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Analysis of Economic Impacts of Climate Change on Farmed

Seaweed Production

Yu Jin Yun

Department of Resource and Environmental Economics,

The Graduate School, Pukyong National University

Abstract

Climate change is emerging as an important issue worldwide, and
according to the 6th IPCC report, the global surface temperature
increased by 1.09C compared to pre-industrial levels from 2011 to
2020. As a result of the climate change vulnerability analysis of
farmed fish species by the National Fisheries Research and
Development Institute, seaweeds were found to be the most
vulnerable. Because seaweeds are fixed on the sea surface and
produced, they have Iimitations 1n artificially adjusting the
environment like fish, and are vulnerable to climate change due to
their low adaptability. According to the IPCC’s assessment report,
the climate 1s expected to continue to change, and damage to
seaweed In particular 1s expected to increase. Therefore, this study
aims to empirically analyze the effect of climate change on seaweed

production. In addition, based on the climate change scenario, the

_Vi_



future 1mpact on seaweed production was examined and the
resulting economic loss was also reviewed. As a result of the
analysis, water temperature, air temperature, and surface salinity
were significant in the negative (-) direction for laver production,
and the farming area was found to be a significant variable in the
positive (+) direction. The water temperature and surface salinity of
sea mustard were found to be significant variables in the negative
(=) direction, and the water temperature square and rainfall were
found to be significant variables in the positive (+) direction. Next,
based on the analysis results, the production of laver and sea
mustard was predicted using the predicted water temperature for
each SSP scenario. As a result, it was found that laver decreased
by 18.0~27.2% in 2050 and 20.6~61.6% in 2100, and sea mustard
decreased by 24.8~37.6% in 2050 and 23.79%6~34.3% in 2100. Based
on the results of the production reduction analysis, the change in
social benefits was estimated using the AH method. As a result, it
was estimated that sea mustard would experience a decrease in
social benefits of 13.8 to 15.9 billion won in 2050, and a decrease in
social benefits of 9.7 to 13.7 billion won in 2100. As a result, it was
estimated that laver would experience a decrease in social benefits
of 33.7 to 37.6 billion won in 2050, and a decrease in social benefits

of 29.2 to 77.7 billion won 1n 2100.
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[ [l1-1] Akino and Hayami
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(6)

Qp=H-P"

Qs = G-P*

Qs = (1—h)G-P°

t}.(Akino and Hayami, 1975)
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Test)& &3 ¥sl=

mgol o HFE

¥ (fixed effect model) ¥} && & ¥ ¥ & (random

$2%F 337 (Hausman

] 23l (Arellano & Bond, 1991; Figini &

Gorg, 2011).

sh9-2~vk A Ay, ¥ v Asbel] gk o]d A 5T HYWs
P AHAAE itk G7bEel diEl 1% Wel A 71 Askdth = E 2 A
7o sjdulelele] A A NA 7} Tl A FAE FEFEH EEO|
ol guete] FAAEE o R BAMEA. wepA os FEA
o HYy EOFE BV s AHEHRYS ALEstE Ao] B}
Tl B F Utk oA 2 dAFAE IAEAHEYP S G&5te] A5}
At

<i

IV-3> ZI Hausman &3

3}

Variable Fixed effect Random effect
EFT2=(°0) =7440.24 -3209.13
EFHE(psw) -7807.10 1984.66
75 % (mm) 14.27 21.97

7]12(°C) -959.84 -851.38

A & A (ha) 2.77 0.77
Ho: difference in coefficients not systematic

Statistics chi2(26) 247.07

Prob > chi2 0.0000




P

<¥ IV-4> 0|9 Hausman 4
Variable Fixed effect Random effect
EFT2=(°0) -269596.35 A8TTT7.77
EFTHE(psw) -23672.71 -10652.04
75 & (mm) 71.64 36.88
7]1:%(°C) -1562.37 -1743.43
m S &2 A (ha) -3.44 0.82
Ho: difference in coefficients not systematic
Statistics chi2(26) 144.10
Prob > chi2 0.0000
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<E IV-5> Z

Variable Coef. z—value Prob.
R R O) —7440.24 -1.73 0.084
3 5E4°0) 220.64 1.07 0.285
%59 (psu) =7807.10%:: -3.77 0.000

7= (mm) 14.27 0.69 0.489
7](°C) —959.85x:*:x -2.9 0.004
1 2H 4 (ha) 2.1k 6.67 0.000
month#* ¥ &4
2 193.74 0.27 0.785
3 -600.56 -0.85 0.397
4 —2286.92%3 -3.04 0.003
11 -3395.18 -1.50 0.135
12 -1325.56 =1.22 0.225
month
2 —2229.26 ~(,34 0.733
3 126314 2.05 0.041
4 36210.49x3 3.87 0.000
11 63268.71 2.01 0.045
12 22868.3% 1.76 0.079
year
2002 4187.47> T 0.033
2003 4177.49x> 2.16 0.032
2004 4922.45%x% 2.48 0.013
2005 2616.68 1.36 0.173
2006 3094.89 161 0.108
2007 2053.98 1.03 0.304
2008 2548.74 1.25 0.210
2009 1342.95 0.70 0.482
2010 2215.31 1.15 0.252
2011 4807. 27> 2.50 0.013
2012 7101.39s3kx 3.61 0.000
2013 10485.6% 5.28 0.000
2014 7377 .80 3.86 0.000
constant 2435343 3.61 0.000
Within R” 0.353
Between R’ 0.845
Overall R* 0.575
F(29,386) 7.26%%x%

=1 #xx p<0.01, ** p<0.05, * p<0.1
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<¥ IV-6> 0| EAMZ1}

Variable Coef. z—value Prob.
XEZT=(°C) —26596.35%* -2.40 0.017
5 5E4°0) 977.256 7+ 197 0.049
E 59 (psu) —23672. 71 %% -3.50 0.001
7% (mm) 71.645%3 2.00 0.047
712(°C) -1562.37 -1.57 0.117
nl <y k21 A (ha) —3.44 5% -5.13 0.000
month* ¥ &5
2 -923.12 -0.57 0.571
3 —6716.62%> -4.40 0.000
4 —8994.02:%3 -5.09 0.000
11 —-14041.11 % -2.48 0.013
12 —-5631.63%* -2.13 0.034
month
2 14123.22 0.82 0.412
3 85130.405:: 5.22 0.000
4 116763.80x:*:xx 532 0.000
11 225880.805%:3 2.85 0.005
12 78760.40% 2.40 0.017
year
2002 8409.68 T 0.032
2003 5327.51 1.38 0.169
2004 1890.39 0.49 0.626
2005 o116 8.37 0.746
2006 1066.52 0.27 0.785
2007 683.82 0.17 0.866
2008 8396.25x 2.00 0.046
2009 1503.29 0.38 0.701
2010 5903.31 1.49 0.136
2011 5444.06 1.37 0.171
2012 8154893 2.03 0.043
2013 6865.52% 1.70 0.089
2014 2941.88 0.73 0.467
constant 894791 .3k 4.16 0.000
Within R? 0.361
Between R’ 0.156
Overall R® 0.100
F(29,386) 9.145xx%

=1 #xx p<0.01, ** p<0.05, * p<0.1




4. SSP AlvtE o A F o=

7F. SSP Ay e’ 7| 5w g
WG Azl AA B Aol AT P WS et Ao
2001~20149 9 HF & 712 F5E, 8T SSP Ay e 7]
FHsE Ay Rk
<E IV-7> B3 T223} SSP AHE2H 2 &5 W3t
(9] °C)
2050 21004
Rt SSP126 | SSP245 | SSP585 | SSP126 | SSP245 | SSP585
14 9.5 105 11.1 116 11.2 12.6 14.4
24 8.1 3 9.8 10.2 10.2 10.9 135
34 8.3 10.2 9.8 104 10.6 11.2 13.7
44 10.2 12.3 g 12.0 12.5 13.3 158
54 13.3 15.3 15.0 15.3 155 16.6 19.1
64 17.2 194 19.1 19.3 19.6 20.7 23.3
74 20.5 22.6 22.8 23.2 23.2 23.8 26.3
84 22.7 25.0 24.8 254 25.3 26.0 28.3
94 214 23.3 23.7 24.2 24.2 24.8 27.3
104 185 20.2 20.5 20.8 20.7 214 239
114 15.2 16.8 17.2 174 17.2 18.8 209
124 12.1 134 13.8 14.3 13.8 15.3 171
Bt 14.8 16.5 16.6 17.0 17.0 18.0 20.3
Az J|AE J|ZEHEZE ) hitp://www.climate.go.kr/, A 2022.08.18.



20501 2] SSP 126 Alvg] Lol M G=20] 142~2.38°C 7% 45
Ao @ e ern SSP 585 AlvE] Lol A E 2.03~2.68°Ce F&
S Ao ® el 21009 e 20509 4 A
of ¥ F& AFEC YEHUE e FAT F =, 210049 6
& et FHESRA 585 AlvE S A= Hd 6.01°C7HA s st
02 e

A 22°C olst7k H= Al7IQL 9¥ FwolA 108 = A 2ol A=

=

of ok
o

]

AR 206039 = 102 =~10¢€ 2, 210099+ 1089 ¥ ~11¢¥ 2714
A A AR AL Rold Ao waAth MYE Rz AN

9] SSP 126 Alvtg] 2ol A= 7]°] 081~
301°C 71 dsste A2 Yeom, SSP 585 AlvtE] LolM = 2.07

~399°C 7}F 71&0] Asshe Aoz yEyt. 53] o573t 7]
Feol A JERE e, 210089 Tl=E A TS Ao o5H

ATt SSP 245 Ay Lo E FHA 337°CollA H ol 4.39°C7HA] 7]9]
sk, SSP 585 AlvE]l oo 999 7]2& 75°C7HA] A5dts Ao
2 e

ATt wEFe] M Ao AR AMES HastE RIS

8 A

=

AL 7FAE SSP 126 A UE Qo E £ T 7L Ao Byl

A FA e, SSP 585 Alvg Lo E =2 deES BT



<E IV-8> o 7|22} SSP AlLt2[2% 7[2 &5 #3t
(] °C)
20504 21009
H ks SSP126 | SSP245 | SSP585 | SSP126 | SSP245 | SSP585
14 3.13 394 5.16 5.43 5.27 7.00 9.84
24 3.66 6.04 6.29 6.51 7.20 7.12 11.06
34 7.08 9.52 8.88 9.25 10.03 10.45 14.06
44 11.61 14.09 12.83 13.68 14.15 15.39 17.85
54 15.95 18.23 18.21 18.34 18.28 19.83 22.76
64 20.47 22.97 22.78 2844 23.14 24.40 27.37
74 23.75 26.08 26.55 27.07 A", 27.42 30.54
84 25.22 328 28.14 29.21 28.42 29.09 32.07
94 22.01 24.50 24.97 25.40 25.26 26.39 29.51
104 17.09 19.31 19.93 19.96 19.33 20.80 2397
114 11.48 12.65 13.36 14.23 13.06 15.87 18.25
124 6.13 745 8.76 8.98 8.05 10.03 12.04
Bt | 13.96 16.08 e 2 16.77 16.60 17.82 20.78
Az 7|AE J|ZEHEZE | hitp://www.climate.go.kr/, ZAAI: 2022.08.18.



20501 o] Ak WskE AEEw SSP 126, 585 AluE] 2 oA = A
FFol FadtH, SSP 245 Ay oA = FUtet

o
= Aoz yEyy, gt Akl 2 dsts SAsH] oy Add
Ll

<I IV-9> B Zs2n SSP ALzl Zh2k H3|

(& mm)
Y 037 20503 21004
4% | SSP126 | SSP245 | SSP585 | SSP126 | SSP245 | SSP585
14 59.5 64.5 65.0 43.0 63.9 81.3 75.9
24 75.8 78.3 71.7 38.2 78.8 66.9 147.2
34 106.5 104.9 98.1 6.7 147.4 128.0 112.9
44 1356 1276 114.8 110.6 117.3 173.9 187.0
54 112.7 127.8 74.8 114.2 12283 203.2 2394
64 140.1 87.0 143.5 118.6 164.2 108.9 126.2
74 242.4 226.6 302.7 219.1 2724 258.1 386.4
84 2224 189.8 208.4 115.8 230.9 184.7 2954
94 113.1 135.0 160.6 131.9 221.0 1477 107.6
104 53.2 62.2 49.5 42.3 75.0 39.8 44.3
114 754 594 60.9 70.8 68.6 102.3 58.0
124 79.8 78.9 96.3 68.6 64.9 97.1 76.8
Sz Ry 1181 111.8 120.5 100.0 135.7 132.7 154.8

Atz 7|48 7| =-dEEZY | http://www.climate.go.kr/, &4l 2022.08.18.



2050 o] dRo Wsly FXE AHHW SSP 126 Ay QoA =
0.2psucll Al 05psu 7438k, SSP 585 Alyg] oA+ FA 0.1psucl A
0.8psu #A4dteE Aoz yekyttl 210089 SSP 585 Aluteg] Qo= 1.3

~25psuZbed WS B WS FAE 24 god gAH R Fad

<E IV-10> & E=2 SSP Al d& M=t

(9. psu)
2050 2100
BN SSP126 | SSP245 | SSP585 | SSP126 | SSP245 | SSP585
14 29.8 AT 29.6 29.6 207k 29.2 284
24 30.0 29.8 288 29.9 29.3 29.4 28.7
34 30.2 299 30.1 30.1 29.5 29.6 28.8
44 30.1 29.8 30.1 30.1 29.6 29.5 28.8
54 29.9 86.5 26,9 Eor 29.4 29.1 284
64 29.6 29.2 29.6 29.3 28.9 28.7 2178
74 29.0 28.5 28.9 28.5 28.3 28.2 26.8
84 28.6 28.2 28.3 279 274 21.8 26.1
9¢ 28.6 28.3 28.1 21.8 21.2 21.7 26.3
104 29.0 28.8 28.8 28.4 28.1 28.2 27.2
114 29.3 29.0 29.3 28.7 28.7 28.5 2175
12€ 29.5 29.3 29.6 29.0 29.1 29.0 28.1
4t 29.5 29.2 29.4 29.1 28.7 28.7 2.7

A2 7|4 J|F-HEZEH | hitp://www.climate.go.kr/, AAE: 2022.08.18.



Ao FAHo] AUzt Aol Fad Aow dehdth F3F WA
o] Altbg] 2Rl SSP 245 Alvtg 2ol A A2 21.6% FHAshH,

Bl
el ool 114 f AdE Fago] =2 Aor 4FHAT

<E IV-11> 20504 EZT=2 ALty ZI iz o &

(S]: &)
g | 2001~20149 20504
4 B A%E | SSp126 SSP245 SSP585
o o 43254 33.893 35,002
A ! (=5.29%) (-14.8%) (~23.1%)
Ve o 47,449 44,495 41,791
A ! (-10.0%) (-15.6%) (-20.8%)
o s 51.838 55,820 51,528
A ! (-17.6%) (-11.3%) (-18.29%)
1= 100 11584 18,305 16,673
= ! (-61.5%) (-37.5%) (-44.6%)
6.351 3709 2913
149 14,932
(-57.5%) (~75.2%) (-85.29%)
e 16 32,594 30,103 26,407
b ’ (-14.6%) (-21.1%) (-30.8%)
| et 193118 191.824 173.105
’ (-21.0%) (-21.6%) (-29.0%)




21001 9] 7 A SSP 126 AluE] 2.0l A 30.5%, SSP 245 Aluhg
QoA 487%, SSP 585 Alubg] QoA 765% #Aidte Aow HAy

b SHd 2050 o] Al o ALk FHAe] A= thA A e A
oz vested, 210099 AaEE Aveed daks e F s
et ol dA 247 wERAS VeRis sl Aol gt
#He wolEs AA zbeol7t WA o, Alzke]l Y ATE Ao 4

27 A oA = Aow Eold

<E IV-12> 21004 EZT=2 ALty ZI 4z o &

(&9 &)
2 2001~ 20144 21009
9 BF ANF | SSp1%6 SSP245 SSP585
37974 26,004 12512
19 45.635.4
(~16.8%) (~41.0%) (-72.6%)
40121 34881 15.181
29 52.744.2
(-23.9%) (-33.9%) (-71.29%)
43717 44,087 25,327
39 62.956.4
(-22.6%) (-30.0%) (-59.8%)
10013 1.840 0
49 30.102.3
(~66.7%) (-93.9%) (-100.0%)
11¢ 14,931.8 3,404 0 0
b o (-77.29%) (-100.0%) (-100.0%)
29,649 17.815 4352
129 33.161.9
(-22.39%) (-53.3%) (-88.6%)
160,377 125,508 57373
7 244,532.9
(-30.5%) (~48.7%) (~76.5%)




<E IV-13> 7|52 ALtz 2 MM oS
(49 &)
2050 2100
Ty
SSP126 | SSP245 | SSP585 | SSP126 | SSP245 | SSP585
L | 54134 | -B2707.8 | -70827.3 | 746546 | -128951.8 | ~235174.0
T (-21.0%) | (-216%) | (-29.0%) | (-305%) | (-487%) | (~76.5%)
. 162623 | 45807 | 168379 | 356384 | 384095 | 944368
e (+6.7%) | (+19%) | (+6.9%) | (+146%) | (+15.7%) | (+38.6%)
Ne 87452 | -10801.2 | -124266 | -12426.6 | -11289.6 | -36837.5
- (-3.6%) | (-4.4%) | (-51%) | (-5.1%) | (-4.6%) | (-15.1%)
A | -43896.3 | -58928.3 | -664159 | -50305.8 | -110394.1 | ~177574.7
A8k | (-180%) | (-24.1%) | (-27.29%) | (-20.6%) | (-43.1%) | (-61.6%)




Tk SSP Ay e’ wg BAF ¥} o

)|\

A3 M2 WA mo gk tha] oo Aluged 4l A
A HEE AY Bt dSZ23E B 205039 SSP 126 AluE] Q.0
A AL 11.0%, SSP 245 AlUE] QoA E 100% #HAatg on, SSP
585 Alute] Lol A= 158% At Ao = eyt

E3] nde Ay gy ZE Aygeda 1149 mo gakEke] 100%
Aaste Aoz BAFHY. nge 22°C olst7F 2w M-S Al Zss=
A g 20°C olt7b = AlZlel w <FAS AFEy] wiitel] 7T

FAo] A AH7] witol] ko Fo] Fed As AWM= © =



<IE IV-14> 20504 S22 ALIE2Y o YAEF oS
(] =)
o 2001~20144 20504
2 HFANT SSP126 SSP245 SSP585
32,0822 29.437.6 27 638.2
19 30.909.0
(+3.8%) (~4.8%) (-10.4%)
86,6410 833106 80.870.0
29 87.047.9
(~0.5%) (~4.3%) (-7.1%)
1213795 124.852.5 1175179
39 132,600.8
(-85%) (-5.8%) (~11.4%)
76233 14.890.8 11,0884
49 25,4032
(~70.0%) (~41.49%) (-56.49)
149 3.460.9 { % 0
b Y (-100.0%) (-100.0%) (-100.0%)
17,9379 16,0189 14,1985
129 18.977.0
(-5.5%) (-15.6%) (-25.29)
265,668.9 268.5103 2513628
A 208,398.9
(-11.0%) (-10.0%) (~15.8%)

21004 ¢ mle Ak WEl o =4d3 SSP 126 Alvg] Qo= 16.6%,
SSP 245 Alvhe] 9.0l A 24.4%, SSP 585 Alvhe] Q.o A 32.2% 7F
o2 A
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o2 FolHH, ol v A R mA TR FA FS Y



<E IV-15> 21004 EZT2 ALtz o/ Yk o &

(9 =)
2 2001~20144 21004
¥ P BAF SSP126 SSP245 SSP585
29,333.9 26,059.8 27,042.3
14 30,909.0
(-5.1%) (-15.7%) (-12.5%)
81,446.6 77,901.7 73,146.7
24 87,047.9
(-6.4%) (-10.5%) (-16.0%)
116,182.0 110,048.0 90,028.4
34 132,600.8
(-12.4%) (-17.0%) (-32.1%)
5,680.5 0 0
44 25,403.2
(-77.6%) (-100.0%) (-100.0%)
0 0 0
114 3,460.9
(-100.0%) (-100.0%) (-100.0%)
16,074.3 15713 12,085.0
124 18,977.0
(-15.3%) (-38.3%) (-36.3%)
248,722 225,725 202,302
Al 298,398.9
(-16.6%) (=24.4%) (-32.2%)

1 AT}, 2050%
~52% FFast o
Wl 23 7|29 HFSES us FUFste] Hd 322~181% A4S}
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(9] =)
an 20504 21004
SSP126 | SSP245 | SSP585 | SSP126 | SSP245 | SSP585
so -35480.1 | -35105.2 | -53303.3 | -54906.5 | -86894.2 | -129173.5
(-11.0%) | (-10.0%) | (-15.8%) | (-16.6%) | (-24.4%) | (-32.2%)
o -35327.9 | -84540.1 | -51985.7 | 71764 | -10900.5 | 68732.2
o (-11.1%) | (-24.0%) | (-17.3%) | (-2.4%) (=3.7%) | (+23.0%)
e 905.7 394.8 -2377.3 37788 9940.5 12262.2
(+0.3%) (+0.1%) (-0.8%) (+1.3%) (+3.3%) (+4.1%)
e -15609.4 | -18463.9 | -22712.5 | -22206.4 | -34574.0 | -60924.2
(-5.2%) (-6.2%) (=7.4%) (=7.4%) | (-10.5%) | (-18.1%)
AAEEF | -85511.8 | -137714.4 | -130378.7 | -80510.5 | -122428.2 | -109103.2
3 ¥ (-24.8%) | (=36.0%) | (-37.6%) | (-23.7%) | (-34.3%) | (-29.1%)
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<E N-17> ALS| S 2of £4

23

(SH91: Wk 9))
. 20509 21004
€ SSP126 | SSP245 | SSP5685 | SSP126 | SSP245 | SSP585
CS | -77013 —78,726 -91,636 -64,930 174942 | -339,318
A PS | +43,302 +44,976 53,999 35,723 118,551 261,607
TS | -33,710 -33,750 -37,637 -29,207 -56,390 =77,711
CS | -38564 -51,980 -46,417 -23,941 -40,977 -39,032
2 PS 24,733 36,080 BT 14,225 217,206 25,661
TS | -13,831 -15,900 -14,856 -9,717 -13,771 -13,370
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