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A study on assessment of vulnerability and risk to climate change in

Korean fisheries and aquaculture

Moo-Jin Kim

Department of Marine & Fisheries Business and Economics,

The Graduate School, Pukyong National University

Abstract

Fishery resources worldwide have been consistently declining due to various
factors such as overfishing, climate change, and marine pollution (FAO, 2020).
Among these, climate change poses the most extensive threat to marine
ecosystems caused by human activities (Halpern et al., 2008). Climate change
affects the survival, growth, reproduction, and distribution of species, as well as
populations and entire ecosystems. Therefore, climate change not only directly
affects fisheries production by causing changes in marine biota and ecosystems,
but also affects the growth and stability of aquaculture production by causing
changes in the growth, reproduction and behavior of aquaculture species. To
establish policies to respond to climate change, the importance of climate change
vulnerability and risk assessments is growing.

In the fisheries sector, the vulnerability to climate change of 36 species was
assessed by combining sensitivity and exposure attributes. Based on this result,
the vulnerability of 24 fisheries was evaluated. In this study, the relationship
between future seawater temperatures and spawning/habitat temperatures of
each species was considered as the exposure factor. Species with high scores in
both sensitivity and climate exposure were evaluated as highly vulnerable, and

industries with high catch rates of these species were considered relatively more



vulnerable. Therefore, it is necessary to prioritize the management of industries
with high catch rates of relatively vulnerable fish species when establishing
future coastal fisheries policies.

In the aquaculture field, the vulnerability of 17 species to climate change was
assessed by combining sensitivity and impact attributes, and the risk potential of
the aquaculture area was evaluated through TLS. As for the exposure factor,
the relationship between the predicted future seawater temperature and the
optimal/tolerable temperature thresholds for each aquaculture species was
considered. The results indicated that seaweed and sea squirt were the most
vulnerable species to climate change, and all species were predicted to face
greater risks in 2100 than in 2050 under the SSP5-85 scenario. Therefore,
species with a high-risk score should be prioritized in management, and different
adaptation measures should be established for each species.

In addition, damage of the aquaculture species to climate change was
estimated by multiplying the probability of damage with the production value.
The probability of damage was assessed by assigning scores based on whether
the predicted future seawater temperature exceeded an optimal and tolerable
temperature threshold for each aquaculture species, and it was estimated by
converting it into a percentage. The estimated probability of damage was lowest
in the SSP1-2.6 scenario and highest in the SSP5-85 scenario, with greater
damage expected in the 2100 than in the 2050. Abalone, with the highest unit
price, was the species with the highest damage in all scenarios, Bay scallop was
the species with the lowest damage. When selecting species that require priority
management to respond to climate change, the probability of damage, unit price
of species, and other relevant factors should be taken into consideration.

The purpose of this study is to identify management priorities by assessing
the vulnerability and risk to climate change in Korean fisheries and aquaculture.
It additionally aims to estimate the damage of aquaculture that could be incurred
from the potential risk of climate change. The results of this study are expected
to be utilized as valuable information for establishing measures and policies to
respond to climate change.

Keywords : Fisheries, Aquaculture, Climate change, Vulnerability, Risk,

Damage, RCP senarios, SSP senarios
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Species Vulnerability

Fisheries
Vulnerability

Selecting and identifying components
Select Exposure factor and Sensitivity attributes
(includes adaptive capacity)

Identify score categories of Components

Assessment preparation
Choose species
Collect biological and ecological information of
species as sensifivity factors
Collect Climate variable as exposure factor

Calculating vulnerability scores
Assign scores to each component
Assess the species’ climafe vulnerability

Assessment preparation
Collect data of catch by species
Identify the catch ratio of species in each fishery
Collect vuinerability scores of species

Calculating vulnerability scores
Assign vulnerability scores of each fishery
Assess the fisheries’ climate vulnerability

Damage
estimation

Aquaculture species Risk

Selecting and identifying components
Select Impact factor and Sensitivify attributes
Identify score categories of Components

Assessment preparation
Choose aquaculfure species and their
corresponding farming area
Collect biological and ecolagical information of
specles as sensitiviy factors
Collect Climate variable as impact factor

Calculating Risk scores
Assign scores to each component
Assess the species’ climate potential risk with TLS

Assessment preparation
Choose aquaculture species and their
corresponding farming area
Collect Climate variable (SST)

Collect production value and ratio of aguaculture
species by farming areas

Estimating Damage
Estimate the damage fo species

“Assessing the potential impacts of climate change on fisheries and aquaculture
and identifying the priority for establishing management measures
for climate change adaptation”
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RCP4.5: 2100 year RCP8.5: 2100 year
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RCP4.5 RCP8.5
Class Species 2030 2100 2030 2100
Non-optimal| Intolerable |Non-optimal] Intolerable |Non-optimalf Intolerable |Non-optimal| Intolerable
Olive flounder 0.3 0.0 1.3 0.0 1.3 0.0 3.7 0.0
Rock bream 0.3 0.0 2.0 0.0 1.7 0.0 37 0.0
Finfish Mullet 0.0 0.0 1.0 0.0 0.0 0.0 4.0 0.0
Korean rockfish 0.8 0.0 4.8 0.0 4.0 0.0 6.5 0.0
Red seabream 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0
Shrimp  White-leg shrimp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pacific oyster 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0
: i ; ; ; . 23 . 5 ;
Shellfish Japanese littleneck 0.7 0.0 3.0 0.0 0.0 0 0.0
Abalone 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
Mediterranean mussel 0.3 0.0 1.0 0.0 1.0 0.0 23 0.0
Etc. Sea squirt 0.0 0.0 08| 0.5 03 0.0 45 | 3.5
Laver 12,0 | 0.3 120 1.4 120 0.3 ol 26
Seaweed Kelp 0.0 0.0 D.3 0.0 1.5 0.0 38 (] 23
Sea Mustard 12.0 0.0 0] 0.6 12.0 0.0 2ol 18
AZ: Kim et al. (2021)
[27 11-5] AlLt2| 28 (RCP4.5, RCP8.5) 1470 LAl EZo| MY 2 THA
e MEh ZD ulE(MBAT
Doubleday et al. (2013)2 ZF Y& A9y F8 JFAET
7|$Hst g 2a3E FGUbe A" 1O-6). 7| $®¥ st mE A F 9
AoAe exa @AE sl WgE Ak 9% AFE Fotkol
FTE AR E HUedH A e A AFEs AEEY, Ui
FHEF W B Y 9¥S WA AN 4@, Ao 2
nAdel A 58, 9% Aae FHAETE 9T FE 7S5 fUdES
Axz ALY AFwst vAs 9@ ARE A4Hon
GobT 4 Woh Avs @A Aole Am)e] Y e
A4E Bodon F39 H7F A3 = Sydney rock oyster’t 918 A=
HAgoA 7MY =2 A5 ol 83 Fo 2, Yellow kingfish7} 7Hg w2
5% wol @ 9% Fox B,
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&0 Ocellate spot skate Okamejei kenojei
EE= Sandfish Arctoscopus japonicus
- el Walleye pollock Gadus chalcogrammus
o = Pacific cod Gadus macrocephalus
Al Snow crab Chionoecetes opilio
== A Red snow crab Chionoecetes japonicus
=7A8| Shotted halibut Eopsetta grigorjewi
=l Silver pomfret Pampus argenteus
o Pacific herring Clupea pallasii
== Red tilefish Branchiostegus japonicus
=X Left-eye flounder Paralichthys olivaceus
alof Brown croaker Miichthys miiuy
SR Pacific saury Cololabis saira
&= Red seabream Pagrus major
== Blackthroat seaperch Doederleinia berycoides
ALA Common squid Todarodes pacificus
2H & Conger pike Muraenesox cinereus
2Hof Yellow tail Seriola quinqueradiata
= &Hof White-spotted conger Conger myriaster
23X White croaker Pennahia argentata
Mol Jack mackerel Trachurus japonicus
i1s Chub mackerel Scomber japonicus
= Common seabass Lateolabrax japonicus
IS E Small yellow croaker Larimichthys polyactis
H x| Anchovy Engraulis japonicus
2| Spanish mackerel Scomberomorus niphonius
2hot+ Yellow goosefish Lophius litulon
Z X Large head hairtail Trichiurus japonicus
= Swimming crab Portunus trituberculatus
ozl Sardine Sardinops melanostictus
L R Filefish Thamnaconus modestus
= X| 7}Xta| Marbled flounder Pleuronectes yokohamae
=5 Rock bream Oplegnathus fasciatus
Ho Spotted sardine Konosirus punctatus




o=
H o

Hoied Hot cHet

ol

n-2> 42

<i

Kio
3l

I

50
7l
)

N
o0

o

—_

00

00

Ko

1o

Lo
o0

)
Tl

<

<

o0

04

—_

w0 o0

ol

m_._.e

o

(0]




¢+
ol

i
il

el

of wel o 7HA= N

p=2
[€)

7F =4

PR o

|

7| EHsl Hd e ¥
2 I (FAO, 2015),

Foh(Glick et al., 2011; Pacifici et al.,
)

A3

[e)
Morrison et al. (2015)2] <]

-

R

(e}

=]

Aol A

H
A

2015).

IPCC 7]

)

o

Fd=dl,

S

e

b=
m

W

olo
&

o7
o

.
—
file)
_ZTI
k3
el
0
or
ﬂﬂ
o

0

,._A.uﬂo

o

I
il

A
B

[e)

=

=
=

(2015)
RNAM =
12 =

A

|

s

o

=
=
9l

s}

Morrison et al.
9]

. B T 7

°

2

A %

A

[e)
=

(2011)

belch,
#1919} ROPSSE ol 28 S& W

°©

1y

St

°©

PN o
T2

71%L Pecl et al

=

K

PN
T

14w A

-

]

-

3|
“

A
o

}&_

2 A

Mo

o}
¢+
&R
0

\A
i

97k AR

<
RS

st 4= At (Morrison et al.,

=
=

o]

2015; Hare et al., 2016).

ol

el
il
Mo

o

o)
i

o
X
o))
il

%0

\A
i

FAR

1

& o5 FAETE Morrison et al. (2015)9] 7

o)
i

%0

\A
i

o

5

ol o

A=

=

=

7}

(e}

3

Ry

1

k9
yul

o] ¥



=K

N

ﬁo

R

=

=

7}

(e}

=]

Ry

-

R

A -oll A

H
A

eralt}. wes]

7h k= A

A 7HA

ol

Y

o deE o] Pecl

N
™

—_—

et al. (2014)¢] ©
et al. (2014)¢] 7]

M= A om(Pecl et al, 2011; 2014),

&t

S

7

PN
T

[e)

Hobday et al. (2011)¢] Ecological risk assessment for the effects

-

R

o]
of Fishing (ERAEF)

B

T

M
M
Hio

o
o

i)
ol

%0

B
oF

1

9
yul

o

7] =l
7] 5 5}

PN
T

“

7]
A€

g9 37HA

U

Z(A)8] 47}HA]

Aoz A
3
]

7}7F o] F o] Hth(Pecl et al., 2011).

ES
WA,

3]

A

TAH R

(e}

3

Ry

23!

.

il

il

Al

BEAE A7l

=
3

J

8

ES
o5 o g

(D)ol 47}A

w2}

=
45 471A

A A,

AtHPecl et al, 2011).
A o

dEa-ErE
HP)9l

&9

=
T

o]
paRe

2
A

AT
=

I

w71 98 w4 71z, mAdel/ Aol olF,
o] &%

X227
Aol =
(2011)¢]
1A A

°©

# o] 9}
Foiet.

°©

BE=AASHP)e 47}HA]

2, a8 g 5] dth(Pecl et al., 2011).
Ao A= Pecl et al.

3

p=h

£4e oYz AHg

[e)

=]
=

0
o

'}

—_—

0

o
o
B
w
_5 r

AN FF

H
A

At wEbA,

919 o]



N

AAtel A RCP Alug ez dsd ¢33 ofFd SA43e] #AAE

AF-ARD A 71Tl whet Frket

A9 Hd4= 3719 715 (High, Moderate, Low) o 2 H7FE ) o 714,
High(33d)E ¥ H$5383 =& W% Moderate(298)= +3F W%,
a8 Low(1d)E desdel 1 ¥e wgxEE ou|3ici(E MM-3)
ofFH WHE HATe 107HA &4 HAaeo Feolw, 1 Ao wet o
s #9971 A4 HT



Hn
)|.

<IE I-3> 2l

a4
=M
High (3&) Moderate (27&) Low (1)
o17b mRIA(AT) <1007 1007§—20,0007H > 20,0007
< 275 el JEs 12|2 of 1-2iojc
ZHERE(A) Jhel Jheix el sfel B8 tel
E5c
N4 olg(A3) =~ 104 2M—10A <24
H | H =2 I
By0|/MAIX| o= (Ad oLt AAIX| 271X] E—'.Ol_—.._ A ALK o|=5tx| ore
1 ZH=(S) (A4) = = & ShIIX| of&
a
4 ols5el EE R4 7IZHD1) _ Al 2% 8% > 27H 2
TTo & HA D=
azp) | ClEoHHolel olE S0 <10km 10km—1,000km > 1,000km
MelEd Uy, = o o o o o
Mole| IEx —E—E(D3) <10° 91 & 10°—20° I & >20° 2=
_ e 0°—2° 2°—6° > 6°
MAST OSSHAGEI=ER0Y | (ge 52 25) (9= 52 25) (9= 52 45)




) )
oF oF
m W0 lwm o
H._/H o= o._._ ol o._._ ol
5
LA A
KIr KIr
) )
or 5 5
W X oF . OF .
= ) 0 ol B ol
< H (]= IH H
| T ol ol
W o= G
= n oll oll
R oW
3l T T
T ome wl
< T s
— of =— o =
W 2 A
= H ok | O ol ool
N VR L
vV = <k N <k 1
e K|r d K| d
= | |5 oD
KA = =
”_L-l—” L —_~ L —~
Eis - mo B5O
- N ol = ol =
i =AM S iy
< mA._rH__ oy =N w =N
® Ao Mo
ol R85 77
il E H ol H ol
o _ 0! Al o] Sk
~ R
<~ WE T Ix
T U [ Cm @
M 0 | Ko &5k
0 < ol xS xS
o
ol
Pl .
= o
Of K
< H
—_ ok
<2 ~
H
NI




wE £ B 93 F 4 dE T Lqe ovad B
AP ML BFF ¥ 29 F AUAoR 2 9L WAL Ut
Feol Wl wE ojFd g BrHY o2 98| IPCC AR5

21 )% 5 =74 Z(Representative  Concentration Pathways,
o 210097k vt FH 99 & HIE 953

(o

Ty o] AuE ARSI TS " A ER, 2016a).

THFAL A= v FH o9 A sgds A o
F Bd 755 98 Ags] A B AEE 5o Wol AMEH AL U=
3399 AFEfErd - ROMS(Regional Ocean  Modeling  System)
GRS ol&ste A7 7IFW3 APS FHAH(FHFAAET,
2016a). 22 A2 I HFAAGA] F-A- G et sl 2A

AAYgASEAL AHS 7Ide® it TilE%]Q R R
Btz 98 IPCC 5aF B7ER Ao AL&H 7]
EAHEE e 45 Aol fFska A
Y7 H8ATF A (NCAR)S] CESM(Community Earth System Model)
V.1 CAMS 2dl £4] A3E o] &8t

_

A% AU IPCC ARSIA  AdE RCP AUEE
gFPOM(E M-4), 53 2AAsA AG flol @A FAGE
MESE 432 /P9 RCPSS vl o8 Agstar. mg wA Ast

RCP85 Alue]elA e f-eupel F3 dlde] #3F #2104 ols3t
715)2 20304, 2050, 2100 el AA oF 4-5C W= 4
e T (2" -1,

£49 Wt A5 A1Ee NPE 49 45 J1E% FAs 379

ol
_O|L
rr

N

T

oo dE %u&, oW et & W7k RCP 85 A
% 9] 2!



X M-3).

RCP 85 A 11¢

olH, 1 Az

™

vzl

w

oF
&

%0

i

A
H
el
Mo



l1-4> RCP Alit2|

<i

CO;, ==
(21004)

o|o|

E
Kio

420ppm

K

<
KIr

I+
ro

RCP2.6

540ppm

RCP4.5

670ppm

1

64

RCP6.0

940ppm

AN FMoz 247t of

51

©:

RCP8.5

7|58 5 3 E(2023)

| &3

7

A=






el

o

I

—
o

o

el
o

ol
M

2 FefA o]
7}oll A

5ol
8 4

T
.ir

7]

9ot

g 7}3
=
[e)

b

o

|

b

oy

—Z
dF

PN
TH

3

[e)

e

ﬁo

)l
o

oF
o

)

tel 21 (D3 2ol ARt

3

™
oy

H]

(1)

I v,

¢

¢,

=2

Vulnerability;

o71M, i= AF, i=

Mo

A



8 23

iz

¢

&R

\A
A4r

1.854, 18

o)

M
Hlo

I

7he AtH(2E 1-2).

3

i

BEAAS 2265 0%

= 1.25% 9l A

-
X

il

A 1.25% A 225802 57

250802 67

R

Lk,

S0 AN 3.00H 8= Tk, &

GEIS

Jgdoz yHm,

o ety M),

<
RS



e

33 35

H
MroH o =
Ho u._.h %0

<

™
ol

K

4 _u_._._._

<

ko i

jifd|

23 25 271 29 3

19 21

17
"ot

15

] Kir
1 o
B ._m._._._
i 20

13

1"

b

i nd
oJ

(22 111-2]

3.50
3.00
2.50
2.00
1.50
1.00

<k
&0
£
0
{ir



Mo T
ﬂlvi ;
1%@2%& o g
,7 B dn T %HlduWE "
m%%%ﬂ,w eIwE T2 M oo
N A ),El,ﬁowAl Nrolloji -~ -
VN N n o M -
Tﬂodu.%m K .d,_mn\]_/r& %M ﬂ@u%m# Mw oo
Lo BB - B oH o CR A s z o
i ey s T G NOOME In B X E]e W Lu_ i W e = AR
BT E TS AL I S o -
0 H g J.w_ 5 LH
mg_iﬂ%ﬂ ﬂogéuifz.%mokﬂ ﬂp%%%ﬂi%
& F o= o LluT._b ﬂwﬂr roBo m.,o,_xx%ﬂo
I = R o N "H = = B = mo e 3K
R AmTT SRR E R waw
IH et ol X R R j= 19|_| - Nfo L2 olo i X um = Y oy
S E.ﬂﬁoﬁOAT7bnm1 77EATJIHL
qTzal gamug;om%o B o *ETEE
o B wo T o= o K m = ° N 8 = BN = R T ) H e
oo O 5 m o A4 ~i(u ﬂMJ%L\
‘._f En_ H_Tﬂ X o o et 1_,mE _ O# o~ E ,Ul yA_i -~ ‘mﬂ_a © o) UJA 7D I *
AT(A ‘leA ‘IO‘.ﬁ_Aﬂll l‘ILJ.A‘Jl HTI ZO ]ﬂ —
q_z\qn/ 11ﬁ1_’E AZ._OO_O%)A .HL ‘A]#O Uﬂ
) wjn | SR W o] of A= (ay
S N _fﬂﬁ_nﬁ _aﬁmwﬂ,@w\oya% Emﬂa%@@i@%
N S _ ~
W E T A Ameﬁxﬂ(mnﬁﬂ%% = T N
mo X oo TR Moo o y X A o o I y B o
- il ey ,AI mw_ v [ o %M m o] ot o 5 ~ ™ 1N~ MM T
2 M R ) N Y o =
%Ezgﬂmﬂ gw,g% E%Ago o T LA
i@ﬂ%@@ wuﬂmmm.ﬂig = X o ﬂ,AE}Eﬁonw
oL o 1 Oy AT = dl )} e — M# " BH Eo ‘L: o I~ 4T N m at !
7o O - XO %o my ALazumu: — =
?4.)%@@ _fggﬁﬂﬂzi T o+ X
Sae o o ﬁgﬂgggeﬂ,ﬁﬂ. ey R 2
m;ﬂ@@qagwﬂmqu;ﬁo@m%wwifﬁ 5 2
Prits ngm_Mﬂ%@ng@T@\qgwﬂT
N < OO\ o ~ ﬂ.Ha — T .
%ﬁimﬂﬂ%@z%% wow e wxﬂﬂowﬂoﬂoxﬂﬂ
moﬂﬂwoﬂfr@l%% WATUr%@iﬂ%%fr %@%ﬁ
R oo P = T o B R X om A
Emoﬂ@?i%_wg@mw,ﬂﬂ = R
_,OHE‘_Q ﬂMqum.LATl%ou?ﬂ;l_]ﬂm,Mdﬂﬁo
SERE I T R LR
< B Mo %

- 40 —

Im-5).

HE e

_]



1567 g3 AAA e

-
R

A(CD)

)

B

e

o)

=3
~

&

SiiAg e, 1450 7}

o, A, 28

&

Z7FA47],

ke
T

o1 %

3E M-5).

7FE] AT

|

2

A=

A AEEE(2017 ~20213) 9]

iy

b

1]

o

S

Sy

|
—

&

i

A HH 3

°
=

A
ZF= 9t TAC AHd

7_)‘/
y N

A

|

o

o

o]

A}

|

i

=

ol

ﬁo

oK
N
!



<E lI5> 3632 DT M, bE 54 U oM HE
oIzt 5 (S)
INE 5
Z=2(A) 23(D) A 27 = 5H(P) ® =2 SR
AE Bl A | Rl = 7|5 =hy
_ _'_ —O*
A1 A2 A3 A4|EH HZ D1 D2 D3 D4|&H =z p1 p2atA gz 24 | =9 | o1 o2 g vz | (VZSO)
29|
solxlol 1 1 2 3|7 175|2 2 3 2|9 2252 3|5 250 21 | 2 |3 3|6 1 | 126
20 3 1 2 309 22502 1 3 117 1751 3,4 200 20 | 5 |3 3|6 1| 120
oy 74 112 2|6 150/1 2 3 1,7 175/3 1,4 200 17 | 30 | 3 3 |6 1 | 102
segiAl 1 1 2 26 15011 2 3 1,7 175/ 2 13 150 16 | 34 | 3 3 |6 1 96
o el 112 3|7 175/2 1 2 16 15012 3|5 250 18 | 21 | 3 2 |5 5 90
== 2 1 2 3|8 2002 2 3 2|9 225 2 3|5 250 22 | 1 |2 2 4 &6 88
e 1 1 2 3|7 175/2 2 3 2|9 225/2 3|5 250 21 | 2 | 2 2 |4 & 84
JlE7ko] 2 1 2 3|8 20002 2 3 219 2252 1,3 150 20 | 5 |1 3 |4 6 80
2= 1 1 2 3|7 175/2 2 3 2|9 225/1 3|4 200 20| 5 |1 3 |4 &6 80
alof 112 3|7 175/2 1 3 17 175/ 2 3|5 250 19 | 11 | 3 1 |4 & 76
soixfol 1 1 2 3|7 175/2 1.2 27 1752 3|5 250 19 | 11 | 3 1 |4 & 76
1 0f 112 3|7 175/2 1 3 117 175/2 35 250 19 | 11 | 3 1 |4 & 76
o] 112 3|7 175/2 1 1 15 125/3 3|6 300 18 | 21 | 3 1 |4 6 72
o x| 11 2 3|7 175/2 1 3 17 175/2 3|5 250 19 | 11 | 1 2 |3 14| 57
@50f 1 1 1 3|6 1502 1 3 1|7 1752 3|5 250 18 | 21 | 1 2 |3 14| 54
Mx70 1 1 1 3|6 1502 1 3 1|7 175/ 2 3|5 250 18 | 21 | 1 2 |3 14| 54




S x| 1 11 3|6 1502 1 2 2,7 1752 3|5 250, 18 21 1 2 |3 14
= A 1 11 3|6 1502 1 3 2,8 2001 3|4 200, 18 21 1 2 |3 14
2| 11 2 3|7 17%|2 1 2 16 1501 3|4 200| 17 30 1 2 |3 14
=A 1 11 2|5 126|2 1 3 1|7 1752 3|5 250| 17 30 1 2 |3 14
gojzl 1 11 3|6 1502 1 2 1|6 1502 3|5 250 17 30 1 2 |3 14
A 1 11 2|5 126|1 1.2 1,5 1252 3|5 250, 15 36 1 2 |3 14
=X 7¢Xtol 1 1 2 3|7 1752 2 3 2|9 225|2 3|5 250 21 2 1 1 2 23
=5 1 1 2 3|7 1752 3 3 2|10 2502 1|3 150| 20 5 1 1 2 23
&= 1 1 2 3|7 172 1 3 2|8 2002 3|5 250| 20 5 1 1 2 23
== 1 1 2 3|7 1752 2 3 1]8 2002 3|5 250 20 5 1 1 2 23
HEof 11 2 3|7 17%|2 2 3 1,8 2001 3|4 200, 19 11 1 1 2 23
2+of 11 2 3|7 17%|2 1 3 1,7 1752 3|5 250 19 11 1 1 2 23
=20 11 2 3|7 17%|2 1 3 1,7 1752 3|5 250, 19 11 1 1 2 23
o 2 1 1 3|7 17%|2 2 3 2,9 2252 1,3 150, 19 11 1 1 2 23
2R 11 2 3|7 17%|2 1 3 1,7 1752 3|5 250 19 11 1 1 2 23
Aol 11 2 3|7 17%}2 1 2 1,6 1503 3|6 300 19 11 1 1 2 23
= 1 11 3|6 1502 2 3 1,8 2001 3|4 200, 18 21 1 1 2 23
2% 1 11 3|6 1502 1 3 1,7 1752 3|5 250 18 21 1 1 2 23
ot 11 2 3|7 17%|2 2 3 1,8 20,2 1,3 150, 18 21 1 1 2 23
=3 x| 1 1 1 3|6 1502 1 3 1] 7 1752 1|3 150] 16 34 1 1 2 23
g 6.72 1.68 7.42 1.85 4.53 2.26 | 18.67 1.56 1.67 |3.22
AZE mt, A2 JhRlElE, A3 M=dd, A4 HOl/MAX ofEX, D1: #Y olss¥ L= {477 D2: ojdof/doiel o
AMSZ olSSH(RIZ/ZAR), P1: dEA A7|9f 2R, P2: 3R/, C1: olF =22 ofSY L =239 A, C2: & =+
|




Hos |

l oar  wlzes  ezem |40
1 120

1 100
1 80

10 | M 1{ 60
LH57 *——0—=8 — e
0 A3 RSl NSl RSl NS| NS NS RSl RSl WSl RSl WS] T

TN U NI N e N S NP N N N N NS NP R Ny e N S NC NI RN SRe: NP N NP N N N N N e N
PO 8 F gt &\é\@ 8 et 7 AT AT AT 4 A R }é@;&\ﬁk A T S
o)

20

o

(22 11-3] of B UL, 7% = EER-

A
"o ‘T

Jo
T
o



oF
&

=K
¢

%0

or

A

212. F

Iz

B
¢
A

&R
0

or

N

%

Mo
:
TR

%0

4

I S E P

|

2

T2

3|
“

O
3

741} 713

s

6019410t olF

-5, 73 ME3). A&y

HEDEIE:

b

e

A,

(

A 24EAT 283l TAC B oFQl 9=, i,

= O

Z}A] &

50% ol d=

1l
~

Aol

A, e

[e)

=]
iy

, =) T =5 A,

A

&

780], aso, A,

TAC A

7HE AT,

2

2

EERR S S

e
E
B

p—

Ko

o]

<0
TH

o

Rl ol

)

AAQYoR olFHE ofFp

—L
L

1770

b

)3

]:]_O

L

-6). &ho]

ZFE AeH 2 IMH4).

|

oz

T=

3|
“



<E II-6> YSH ofg that olZH H 3 Fopy HE
Ol thaf OZW ot ME
o
1 2 3| 4|56 7,89 10|11 12 13 |14 15|16 | 17 | 18 | 19
s 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sofl7elZolEEA Y 18.54 0.00 0.00 0.00 19.18 2.40 0.00 0.00 0.00 0.00
b Rale 0.90 6.29 0.01 0.01 0.00 0.00 0.00 0.00 0.03 0.01 18.81 0.00 0.49 0.03 0.01 0.63
Jd s 0.00 0.00 0.00 0.00 0.00 0.00 53.99 0.00 0.00 0.00 0.00
SHTEHEE 1.03 0.00 0.03 0.00 0.65 0.37 0.02 0.00 0.07 0.12
ol Apt 0.23 2.22 1.45 0.23 0.10 0.03 0.30 0.01 3.36 0.44 0.11 0.01 4.04 0.72 0.02 1.17 0.22 0.10
ZHs 0.00 35.84 0.42 0.09 0.01 0.03 2.47 0.72 0.04 0.00 0.42 0.01 0.01 0.25 0.43
Zalf x| 0.04 8.68 0.58 0.26 0.01 0.00 0.03 0.28 0.14 0.01 0.00 0.00 0.05 0.00 0.02 0.05 0.13
~ HEEE 0.00 8.41 1.43 0.17 0.05 0.01 0.00 0.00 0.07 0.29 0.00 0.01 2.53 0.05 1.78 0.36 0.88
o0l Mgsi 480zl 14.19 4.79 0.00 0.00 0.02 0.01 0.00 0.00 0.01 0.00 0.05 0.00 0.12 3.45 0.36 6.75
MgsFelZolsad Xl | 1.43 0.75 0.13 0.45 0.06 7.58 0.12 4.18 0.37 0.77 0.00 1.35 0.00 0.18 1.39 0.06
e 1.55 30.50 0.00 0.00 0.00 0.00 0.00 0.01 0.23 0.00 1.14 0.02 0.00 1.07
dBolcfa Kl 4.33 1.85 0.00 0.01 0.21 0.00 0.08 0.00 0.07 0.00 0.14 0.21 0.37 2.45 0.05 15.21
Zaof ottt 0.00 7.42 0.08 0.00 0.40 0.13 0.08 0.00 1.20 0.00 0.27 0.00 18.47 0.12 0.00 2.45 0.09 0.04
ol ol
lZolofg Al 0.00 1.70 0.32 0.62 0.10 1.81 0.00 0.01 0.80 0.86 0.00 3.03 0.01 0.61 1.40 0.16
Zofe e 0.02
2aole Y




Mot 0.06 0.00 0.00 0.00 0.00 0.01 0.00 0.00 48.27 0.00 0.00 0.00 0.01 0.00

ookt 0.00 0.03 0.49 0.08 0.00 0.01 0.00 0.03 0.00 0.02 0.00 31.17 0.00 0.04 0.01 0.01 0.06

o1 ok Atk 0.83 0.43 0.23 0.15 0.93 0.11 0.05 1.37 1.84 0.06 0.16 0.03 5.08 0.00 0.75 0.11 1.40 0.16 0.35

o1 obo] o] ookt 0.08 12.28 0.84 0.04 0.62 0.63 0.11 0.02 0.67 1.15 0.44 0.06 0.62 0.00 0.99 1.82 0.31 0.48 1.65

== o okl 2kob bt 3.89 0.04 0.00 1.55 0.14 0.00 0.03 0.00 0.31 0.00 10.71 0.28 0.00 1.82 0.07 0.10

Hots et 0.04 0.00 0.00 0.00 0.09 0.01 0.01 0.01 0.07 0.00 0.01 0.02 0.00 0.00 0.01 0.01 0.00

ofokzxat 0.00 0.88 0.00 0.00 0.08 0.00 0.00 0.00 0.11

Aot He
Yo(Zololyg & A ctol )
1: ZIE7HK18], 20 Z=x|, 3: 180, 4 B, 5 HAl, 6: 0|, 7. == 8: =F=, 9 K7, 10: 5, 110 &5, 122 =5, 13 BA|, 14 e, 15 2lo], 16: 2o,

17: #04, 18 2%,

19: &f%|, 20: &ol#, 21:

Ao, 22:

CHAI, 32: S20i71l, 33: 422704, 34: EIHI0|, E7FXIA],

S&0, 23:

A 7HKa] Hz

Mol 24: &oi, 25: 7“013| 26:

£7|, 27. LF x|, 28: Hof, 29:

&0, 30: =7, 31:



[11-6> continued

5

olF Chat of B FotM M4
of ¢l 3 | olz% |29l
20 | 21|22 23|24 |25 26 |27 |28 |29 |30 313233 34

ool St 0.00 0.00 0.07 0.00 0.00 0.62 0.90 84.65 0.08 86.33 18 1
SollFelZol&s&A 2 | 0.00 0.00 0.01 0.00 28.55 0.02 0.00 0.20 2.00 70.91 19 2
AsMat 0.00 0.00 0.00 4.42 2.43 0.92 0.00 0.00 19.08 0.00 0.00 0.19 0.00 54.27 29 3

J|M Ak 0.00 0.00 0.00 0.00 0.00 0.00 0.00 54.00 18 4
SHTEHEE 0.01 0.05 0.02 0.01 9.47 0.01 36.65 0.26 48.77 18 5

=5l Rp2t 0.43 0.02 0.01 0.11 0.01 0.07 18.67 0.01 0.01 0.33 1.81 1.31 0.18 2.39 5.24 45.34 33 6
Zaflds 0.09 0.03 1.15 0.01 0.06 0.00 0.00 0.79 0.16 2.18 45.20 25 7

=5l 7 7| 0.14 0.00 0.03 0.02 0.00 0.00 0.34 0.00 0.00 0.04 0.00 32.52 1.25 44.64 30 8

= 310] o EH%*E%_ 0.15 0.04 0.37 0.92 0.00 0.02 0.60 0.13 0.17 0.05 0.04 0.00 23.53 0.10 42.18 31 9
= Mets| B olEs& A elet | 0.06 0.01 0.00 3.21 3.08 0.01 0.06 0.01 0.24 0.00 0.00 5.40 0.07 41.91 29 10
MesielEols&gAMelet | 3.99 0.08 0.73 0.17 0.00 0.03 1.53 0.21 0.01 0.99 0.01 1.13 13.21 40.93 29 11
CH&d Mat 0.00 0.00 0.00 3.85 0.09 0.65 0.00 0.01 0.70 0.00 0.16 0.00 39.99 26 12
Mool A elat 0.08 0.00 0.02 0.53 1.04 0.00 0.43 0.23 0.43 0.12 0.00 11.33 0.09 39.31 29 13
ol okzkatk 1.48 0.03 0.08 0.01 0.00 0.00 4.39 0.04 0.00 0.55 0.71 0.14 0.68 38.85 31 14

=5l 2o S gt 38.00 38.00 1 15
B0l & X olat 2.84 0.15 0.74 0.17 0.02 0.03 6.95 0.48 1.03 0.07 3.35 547 32.71 28 16
ol & 2t 0.01 0.08 0.02 0.00 0.13 5 17

2l " 44.91 23




odotsat 0.00 0.00 0.00 0.00 0.00 0.00 0.07 2.90 0.00 0.00 0.02 51.35 25 1
o4 otMat 0.01 0.00 0.00 1.93 8.70 0.40 0.00 0.00 5.71 0.00 0.00 0.00 0.02 0.01 48.74 31 2
o4 obXtat 2.93 0.01 0.06 0.63 0.90 0.04 1.46 0.10 4.02 1.11 4.78 0.98 1.60 0.68 4.48 37.82 34 3
of oFo] o1 odotsgh 0.34 0.98 1.19 0.26 0.08 0.00 0.11 0.07 0.10 1.19 0.01 0.01 1.52 2.16 30.86 33 4
—=TE o oblf Zkokzhat 1.93 0.01 0.08 0.16 0.18 0.00 2.05 0.02 0.95 3.53 0.08 1.30 29.25 28 5
odotsat 0.39 0.05 2.78 0.00 0.00 0.00 0.29 0.00 0.24 4.08 1.13 3.10 0.01 0.97 13.34 31 6
o okzxat 0.14 0.02 0.31 0.00 0.33 0.03 0.00 2.16 4.06 17 7
odotold HH 30.77 28
Ho(Zololy & et ) 40.79 25
1: 7|87k, 2: &%, 30 11801, 4 BX|, 5: H*l, 6: =01, 7: =2 8 =EFF, % i+, 10: 2=, 11: &F, 12 =5, 13: Yx[, 14 Helf, 15 2I0d, 16: 2o,
17: #0{, 18: 27X, 19: &tx|, 20: &ol7l, 21: ZHF0], 22: 20|, 23: MZ0|, 24. ™M0{, 25: 02|, 26: &t=7|, 27: LF X[, 28: O], 29: =0, 30: =7, 31:
oA, 32 S2CH7l, 33: A42A 0, 34: &IHAt0|, 7K1, 2X[7Hkt0] B
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TR0 HEol Fo 3 Wal: 7|FHstd st st T
X F9] Wk$-olth(Poloczanska et al, 2013, Fogarty et al., 2017).
NE oFet FHFEES ZIFHst] wet E¥Ut Ry zlo] WeE
] K Perry et al,, 2005, Cheung et al., 2009). = H=2ta}shgl &
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M slo = S Rrol AT FHEQ HWIEol ¢ F &
BoolEo] 2L ojFolzt dlyetn AddAMe o4, o9
thekst ooER Qe RAAHC A3 (Pecl et al, 2014, Chung et al,

AFelA AgE BEe 474H HA

b
o ol

3o 10
o &
1

Sy

A= Hr AdE AXNE 5 AdS Aew Vddh
A= AESE
and Yohe, 2003). A
TRLAERT A3, AFHERE T Z dFS F zor IUEdATh
53], Atk 2 WA AL 7|Tko] g o
W Foider o Wz ez HriHAT 9
Elol ol Wst= Hol-F AR EAdX 9 2o 443 ARE YT
o (Edwards and Richardson, 2004; Durant et al, 2007), ©°]&
AEAY 7e, ASEA B 84S Welsta AT d9F Ads
Z7IANZ = 7] Wit} (Pecl et al, 2014; Asch, 2015). & &
ATl BEAESANA 7MY =& AFE B2 Hol9 B FAMMEE
A3 B Eastern Bering sea (EBS)9] Aoz A 23tz Qs 2
dodt adehd Wstm s LA Al7]e) Hojé o]F Blo|dy BTt
Wt ol Hojxdd = d3¥}s + AeE FAHAMTojo et al,
2007).
Fe MY T JFFE A= PF BEAQA B4
Fulolth(Little et al, 2020; Stewart et al., 2021). £3
A7E, Aol ) 31 A7), Atk Al Goll 43Fs FtH(Pecl et
al, 2011). olF¥= HA A4 2 AF g2 Hert gaEY, #& 44
Hels 7kl Aol AHA e AR FFS e
T ol 243t 715 stellA = 9T 5 dthDahlke et al, 2020). &
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' - - Aotk
[} [} SO
= << o ° (thousand ton)
=X Olive flounder Paralichthys olivaceus 41
Zul =& Korean rockfish Sebastes schlegelii 21
A Chelon
bt Mullet haematocheila/ 8
&= Red seabream Pagrus major 6
Z et Starry flounder Platichthys stellatus 4
=01 Sea bass Lateolabrax japonicus 1
Hed= Black seabream Acanthopag"rus 1
schlegelii
=5 Rock bream Oplegnathus fasciatus 1
CHAl Ot Kelp Saccharina japonica 628
z Laver Porphyra sp. 556
oy Sea mustard Undaria pinnatifida 547
= Pacific oyster Crassostrea gigas 310
X| &5l =Xl Mediterranean mussel MytIIL.IS. . 62
galloprovincialis
o= Abalone Haliotis discus hannai 20
Hx| 2t Japanese littleneck Rgditgpes 19
clam philippinarum
aff 2kte|d| Bay scallop Argop gcten. iradians 5
irradians
YA Sea squirt Halocynthia roretzi 28

AHE: S (2023)
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WO A AFZOH SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
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[O23 V-2] SSP AlL2|2E of Fol dMX|dy s stE(Ed a3 570d HF (2017 ~2021H)

- 101 —



T
M

8,647 175
5,118,802
14,160
49,912

0%
8%
0%
0%

0%
8%
0%
0%

|_ﬂ

or 0 |0k
HT OC WO 0L 0L #r 0f of

M

M A O OW (O 2 & oY

2 2

10,508,413
12,000
4,800,306

0%
8%

0%
8%

= 10,600 0% 0% 0%
M=z 3,085
Sddx 353,015 0% 0% 0%
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oo AR et SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
- (thousand KRW) | 2050 2100 2050 2100 2050 2100 2050 2100
= P 195,689,390 | 0% 0% 0% 0% 0% 8% 0% 17%
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TBED Hopd s 5147 | (25% | 25% | |25% | 33% | 33%
M= 38,446,713 | 0% 0% 0% 0% 0% 1
Salbs 10,818,905 | 0% 0% 0% 0% 0% | 8% 0% | 8%
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A 851 | 0% 0% 0% 0% 0% 0% 0% 8%
Hald e 722,054 | | 1
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of 3 ! 7,980
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<E V-3> AAEZTYH 57A HH(2017~2021) dokzr 2 MAZHT SSP AlLtz| 2 |5l 2 (million KRW)
oHAlEE A AbZE A Abol Unit price SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
- TT (thousand ton)  (million KRW)  (KRW/kg) | 2050 2100 2050 2100 2050 2100 2050 2100
xu|gat 21 181,932 8,663 83,560 | 83,560 | 83560 | 83949 | 83602 | 118288 | 83,644 | 134,981
501 8 61,422 7,678 392 392 392 784 392 1,176 392 1,176
e 6 67,990 11,332 8,699 8,699 2,402 8,699 2,402 13,719 | 8,699 19,264
50 1 13,830 13,830 426 426 426 853 426 5,118 426 5,118
UME 1 15,687 15,687 4,804 4,804 4,804 4,804 4,804 5,691 4,804 6,566
5 1 17,599 17,599 1,612 1,612 1,612 9,685 1,612 9,694 1,854 10,255
ChAlo} 628 94,807 151 93,882 | 93882 | 93,882 | 93884 | 93882 | 94036 | 93,882 | 94,036
z 556 546,726 983 83,642 | 165014 | 165014 | 458315 | 165014 | 462,855 | 165014 | 468,346
o/ 547 133,318 244 21998 | 27612 | 27612 | 130275 | 27,612 | 131991 | 28,046 | 131,991
= 310 239,073 771 8,632 8,632 8,807 8,807 8807 | 51364 | 8807 | 67,671
x| &6l & | 62 27,440 443 1,392 1,392 1,392 2,088 1,392 2,131 1,392 4,418
HE 20 616,188 30,809 | 612,622 | 612,853 | 257,527 | 612979 | 257,549 | 613,356 | 612,780 | 614,173
HEx|2} 19 50,074 2,635 68 68 68 151 68 4,311 68 7,567
okl 5 19,671 3,934 60 60 0 60 0 120 60 876
A 28 63,692 2,275 42401 | 46659 | 42401 | 63692 | 46659 | 63692 | 46659 | 63,692
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