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A Study on the Optimal Emission of CO; due to Climate Change :
An Application for Large Purse Seine

Jong Du Choi’

Department of Business Administration, The Cyber University of Korea
Seoul 03051, Korea

Abstract : The purpose of this paper is to estimate the optimal CO, emission in the maximum economic
yield (MEY), maximum sustainable yield (MSY), and open access (OA) using a bioeconomic model. The
results are as follows; in the case of Eympy, Emsy, and Epa levels, CO, emissions are estimated at
150,704,746CO,/kg, 352,211,193COy/kg, and 301,409,492C0O,/kg respectively. We show that the Eygy is
more efficient than the other levels. That is, the level of Epgy signifies the optimal economic fishing usage
as the most economically efficient usage for large purse seine fishery catching mackerel species. The
emission of CO, in Eygy is the lowest level. Also, the impacts of climate changes such as ocean
temperature increase, ocean acidification, and the combined impact thereof show that the biomass of

mackerel decreases.

Key words : optimal emission of CO,, bioeconomic model, Maximum Economic Yield (MEY), Large

Purse Seine, climate change
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Fig. 1. Catch and fishing effort in MEY, MSY, and OA

alRis

(B)S U3tk éﬂr—g—
o S 4 (15)9 2ol x4
d( ai«/a2—4ij
C.—-—-—-—-—-—-—-—-—-—-—-—-—-—-—
2b
dy dy

EE F A5l )
i

At

(15)

9= (Edwards) 5©| A3 Hfg@_’;:
£ o8 st 4 (16)7 2ol 7H S S5
S, AR (Y)S SHHETE e %QO]E}(Edwards et

2 (12), (15), (16204 =&3 Hv] &3, T
{35, Q3= MEY, MSY, OA9NA 9] o8 &3}
Frge HwiAshs o, 4835 ARS-Eth(Fig. 1
).

Aoz AHEHE, MSYsIAM Yusy®t Evsye &
21 (102 o1g == (E)ell tisl] wliEahd 22t &2 (17)2
(18)°F 2ol yerd = 3l

—Ll

[

a
YMSY:4_b (17)
Evsy=5; (18)

MEY3tol A Yvey®t Evpye SHAR]-&34 834 0]
e AMR=MC)IA &5 +< g, 32 (19)9 Zo]

QY & e,

g~ 4TR _ dlp(aE—bE")]

dE dE
_dTC _ d(cE)
MC="0F ~"dE
-~ MR =MC (19)

OABINA ] AHEH(Yon)? o1B = (o) Fv &
S35} 93 4ol W (TR-TCRIA 245, 7
4 gt el B % ek,

TR = pY = p(aE—bE’)

TC=
S TR=TC (20)
3. ¥H718

A 2 ofF

20164 715 -Elviet dukslHoi o] of P &2 929,814
Eoln, Ex](148,036%) Th& o8 750{(133,217E)7}
o] g = itk gt L] ge] ofF A F F
a5l ol g e B HFE AA| S Ut weEtA] 2
ATor= dutalHoI el T8 o]F ofFQl aFolet
A o]F S oshs F2 AHYCl hFATgeIPdS F4
o7 B3I

asole] oY d e
HA] FIA R, A&
o7 HI oS
HolF=a1 it} 2000

1

S 1990 92,775E 202 103 EX
2o 2 Z7tsle] 386,877E(1996')
G F 553 daske @S
04 o]F2= vid 157HE Wele] o
& HAF 9lon, HZ 313(2014~20164) E9H A
Pﬂ &E Z7Vehs o] vk 2y arsele] oA
QAL 2016 71 127,089=22 20001 2 H]
WA gk Adefolth(Fig. 2 %)

450,000 - Catch (M/T)
400,000 -
350,000 -
300,000 -
250,000 -
200,000 -
150,000 -
100,000 -

50,000 -

- T
1985 1990 1995 2000 2005 2010 2015 2020

Fig. 2. Catch of mackerel by year (1990-2016)
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Fig. 3. Price of mackerel by year (1990-2016)
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Table 1. Estimation of parameter for analysis in large
purse seine

Parameter Coefficient
21.813074™
a (12.6136)
b -0.000487
(0.0011)
c 21,686
1,737.7°
% (226.8371)
o -0.004068"
! (0.0015)

Note. Numbers in parentheses are standard errors, and *(**) indicates
significance at the 5%(10%) level
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MEY, MSY, OA°A]2] etiu] &3¢

AFolE ojgete vl FE o &EHe P ATAHS
COMIETFE AFF 2] Ao 2 200533 2008 Alole] &=
252 WHAEE o] &3te] 493513t Table
3004 B v} o] P olde] COMIEHS 018
AT 0.91~1.76C0O, kg 2 YO T 43 3
T 1.41COy/kgo 2 EAH}

FT5ole] T ofFFS 15,920 kg(2001~2005F
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Table 2. Estimate of yield and effort in Eygy, Eoa, and

Emsy
Item Emey Eoa Ewmsy
Y (M/T) 164,244 239,084 244,164
E (traps) 9,579 19,158 22,387

Table 3. Emission of CO, per kg in large purse seine

(Unit : kg, CO./kg)
Year Emission CO, Emission CO,
per vessel per kg

2005 273,778 1.58

2006 258,921 1.76

2007 269,283 1.39

2008 214,516 0.91
Average 254,125 1.41
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Table 4. Emission of CO; per net in large purse seine
(Unit : kg, COy/kg)
Emission of CO, per kg Emission of CO; per net
1.41 22,447

Table 5. Volume and value of CO, emission in Eygy,
Emsy, and Eoa
(Unit : COy/kg, won)

Items
Volume (CO,/kg)

Value (won)

Emey Emsy Eoa
150,704,746 352,211,193 301,409,492
3,608,832,363 8,434,181,306 7,217,664,726

Wi FHT COMEHS =5 F oy, tAHe=
22,447COx/met> 2 A H A TH(Table 4 %)

Table 49 Azto| tFMdelxe] 50 o2
70%% +3IH Evpy Ewmsy, EOAoﬂ}ﬂsﬂ COMEHS
g o= AtH(Table 5 %), COHIEZo] A|Yd B
MSYSlA 352,211,193 COykgs UYEPHOH, T}S
OA°l A 301,409,492 CO,/kge] BIE = 3L, MEY A =
150,704,746 COx/kgS 2 7F& AA COZ Wi&E3h= AL
2 EFAHAT. &, MSY9F OAdA ] COMiEH
MEYXt} COMIE ko] ztzt 2.34u), 28) 7} Eol &
A e AoZ A EHITKTable 5 3x).

T3 2 @S A(KAUL6) A7HE-e 23,800~
24,0009 /=2017d 29 20¥9~39 2% 7)o ® Het
23,9469 /202 UEFSTH(Fig. 4 FX).
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[===Price(won) | 24,000 | 24,000] 24,000 23,935 | 24,000 23,929 23,900] 23,807
[= == volume(ton) 3,000 | 3,000 | 17,284] 39,165 | 58.400 | 45,211] 25,000] 7,500

Fig. 4. Trend of price and volume in carbon markets

2 AP, Eypyll e 36.0999, EuvsyolAe
843499, Egp0lA = 72.189) 0 & EA %] tH(Table
5 F%).
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& 735, 71FHstE sl E(o] )l AEAR I

th 5 2012). =, Table 65 Ay H JFFo=w

5ol 73 oF 6%°] AT AT HA S o
FrstE 1% WA F e st S el w
2} %F(conservative), %(moderate), 7 (substantial) .2 *
Ba A9 717} 35.8%, 58.1%, 65.8%F e, Betg
= 2F(conservative), % (moderate), 7 (substantial)Z -
B A9 247t 33.3%, 58.0%, 66.9%% AR a7t
Uehh=s Ae & 5 Stk

Table 6] A3} Table 20] AR o|$= 43
stokaL 7Hgehell Wi st MEY, OA, MSYollx ] ]2
F(Y)Z olg =g (E)ys & sk 22t Table 73 Table 8
o] AxE =& 4 AUtk

Table 75 AHEH, $245(PP)CE st MSY,
MEY, OA°IA o]&gke Z}zb 229,514%, 154,390=,
2247390 2 7HAEIt). sldibdsh0A)y= 238t 7t
=, =, 7Hel wEk MSY(156,753~83,506%), MEY
(105,445~56,172%), OA(153,492~81,767=)2] o &2k
AAE fFEsTh g 243 dlgAbgste] B3t
AIHCDHE A3 ojFHF =2E MSYNA 162,857~
80,818%=, MEY©A 109,551~54,365%, OASIA 159,469~
79,1370 2 VERiTH

Table 82] 7%, FA5(PP)CE ¢l3le] MSY, MEY,
OAdlA 2] &= (E)2 712} 21,0448, 9,004
, 18,008Y 42 7HAsk . YA HOAYE A4

3]

=

[¢]

oo o

T

¥
tlo ol

Table 6. Biomass changes due to climate change effects of PP, OA and CI

OA CI
Items PP
Conservative Moderate Substantial Conservative Moderate Substantial
Biomass change  —6.0% -35.8% -58.1% -65.8% -33.3% -58% —66.9%

Source. Kang et al. (2012)

Note. 1. PP = primary producion which means temperature increase
2. OA = ocean acidification
3. CI = combined impact
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Table 7. Yield due to climate change effects in Eygy, Eoa, and Epgy

OA CI
i PP
Items (Sl(\;[e/% Conservative Moderate Substantial Conservative Moderate Substantial
—6% -35.80% —58.10% —65.80% -33.30% —58% -66.90%
YMsy 244,164 229,514 156,753 102,305 83,504 162,857 102,549 80,818
YMEY 164,244 154,390 105,445 68,818 56,172 109,551 68,983 54,365
Yoa 239,084 224,739 153,492 100,176 81,767 159,469 100,415 79,137
Note. 1. PP = primary producion which means temperature increase
2. OA = ocean acidification
3. CI = combined impact
Table 8. Effort due to climate change effects in Eygy, Eoa, and Eygy
OA CI
Effort PP s . . .
Items (net) Conservative Moderate Substantial Conservative Moderate Substantial
—6% -35.80% —58.10% —-65.80% -33.30% —-58% —-66.90%
Emsy 22,387 21,044 14,372 9,380 7,656 14,932 9,403 7,410
Emey 9,579 9,004 6,150 4,014 3,276 6,389 4,023 3,171
Eoa 19,158 18,008 12,299 8,027 6,552 12,778 8,046 6,341

Note. 1. PP = primary producion which means temperature increase
2. OA = ocean acidification
3. CI = combined impact

st A=, F, el wEt MSY(14,372~7,656 %),
MEY(6,150~3,276% <), OA(12,299~6,552%"4<7)2]
Yy UAE FEsA 3t 2453 gk
sle] BaIfCDE U3¢ o]y FHihe= MSYOlA
14,932~7,4104 <=, MEY®l A 6,380~3,171%%4<, OA
oA 12,778~6,3414 4= LFERSITE
TS Table 8] Aol tha Aol <]
?l 70%% sk 7]Swstel] o]gh 150
Evey, Emsys EoalAe]l COMIEHS &
(Table 9 FZ). F245(PP) & 213t o] 2tsletin| &3
< MSY, MEY, OA°IA Z}7} 331.08%+=, 141.66
283.32HE0 2 A4S dl A ISHOAR= A8t
=%, F, 7Hel wEl MSY(226.12~120.463 %), MEY
(96.75~51.544 ), OA(193.5~103.0831&)2] o]ata}lets

B

2
oN, I

=)

N&% a7t DA ST B3 2453 sl g st
o] BEaIHCHE A3t o]itsletin] & H-2 MSYOlA
234.92~116.58%&, MEY©lA] 100.52~49.88 &, OA°]
A 201.04~99.77HE0 2 ERSITE

£3], Table 92] COMETS = EuEU(KAUIL6)
Hat AN7HE A 23,9464/E 3 Fole] gauEd 7HA
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Table 9. Volume of CO, emission due to climate change effects considering mackerel catch

Volume PP OA C1
Items (thousand Conservative Moderate Substantial Conservative Moderate Substantial
ton) —6% —35.80% —58.10% —-65.80% -33.30% -58% -66.90%
Emsy 352.21 331.08 226.12 147.58 120.46 234.92 147.93 116.58
Emey 150.70 141.66 96.75 63.15 51.54 100.52 63.30 49.88
Eoa 301.41 283.32 193.50 126.29 103.08 201.04 126.59 99.77

Note. 1. PP = primary producion which means temperature increase
2. OA = ocean acidification
3. CI = combined impact
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Table 10. Value of CO, emission due to climate change effects considering mackerel catch

Value PP 0A C1
Items (million Conservative Moderate Substantial Conservative Moderate Substantial
won) —6% -35.80% -58.10% —65.80% -33.30% -58% -66.90%
Emsy 8,434 7,928 5,415 3,534 2,884 5,626 3,542 2,792
Emey 3,609 3,392 2,317 1,512 1,234 2,407 1,516 1,195
Eoa 7,218 6,785 4,634 3,024 2,468 4,814 3,031 2,389
Note. 1. PP = primary producion which means temperature increase
2. OA = ocean acidification
3. CI = combined impact
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