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Dynamic Downscaling for Regional Ocean Climate Modeling Around the
Korean Peninsula and Its Application in Fisheries

Changsin Kim*, Joon-Soo Lee, Joon-Yong Yang and In-Seong Han

Division of Ocean Climate & Ecology, National Institute of Fisheries Science, Busan 46083, Republic of Korea

We developed a regional ocean climate model using dynamic downscaling in the Northwest Pacific Ocean to build a
climate model for the Korean Peninsula. The past marine environment was reproduced through historical simulations,
and the future marine environment in 2100 was predicted according to the shared socioeconomic pathways (SSP) cli-
mate change scenario. The future sea surface temperature of the Korean seas is predicted to rise about 1-4°C, and the
increase in water temperature in the East Sea is expected to be the largest. The National Institute of Fisheries Science
has monitored abnormal seawater temperatures such as high and low seawater temperatures in coastal and inland
waters, and predicted that the number of high seawater temperature days in the East, West, South Sea, and the coast
of Jeju Island will increase in the future. In addition, the occurrence of Ciguatera fish poison plankton around Jeju
Island was projected to increase. This study is expected to provide accurate forecasting information for fishery issues.
The aim of this study was to analyze future ocean environment changes around the Korean Peninsula using climate
change SSP scenarios and predict fisheries issues through future projections of the regional ocean climate model.
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715 3lof] T3E A E 7+ 3 o)A (Intergovernmental Panel on
Climate Change, IPCC)ol| 4] 27Vt A6} 3 7FE A of] b=
™, 1850-1900 tH] 2011-2020 o] AA|F- A BH &7}
LI'C 535S SRt et a9 9] #3542,
SRl o], EAAT 5 0 ok 71 1T
2 ] 5 v ol whes) istelan glo, -elulet sleey
o] &3] sl 92 A|AFetth(Belkin, 2009; IPCC, 2013).

T4 5] ekl -elnict s o o] Al 342 S}
220009t 5 FR7HA]| AEH - 5ol A8 A
< Fx8}¢th(Kang, 2000; Min and Kim, 2006; Seong et al.,
2010; Kim et al., 2011). ZL&JL} 20104 0] 0] Fo] = o232 2
& 5ol AZAol Hlste] obAHA], S-efHirt s <olA A

%[ Ith(Han et al.,, 2023). o158 57 102 T/Fe] =8 918l
SRz o5l WY 7 Aeiel iR oS St AN

SkaL lek 22 109 |7k of 54 et} s o] ek v
A= 7IHEHBEL7 Y &)l ZoHA 2dsto] apAof vls)
of HHLA7L F7IeIl e, AL =2 e tetelds S
sto] Fole E& pEshe Uit 5] Al7I7F o5
= FHOE B 3lE o], g0 WA of] F2 2710
A= %1 7] w0l th(Shin et al., 2022; Han et al., 2023; NIFS,
2023). Aq-2Hel7h aefE Ao e Ay e Bl A ndE
2 FAE F2oA 74 CO, viEF S7H= A8l 77k nly
(2021-2040)°]] 7] 2= A< F7Fek Aol k. thF--9] Alue]| 2
o4 2030l Rl 7] 20] 1.5°C 71 2= o5 =
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om, 21417] W7HA] 2.0°C 2% 55 Alofst7] 7t o - o]
& Z1o|tHIPCC, 2023). A=, A A+ A3 2% 452 Algt
gt} e ete sl A 58 HIlE2 A&5E Aoz AY
B3 Qe A 237t Azt A S AlA Q] s 2] 9ol A
EA 0|1 FA[A Q1 flel7E Alekd Aol

A= Q17 gt oy et s e Al ol = FRkE
u] )31 Q) o, 2t | Y FuH(marine heatwaves) 5 7] 5}k
off 2 3t A dE Al ol Pt FAIA L Akl
 FS A Al Qlck(Kobayashi et al., 1997; Stocker et al.,
2013). 2= A3k 9l 7| FHste] JRFo g o5 A=
W52, ALH o= Apo] HIHsHA Wagsto] Qkat vt
off YIARE FAS SR FAAE Tl v Fol A &
3L Qe olef sl Aol S AR & 2017 o)
& ER 71Z2g npEsto] 9detal glon], i 1L A4
T WS L, 27 )/A 7] FAHE dela
B oA loll Al Alg-skaL ATHNIFES, 2019).

AlFotE| et Fare TR Q] o w7 AR o B E Als s
2 T2 dofet ot s o] Ak s Aol A AR, =
=40] FAH g ol FE AHFS Aol AltotHet A%
ol AgjA "k 2y 22 7| sk dFo s vt
Al s A of| A &= Al FFotE 2} of | S AE ol 2t al B2 = Al
FLote| 2t Yol Ze3.E(Gambierdiscus australes)©] 7 =11
Ao, FT Aol wet o] Sold AR o dE1
9JTHNIFS, 2023).

2 Aol A= FbE s ool A skt E of7|F=
o & A, Aot e} o] EFAE 5 AR s A
shal, 7| R E S -5 B 5-5AH] B A7 Z(shared so-
cioeconomic pathways, SSP) 7| &H 3} AJue] 05 2850
St sl o) nie st AEATE Aitellt
Asl} 7|95y A o|-§sto] SSP 7] 513} Aluke] 2.9
S L-2/A 42 Y= Mo} A FLotH| e} o] & SR AEY)
7V At 42 78 AR vl E ol Sekarat ot
th o 7)ol AREE B, 271/3A Abm 9 RS 2ol A 4
ekl om, 3ol A= =t A 8l 7| T F S o] -8-5to] 9
= T ANE, Ao & 4ol A S O B8
HAQH A+ A a.oFsto] AAISHT
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Hhe =R S of| A s of7| SHBHE HYetr] st s
%3k 919l regional ocean modeling system (ROMS)E AR
sto] 2el212 AR S A o2 AR S AAs,
ROMS= theFel 2|82 b= A-fr==H, A 93, 71234
42 Ak 3349 S3| mdo]ch, 44 2 24 Arakawa-C
AR A Aof| A &) 22X 232 A (orthogonal-curvilinear coordi-

ol

ot

rza .

ol o

O] A]

v o

%

nate)E ARSI, 42140 2= S-F3tA(stretched terrain-
following coordinate)S ©]-83h0 24 dj|obxl o] W3t} 2| ¥
24 & T3 Arakawa and Lamb, 1977; Shchepetkin
and McWilliams, 2005).

BUolL BkE Fuslolo] R £ 2L HEsH 724
&, opd, Fedi, st o= & 2d 4
e H ok 9 ¥(18.5-48.5°N, 117.5-155.5°E) . & A 43}t 4=
B = oF 10 kmo| ™, Q212 3071 -5 C. 2 -5kt

o] e SRR TREE =Y oA= A H St
£ & HABh: At 12 A A= (Sungkyunkwan Uni-
versity’s 1 min digital bathymetric data; Choi et al., 2002)2}
71 9] BA | dd o A= ETOPOS (57H4 ] H AT 424]
A2)2 TAstol 24 2409 5 me Aol

ROMS sfjefrdlof A8 A2 &3} 243} 7| -2 Mellor
and Yamada level-2.5 closure schemes AME-3141 3 (Mellor
and Yamada, 1982), =% o| 73} 422 o] 72 7217+ 32}
upstream 7| W7} 42} S AHERS 0]8-5to] AlLksHITt T
WAAGol| A= A el duto| A 7HA2 sief-s, 92,
i 5ol dYARRE FEE S e, TPXO7 24 817} i
=] QT ZpAIRE Al 270 A8 Kim et al. (2014)0]] 7] 5
of Qltt.

2y Joo] F-A-JFE2L s A (open boundaries)= 4
goto], mElo] HFE el 71 H S ol8sto] 304
7t spin-up2 A ABF T QEF 3} 717 542t hybrid coordinate
ocean model (HYCOM) 0.2 HE] Adoj 42&, 44 A8 3
i 5o YA A A A 22 ARE ATHHYCOM,
2023). t)7]7A =2 European center for medium range
weather forecasting A}2E AFE-HTHECMWE, 2023). £ <1
Toll ARGl ROMS 13- gHibe 15 O] sl 2l 5f
FAEL (T2, B 5) U L A¥EAS v A & mAlst
= Ao 2 Hrix]o|(Kimetal., 2014), A3 7| S dl 2 28
SFaLA} Rk 1992 AR 7|95l o) 7] 73 A 2 2t 7R 7N
AR E o] &sto] 1047} spin-up 5354301, 1993 o] 5
AR R ANE A of| 28513t

X 7|22

IPCCQ] A6} H7}R A (sixth assessment report, AR6;
20239 uzh) Aol AHEE A6x Wetwe vareae
(coupled model intercomparison project phase 6, CMIP6)
=t A 71 el s Algstal Qlok IPCCe
CMIP62}F ARG 2132 918l =414 o= 9F2) % SSPE 'I3ts}
glom, o= A= vl 2A7FA st H 2 E i v st
Aotk 247k 53t 713} 25743 ol itof| uf
247 0] ALE A A A Al kel s 77t ThE 7| AR
Hof ule} =3 Y] 7}A] A (SSP1-2.6, SSP2-4.5, SSP3-7.0,
SSP5-8.5)& ARg-sto] 82 AA|SHE F3 et TR
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Fig. 1. (A) Global climate model result of sea surface temperature (°C) of around the Korean Peninsula and (B) observation points compar-

ing with model result.

O] B35 At on, Zk7to] A Fof| tiet AAlgh A2
t}-2-3} ZTHKMA, 2019).

Historical simulation (7] 7]& A%): 17| 7]5(1850—
2014) 717+8] 2A7|A| 9 ofjoj 2E]
AlEHo]d At

SSP1-2.6 (14 A4 A15] B o] 749} 4
w2 g 7| oH s} oo}, 2352 o] £ A& s A
BB A 20 gk Al L.

SSP2-4.5 (T A47): T340 AL A| Alute] e & 715
W3} 2k} gl ARSI A A A Qe rE S A 7HE sk -
(SSP13} SSP32] -7 FAte).

SSP3-7.0 (B3 47): ARSIAA W o) Bt A=
AlREe 2 <18l 7] S 3to]| F kgt Aefofl Fol= ARRAHA
Z9) Ay L (B3 7)%4], Baseline).

SSP5-8.5 (1245 /d7): 719783 FAY, sHA A= 718t 37
=2 Q1A BAR 7| Hs) 23552 AN sk go]
S AP A A0 argka Al £
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Z}z}2] SSP A% 5-2 CMIP5 (coupled model intercompari-
son project phase 5)2] U357 & (representative concen-
tration pathway, RCP) A1 g 53} 2+0] 21004 7]-2] 2AF7|
(27 2.6,4.5,7.0, 8.5 Winr)yZ SEE AHES 43519171
ool CMIP5 RCP A9 Avf=} vl & 4= Qlet

Oh et al. (2023)2 CMIP6 7 A7 7| ER PSS v)w5}o]
S FE sl HollA HHa] A3} =3of At By
717} g 7ysto] Aegalelint. 1 A & S E G Aol
7V Hold wd g2 FrbeE ZefA 7|4 AlE (Centre
National de Recherches Météorologiques, CNRM)2] CNRM-
ESM2-1 2Elg 7] 5} 7| F-melo] Hget wule Agelole

—— historic present
SSP1-2.6
SSP2-4.5
SSP3-7.0
SSP5-8.5

N
~
T
L

N
N

Temperature (°C)
» S

-
o
T
1

14
2000 2020 2040 2060 2080 2100
Year

Fig. 2. Time series of sea surface temperature by scenario from the
global climate model result.

], e pefay] Hof A 7] S o] FHite s <
29 FHARQI LS Aw Hoko v (Fig. 1A), Bl B4
T ASARG U AE sl iy Ateh Aokt
oz A7gstltkFig. 1B).

i Aol A= SSP AU & A Aol w2 ghite )
o A3 72 WSS E4517] 9fste], 7S] SSP AJv=] 2 4
AT F 21417] vFAEF 109(2091-2100)7F 2HA 7] A
(historic simulation)2] W}A]9}F 10 (2005-2014)2] 4 sfjH
TS ZF AP R vaste] 7|5 istol thE 42 WS 7t
gatelon], 5 m 53 2% Hat W 202 G
o} 3 #A 7|9 Afol= AtAL uhth o2 A yelE 4= 9l
ong M Aol Az Aok of el AgE-S o83t
T2 HE e o] 71&ssich

A7E AASES o]-&3to] 2015 K 21009744 9] =2 ¥
I8 1.0-4.0°Coln], ulef A upx]at 1019(2091-2100) F
1} A 713 A% o] mpx]ut 10d(2005-2014) Hato] L=2¢
o] oF 1.0-3.7°Co|tKFig. 2, Table 1).
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Fig. 3. Region climate model of (A) domain and (B) its result of sea surface temperature.

AR FEdof| A HARSH= SHIFE FHE|] LSl
hallA] A ®mgkon, thgAdolA= vl 714 AFE(SSP1-2.6,
SSP2-4.5, SSP3-7.0, SSP5-8.5)& AMg-3}0] &ala] AbA|3}=
&3 e = o] AbA| HSHE A H 7o)

X|Sel 7|2 HM| 7|SHE AlLf2|2

Al 7] el o5k AbA| S} 1 & Fol aLal e -2
v Bick s S dS ESkelnh A5k A IshE St
S =7 oF 100 kmSl A A 7] d 2bA Qe 9 AL @
H -] ASARE BARCE AFE-Sto], SATEH sl
Aol A F7FAE 2F 10 kmQl A 3] e f7| F el o] A2
Tdote] Aest ahlth(Fig. 3A). L A2 s o
g s o] 28 s Fd S tiHsts dlF 5= £d ot
o, By FAU ] diF44S s o= 6T

g2 L dl ROMSE o] 83l A a7 Eg 5 53}l
u|2f 7| FHEE Agstr] SAA, 199317 2014W 7k
2] 3kA 2 A A E (historical run)yg 4=3J5to] o] 2] sfjFeHH
= Adstth. A HEAE o] Fof|, IPCC AR6 (2023)°]] A
B A7 75 5 2 73RS A3 9 o i 5
& 7123t SSP 71313} 471 A|E] ©(SSP1-2.6, SSP2-4.5,
SSP3-7.0, SSP5-8.5)0l thall 2100712 2] LB 32+ 3
Fe=d 8A4(F2, A=, 5 5)9 AEAYARE 77 ehEst

Table 1. SST changes around the Korean peninsula using global
climate model result

pi=g

A el g7 ¢ ik AR S F7] g AaKFig.
1A)o]| v]ste], gt s ol A =8 ol 72l F2A| L, of
R, o, FhdF 5 AT A7 SR ol
vlste] A A =] qlom, -2 viet A s A5E
P AR o 9 7H5 4 & UrETHFig. 3B).

A3l 7| el Avf 2L 2| SSP AlLte] o A g A}
opZ2 o R shitE R 5 42 BISHE EA45H
A7 ASE-S 0]-85}0] 2015 HE] 21008 71A] ©] 42 A
92 0.9-4.0°Co|™, ulef Ay vkt 101(2091-2100) 5
T} A 715 Ao upxe 10:(2005-2014) Hato] L=
Aoz ¢F 1.1-3.8°Coltt. of= |- of| 4] A4S ghite
9 3|9 9] 422 AF5 Tt ]t 2 2] Aol t(Table 2). 5F
ARk 2193)) 7| R L0 7 Q-ejuirhe] =23} Bl R
T T A2t B WSS Kok AA|E] AEE
4= Qltt.

SSP Alute] @ J1al 4t sl oF7| S E ol & A3}, 21009 7
A f-2luket vieho] 54222 114 (2005-2014) HF 2t Bl
Al 2|45 A& AlLbe] ©.91 SSP1-2.69] 72 1°C €] A3}
gom, F Ak AL 291 SSP2-4.59] 7L 2°C &) AF%
3laL, Bt ® 44742 7HE7t SSP3-7.09] 749 3°C W o] 453t
o, 315 A7 Ae] 2,91 SSP5-8.52] 7-9- 4°C Y 7HA] AXs

o}._ﬂ

Table 2. SST changes around the Korean peninsula using regional
climate model result

SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5

SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5

Slope (°Clyr) 00110 00248 00382  0.0459

Variation (°C) 0.95 214 3.28 3.95

%’ﬁerenc%( ) ) 104 185 263 372
2091~2100 ~ 2005~2014

Slope (°Clyr) 0.0108  0.0248 0.0383  0.0464
Variation (°C) 0.92 213 3.29 3.99
Difference (°C)

T T 1.12 1.62 2.58 3.83
(T2091 ~21 00-T2005~201 4)

SST, Sea surface temperature.

SST, Sea surface temperature.
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Fig. 4. Time series of sea surface temperature by scenario from the
regional climate model result.

ot Al o & UERith(Fig. 4).

ol 2 A AT WA BEARAAE Y, &
8] ARMFAFE S 2= RN 1 #5529 TV S
ARG B}k oF 2-3u) w2 okl 5} cWau et al., 2012;
Jeong et al., 2021). == Ak sk Sh=Tafls S F2(H
AafjeFEAbell s, A 551d7H(1968-2022) it =1
30| 2B AR Bat ) oF 2uf o]} whE |, 9
2juieh 8 & o] 749 dall, Aaf TLe]al Bl o7 R A
o] Fo& AABFATHNIFS, 2023).

Al Aukek 2| sl el Avp wE ARG 4259
7HES Bolow, q5hA A 7S 283t St =
TP S AHATE A E HAEALS Hole= FA4T-
WS ALEste] v S AT
Se|Lt2t HiCh siHE o[z 2

T
nef 7] Aue s A-83t £
A7) o] wE o S-S Fol 3HA e
A Q18] R o] SdijE Ao g 7HRt SSPS 8.5 Al
U] @ 9] -, Sl 5C e, Al dell, 4°C e Aot
= A0 E Y=t "Rt SSP A2 @04 AgE &f <
H 2 e Ak Zolo A e AR B ke Helthk(Fig. 5).
sllel & S7PF A U ado s, st
ol A Hupd A"E‘ﬂJr 20| F7tsto], el ES &
Hsto] FoiE Y= Y ol FTtsh=AeE A 9l
TH(Choi et al.,, 2013). 7t of ), AU @ A RE A
(scenanoMIP) AEEE B4 ootd, 2A7|Aof &gt A+
237 A E T O Bl H A2 toby 2} 8 9] T Sto] m]A]
= @Q% 48k tHO'Neill et al., 2016). 2] 7-2d3} 2740
A di7]gke] #go] viets]d-g-Elo] 0 N/m* & Ueht= ¢
TE w29 v d-eE HAE opr|staL, duapAow &
B EF ofd ) A o] & REe A7 Ao r o
#] 1tH(Cheon et al., 2012).
ol= Fol9 FEE 23 a9 Al7I7E el ¢
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Fig. 5. Timeseries of sea surface temperature averaged from the
(A) East, (B) West, (C) South stations (shown in the Fig. 1B.) by
scenario from the regional climate model result around the Korea
Peninsula.

Ao A= &Aooz ALTE 7P "ol zu 5547k
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su Bay in the Yellow Sea, (B) Yeong-il Bay in the East Sea, (C) Jinhae Bay in the South Sea, (d) Seongsan in the coastal area of Jeju Island.

e A, A, Wt A4 5ol ek ol F olE
M 142 EX HEE 7|82 28°ColH, A Al SR
F 7] 4 Colnk. A ER 7% 29 oA T A4
Zboll wheh ofn| oK, ol AR 0 ' HhEsh, Ao
2 A}, webA] 7] sto] whE f-efuiet vl -2 W3t
A AINE Z-gsto] 5 A - Fafjoh AlF At F 2 FAAAE
o] §JA|3t A Q] MpL-ApL EH 7|2UR o] Heks Ay}
of| A A 1kt

ol sjFets Wstel whE o]
A7) ofste, S-euet s AR %
Ak, Asf ek, gl Zlsnt, Al Ak oFAlell sligeh=
9] 25 FE0IGTh 1P A N4 EH UR 7
Q1 28°CE 3ok A U4t ALE A5 ER W
71329 4CE st3lshe Al A5 ALkt Alsf A4
gk, el Zlsnt, Al Agake] SSP5-8.5 Aluhe] 2 7-9- 20901

o] Folli= 28°CE 3lsh= YAZE A+t 1009 o) A4+
1, F8f FUT] A9 50 o] ALE ATt Asf At
defl Asfke] 73920904 o] Fofl= 4CE stelsh= YAt
UHERLHA] 9834 TH(Fig. 6).

HAp A 2deke] GFor Syt 7|k ofd] 7%
2 BHof7EaL ol meh Al=E stz e = 3
© AlFrotElet ol =of| theh vl S dob 1A} Jhef. Al
otd|g} of =2 F= ofdd/Adhs ol AAlsh= sf= 7ot 4t
3% B A|FLolEAlS AA S Z5 3% (Gambierdiscus
toxicus 5)°] -2 o H3}IL, o] 5 A FTH BV S ARl
AL A H Aol S55 Lo7)A| H

wheba] & Aol A= pAFERE 5 skl AltotE e of =
Za3 % (Gambierdiscus australes)©] $-2]H}c}h = of A wlz)
715 H3tof| thE E9 7S A EITh 71E ok 7
FHsE g A7 BAA A= RCP 8.5 A2 .5 0]-85
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Fig. 7. Critical days of ciguatera fish poison plankton (Gambierdiscus australes) around the Korean peninsula using regional climate model

result in (A) 2020, (B) 2050, (C) 2100.

o], 19.1-324°CO] AJA] 42 Wi§jo] BE5H= AlFotet of
5 S| v]e) MEHE Al v} QTHNIFS, 2022). 0]
T2 P O.R SSPS-8.5 AL 22 AR Gk S
wisfolo] uje) e RS ofg3te], ue A FotH|et ol &
FE 0] M4 53 YA Ax(eritical days)S THA] AR 2
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