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Spatial and temporal dynamics of coastal sea surface temperature and
catches of Japanese scallop Mizuhopecten yessoensis in Hokkaido

Ryota Susano! T, Masahiko Funt', Yasuhiro YAMANAKA', Hiroya Yamano? and Shintaro Takao'

HhERIR AL 722 Z:Q@)—?\‘T%wﬁﬁi, WEAERBRICKRE LG EEL G5 EFMONTED, IEAY R &4 L R A4
WREL 0 U CHRICIRIN 38 B 5 S L DRI E T b, KR 5 7 A Mizuhopecten yessoensis \XALHEE 72 & —FRIF 38
DAL T 5, H ROTEKREZRDOOEDOTH L. RAITEWNONREREGKIY OILE R S 77 A T — 5 X
DALIEE DR Y T A AR T 5 EWREKERAFECOWTEHIi T 5 & & IS, BHEOFMBEET IV LT Co, Pt v+
F ORBKILT — 8 ZHWTHR Y 744 HEBRKIL % F 58 U725 $6 88 % V0 U IR L % o 2858382 o v CRFli L
7o, ETORE, TREOHHN Y A (RCP4AS T F YU F) #RELZRHIL Y, HARMGR O KB LD R & 7 38583
ISR E BN D 5 REVEA R S 7z, ARWFZEIE, WEEA TR RIS 5 6l 5 19 20 54 T3 & i R BB B 3 5 &
FMERLIDDTH .

Climate change such as global warming affects marine ecosystems and fishery resources. The impacts to the species
living in coastal regions are considered to become more serious due to a narrow range of inhabitation. Japanese scallop
Mizuhopecten yessensis is an important species for Japanese fishery resources as it only lives in coastal regions, espe-
cially in Hokkaido. We estimated the dependency of the Japanese scallop on the sea surface temperature dependency
(SST) in summer using the foreshore SST and Japanese scallop catch in Hokkaido observations. We also looked at the
possible impact of global warming on Japanese scallop using a simplified index for suitable habitats for Japanese scal-
lops and SST obtained by climate models in scenarios with varied CO, emission. Japanese scallops and relevant indus-
tries are projected to be at risk from SST rising in the future around the Sea of Japan and Funka Bay in Hokkaido based
on a scenario with intermediate CO, emission (RCP 4.5 scenario). We propose a simple estimation method applicable
to many situations and the importance of observed data in coastal regions.

Key words: Japanese scallops, global warming, temperature, observation, future projection, Hokkaido
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TERSTBY, db#B 4+ R —2 7R - KRR
e Tk F X kDS, ALIEERTKIE - H AR RS -
Ta < K ORI ) O R 7 & CII AR IR SE AR AT
BTV D, KRR R T N IEFHEAN O TSI, 1980
A B BB IE = ORIINATE S, 1990 FEARIC 134
BHK4077 b v OMERE SN T WD, Lo LAY
M3 51220 T, RBBLZANWIE (1977-1979 4EITHUKE,
19801982 4E 12 u =i TF54:) R HBEORLE L E L v
ToBRERC X BRI EANORESME L 2> TE TV .
FRICANWIBIZAE I R (ORI B 52 5560
D, ZOERIIOVWTITBEICHEESETORERELK
A BRFYRE (23°C) 22 254 LM I
Wb (HAKERS, 1980; KE « B, 2003). &5 7
A BB L 2R X, FEIZ A (2006) (ZTHH :
—-3-23°C, fEH @6-20°CLHFINTHY, Jbiff&E H A
AR 7 & — iR, BUH oK 2 Bl Tw
HEDLIFLIEALNS. BAKIRTFTORSY T4 AL ~D%
Bo—ple LT, ME-ZI (1992) Tix23°Ccl ok
BRI TS BV CHEH O il R EEAH L P35 &
Wt LT a. mBEAICHE D Wk LA, FRICE KR
DOEFEC OB E 2 2 HE - HIPHOR M P S,
RYTHADEBGAIIRKELRHEL G2 EVEZD
N5, BUEDKR Y 7 7 A4 BTN km O HIPHIZ
BOTHERFIGEWEECIrTbRTBY, KRLEAICE
LRBEMEE RO R T A WEEEZ D L TRTR %
LbDOTH 5.

D XD BIREAEBRNORBETiO/2012, ThET
I RKIRAT 2 4G & L 728 iR 0 72 0 O FBE R BRET A
BUHR3 2AKAAE O BB R BN FEBRORRIC L -
THFEEN TS (eg, BEITZ, 2009). F7-45kTH
END MR Z T 5720, Bz L X 05 s ke
BB % B CTHUEE 7V % W 7R AR D S b &
)% - 72 (e.g., Okunishi et al., 2012). $fHE FIVICIZZ
NZNHL B WAL, HEHICH W 218 %
FRE - FHIIY % 72 DB O BUE T TOVEE R E v O
MZEITH)ENRLEING. LarL, RO #ERTKIR
(SST) DHFFKFWIZOWT, HEE TN THORER CO,
PR S U+ (fRERIYIREEREER, Representative Concentra-
tion Pathways; RCP, ¥+ 1 %) ICX 2 ERIIOVWTER
BRI L 720030 % K, 2D 72RO KEGFICHHT
HIRBEUIZ & B BEHIE D T frb v Tn o 72,

KIFFE T, FRDF Y 77 A EFERO A % <D
ZEEAMELT, R THAOEBBEKRICHER L
F30EMOBIN T — & (GERMEER L OSST) & HED
BUEETFTVIZEASSTOY I ab—Y 3 ViEREHWEE
BN 21T 572, RF T H AT Bl LIC X 5%
BoFIcE, mEBEIC X 522 (Ries et al., 2009)
REBEANLERZZETHIENET LA, ABI%ET

KRR L BISEDOAZH L TX ) REHERT 2 2
EERHME L7z, Zhid, ARGEIRIC B 5 2 AR R Bl 5
AR S HER SN TV L DD KIS BN TH 2720
Thhb.

MR EFE

AT, “BEOBNT—F 00K 774 iR
BEWISSTE BT 2 KA DA™ &, BT — % H
SRR SSTARAEMEICH T 2 B R EBMEET VT — 2 2 v
oKX TIA DGR DR T v TIN5 THRAT
AT o7z WHIZDWTIE, 1980-2009 4E DAL EIZ B 1T
bR T HA ORI R & RO B SST DR 221 %8
BEMN L, BEICOWTIE, YT I A DRFRGA % T
W Bl 2 720, H5WH AT TV E R FER
(CMIP5; Taylor etal., 2012) 2L > CE o ObNBHED
BAHE 7 VIZ X 5 1900-2099 4F- @ H V34 SST % FI v 7= fif bt
#{io72. SSTOMHIZOWTIE, FEIEH (2006) %1
L& L72BEOWMENS, KT T HAIHT B KEDR
BRIEE (79R) TK&EW=d, B0 AHAFEHSST
BEHKE (T,,) &EFHK B LK 7714 @K
WEEBLCGEREITI)ZEE L., SR THAIE
9B KIRERBEIREE E LC, RNEKROFBESE (F) %
VERL, RNTZ4T o7 FI&, T 5K % 5 H 4 O KR

max

Db (T,,>23°C) &R L7240 (104EH) BloERE L
TEHLZ. TLCMIPSICE S TEEDSNTZSSTTF —
FIIERA T — NV TOFMERELZBDTHE720, it
B E U CTHIIEZ 1T ) P H 5. £ 2 TIiENS
WOREBN T — % 2 HWT, BREEREEMEE LCHIEZ
1o 7.

KETHARER

R T HA &Gtk EEOWEERFE, LB KE
BB (b K EAR B TR, 1980-2009) ICF £ HNTWV 5.
AWFgETIE, RPN T, & OB NS 7208k
o THETAR - A ER] (RSN RY T 74
DEMMER (0) 2L T b7 (Fig 1). IR,
e FEFHMMED L ATDND X 9 127% - 721980 448 5
L7z FoMBEREHIAHICL > TRELRLSTE
0, BERIZAGICHE S A S CTTHIT T 5 7201213 hisE %2 %
BLAERILZAT) BEXD -7z Z 2 TARIFIETIRFEY
WO A TR, KW O R % 80 4L & Hik
L7239 (C/Cog0 1050) & L CRIEE LaamiCHI 72,
ARSI SST - RFHAISST

RWFFETIE, &5 774 e & OIEMGE, & OBEE
FOUCHEE X 72 SST DFHIE O 720 12 RN X 72 B
B SST & kiR i B ) £ Lo (deifEdEEk
R AR B ANE, 1980-1999, 2000-2009) #fEH L7z, &
BHIZ T LD 5N TV AIEIE, &HiA S b iEE Hs ek
WA Sz, Rl - BREESSTO H 7 — % % 45
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Figure 1. Annual catch of Japanese scallop (C) and maximum monthly SST (7, ) averaged for 20 years from 1980 to 2009. The scale

max

of C is logarithmic. The shaded regions show municipalities with no records. The number of municipalities is corresponding to that in

Figure 4.
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Figure 2. Foreshore observational sites used to correct projected SST in CMIP5 from 1980 to 2009 and longshore observational sites of
SST used to assess the environment in oceanic regions for cultivating Japanese scallop from 2002 to 2011. The observational sites in
foreshore and in longshore are described in open circles and various marks, respectively, as shown in legends. The domains in broken
lines show four categorized oceanic regions (Sea of Japan, Funka Bay, Sea of Okhotsk and Pacific) in Table 2.

F— L LTEL L DTH A, AWF5ETIEZ, HF—
FHHEBEAYIHSSTE LT L0, 1986-2005 4 (2 Rl
FREED H B B2 D SSTIZD W T DIEN % 47 - 72
(Fig. 1, Fig. 2).

RY T HA ORI IR TR - FERE X ) Bokm B
NN TN TV A GEDE L, RN &
AHEDBRBE T — & DBEITAFTET 5 ZRITOWTHRGEES 5 2
D o7z F 2 THENEHORFKILZ & OBEAS

WhFedOLNTWD, EBISST : INFEEREEHA T —
& (A8 LKA T FE A K R IF FE AR 5 o e R SRy -
JeiERKERBE T L 7 =%, RAMTFT—%) 2L,
PR3 2 KIOZLZ D £ L, BBk &
T A A O EEEAMNZ 8 H T BE A5 0 O MGE R L 72
(Fig. 2, Fig. 3). BlMEIZ BB LA 3OS L %
DT, TOE%EHVCTHIEEEERSST & [/ U < AP SST
ELTE LD MERCHHT 2N T— 51, BEro0
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Figure 3. Relationship between maximum monthly SST (7,

max

) estimated from the observed longshore SST and the distance from the

littoral. The observational data with multiple points obtained by the same cruise are extracted from all longshore SST data to focus on
the change in the distance from the littoral. The regions and periods for extracted data are described in the graph legend. The observa-

tional sites are shown in Figure 2.

Table 1. List of climate models used in this study, the horizontal resolution, and ocean model.

No. Model Country H((l);i(izga)l r[zs;)gl;l;:in The ocean model
1 BCC-CSM1-1 China 0.33-1X1 MOM4 140
2 BCC-CSM1-1 (m) China 0.33-1x1 MOM4_L40
3 CCSM4 USA 0.27-0.54%1.125 POP2.0
4 CESM1-CAM5 USA 0.27-0.53%1.125 POP2.0
5 CSIRO-MKk3.6.0 Australia 0.9375%1.875 MOM2.2
6 FIO-ESM China 0.27-0.53X1.125 POP2.0
7 GFDL-CM3 USA 0.33-1X1 MOM4pl1
8 GFDL-ESM2G USA 0.375-1X1 GOLD
9 GFDL-ESM2M USA 0.33-1X1 MOM4pl

10 GISS-E2-H USA 2X2.5 Hycom

11 GISS-E2-R USA 2X2.5 Russell

12 HadGEM2-ES UK 0.34-1X1 HadGOM2.0
13 IPSL-CM5A-LR France 0.5-2X%2 NEMO v2.3
14 MIROCS5 Japan 0.5-1.378%1.406 COCO v4.5
15 MRI-CGCM3 Japan 0.5%1 MRI.COM3
16 NorESM1-M Norway 0.27-0.54%1.125 MICOM

17 NorESM1-ME Norway 0.27-0.54%1.125 MICOM

RIEEE (B [T A LRI T 5700, Bl H
BTl T 5T — 5 OREHR LRI 217 - 72 Mk
L 72380 055045 1 Fig. 2 2R L 72).

CMIP5 EF JLiETE SST

AWFETIE CMIPS TR SN XK EET IV DN, RCP ¥
F k26, 45 6.0, 85 (EFEFEALIET& B L TS
WA 21 ALK F TlZENEN26, 45 6.0, 85Wm™?
L5 Mossetal, 2010) [ZOWTHTENZ17TET IV %%
Bl L 1900-2099 4F & TOfFMNT 247 - 72 (Table 1). E TV

T = Z I ENENEMGEDL R D05, KENTICH7z-
T, ZBRFMREIC OV TREEEEZ W TEE TV 10X
1T F— 72— L7 IRERBEEFVIEENRZER
W BNA T ANPGRS B, % 2T Yaraetal (2011,2014)
DNA T AMIETE2S%12, BHMEZ /27— 7 #iE
Aol T OWMIERKR S 77 A OFEFMZ4T )
FEBRBEE & U CHIIE S A WA 3 il o i SR BRI SST % 1
L, fMiRERO Iz OIINEREM E LTHIET 25513,
Yara et al. (2011) THIEIZfEH S /-5 2811 SST (NOAA
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(b) Yearly change rate of
catches (C/C

(no data) 1 5 10

1980-1 989)
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20008

(a) Maximum monthly SST (7, ) and (b) annual change rate of Japanese scallop catches from the 1980s (C/C|ogy 1o50) iN

26 municipalities from 1980 to 2009. Numbers in regions are municipal communities shown in Figure 1. The municipalities with ob-
servations between 1986-2005 are extracted from all SST and catch data described in Figure 1. The municipalities are categorized by
averaged occurrence frequency of unpreferred SST from the 1980s to 20008 ( Flogos_2000s) TOT Fos0s_2000s = 2-0 (in open circles), 1.0 <
Flogos—2000s <2.0 (in open squares), and Fjggps_s000s <1.0 (in open triangles), respectively.

OISST; Reynolds et al., 2007) % i L 72, 1900-2099 4 0
BETFNF—=Z T 54 7 AR, WTok) T
JHCAT 572, FFTHRCP YT ) FICEDVWLKET LD
FARFWY I 2L —2 3 X THHNTPIYSST (SST, 40
LM EFBERTH S L H PISSTA B (SST,,)
(1986-2005 4F- 0 20 4 P39 1i) OfFAEZFEM L7z, KIZZ
DOSSTwmA%, (MEHHF 2 3fmaEsic k%) gc
N7 AP SSTAMAR (SST,,) (1986-2005 40 20 4F:
SEIME) SN, NA 7 AHHIESST (SST,,,) & L7z &
B HEEE (lon), #PE (lat), H (1), ®F NV (m), RCP¥
FUAF () IZBIFBHSST, 28HAELTETLEUTOX
KB TE 2.

SST..(lon, lat,t, m, s)

corr

=SST, (lon, lat, t)
ok T

obs
SR
+{ssT,

predict

(lon, lat,t, m,s) —SST

past

(lon, lat, t, m)} (1

Tl

B, MBI E HOZHIEIC oW T, R
F =7 PR LT ERE, N T ARIER T T
Wa. Dk SEMEETIV - KRCP Y F ) A ITHT B i
M, ZDINA 7 AMHIESST & TN 217 - 72,

B 2

REEBISST # AV -HERE IS Y 5 SST DIREE

BB SST 20 & DT 77— & ORI T, HEITHT 5
ZACLICER § 5720, BN B W TEE N
RN BN 24T > TwW b 7 — 5 DA% L7z (Fig. 3).
BONLSHHIZOVTO Ky T HAKEHIBE % %)
FREmECcor, #WsE, EWETHLRETRA

13°COZALDBHEN T B L DD, %< OFEHTIEIRAIC
T HEII0SCUTELRS>TVE I ENDRL. T,
DA% ZBH OPMEIEL Z A0 LT 2-4°CHEEE (Fig. 4a, Fig.
5a) THhAHI D, HHEBIHSST ZiftEsEMe LC#
HALZGAEIIBWTHEREMLE L ToOREIT/NS V.
RETHAREE - 5iEBRISST DB ZHZE)

R T A WEIHEE S TITDNT VB, IR
DAEMBEHERIZIIRERIESDE DD S (Fig. 1). FI2E
W TV AL, M F X ESETIE A 2R
FEEE (7272 P a<ifl CIkmE B D AT DbRL Ty
%), TWETIFHMESECIIABRBOTIHT, kb KE
BTN TV B HIRTIZBERIT N DR T H A4
PHERIN TS, BELH 2R L L, &L LT
1980 4EAR-1990 4EARTZ AT 2 TR & 7 A il 133
MBS D, WL OhDRBIBL R 217> T AT
MTA T 104 T O B 1980 4R ML T 10 5 DL L i i %
BN E2T &7 (Fig. 4b). L2 L 1990 44012 IR 13 %
CORBERTHIZVICHER Lo2H ), WL 2h Ol
THBRDPZE LA LTS,

B ORHEBI SSTICOWT RS &, FHIlIC X - TFY
T VCKERERN DD ENDNS (Fig 1, Fig. 4a). K
SRR 7 E AR E R R O SST I E W T & 17°C
FCTLEDNSRWw—FT, HARERFEBZ EICHEERE
HoOSSTIREMIC K Y 744 04 Bk LRTH 5
23°C% ERIZAED LIZLIERLNTEY, FFIC19844E
1994 4F, 1999 4F I I JA VW #iPH CA B KR A BN T W 5.
TR E DI ANAT DTV B KB IR I WL T
13 19802009 4E D W35 & LT T, 1320.9°C, 104E1C1
FEOPECABAKIRA N TV (Fig. 1, Fig. 4a: No. 15).

HHER DI HY L S M7= Ml & ASEKIRAHE SN T
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Figure 5.
change rate of Japanese scallop catches from the 1980s (C/
Clos0_1050) » and (c) occurrence frequency of unpreferred SST
in a decade (F), categorized with averaged F from the 1980s
t0 20005 ( Fjogp. 20005 ) - The values shown in (a) through (c)
are averaged in the municipalities with Fgg0s_s000s lEVeElS, TE-
spectively. The categorized municipalities are described in
Figure 4. The n in graph legends show the number of munic-
ipalities matching with Fogp._s000s leVels, respectively. The
broken line in (b) shows the upper limit of preferred temper-
ature for Japanese scallop (23°C). No data of Fjggps_2000s>
2.0 and 1.0 < Flgg05_s000s <2-0in 1980 in (a) and Fogps 20005
2.0 in 1997 and 1998 in (b) exist in any municipalities.

WeHIFIE BB R—H L TEB Y, 90F kP DIR %
w AR B 2 TTHTA D 70% LA CA 8 K 1l A3 —
B I BAEBII S Tw 5. T T EE % e
1o TV B HARM - BUKEIEH L2HEEICBWTH, N
BUKIRASEEZBIN S H AWM & Z 9 TIX R W KE
WL TR T ORISR ESBNSE. Chbo
CEDS, ARUKIROFEEMPE & MR ORI IR B
WAH LT L, TOEPBIEOHIBFIEICL S L 2 AR
EnEitE SN, AN#KEROFEME (F, T, >23°C%
ARTAER (104EH) DERD A% v & ARV iR T
FED LD RENDDHDLDONEIRT 7280, Fig. 4 THHTL
7226 HHTAF 22T, 198042 5 2000 4E X £ TD 3D
D A D 3 F (g, 0005 = FrosostFrosostFaooos)/3) D 3
9I2H o TH M A EIZ3 L NV (Fogoea000s =20, 1.0<
E9805 2000s <2. O E9805 20003<1 0) /\;EE L %T-EEHT*T@(@%
A SOAEAR & LB L 7230 (C/C o080 10g0)s T F B2 HE
W LN 217> 72 (Fig. 4,Fig.5). Thbb, xF¥ 744

2L > TOKIMBRBEOFE LB LIS ) AR 2 & Ok
ML % Mg BN RHM L 7. 2 OK5H, A#EKIEA K
BECBIN D (Fagoyan0s22.0) HIRITB T C/C g0 1950 D
WA DA BNz (Fig. 5b). AMHEDIFIZTT X TOWHAS
3, MSERN O FEIE S T1990FEAL T TlIERe 2%k
BMASEL 5 TV 72%, 1990 4E A DI X KR ERBE 12 & -
THSER BRI E RSB TV D, Flogoe sno0s DKW
WA CTIIBTHSAD HBEEROWINZ: X & 0 fER IR &
CHMT 2 =T, Fogosno Vs WA 0% { Tl
1990 AEARCLABE DA L <A, HDHVIE AT T4
AWHEPY IEDEROTVDL I EDRbholz. ZORY
EBBLRI9MERHZELLHTE > T05E25, OO
T (3% K DA TARBAIRZ R L Tz, K5 774
DOEE WM AT T HET1524E, M X MECAERE
ﬁ&é:t(m%-%ﬁ 2003) X EZMT S L, AdKiR

BAEIEBEOMBER B 52 5 WRErH L. 2
hiw%iﬁuhw%mmmJO%T?mﬁ®lv [
AR AFI N B BRI T TS N oK 8 777 A4

DELPBE) A7 EFA->TWAILERIEBT S, 2
OO ZFNFE R AL, ZOHEBIZOWTIZFEY3.0

Hite 2oThHY, FRBIEHETRPLEALTVRELZE
Nbhb (Fig.5¢). TNLDZENLFO LR, T4b
LAY THAIE > TOKIRBERBEDOEALD A &N 5 I T
kY F A A WHERABI LI W, H 5 VIR
HDHIEDVMRTE. WEAEKETICBNTIE, F5
FRMECH L THEIIEY 27 ofhn (HARKERS
1980) *° Hak O (B - 2H)11, 1992) 72 &A%
I NTB Y, BEABEKIAHEIBIN 2 S8 T
BT T 2T 2 LB aIn 5.
CMIP5 ET JVHERE SST & AU - 19R T8l

Ry TR & HEE SST 2 W2 T, Ak
H10MEH234E L D b RVHECHN L HIBICB VT, fF
V2 B oI A BR < BN AR EAME Sz (Fig. 5).
ZIT, TTTIEF>3.0%5 &9 BKRREICR - 728
FITA Y THZEICH T KRB R 7 058 F 5 LA
L, EFVHEESSTZ W55 2 75 ili %17 - 72, B
B A 7 DS WIS IR LI - TR S 2 LB e S
NE0, INEREME L THIEL2EZBEET VT -5 %
M, wfEDCO, >+ 4 ThHLHRCPAS5 T F 1)
i%ﬁ*Ltm%ﬁif@ﬁﬁrowfwﬁﬁ%ﬁot
(Fig. 6). HIELEIM SST % v CT44E 7V HiE %2 SST % #ii 1E
THILICLST, A 7T EMIBNO KRS Z 1900
2099 4E F CTHAMIT 2 Z EATE S, Fig 6 TR L7 KE
WD TV T, 19004E1%, 19904E18, 2040 4F4K,
200 FEROEKEETFTVOT,, FENZEN, 192-21.9°C,
19.6-21.2°C, 21.5-24.3°C, 20.6-25.7°C L %2 572, % EF I
DL T, VLT TIVIC L > THRASCOIWRNIEAD 5 75,
MK EER CTORCP45 Y F V) 4 & FE L 721990 41X -
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Figure 6. The observed foreshore maximum monthly SST (T,

1900 1940 1980

) from 1980 to 2009 and the projected T,

ax

2020 2060

Year

of which biases were cor-

max>

rected by using foreshore SST from 1900 to 2099 under the RCP 4.5 scenario, when applied to the nearest points to Funka Bay. The
projected 7, obtained by all 17 climate models described in Table 1 is also shown.

2000 E T T, EFIE (AT,,) 13 FITR2.7°C L
ESINTz. TNITHE - TRBEKIR D HEICHNS L H 12
HoTBY, BINSST2 SR TEZFIX104E R 14ET
B o 7278, 2030 FARCLIRIZ RO BEE ) A 7 A5E W
104EH 34F % L0 2 40 EEASHAL, 2090 4EAR12 1 10 4EH 747
R DB R SN

zZ =

RETHARBEIITT ZRE Y X 7 5l

Je#EE AR DOV T, Bk OWE KB B O M (Fig. 6)
EHBRICIRRKIRBERBEOR R P E R 5 774 1xh 3 5 B
BZA7 0Ol ziTo728 2 A, i - s X o TR
DOBRBV A7 IERKEL B iSRSz (Fig. 7).
Rk Y, AL TR X 22 2PN M & v
MCARIRBRBIC R E B WA H 5 2 & ARHEBIH SST A 5
bbho TWEA, FRFENCE VT ZOMEIMITHER
N5%. RCP4S ¥ ) & % Mg L 72WEDAT,, (3L g8 48
TBBLR2-3°C7Z 57288, LBz &R EEICH L
72D 1990 SER D T, 13 16-18°C & KW 728, 2090 4F
T 1820°C L L 2 72, — T, JeilEEmaER% & H
AHEIZT L 725 ClE, 1990 4E8 T3 21-23°CIZE-TH
D, 20904 DT, 1323-25°CETEAT S, KFTHA
Wl o> TORBEEEE, T42bbF2ORLGEAICIZZOM
I ICHHE & 2> TB Y, 1990 44812 1At 75 8 5 53R
e &~ OHEBICRENZ o 22mREY X7 (F>3.0) 8
BE 2090 AEAITIE H AN RS, BAKEN, R —v s
W RO —HICE TR T LN H L EE2RL
72, IS OBEIMEAVERICH BN TEB Y, FRC AN
R TIX 2040 F A HBRBEEY A 7 DR CEIBALK T

Occurrence frequency of unpreferred
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Figure 7. Maximum monthly SST (7,,.) ((a)-(c)) and oc-
currence frequency of unpreferred SST (F) ((d)—(f)). The
simulated results are obtained by averaging model outputs
from 17 climate models under the RCP 4.5 scenario. Dia-
monds or open circles denote values corrected by using the
observed foreshore SSTs. Isothermal lines of 7, in (a)—(c)
and F in (d)—(f) were obtained by averaging 17 climate
model outputs and correcting simulated results by using sat-
ellite data.
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5 ENETNEEGA DO/ ONT. KY T H A DG
FREIEBEICEWER D S v (B3, 2012) 720, #FEhHE
FIROW IR R MEE 2 5 2 e TFHENS.
RIFFETHM L7227 — 7 1ZSSTOA T H S LD
D, BEY A7 HPE LTS 7z HARBEH R - X
- Fu<ill e EO®| T EPHES T LN LI TIE, £E
FEICTHRY T HAREERIT->TBY, BEW KRS
VAZHRFHICE - Bbihs. Z0—KT, T X
PITON TV D A R — 7R R & T, RREMEIC
THBEZIT>oTCnb720, BB A7 2@ KIS L Tw»
LUREVED D 5. F 72WUKIE % EbiEE O —H O FIR T
PR B IR 3 % W CRARERE - RIIE A TTbILCw
% (BlEd, 2012). K774 ORMEHMIEE-EIZh
FCRBAHECIbR, MEHIEERH XD QBB LRI
FLTHRWTH A EAMbND (FEEIZD, 2006) 720,
% H LK ICOWT S BN ETH 5. b
ARy FUSEIH F XS - T ASHICE & D ICKARIRI IS
RAF U PEIRRE L 72 5 T B 720, FRIEIIR O T IE
RALRMEE 20135, FEIZ (200600 L0, FF¥TH
AMEHOBEAKRZ200CETTERMELTRAICLZ DD E
WU FE BN RN 21T o728 25, BAEOHTEEN
SSTIZBWVWTH L OB TEE) A7 BN L8R E %
D, R HTIE AR E O I Z AR BV T B KR A
BIZHIND T E oz, 72 LERERRIED) BERON
ZZHIRICOARITbN D 720, BRI RN ICIE & 0 572
KT —F BB EL b L BbhLs.
RCP > 7 1) A BIDIRE ) X 7 5
Hiilk L7z RCP4.5 ¥ F ) A I B EO REZPEH > F U 4T
HHH, KR TIEIINE 45D+ ) FIZOWTH
FRICE &7 (Table2). HEWL Y+ V) FI2 X o TIRED
REKIRO FAMRICIIKE 22D Y, KikFEHayFY
4+ (RCP2.6) TIE15°CRETHLDIIx LT, EEHEY

Table 2.

max

F1) % (RCP8.5) TI&5°C % LA AKMEBEINATA ST
b, ZTOKRE, RCP8SYF VA HMELZBOEY X2
BTN R 2 S OALEE O T TOWERICIER T
LU HREMEAURE N/, FDO—F T, RCP2.6¥ F 1) 4 Tl
Z DML B AW RIS DA E 2> THB Y, B2 I3
KB D 2090 S D FI HAED 1990 FX D F & 113
BEECINE 2 2 EDSHEECTE . ShEHRY 774
EoTH, NI CO,PEHEIRZ XU L3 2Rz
BHURDEFICEEREREFOILERIETEHDTH
5.

BT B35 E LT ERRD X ) G & 1)
2, B ooHhBIEBEIICH LTHETE) WIET S
A, LV B LEISEICOWT D E 2 A VENH L (i
Ik, 2013). B E LCTaX MRy @ER LR EHETED
HPHIZBR SN B2, WIpl & LTl % 1, Ok
~OBE), WEBZIT) RS T A MOHRG2 &35
bND. 72721, BiEIZOWTIRMTEHkm & BEIZ IS
XY SN TIPSR SN, HEICOVWTIEHBGR Y
MDOBELFEISIZ OV THERT 5 LEDH Y, BEERS
BAbGRTR 2 LI X 2 EEL MR SN 5.

AWFFETIESSTIZHE L Z U TT, CMIPSETFT VT —F %
U TN FEEHCTHIE - T E2 AT 72 RITICH W
TWHIETHER Y VIV TH DLW 2SS T T R IC
HEHAMEER L OTH A, B2 IR L7z X 9 RiEBRLES
e LTHY 74 A 20w 2 125 B HAAEO KR
BT — 7 23> T AT Th UL, TFROBRE) X7
R mICEHNIT A 2 A REE 2 b, 72720, MEICIE
BELRET - P ORBEMEEHETE D 2 LN &M
b, AW, RO O ERROI R 21T
VI RTOMBWHEFEERFET S L LHIT, BREE
T OEENZRBETLHDOTHS. Ky THA T E
WL I LD LT HRRERRITTT 202 X ) FEf

Simulated maximum monthly SST (7, ) and frequency of unpreferred SST (F) appearance in RCP scenarios and oceanic re-

gions. Projected values at 2090s under four RCP scenarios (RCP 2.6, 4.5, 6.0 and 8.5) are averaged for models and oceanic regions,
respectively. Changes in values between 1990s and 2090s are also shown. Four oceanic regions (Sea of Japan, Funka Bay, Sea of
Okhotsk and Pacific Ocean) in this study are defined by domains shown in broken lines in Fig. 2.

Histrical RCP2.6 RCP4.5 RCP6.0 RCPS.5
Regions Variables
1990s 2090s  Change  2090s  Change 2090s  Change 2090s  Change
Sea of Japan T [°C] 21.7 232 +1.58 243 +2.63  25.0 +328 269 +5.20
F [num.ofyrs.]  1.51 5.65 +4.14 7.95 +6.44 890  +7.39 9.80  +8.29
T, (°C] 19.9 21.4 +149 224 252 23.0 +3.13 249 +5.02
Funka Bay max
F  [num.ofyrs]  0.05 136  +1.32 354 +3.49 484  +4.79 833  +8.28
Sea of Okhotsk ~ Lmax (°C] 19.4 20.9 +1.50 220 +2.59 227 +3.27 249 +5.49
F  [num.ofyrs.]  0.10 112 +1.01 282 272 429  +4.18 776  +7.65
] Toox (°C] 17.0 18.3 +125 193 +2.31 19.9 +2.88 22,0 +5.03
Pacific Ocean F [num.ofyrs.]  0.00 0.01  +0.01 0.14  +0.14 036  +0.36 332 +3.32
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