda
etal. (2013) MBI N/, —DOEF ML, ARWfZET
HW7ooN—=2 3 »ClE, 1/2° & 1/10° T 7OV 2K

(a) 1/2-degree model
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Figure 1 : Model domain and bathymetry of (a) 1/2-, (b)

1/10- and (c) 1/50-degree models.

ETIPREEEINTWLE W ETHDE. D7D, 1/10°
WHEET VBT 54 K=y 7l =1 ¥ 7ifEOKIR
o, 30 H oo FgHEC SRS 1 72 H P KIRE 5
(World Ocean Atlas, 2001) (ZfEfI SN 5. fRE LT,
1/50° ¥ 7 )V O LA T B S il S p 4k — v
7 WOWHZEE D H 5, 30 HLL EORERHE 2 & DL
2 RN LRI R | B RE LC B T RETEATE .
WIZ, 1/50° MEEEE 7 IV OBHIZ OV TRtk § 5. 4
KRIAETFR IO EIL, Kurodaetal (2014) & Ak
ThHM, EFNVOEMMEERZ 1.5° 8 I3k L7z,
1/50° MEFEETIVDAY ¥ 7 v 7122w T Kuroda et
al. (2014) LR TH bV, SUMEFR 2SI (CORE
Normal Year Forcing) & #5541 (1/10° #eEE 7
VOTHAEAE > T v 7OR 3.4 HP3GHT)) T54EH
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ATy T Lz, AT v 7tk 2002 4E9 H~2011
F12A31 HECTHBHET 72012, MHIHEICIE, RY
YTy TRMEOSHERIA 1 HoOWI & v/, sk
JI2iE, JRA25 @ 6 P fE (IEPROEST, 1A
S EH) (Onogietal, 2007) &, GPV/MSM O f##T
i & FHEME A A G DR T REEOME (R,
XFUREE, MRS, FRKE, W AUE) (Saito et al, 2006)
L. 561, MIMmBERSEMHICIE, FRA-ROMS
D 1/10° HPHM@irEz A L7z, 3705, Mk
FUZB T, BIEW 4 hRUEZEE) 25 1/50° £ 7V &
T A I LIl D, AT, FMIEEET 4, P
D5 DRKAN = ERT 572012, BEEOFIRAT— 5
LK ET =5 2HWT, 1RAKROMIGE % 1K
RUSN DTN m\IRE T 5 FEeER L, dbiEEN 4
KA2H O HBNMIGEZH#HE L, Tz 1/50° it
T OHHESE R & 5.2 72, Y EOZFMIZE Y, 2002 4F
9 HUBEDBHEFTEIIRRIC 2 5.

UL, HEEM & & b1, 1/50° lEE T VA OH
BB O E % &5, 1/10° BT 2 nnr s 35
CEMbrot, O EIE, 1/50° HEETIVORE
IR N K L2721, IS 407219 Tl 1/50° i
FEE T IV O R BBZEB SHIE T & v 2 & 2RI
LTwa, 3%4bb, 1/10° BEFEICBWTIET—%
FALIC & O RGO E 7 S5 EENIBIE S TWw 5
Yoo, —75, WEHMRWHEECREBEEILL 2TV
BV TEBIET VBT 2 HBEZEE) O FLOR) A
BNLEDHDLVIEES 2 >TLE) &) BENAL
bH. FIT, A5 & TCHIRIS B S o RRER
Dd D AR VP (Waldron et al, 1996 ; von
Storch etal, 2000) #LE L CEAL, 1/50° #EiE 7V
Ty Ialb— FENLHHELZHIZOWTIE, 1/10°FH
FENTRECTIBIE L7z, MR TlEd 575°, RFHzeHw
THBIES 22 By O Z2 I HE I 100 km PLEIZEE L
TBY, FE2550km MR ®H %% 100 km LLTHEO
EH), Wbwd, 1/50° T T VHOFT XY AT —
VEBNIMEIE S N, F72, 200 m RO KR 5O
HEBIET B2 LT, REBHNOKIRIESZRF S,
FEERFHEL LT, FI2 200 m LIS 5 5 i
KOKEIEFIMEIE SN\, i, AT M VR
1%, KI5 23 ERATE L 72\ 728 “poor person’s data as-
similation technique” & #fff 215 2 & & H %A% (von
Storch, 2000), ARETV ¥ 7 OHE—HWA, iEBEEIK
HMRRARERIZ G- 2 % B0 T O E) % 574 5 2
ETHY, RHMIIH L CEAED L TETHLEEZD
na.

th, ZH %, WEE R

3. &R

3.1 FENTAFRFRHAKOAHICDONT

2003 4F 1 A ~2011 4¢ 12 H £ T 6 KefFIg )] % f#
Fri7z, RiRECid, —BLT, HEHEIKEKIR2C
T, 5 33UTOKRRTERT L (K4, 1971). &
DIz, Fk— 75T B R K O —EB R
BOHERHFTT K & A BRTK & DRI S 5 R 2 k31 b
COKRIZEEINL LI E S L2\ (Ttoh and
Ohshima, 2000). 2, 3, X412, 1/50° #i#ET IV
&)Y 32 b— b SN EREKOLBUHE, T
JBIE, PG ORI A R L, WS (1~3 A)
MBS (4~6 A) 120 TFIR L7z, MBI,
/50 THETY I 2 L— F3NTKRES 7o 7 7
ANDIRREREKEELPEPICESNTEBY, 54
(1712°) A v ¥ aIRaHEIT L7z, F72, inEsk
AELTUT7 7 ANVORE AT, InEBEIKOTEE
JE L s A RS o720 B, 1/50° TlER < 54
Ay ¥ CREEHRAT L 72BN, RO AT T % R
9 2 BIAKIR - 349717 7 4 v (JODC, NODC %7K
Wty —D7F—sX=2h 506K ICHHL, 7NV
EBIMEE O EE L 20 TH L. RETIE, Bl
HMEIC RS CRERITR ST, BIEET V6308 L T
Mt S L7235 e B K O SRS 20 43 A i 14 % Rk 3
5.

1~3 Aot Eiiko MBEE (K2a) 13, 45—
TR O E L, VT, KPEERIT ORISR B W
T, HBUHEOMIE TR 2 (2D L, #E
WA C o MBUHEE X 40~70% & %2 . F 72, BESEIRAT
P T 40~T70% OFIFIT DI L, —2 X HEE ok
WS> THERE AN, b ) — D3R A Y] - C
BESCIf 2 S BT O RALI R FICHEST 5 &) 1Az
B, 51T, 4~6 HOWMBUHE D B BB A R T
A5, HMBUEHEOMIZ1I~3 L) b &FIT/NS 256
23 % (X 2h).

1~3 H ot EHERO P BIEIER§ % & (4 3a),
T A= 7 O BRI BIE O KA 54 L THB
D, HRFE~EZESOT CILEITREEIX 150-200 m %
AL, IEBEIAKDPRFICEL AL TV, FEOmK
ZERARENIZ S HNTE Y, BIEILKREIZHE L 2525
KPR ER M OB 12 BT 100 m FEOMA %R
T 8518, HEIMHEIZB VT, REBEKOBED
FoR, BEMICHIR S N5 & ) ICHEE RS 5.
—J7, BESEMRART C oI L C RN S L IR K
(&, AL B TR REDNE B R K R R S
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Figure 2 : Appearance frequency of the Coastal Oyashio
Water (a) from January to March, and (b) from April to
June. Appearance frequency of 0% is indicated by black
region for 5-minute grid cell and shaded region for 30-minute
grid cell. Three regions surrounded by dashed square are
referred as Hidaka Region (northwestern part), Doto Region
(northeastern part), and Tohoku Region (southern part).
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Figure 3 : Mean thickness of the Coastal Oyashio Water
within a water column (a) from January to March, and (b)
from April to June.
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Figure 4 : Mean salinity of the Coastal Oyashio Water within a
water column (a) from January to March, and (b) from April
to June.
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Figure 5 : Monthly appearance frequency of the Coastal
Oyashio Water (line graph) for Hidaka Region, (b) Doto
Region, and (c) Tohoku Region. White and dark gray bar
charts indicate number of all temperature-salinity profiles
and temperature-salinity profiles with the Coastal Oyashio
Water, respectively.
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HIBUEE A 10% LA T & 78 4 33805, AR E B2 Bt
MOBEM DL 2 WAL LT 5, F2, 20
L9 B CTOFHYRIEIL 40m L0 b ECEAD L
(K3). &512, FIginid 32.8~33 L& < (KM4), K
W 2T (MRS %V, IBREEEKDOKRER
EOITPICN L TWARETHE. Tabb, BES
K D BEMIIS 2> S T AN OAKCPEEDSFEE L, DK
PRk LR RO E B LTB Y, BEL L
ISR AR ORI I B2 IR b D, &b,
1/50° #EEEE 7 )V ) B S o0 0 T 358 A 30T A2 V3



e ) 2 v P PR P U E T 121

(a) Sallinity (Jan.-Mar.) (b) Salinity (Apr.-Jun.)
031 32 33 34 35 031 32 33 34 35

40 40 I
80 80 1 =
J 1@
1204 120 5
1o
1 1Q
£ 1eo: £ 160: =
<
% 200+ EQ_ 200 4
) ) ]
O 240; Q 240
280+ 2801
3201 3204
360 360 -
400/ 400
(c) Temp. (Jan.-Mar.) (d) Temp. (Apr.-Jun.)
2 0 2 4 6 8 2 0 2 4 6 8
0 : 0
40 40 .
80 1
Tz eo_ ES
g 8
1201 § 1201 &
o 8 J o
E ™= g ®®
< 4 4
= 200 ;g_ 200
[0 1 o) 1
0 240; QO 240-
280 2801
320+ 3207
360+ 3607
400- 400-

6 : Doto Region |2 B W Ttk & & (BB B
FOUK (FBD) a7 740 (VE) oMEEE. (a) &
()3 1~3 A, (b) & (d)A%4~6 H. SFH7u7 7
AV SRR S AL A IR B K O R RE S B |3 B A T HROR.
Figure 6 : Mean profiles of (upper panels) salinity and (lower
panels) temperature in Doto Region. Mean profiles are
separately shown during (a, ¢) January-March and (b, d)
April-June. The vertical range of the black square means the
depth where the Coastal Oyashio Water is detected by mean
temperature-salinity profiles.
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Figure 7 : Mean thickness of the Coastal Oyashio Water in
March 2007.
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Figure 8 : Snapshots of thickness of the Coastal Oyashio Water from 27 February 2007 to

24 March 2007 in an interval of 3 days.
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Figure 9 : 11-year mean Chl-a concentration in April of 2003~
2013 at the sea surface, derived from MODIS Aqua.
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