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Effects of Climate Change on Purple Laver Farming in Maro-hae
(Jindo-gun and Haenam-gun), Republic of Korea and Countermeasures
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Global warming affects critical natural resources, one of which is the oceans that occupy 70% of the total
cover of the earth. In other words, ocean warming is a subset of global warming which needs to be addressed
urgently. Purple laver (pyropia spp.) is one of the most vulnerable items to climate change although it is
a major export product of Korean fisheries. The purpose of this study is to analyze the causality of how
climate change caused by global warming affects the increase or decrease of PLP (purple laver production).
The target area for analysis was set to Maro-hae between Jindo-gun and Haenam-gun. We selected marine
environmental factors and meteorologic factors that could affect PLP as variables, as well as co-integration
tests to determine long-term balance, and the Granger causticity tests. As a result, PLP and marine environmental
factors WT (water temperature), pH, and DO confirmed that long-term equilibrium relationships were
established, respectively. However, there is only causality with WT and it is confirmed that there is only
a correlation between pH and DO (dissolved oxygen). There was no long-term equilibrium relationship between
PLP and HDD (heating degree days) and there is a causal effect that HDD affects PLP; however, it was
less clear than that of WT. The relationship between PLP and RF (rainfall), WS (wind speed), SS (percentage
of sunshine), and FF (farm facilities) was all balanced in the long term, and causality exists. Based on the
results of the analysis, policy proposals were made.
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LN E

A|-91912HA A(Planetary boundaries)>- ?15+2] A|<&7Fseh WS 913k S2A(Holocene) AJEl 4]
= WIS sidsh] flsl RE=Al EEsfoR sk JYeS AlFAILE IFlem AARE Zidoldt
AELIEeAA = 71 eHs), Aetterd &4, AexateielE SeHEAQ)), AT e T,
A ISl Hapol8tAl, EAol8 S], o1ekedl, tir]9] ooj2E SRRl =2 971HA] A AT
Z|A|2~El(Planetary life support system)o] 3E3He| o] QT o] & 20094 7|FO02 AETIFY £4T
ekt ek 27H4] ZAPE ofu] 919 RS Sl ZIREt thees oy Q13
el kil sFRlaL(Rockstrom et al., 2009), ©]%-, 2015\ofl= AJ&54%1 QI7F E-gof Aute V]9
AErield SAT, AeATleld oo Aol 71eskel Ex|o] 8} 27F4] A7 AEA St
Hogn T dl 7] At AAERAA 2 qlo] ARl A S ' QltK(Steffen et al., 2015).

AFRo] 7122 Ay skl glow, 2015dollA 2019 7H4= 7wt s o ® 7SR ik
T3 20159 5E 2019W714]2] CO, HiEEES X4 207 Gt CO,E FAE|H, o] 42 20105 ¢
2014704 9] wlfEel 200 Gt COE ZSFATHKWMO, 2019). Al5Redaks Qs d A4 e s 3
7122 1880 E] 20128714 1100] | &<t 0.85°C A5s13laL, 214171 5
7] 2.0°C 75, 214171 Q1 2100W70A] 3.7°CollA] 2|l 4.8°C7HA| Z=5ak 4= lekal Awgsiar ik
(IPCC, 2014).

- 7] F9f CO, W FE Sl V1% o ks ik, sikel S RS 7I1SAIL
& ook A%k Fatolok SEA|YE QI 2AmulE EAF Eafado] HAYs] SR 2AVEAR
221 Eo) 90% oS Sgh Alow FAE Bitke] SRR 20159 o] AlV|SE St
(WMO, 2019). |- 49d71(1968~2016) =t slH o] At F52- oF 1.23°C A5sto] 22 7]
A A #F==20] 047°C “F5t 2ol Hls oF 2.6u19] =2 s HrEHE R, 2020). A<

Q1 s =20 At ofuet HZols mAIAo|al APFAR] Al4=2(Marine heatwaves) TS
[e)

S|odo] 42 FAKMils et al, 2013), 2013~20159 Hefofo 4] oA=& K Bond et al.,
2015) So] YTHIPCC, 2019). AF-L57L Al ofel e WAke] vby BES 0% Z79
Ao|al, A&A)7t) B, WY, Aer) S71e 07 oj=%ti(Ramirez and Briones, 2017; Alexander
et al., 2018).

A-2xIBhe A7 O] T0% o4 AHIshe wicle] ofe] ek WAm qla, 1 % thaEAel 3
7HA)7} 3f42/d<5(0Ocean warming), 3f|FEARA3(Ocean deoxygenation), SAHdSKOcean acidification)
o]ch(Kwiatkowski et al., 2020). A|-F2d3lol| whE 7| HIN= A AlAIAoR oiekgl oo ke
ud Zlom ol =R, 53] sioAEe] WAYE EaEel 2 s Aol 21K t.
E ibeE ojgshs ol SsAlel= A - ARl FEE 7IA A= AS 7t oldks &7kssl
A WHe= L0210 = Aolgkal SHHEMIT 2], 2010; Cisneros-Mata, M. A. et al., 2019).

HA(Purple laver)> thetil= ks pF PR, et AN & BlSE AHAJstaL
QIA|HqF, IPCC(Intergovernmental Panel on Climate Change) 20013d(3xP} 2007 @xD) K aLA o] 42]
golo] uel 71 (E), VIES), BSHUACS T AFslel, oS ttor swis)

2o

ol g vl

o

-
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7122t ot2alel g LAlof o|xl= S H St

Ni
o
v

(VY& ARE 2, 7, vlen e R b HekRt so2 ke olefst Fobe

EA(V)S
7150] diat wEE)0] DA, WAES)7E S AL EAC0] W] ujolekE, 2020). o
42, 4 AL el i 6H sl 2okt BEos wREe, 1) o Hele Juislel
L2 oiele) 22 goll o] GItk(Kim et al, 2019). 3 o2, FE5| F7I 7 AR 2019
2P N 2] B mta Qs A Si7h Qlola, 20199 WEE 20204 %, S
o[} e WO 20204 19714 A& Eake slEfo] Akere] 2019 57Kk diu] 20% 7}
7o) 3steck

o7|H BAE AL 4 @4l Feh Amuie] BA} obd Aot Ay
QrosE 7he sl e Ao oAEiclaes 9, 2020).

o7 e PElutet Sl 2 uIFEE sk EFolAu J15msl] FoRt FEoR o
24 Slek SHARE 7129 e AT FHSE SR v RS R B
L, 713 el nlA el ojg BAe AlgHolth wheb slusle] WE FHopde 1
glakar S171o] Al Utok Stk wieto] Hols dashAl Holm, Hele] Bae x| peist
o W s|Fusb} GFA Qo] FAbel Aehd ulEsjelelAe] 4 AR el oW Qe
w7 Eeiet 7] A 7o) Qubge WAlsHe Aolch Qlay B 918l 4 el 3
A WA S b ATedslel W R aset /|FasS WeR A

Granger Q171152 ol gale] HAlsiglr.

N
Jindo 1 A

South,Korea

.........

. South Jeoll) )
® |

. Jindo 2 . =
Jindo-gun .
M: h.
Haenam-gun
@ Jindo 3
( J
Jindo 4

Jindo-gun and Haenam-gun
Purple laver farming facilities area

<3 1> OI2Sj(RlI=-6Ea) 2 LAIE S5t
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B gl w2 Agety Qelom 7] Gkao] ol ool w7 WFAle] FaHolti(a A,
2016). 201990 A 710z o] xofo] 7 RS Tl A AR 7 AKE] 36%
2 X SFATHEIEARR, 2019).

715E} Sl nhRale] 7 AARHPLP) vlAlE gRRe B4l fIg APuseE AT
evslh viclel] akg Al thEAR] Skl 491 422(WT), pH, -§24H(DO)2KKwiatkowski
et al., 2020), 7]3-2] 32409] 7|2 ARE A7}E5E WY E=AHDD), J5HRF), F4(WS)2 Alei519

<H 1> Hadd 24 H EX

EES o 8 EA
4 | A AARELP) | RE - gt (RS ol At AR
e PLP %] St AP RS, 2005W 109~2020 4%, At sid=t 28 Asvhisa
20 o] Aol Bagh A viAg g aglor ~go] 9l & 4=20] 3°C o]folm, 5~8C(XA
(W?) ) 717k0] 370 ol FAIE= 2ol A FAell 711‘ At 4ol &, A A9 dsis
9ol A4 SRS ROl (FA @, 1987).
H s dohs AEEHEEN SEEYEES AL, FAFEE s A W) K
P BAQ FFE A Hol HAREE] TaE s EWr( A5, 2018)
PESDY |ENEY Fae §G A, Berds, Astetd el & HgkE & & Qo
O 7] 2 o 1} 504 X oo Tl Sl
(DO) (Breitburg, D. et al, 2018). % /\1]7:]] Aoz At 507 AAkA Ffele 10u), FARA Foe
48171 S7FE (S A, 2018).
WT, pH, DO | 200541~2019%1714: s gfh 4w d, sjoreld 24
=4 2020 29 Aps: R aAbskel, o e U E Y
7128 Gk W7 K 7 AAIGRA O] RS F3t ARR 7ol 4R ol wedtol 7S HRE
A7 RsRE 4Hel 7]15-8-8 ‘élﬂ L“‘E‘P/LP‘E‘*”" R3S DR} PP I Fal v A
W=y 5 FAPBkE AR, Ue] d Bty Ra) 71 2520] AolE YER A, Aol Ve
(HDD) LR o thiel, o Wi dojehal gtk & Wil glo] Atk 2l a7 Frhe
21 oulstal mujollafs RS Ve 2R E 18°C oskR Aokl k744, 2020). 7122t
Bl HIEAS g2 o]l Qlof, AR FARE 7R withr) v]oletal fed 4= Qi
e AR Aol Aol Bagt e aclel FdATol Thiwre Adshs e A Aol Fa3k g4l
(RF) Y] Sl wet A A=e] Al o)) A7) jit(Tada et al, 2010).
5 A FHE she oUES e vigke Gojol fEe HojA|al A off e Frjar Sk $452 voll=
(WS) 715-18te] Rk WA 9l 2 WISk gl Zlom AEA QITi(71, 2018).
AxH AxEe ojd Jo %‘11194 HRARNY 7F2AIZe] B E 7H ik dase sfaf o 9
(SS) 2 ulA, oAt Wol 2o]al Qlti(Hedberg et al., 2018)
HDD, REF, 7R RN Y 2 005L1 109~2020 4, ﬂEX‘Z4*l-(175) 7147} 2019 = EHSH= WA
WS, 88 B RE=H268) 71/ the} E)k(Pooling)sto] 85141, TRt $541=2] - 7 7144t 911l
4] wheh A=) WA S AL APl IR
A e AAFE F7IRE o= AlAERFol S7tsld 3] AT S7HE Zlolehe 7] 7S 712
(FdF)" THeh A2 wdsto] E}% 715-RHSkE QI 3 oFAlY e wste) 3 Ak 4o ?i%é A5
®7] 95
KMI $2AFJEAE] 524102 |25 Y1, 2005~20204 e Aopde AHA5-S -4
FF %% SHAAL, A, sfie Z47te] ArE gRshe 2 A7E QlofA Reak-sld=t = 29 ] gitol
= Aol 7Fg & S-S X IOH *4” A AdA=0] e Wske) 2 Apo] 7} glrkal wEstod
HAo] o]as)

= 1) 4 AAFK(Purple laver production, PLP), 4=-2(Water temperature, WT), 4=220|-2 5 (Hydrogen ion concentration,
pH), 84k (Dissolved oxygen, DO), W= (Heating degree day, HDD), 7}<=%(Rainfall, RF), $=<;(Windspeed,
WS), ¥ ZE(Percentage of sunshine, SS), A]’d=f(Farm facilities, FF).
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7|3HEE of=sHol Y QAlol DIxls BEF U chSuet

<# 2> 7|28AF

W Bl o xS e e S B B S s O I p-value | 2|
PLP (kg) 14874512 | 8171700 | 60212819 1 14837483 | 26.974 | 0.000001 119
WT (°C) 12.727 15.165 18.33 4.92 4.246 6.328 0.042 44
pH 8.078 8.09 8.453 7.545 0.166 18.369 0.0001 44
DO (mg/L) 9.002 8.818 11.467 5913 1.336 0.625 0.732 44
HDD (°C - days) 10.185 10 22.5 2.4 5.387 7.731 0.021 119
RF (mm) 81.327 60.4 297 2.9 64.483 33.654 0 119
WS (m/s) 4.255 4.7 6.8 1.7 1.432 11.173 0.0038 119
SS (%) 49.616 49.32 69.65 27.56 10.213 4.006 0.135 119
FF (10,000) 58.137 57 85.6 40.9 12.048 11.556 0.0031 119

F 1) B obl <E 1> 3

al, SR e AE(SS)f AERKFF) W5 Aldlsto] Zjzte] qlubd 4fvde Alm=sh
Eviews softwares AME-SIRAIL, o8 7hsSh Z) WE Al
He] V|EBARS sk 2>9F Zom, WA o]
Jarque-Bera(J-B) 72 SIGItk J-Bi= AIAIE AbmO] Aqiitar =
o= 07, H= 3 A ull, B SA 00] FHrk I-B FAEE Ho(AW7Hd)= AAE Aae A4
TS e oAl H, (HE7HE)E AAE Ame AhEEs w=A] ohethrolok 3] Ak
(PLP), pH, Z5=%HRF), F4(WS), AIJZHFF)2 Ho7l 1% Fo5=wollA, 4-(WT), T = U(HDD)
5% rola=eollal Wi atdol 71k o] Uiy 7 AAIE Al ASEAOlA i e A

THEES w2A) ohe A0 UERIl, §EARDO0)} AL Hork 10%2] folsol
712k 4 glol BTAS Wi Aow ek

AR SARUHI FAEAYS ] P WHoR 7} wege) UAE ghact 2
ARI(NE X3t ghe AR slo] IS A BARINSSE, 2003). HoltolHE mE B
= YR e moE wgksle] BAe ZIgsioict.

w
HI
%
T
113

AAE Ak Ao A AAID ARe] QP d(Stationarity) o Tfel- 71 41RO JieE ofof
o F03k Aot I H(Unit root test)olet AlAIE AFm o] SHAE A WReR Qsh
& FA B A (Johansen cointegration test)o]] oA Alsi#A o5 AJdish= APA7AALo|CEH
A ol+= Augmented Dickey Fuller(ADF) 174, Philips-Perron(PP) 7174, Dickey-Fuller(DF) 7]
Ao] )t} William Schwert(1987, 2002)+= Monte-Carle®] A& 7= 3l PP HAo] ELJASGH
= Aol glo] AMbHeR Ueligold s ol AMSER: ADF 43S ojfel
4% FslaL ek ADF A4S DF 44e] A1t BAS sidsi] 91al o) Ao Azjis:
S awweR w0 o100k Holt Ak
SolEAge Bl Aol dist 7 5
J

. Xéoliy 5 |
FARAAoRE A4 PholH W WAE jefet 4
7 H}
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Ui, HEHAHOR ARG Qlth AAE WG 22 ERPgstal iAo AAE
SRS

kil
78] HA5E 3554)(Common trend)E F-9-513L Qlthd, W45 Af
=
=

=] O O 1 ) :l =
ol9] Il = A7IHe R 2] IA|(Long-run equilibrium relation)E 2i=t|| ol& ‘“F&& AV
Qicketar sk, 7R3 EAIE AT 4= Qlokal Srh(uig4s, 2015).

Granger ?1}1A(Granger causality test)> $F B2V} T2 H4E oS5k o] £29] =
wol A eAE HAAshs WHOR ‘Granger QIMRIAZE gltk’ehs Horth 7|24El= 75l
Granger QI7HAI7} A EIct Granger Q1A Ao ofgt 2408 chea) -2 = 7le] 374
A mgom Uehlie, Hyta =0 = Hy: A =08 ggan oxal g, =)
iid(Independently and identically distributed)©|c{Engle and Granger, 1987).

rlr
>
2

i

EaXf—z+ Zﬁk Y, oty

i=1

Y,

ZA Y, i+ Z%thk‘*‘lm

i=1

X

Granger 174 AJxK{Lag) <ol TI7el2s A XA xHOptimal lag length)S AElsh= 70| =9
stok 2 Asol 49, ARel wol 1, 4, 6, 12, 24 50l AR} ao) WIS A 4 9l 1)
o] Aol WolE FE 1, 4, 6, 12 5 A & i, Ak ARE 1 wsls WA 2 A
Aok Tk 35 Y el ol il ol aac

% el BALYS W 219 1 AP AT sterly] el Grnger Uk

SH
o X1 Yo A} ke S el ofae mete Aol B kb
7 Qleke ofult obdg Fofsjef g

1. EFIZZE(Unit root test) Zx

WS Zi7te] AIA AbR7E QPYERIA) ielel] §1) B9l ADF HAS AAIBkTh ADF
A7 Azl 7 AARHPLP), 5~2(WT), pH, Z<Fef(RF), AXE(SS) 1% F-2l=ollA] Ho7t 72t

AL AR e, U W $% SOEI Ho JJE 4 glo] uerge X

2 gheelo] 13} AHLS Aaslnt 1 ZAuk U] §E4R(DO), WYEC(HDD), F4(WS),

e‘%k(FF)Ol 12} 2o A B 1% 1-o)5=0llA Hozt 7]12b=]o] EQPdaild wi=5o] SHPd&el Al
A= AgheAeH(<3E 3>).

TRy homh APANE sl dlch APANE =Eeb] 9RE AN1(Information
criterion)of+= Final Prediction Error(FPE), Akaike Information Criterion(AIC), Schwarz Criterion(SC), Hannan
Quinn(HQ)7} QIt}. 2 FAoll M= kAo 2=0] 2% A] o]8%h= AIC} SCE o7 o83tk

é
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7|=H37} otzsiel d LAl O|X|l= Fet | chayet

<H 3> ADF o2 4% Z4}
1y PLP WT H DO HDD RF WS SS FF
o ke | o | P (mgll) | (C-days) | (mm) | (m/s) @) | (10,000)
-8.485 -4.277 -3.786 -2.798 -8.946 -8.275
'/’k—%%_/':(ln) sk sk sk sk * -1.776 s,k -2.567 sk 0.026
12} -14.569 -18.259 -13.590 -10.864
i}%%—’,\—(d]n) - - - sk ) - *okok - *okk

= 1) Wa oA <t 1> g%
2) *xe 1%, 5%, % 10% ool BAE foliel A

<H 4 HEANZRIRI Qo ZXEHX Al

7 (H .
il 7171d(Ho) Trace Statistic 0.05 YA A p — value ** lags criterion
No. of CE(s)
WT None * v =10 340.5837 197.3709 0.0000
- Atmost 1 * v < 1 211.1605 159.5297 0.0000 5 AIC
]I;O At most 2 * v < 2 132.4281 125.6154 0.0180
At most 3 v < 3 89.56111 95.75366 0.1236
None 7 = 0 13.78006 15.49471 0.0892
HDD 8 AIC
At most 1 v < 1 2.586805 3.841466 0.1078
RE None * v =0 92.48557 15.49471 0.0000 q SC
Atmost 1 * v < 1 42.95411 3.841466 0.0000
None * v =10 46.10636 15.49471 0.0000
WS 2 SC
At most 1 v < 1 2.245852 3.841466 0.1340
N * =0 72.75356 15.49471 0.0000
ss one "~ o 2 AIC
At most 1 * v < 1 28.29805 3.841466 0.0000
°F None * v =10 46.41412 15.49471 0.0000 ! SC
At most 1 v < 1 0.001978 3.841466 0.9612
F 1) He o= <E 1> HR
2) v &= A wlE](cointegration rank).

T=HWT), pH, 8EA(DO)2} 4 Ak 71o] a9k F43474 A} ‘None’H ‘At most 2°7}

%)9] Hol= ol 0.05004] 7|7kelo] 95% AlzlszzolA] 27)o] Bk wlel7h ZAE-e telslolnt,

%, S-(WT), pH, B4HEDO)} 7 AAHPLP) 7k] el 4714 29 w7 Adleks 2
o] HOIE|9ic). WHEAHDD)T 7] AVARHPLP) 7ol 32)5o] WA ol VARS ol §5to]

g 7he) @ BoAlE Al vk hPmHDD)E AR solA el AR 5% Relgol
A fold o2 et 7181 T Blels ook, F wel ] T 94 stk
4 Qleh BERHRE), FHWS), URR(SS), AUHERE 217F 7 AARHPLP)IL 17)9] F2ko]
A 7| HOR 7Y AL ULH<E 42).

2. Granger Qlu}zH

Z|SRigtel] mhE WEat g1 Ak e QA 1SS 9I%F Granger Q1M A7 A=
<3 5>oF Py (WP} = d(HDD) 1%, F-f(RF)T A28(SS) 10%, F5HWS)T A
O

AR 5% FolaollA Hozt 72p=o] 4 ARFHPLP)ol| e = W=, pHe} §-54ka
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<®E 5> Granger Q10/AN Ay}

HE714 (Ho) lags F - value p - value HAAa
WT % PLP 2 20.7551 9.E-Q7*** WT = PLP
pH # PLP 2 0.10248 0.9028 pH # PLP
DO = PLP 2 0.87183 0.4266 DO = PLP
HDD =+ PLP 8 3.13805 0.0034*** HDD = PLP
RF # PLP 1 3.62471 0.0594* RF = PLP
WS = PLP 2 3.14053 0.0471%* WS = PLP
SS # PLP 2 2.64265 0.0756* SS = PLP
FF # PLP 1 5.58093 0.0198** FF = PLP

1) wey ofe < 1> 2k

2) #>+= does not granger cause.

3) k1%, *E 5%, % 10% S-9po)A] BAA 8-940] Qle.
(DO)y= 1 Agrkol Oé%% TFA o= Wz FRIEI &, (W), U= J(HDD), =%
(RF), SEH(WS), Ax5(S8), AEHFF) Ak Qo] EAsh= Zi=

v. o #

71& AdRdAell A

L I4R0R FHHh SRWD)| w00 4 o] gasti, Fdn
SWDe] srom 1 Aol Z7akek Sln(elFY - YR, 2007), Z1FRQT} R a4
F 7190 SRWI)IS [ AR 221() HBTAL, BEURE), FHVS), U6 7 A
SHPLP)I H(HO] A1 AHEE Mtk A 9, 2013)

Booluk 7] AARHPLP)T SO R210] 4-2(WT), pH, §<AHDO): 242 4714
AL ek 2e SRISIAN, SWT)IH: Ql2biol, pH, §EA(DO)eH: ATHIARY 9l
Ao #motEch 7 AARHPLP)Y} W E=A(HDD)S A7|ddi A= oA &9k, kel

TN,
4]
&

g
(HDD)o] 7] AAFEHPLP)O] ke wlals elapge oIy, Timﬁu} skalA) gk 7 A
SHPLP)I} 7J4=2H(RF), E4H(WS), ALSS), AMHER) 21710 wA we g7|dom 24 1
7} el qlabde] A Z1aRsle] g asT) 1 Al 7kl %ﬁ% B4 Z}2bo] % el
o) P THegh Solg Bk A X, BE sjhe] welo] thE witle] ¢Iglo] Hi
QU QLSS BISILE = ATAY) ok Zo] HHEA] QTR rks AL RAs)
£ 0] ohd AL BRIl S AR 4 oS v vlEa o e mao] slselaL ool
Tpsaieh

A, 2 olydsiel AselTE Fae) B, SeWDS 7 Al ROo] Agke ulAH, 7]
AARF Z0ke Al A A 8ao0lT, ZIATIS W) Zo] 7]

2 VAR, AT FRUATE ZAEIA A 71 Al T o] wge 7
QT Wb TLATYE WD 7] Akl ofRke ujAlis Ao whoElch ®l pHel
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7|3HEE of=sHol Y QAlol DIxls BEF U chSuet

SZADO) AA A AT vjxls G vufek o Helth AERHRE), SEHWS), U=
47150 y

2WT)9] Wiste]l wiztahA] oixg dart Qlck
2 e v 1A

1o
N
=
N
re
2
H
M
A=)
%
aC
M
o
o2
1
o
o
2y
ofy
it}
=)
mu
%
i
o
)
rir
e
X,

(

splslct. olF JlMkow gAe] vl 2 Ha e AL 21 %
Q) A gale] Wasith ool BAduet e BakE wgrom Adbst 71 FAeldl of
SRS Slak AMA AL et ek

A, A A AZlolTh $41 Vlustel e eolgro e QAo A AR 4 gl
AE) o] Wastch ARoMY 7 F4 AlBARE SARE AR A2 v ngw

Al
] 31
= =i JEAY6)
oo AL ek, 2015). Whl o] Ao, FRHNEI 70%, SAIEE 30%R SAES]
B]50] EH=dachehe, 2018). 71 ojfii= 71E Aol Kkt wf == FgH] Fe whieelo
(W2, 2017). A He Sl Sdeate Tdas don Mk AR AL Yo By

Aol ASE ke AFRAE T e Al ARG = QLo sl visl 2 A B el 2 ¢
o Fe A WAL A MY et s o= Rlol A ARV} ThssEE S3A
o) Sizh asic ol AR g FAollelbe SAAHRE flRt A AR}l 5Edo] YWk
QAo Qlof, S AS vt A gkl AR FAE Hside A FAerE Y=ol Fatst
= AT 1A A sl Aol didk 14 FiAlol AddE|efof gt

(o]
=
R A AEAPZ|eE HEste] s e a2o] 20~23°C ofstR Wi o QS sl= o] 7t
F F RS QRS e SAOM T Skl RlaL, =2 AMA] sizke Fskal v
HEFE A T AHUARE Tk A AR ARl AR QEAS) el whet A=
7

]
WEl QRIS FE 5 ook vhEslelo] 49, dmw pield R SlEae 99 79 of
Fo BRI AR 0% 262 olFol] A A AL, S TrplA A o)
HICIEZe 99 2490 o], BEEZIu WAL 108 79 ool RS Aashes Husie
CHCAE STl 2020), webd 7 AR S eliel] Slaas T 7)) B
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x|, JploMe 2 A= 3 Aol etk Zh x| o) AHdkel RS 7 A} k) w1
Ho|tKBrander et al., 2017; Ruckelshaus et al., 2013). 2019\ oA 2020 %, ALE 1152 FA
o= u”5>H°Fg Hrch 2ol wo] FXIFAL 7% Adl] U= 2=to] ool itk A4
oAl ERISH 4= Qlzo] AaPofAE A AdAek= 7 FAF i 2 Ego] 7 Akgel %
T Q= ot 2, 2020).
s oA GFAeks A HES HW, Xt A WARER AlEEol 59.0%, SlbitEdd
25.4%, HEUET] 9.8%, HAMRLZ] V|EEE 5.7%2] 4o)il, sfdte P/\}E—AW AlZZ 56.4%,
6

QUSR] 25.5%, AN VIEEE 114%, BYUEY 67%2 T Ao BT 4 Hj50]
Ak ol e AX|BEL QKM %@1 € 019 71, 7 AEF FANE 2 Jﬂmvw
o} 159 Ax ARro] mEa, o] AR AdubzlEct 102 oA A#fo] what Sdleko] Wil Uy
ol At BiE 1e5 7MY Wl Oow&}i ehdebete sfefaikatehel, 2020). 41 A ofulEe
7 qAle] o] wmslA] ok, Ak a1, §717) o, R WA Ad EES Aadi

7 AR10) T71Q1 7 FA A AR B8] sjof sl ciulEt 7 Akelo] HAele B

g 4 Qo @Al A AkEERE ik RS QJsfA]s= UPOV(International Union for the
Protection of New Varieties of Plants) & oFo] wlg} W& AHES #=2 R 59| thilo] i, i) S
T= A =0l 7hssh] wistoll, WIRSSoll thet ek A Al A 1 oFAle7tol] Higt

/E_‘EZ ]OJJ—}‘ _1_]1:3140 Bl Uk | % al aﬁﬁ %‘F 3»]\‘:}

At
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=
i3
Lo
o
=

ol
i)

1
o

°

1 |
R %OJOI B Slck. Wt BT QA B
841 1) e ofgel YA Aok Sl sl 2o sl o Bt asle,

|

slol| Tk A]<44]
o TS ek Sl A ek, 20,

W, Slo] eFet SFAL, SR R 9
Fo| AE skl B HlolE(Big data)e} sto] SAlsl] ojof Sk Flofuk 3] Ak FAALY
SAF 9 ool whep gebA]y] wizel, il 971 flsll dlolE%al(Data warehouse)(Kelleher

- Tierney, 2018)5 Wt5o| Fojof 3}t Ax= EAT} 9FS(Nature via nurture)(Ridley, M., 2003)¢|2}
L= ol ol U] ay] wzolc,
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7|3HEE of=sHol Y QAlol DIxls BEF U chSuet

s ole] A B ATIARE B A Awms i 4 el WEH vlsiels
o ZlTAsil 7 A 9] Qe BASEA 1 RS cEsh s @t of
FolA] gk 7] NS Akt e Wevt f71H0R MBS sk, Ao, gk, 714
Azok jpy 840l AR HEsk 44 ok ol oiEshs Aol A3 A WYL ohirk et

afjof stk =, dlojelafel 7|HE 9FXl(Data science-based aquaculture)©.2 Lolrfof ko) ESE H o
T= vEESE iR vestel 4 AakeE 1He] Qv AskETl &, Aslich duiel %
ARG SEElioh Al Hed shetel A A ddiel Blal ke E Eer) loal &
tF Z12]al ‘Z(Purple laver) W ofuel, tfRt AR FFol High Z1eHsiete] olupbd Al
Soll Ak Hleks AR d5d) B 5 9 Hasiual AR B9 4 A AR

REFERENCES

24115 21(2018), “ZrAlokAl7]2x(7]) w32, ISBN 979-11-964926-3-2.
(2019), “Sebiof 7|3} 7} wa
ke - AAD] - o g - 2AIT(2013), “H57 st s H 714 2410 Z(Porphyra yezoensis) A8t B}
of] u]x]+= %3P, Korean Journal of Fisheries and Aquatic Sciences, 46(6), 868-877.
71/474(2018), “3MIIE 2018 HIlA]”,
A748](2016), “Hd5914x X Diving-PAM & ©|-8-5F WAalieh vtaso] (Xke-slid) 71 Aol o] Uap A4t
7, SAANE, 34(1), 18-29.
15R12018), 715 2T 4kle] 719 AEe] e WP, 4
B133(2020), “7]S-#stel 7] AARE 2ko) Qlubd 9 A 9l 7 , A
9 - W - U - A1), VIFHslel Saigle] TAle] B oA, 4bslorn
388-401.
UG =(2015), “FZt 7S o83t S oflvA] agke 4 S A, olUAAAISE 14(2), 21-50.
o ] sl oF=AR, 3, 73-81.

M

N

_‘,4
)
£
I

e

ol
£
R
) i
5 U
X
o 3
N =)
=
CJ

o &

o ¥
=
O
N

JT N

W24 - ofd - 1179k - o F(2020), “o] Y OB s Ak -2, e AAl Age] 87, KMI

0% - AGAQ014), “HAH BHTELS Bl B HAlEA] Hofo] Al BAl ol Sap, gladlo|e]dmilsh
3]#], 25(3), 579-599.

F5(2003), “H5 R&D FARe} WI7F R&D FAko] <lufabd] HA1”, 7] AL 11(2), 175-193.

o]FY - HAF(2007), “HA|L} 7] AAkRF BlEo] nX= =0 T, SighE st A], 16(8), 897-906.

QEF - AThA - W E(2003), “AkFARLE T PR ESg BrhwEo] B AP, S| AT,

18(1), 33-69.
Aepete, s gAatabshl(2020), “Adte, 2021dAF 71 QA ZHA 7] o w”.
SOFARE, 42X HSEE] Available at: https://www.fips.go.kr/
AR kel SA T Available at: https:/www.meis.go.kr/mei/observe/port.do.
Al oF(2020), “7 AJAF AA1T, WA Y STsof’. Retrieved from http://www.hdhy.co.kr/news/articleView.

The Journal of Fisheries Business Administration | 65



html?idxno=11913.

A - SaE - A - AEN - S E(1987), sgnte] A Ak Ao Aol Histodr, Sttt
&}3] 7], 20(3), 237-247.

24 54(2020), “3l= 7] HS} HIEEIIA] 2020: 7] S Gk 2 A3, ISBN 978-89-93652-58-1.

Alexander, M. A., Scott, J. D., Friedland, K. D., Mills, K. E., Nye, J. A., Pershing, A. J. and Thomas, A. C. (2018),
“Projected sea surface temperatures over the 21st century: Changes in the mean, variability and extremes for
large marine ecosystem regions of Northern Oceans,” Elementa: Science of the Anthropocene, 6(9).

Bond, N. A., Cronin, M. F., Freeland, H. and Mantua, N. (2015), “Causes and impacts of the 2014 warm anomaly
in the NE Pacific,” Geophysical Research Letters, 42(9), 3414-3420.

Brander, K., Cochrane, K., Barange, M. and Soto, D. (2017), “Climate change implications for fisheries and
aquaculture,” Climate changes impacts on fisheries and aquaculture, A global analysis, John Wiley & Sons, New
Jersey, 45-62.

Breitburg, D., Levin, L. A., Oschlies, A., Grégoire, M., Chavez, F. P., Conley, D. J., Gargon, V., Gilbert, D., Gutiérrez,
D., Isensee, K., Jacinto, G. S., Limburg, K. E., Montes, 1., Naqvi, S. W. A., Pitcher, G. C., Rabalais, N. N.,
Roman, M. R., Rose, K. A., Seibel, B. A., Telszewski, M., Yasuhara, M. and Zhang, J. (2018), “Declining oxygen
in the global ocean and coastal waters,” Science, 359 (6371).

Cisneros-Mata, M. A., Mangin, T., Bone, J., Rodriguez, L., Smith, S. L. and Gaines, S. D. (2019), “Fisheries governance
in the face of climate change: Assessment of policy reform implications for Mexican fisheries,” PLoS One, 14 (10).

Engle, R. F. and Granger, C. W. (1987), “Co-integration and error correction: representation, estimation, and testing,
Econometrica,” Journal of the Econometric Society, 55(2), 251-276.

Granger, C. W. J. and Newbold, P. (1974), “Spurious regressions in econometrics”, Journal of Econometrics 2, 111-120.

Hedberg, N., Schreeb, K. V., Charisiadou, S., Jiddawi, N. S., Tedengren, M. and Nordlund, L. M. (2018), “Habitat
preference for seaweed farming - A case study from Zanzibar, Tanzania,” Ocean & Coastal Management, 154,
186-195.

IPCC (2014), “Climate Change 2014: Synthesis Report,” Contribution of Working Groups I, II and III to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change.

_(2019), “The Ocean and cryosphere in a changing climate,” A special report of the intergovernmental Panel
on climate change. Intergovernmental Panel on climate change.

Kataoka, T., Tozuka, T., Behera, S. and Yamagata, T. (2014), “On the Ningaloo Nifio/Nifia,” Climate dynamics,
43, 1463-1482.

Kelleher, J. D. and Tierney, B. (2018). “Data science,” MIT Press.

Kim, B. T., Brown, C. L. and Kim, D. H. (2019), “Assessment on the vulnerability of Korean aquaculture to climate
change,” Marine Policy, 99, 111-122.

KMA (Korea Meteorological Administration), Weather Data Service. Available at: https://data.kma.go.kr/
cmmn/main.do.

KMI (Korea Maritime Institute). Available at: www.foc.re.kr.

Kwiatkowski, L., Torres, O., Bopp, L., Aumont, O., Chamberlain, M., Christian, J. R., Dunne, J. P., Gehlen, M.,
Ilyina, T., John, J. G., Lenton, A., Li, H., Lovenduski, N. S., Orr, J. C., Palmieri, J., Santana-Falcén, Y., Schwinger,
J., Séférian, R., Stock, C. A., Tagliabue, A., Takano, Y., Tjiputra, J., Toyama, K., Tsujino, H., Watanabe, M.,
Yamamoto, A., Yool, A. and Ziehn, T. (2020), “Twenty-first century ocean warming, acidification, deoxygenation,
and upper-ocean nutrient and primary production decline from CMIP6 model projections,” Biogeosciences, 17
(13), 3439-3470.

Mills, K. E., Pershing, A. J., Brown, C. J., Chen, Y., Chiang, F. S., Holland, D. S., Lehuta, S., Nye, J. A., Sun,

66 | The Korean Society of Fisheries Business Administration



YAof OIXlE FE L CHSWot

7|2 #3517} otzsel Z

J. C., Thomas A. C. and Wahle, R. A. (2013), “Fisheries management in a changing climate: Lessons from
the 2012 ocean heat wave in the Northwest Atlantic,” Oceanography, 26(2), 191-195.

Ramirez, 1. J. and Briones, F. (2017), “Understanding the El Nifio Costero of 2017: The Definition Problem and
Challenges of Climate Forecasting and Disaster Responses,” International Journal of Disaster Risk Science, 8
(4), 489-492.

Ridley, M. (2003). “Nature via nurture: Genes, experience, and what makes us human,” New York.

Rockstrom, J., Steffen, W., Noone, K., Persson, A., Chapin III, F. S., Lambin, E., Lenton, T. M., Scheffer, M., Folke,
C., Schellnhuber, H. J., Nykvist, B., Wit, C. A., Hughes, T., Leeuw, S., Rodhe, H., Sorlin, S., Snyder, P. K,
Costanza, R., Svedin, U., Falkenmark, M., Karlberg, L., Corell, R. W., Fabry, V. J., Hansen, J., Walker, B.,
Liverman, D., Richardson, K., Crutzen, P. and Foley, J. (2009), ‘“Planetary boundaries: Exploring the safe operating
space for humanity,” Ecology and society, 14(2).

Ruckelshaus, M., Doney, S. C., Galindo, H. M., Barry, J. P., Chan, F., Duffy, J. E., English, C. A., Gaines, S. D.,
Grebmeier, J. M., Hollowed, A. B., Knowlton, N., Polovina, J., Rabalais, N. N., Sydeman, W. J. and Talley,
L. D. (2013), “Securing ocean benefits for society in the face of climate change,” Marine Policy, 40, 154-159.

Schwert, G. W. (1987), “Effects of model specification on tests for unit roots in macroeconomic data,” Journal of
monetary economics, 20(1), 73-103.

Schwert, G. W. (2002), “Tests for unit roots: A Monte Carlo investigation,” Journal of Business & Economic Statistics,
20(1), 5-17.

Steffen, W., Richardson, K., Rockstrém, J., Cornell, S. E., Fetzer, L., Bennett, E. M., Biggs, R., Carpenter, S. R., Vries,
W., Wit, C. A, Folke, C., Gerten, D., Heinke, J., Mace, G. M., Persson, L. M., Ramanathan, V., Reyers, B. and
Sorlin, S. (2015), “Planetary boundaries: Guiding human development on a changing planet,” Science, 80, 347.

Tada, K., Fujiwara, M. and Honjo, T. (2010), “Water quality and Nori (porphyra) culture in the Seto Inland Sea”,
Bunseki Kagaku/Japan Analyst, 59(11), 945-955.

WMO (World Meteorological Organization) (2019), “The Global Climate in 2015-2019,” World Meteorological

Organization, Geneva, 24.

The Journal of Fisheries Business Administration | 67



