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Risk assessment in Korean seaweed aquaculture under climate change scenarios
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ABSTRACT

Ocean warming driven by climate change is accelerating globally, with Korean waters showing faster sea surface
temperature (SST) increases than the global average, posing substantial threats to the fisheries sector. Seaweed, which accounts
for approximately 76% of total aquaculture production, is highly sensitive to temperature fluctuations and vulnerable to climate
impacts. This study assessed the impacts of climate change on three types of major cultivated seaweed in Korea (kelp, sea
mustard, laver) by estimating damage probabilities specific to species and production regions under four SSP scenarios
(SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5) across three periods (2030, 2050, 2100). These probabilities were combined with
recent five-year average production data (2019 -2023) to estimate economic losses. The results revealed pronounced
differences in damage probabilities and economic losses by species and production region. Specifically, kelp consistently
exhibited damage probabilities under all scenarios, and aquaculture in its primary production area, Jeollanam-do, was projected
to become increasingly difficult. In contrast, laver and sea mustard were exposed to risks but showed greater potential for
continued cultivation. Notably, although laver exhibited lower damage probabilities than kelp, its higher unit value resulted
in the largest projected economic losses among the three species. These findings provide a critical basis for national and
regional governments to design adaptive strategies that strengthen the resilience and sustainability of seaweed aquaculture

under climate change.
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£35] oH FAY2 AAZH JE=7} =of AAA
Sfoll &3] Fofolth. AAlz 142 o® QI FAE
g HAR= 2T 149712011 ~20244) HA] AAAY )
3N 4,764912] oF 73%91 3,4729]S AAStAL Ut
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Fig. 1. Annual coastal seawater temperature change

rates (November to April) in 11 regions under
SSP5-8.5
Peninsula

senario around the Korean



7|2t A0 ME 5

CMIP6OlA]  A|AE SSP
Pathways) A|UE] 2= A AL 2A7MA HiE D AHSA
A Id A2E §gs 71¥¥s dY Azo|th
SSP1-2.62 783l 7+= AMo| AP A AUz
2, SSP2-4.5= F7F = W& HE, SSP3-7.02 A9 &
53 32 FPog 0%t vHjE AHE, SSP5-8.5% 3H4
A= oEo] A&HE oo wHjE HEE Yehdth
o] IPCC A|6x}F B7FEILA(ARG)ONAE A AF L A
o 9 7|ZHs AYS 96 8 AU AAR

(Shared Socioeconomic

285 glo, s 289 A7) e Wil g
8= ik

E JFLo A= Kim et al. (2024a)0] =3 EAE|HF
FIAE fFesny AFE F8olo] L ZH5|
9] 7]FHst IS Fooith A F92 e
FH5]9(18.5-48.5°N, 117.5-155.5°E) 0.2 YA e
(ROMS)Z ©|&, SiAA Y2 Fatdtista 1242 4]
A=t ETOPOSE Agstel #4sioitt. di71dAg2
ECMWF A& Az, /g3 4242 HYCOM s

29} TPX07 RAARE HLsl9rt. BFL CMIP6 A
AT 71F5Y F CNRM-ESM2-1 25 AARZHACR
Jgsto] 1087+ spin-up 53Ut 7|53t A
S 5 19939 2014E7HA] hindcast AFRE YA
o, o]& 2100W@7FA] Y] 7}A] SSP A|L+E] 2(SSP1-2.6,
SSP2-4.5, SSP3-7.0, SSP5-8.5)2 &-8-510] 2100W17}7] 2]
2 HILE 7|t 9 meks 98 ARSIt

B4 717 ©@7](2030: 2021 ~2030d), Z7](2050: 2041
~205041), A7](2100: 2091~2100W)& FLEs}gIct. zt
A& F2A R F EST2( m) FAF] U=
ARto 2HE 5km7kA] FEdto] Al TP HTIE
U 2R E LRSI ojd F7] 29 HeAdS
FAMES AEA WA 9 AR HolE grstr] st
7| ZA R R &ESH3IH

Hz el 28 |195E oS8 4¥7HA] oF2] FHog,
B717F A7F A9t 29 ASES APESto, sgE=E
F2 Ao OE 71E FHEE gttt 2 A4S
o] 7}4 =2 wekA A|UE] Q9] SSP5-8.5014% 21009
7HA] FAro] 3.03CE 7MY B2 ASES EloH, A4
s 464CE 7MY 2 ASES EXthFig D).

=
x5 Yhiel

e ot 1097

22, 4 Xz

B AToAE 7|5 Hste] 2

N2F FUES 3

sy F7o] kst
3ES AAA, 0|52
FATAE BA dder shalthFig. 2). 6115%% o]
a2 Aol 2Est] w7151t 5

et 987t 52 FAESOIH. 99 %Jhg —zrxé.% A
5 E£20] AE s HHEE Kim et al. (2024b)S A
Arsttelolx] wrie &

=] =) -
golglon, g AT IS
= o 2 o =
28 P& dndn HuME 2AZ skn A
39.0
Gyeonggi-do Gangwon-do
Poiphyra, Undaria Saccharina
Undaria
Incheon
Pomhyra, Gyeongsangbuk-do
Sgg;_‘a:'fna Saccharina, Undaria
37.0 41 f
Chungchongnam-do ifr Ulsan
Porphyra, Undaria, é\? Saccharina,
Saccharina mﬂ Undaria
- _ -_T:, - CJ’ B 7
g
Jeollabuk-do [ =
Porphyra
Phya , e
35.0 -
o , oy
Jeollanam-do Tae S Busan
Porphyra, Saccharina, g ' Porphyra,
Undaria AN S Undania,
'y a3 Saccharina
7 - Gyeongsangnam-do
Jeiud Porphyra, Undaria, Saccharina
eju-do
! 0 50 100 km
Undaria -_—
33.0
T T T
125.0 127.0 129.0

Fig. 2. Map of farming areas for the major seaweed
species around the Korean Peninsula (gray
color)

Table 1. Optimal and tolerable upper limit seawater
temperatures (C) for three farmed

seaweeds. Data are based on Kim et al.

(2024b)
Scientific Optimal Tolerable
N . Sources
name temperature (C) | temperature (C)
Porphyra 15 20 NIFS (2018)
NIFS
Undaria 18 20
(2016, 2022)
NIFS
Saccharina 14 18
(2016, 2022)
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Table 2. Average quantity (MT), production value (million KRW), and unit price

o
A
_|
rot

seaweeds by administrative area from 2019 to 2023.

- Y

Fob

(KRW/kg) of three farmed

Species Farming area Quantity (MT) Procllu‘ction value Unit price
(million KRW) (KRW/kg)

Busan 17,926 18,109 1,010

Incheon 6,226 4,701 755

Gyeonggi-do 25,157 19,230 764

Porphyra Chungcheongnam-do 38,498 28,052 729
Jeollabuk-do 36,196 29,394 812

Jeollanam-do 425,568 424,708 998
Gyeongsangnam-do 5,213 4,931 946

Busan 10,853 6,303 581

Incheon 6 7 1,293

Ulsan 2,477 1,297 523

Gyeonggi-do 1 1.1 1,867

Undaria Gangwon-do 31 54 1,749
Chungcheongnam-do 2,652 1,268 478

Jeollanam-do 529,808 116,455 220
Gyeongsangbuk-do 379 410 1,081
Gyeongsangnam-do 2,731 1,840 674

Jeju-do 0.4 0.6 1,500

Busan 9,011 4,302 477

Incheon 2 4 2,000

Ulsan 467 230 491

Succharina Gangwon-do 1 1.1 1,092
Chungcheongnam-do 2,495 828 332

Jeollanam-do 622,049 95,426 153
Gyeongsangbuk-do 42 36 853
Gyeongsangnam-do 1,969 927 471

(Table 1). f =27
ol 2T 57HE(2019~20234) ARE

AU W PAFARL AR
2.3kt

(KOSIS, 2025; Table 2).

L LTI EY
3} WAl

IS o] X A|9k(Brander et al.,
et al., 2020; Findlay et al., 2025), A}=.9]

, pH, 5 5) 9A RAES A%

2017; Collins

AR 2 AL

2.3, 24w
SECE

=52 HFAS 5] s 4 w54 7

Hoto] e 3 FEF YPEAdS S 13}
k. AdgQdtol =, 715He} Ay o] e s
FeE U F8 —]_ 17 WF, 2% 5 5
S2HF7T 7MY HIE AorR HIEJTHKIm et al,
2021, 2024b). £3] $22 oFAAEO] AT 9 Aelo] 2
A9l YL vIAE g9l FeiA o] B AFolA
& 52 WsE F408 Wafde 25t g )
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SSP1-2.6
2050

Scientific name Farming area

Busan
Incheon
Gyeonggi-do
Chungcheongnam-do
Jeollabuk-do
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Gyeongsangnam-do

Saccharina

SSP2-4.5

2050

SSP3-7.0
2050

SSP5-8.5

2050

Fig. 3. Damage probability of seaweed aquaculture by administrative area under SSP scenarios

(SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5)

(11¢¥ ~ 0|59 49)Z 7Ie€2= Hrisiont. whek A%
T2 AAths 2ASHAA A =2 m|ekel F o= did
ol 18-S Fosioitt. BHA, 3HA =2 Adthe 2dot=
o] sty Sl 4% HAPE TARtaL ddste] 3
A 6582 Foistqint. o|FA Hrhe sjxRE YAt
Aoy et MEge FAske] N9 GBS wEtY
THFig. 3).

R A2 dutE o= 91 B7ke] 71 el A
S5 A7 29 Fol 715l (Australian Government,
2006; DEFRA, 2012), & AoA = 5L &2 485
Aok 23 s AAA E4E Ul AEEA 2
359 2 570 B BARTH(2019 ~2023d)of| 1] 3]
SE2 Joto] AR GE FsfAZ g5kt AA
Ql ol H AgAlS thgo] Ala Zrh.

LSLZ :PVSd XPRSLZ (1)

o7, sk NEF ES, ok BAXG, PV AY
o9 sEF] AT, PR, E W3 B, 19T L,
£ Tshele ofmjg.

3. 1
3.1. SI5F S5 YMKIY L3 S
N5 ES 5 chAlks 4% u B4 SLo] M 3

of 2 5ol & w7t 7P IA vebg AR
FE QT AR GE FF dE 22 A GER ZJo|E
ety ng, 5%t A EFolge md) FE2 A9d
2 Zo|7} thah & AR YEpEITHFig. 2). ARHHoR
SSP1-2.6 A|U2| 2.9} 7o &435ld HRojA: H3) &
o] WA et ¥, SSP5-8.5 AlUtE]Q.9F 7o 1ujE
AR g3 gEo] F43] SUtstTh 3 Al714
o2 ©7](2030)914 £71(2050), A7](2100)2 ZH-E T
3 &Eo] o= Aoz A9t

AL o AR Aepdoa BE Aue] Qo)A
dA $=9 g FEo| YErgou, FFoe FA
Fe@ AoZ dEEHAet o g ilego] w2 FH
Yz} AT EoAE SSP5-8.5 At oo AE A
olstH Aato] 7Hs Aoz FHE v A
AR ]l HEhd oA BE AlUE|Q slof g% AYAto]
7Fed AR AYEHAY F HAR Pikgo] g2 7
AR SSP5-8.5 AU 2.9] A71E AL BE AU
oAl Falo] 7Hsdt ALE YT ThAuk= F8 A8
A21Q1 MEbdollA SSP1-2.6 AlUE 2.8 AQletal %
71o& AJAto] EVHE ACRE JdEEHth F WA F
8 ARl Fak2 ©7]eF F7lole tRE AuE] e
A dH 29 g3 FEL Yepgdoy Fo] e
Ao AFEAch 28y 7ol SSP1-2.6& A9l
LE AU Qo)A o] E7Hs3 Aog W=t
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71302 ©7](2030)E} F71(2050), F71(2100) =2 24
5 mafdo] =l o] F3H5HA UERTh
FAHC R, 9] AL Ao FAXQ] AepdolA T
djoo] 7H IA A= T SSP1-2.6 AlUE] QoA =
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Bt ssjofo] A gk,

CAlEks debdEel A sisle] Zbg FA A
ow], BE AUeleo) ] F71o1AE oF 3189 U 4
29| sshoto] F4HTt. Lot SSPI-2.6 A0S
R\2Iat 710 oF 9549 e Hajofo] APFEIUet,
o9]9] HWAAZIAL SSP3-7.09 SSP5-8.5 AlLteElS

A3¥o] Fis3to] sfol

Table 3. Projected economic losses of seaweed aquaculture by administrative area under SSP scenarios
(SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5) (unit: million KRW)

SSP1-2.6 SSpP2-4.5 SSP3-7.0 SSP5-8.5
Species Farming arca 2030 | 2050 | 2100 | 2030 | 2050 | 2100 | 2030 | 2050 | 2100 | 2030 | 2050 | 2100
Busan 3,018 | 3,018 | 3,018 | 3,018 | 3,018 | 6,036 | 3,018 | 3,018 | 6,036 | 3,018 | 3,018 | 18,109
Incheon 783 783 783 783 783 783 783 783 783 783 783 783
Gyeonggi-do 3,205 | 3,205 | 3,205 | 3,205 | 3,205 | 3,205 | 3,205 | 3,205 | 6,410 | 3,205 | 3,205 | 6,410
Porphyra |Chungcheongnam-do | 4,675 | 4,675 | 4,675 | 4,675 | 4,675 | 4,675 | 4,675 | 4,675 | 9,351 | 4,675 | 4,675 | 28,052
Jeollabuk-do 4,899 | 4,899 | 4,899 | 4,899 | 4,899 | 4,899 | 4,899 | 4,899 | 4,899 | 4,899 | 4,899 | 29,394
Jeollanam-do 70,785 | 70,785 | 141,569 |141,569| 141,569 (141,569 | 70,785 | 70,785 |141,569| 70,785 | 141,569 | 141,569
Gyeongsangnam-do 822 822 1,644 | 1,644 | 1,644 | 1,644 | 1,644 | 1,644 | 1,644 | 1,644 | 1,644 | 4,931
Busan - - - - 1,050 | 1,050 - - 1,050 - - 6,303
Incheon - - - - - - - - 1.2 - - 1.2
Ulsan - 216 - - 216 1,297 - 216 1,297 - - 1,297
Gyeonggi-do - - - - - - - - - - - 0
Undaria Gangwon-do - - - - 9 9 - - 9 - 9 54
Chungcheongnam-do - - 211 - 211 211 211 - 211 211 211 1,268
Jeollanam-do - - - - 0 19,409 - - 19,409 - - 38,818
Gyeongsangbuk-do 410 410 410 410 410 410 410 410 410 410 410 410
Gyeongsangnam-do - - - - - 307 - - 613 - - 1,840
Jeju-do 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Busan 717 717 1,434 | 1,434 | 4302 | 4,302 717 1,434 | 4,302 717 2,151 | 4,302
Incheon 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 4.4 0.7 0.7 44
Ulsan 77 230 115 77 230 230 77 230 230 77 115 230
Succharing Gangwon-do 0.4 0.4 0.4 0.5 1.1 1.1 0.4 04 1.1 0.5 1.1 1.1
Chungcheongnam-do 138 138 828 138 828 828 828 138 828 828 828 828
Jeollanam-do 31,809 | 31,809 | 31,809 | 31,809 | 31,809 | 95,426 | 31,809 | 31,809 | 95,426 | 31,809 | 31,809 | 95,426
Gyeongsangbuk-do 36 36 36 36 36 36 36 36 36 36 36 36
Gyeongsangnam-do 309 309 309 309 309 927 309 309 927 309 309 927

Journal of Climate Change Research 2025, Vol. 16, No. 5-2
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7 B *MP%QH% Fofol 717 %}oﬂ Te o H
ket B4 A, R Ado] 249
714 SSP5-8.5 A2 04 A7I2100¥)2 25E =
o 27} 27 F7kske Ao’ ekt ol 7|5 s}
7t AstERE s 20] 2R HY 9 A S
e 2AHE et obd o] BT A%l
g oJuigch ojet T Wi Ao
2 A7|H o7 FFxF F&lo] 7| WGl ¢ & GRS =
== A9 7o) Akt AX|FHH(Kim et al., 2024b).

7I5-sle] e USRS S A8 JuFAel 4
ool met BFUE E3 AolS BAY. AZF A
Abero] 71 ge Mehdwol 4L, oanke 44 9 &
A 2 o] Wol BE AuelodH 1Y w2 w3
SES Bylon, FFole o] BFsEHA HOE o
Z¥]9lck. olo] e} A chAluk Hafelo] oF 93% ol
o] o] Aol WY AoR FHHUct.

s, e BE Alte] oA chalubct 55 ShEol
stokou}, FAAQl HebgEolAle] wsjao] HA]
mlsjeje] of 82%% AA|eteict. 53] P2 thAlutmc 7]
SFHstof] E 3 FEL FUAAT, FigHo] 6Hf o]
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