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Abstract

The purpose of this study is to estimate greenhouse gas(GHG) emission efficiency(GEE) and GHG
mitigation potential(GMP) of offshore fisheries in preparation for carbon neutral and negative promotion in
the ocean and fisheries sector, and to suggest policy improvements related to GHG mitigation. To this end,
this study used stochastic frontier analysis(SFA) considering exogenous determinants of GHG emission
inefficiency. As a result, the GEE of fleet and drag net fisheries with high fuel cost and vessel age was
lower than other fisheries. In addition, the GMP and mitigation ratio of large purse seine, large pair trawl,
large otter trawl, and anchovy drag net were higher than those of other fisheries. Lastly, as policy
improvements to reduce GHG emission from offshore fisheries, fleet size reduction, development of
low-energy used fishing gear, easing of conditions for participation in fishing vessel modernization projects,
revising laws to supply eco-friendly fishing vessel, and improvement of the tax-free petroleum supply
system were proposed.

Key words : Offshore fisheries, Greenhouse gas(GHG), GHG emission efficiency(GEE), GHG mitigation
potential(GMP), Stochastic Frontier Analysis(SFA), Carbon neutral, Carbon negative
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<Table 1>¥} 2t}

<Table 1> Basic statistics of analysis data
(Unit: ¢ CO,eq, million won, person, year)

Variable Obs Avg. S.D. C.V. Min. Max.

GHG 252 1,631 2,428 1.49 44 12,000

Revenue 252 2,033 2,966 1.46 149 16,824
Labor 252 17 18 1.07 3 78

HP 252 1,485 1,975 1.33 327 8478

GT 252 149 236 1.58 4 1,083
Vessel age 252 20 9 043 5 45
Fuel cost 252 417 684 1.64 7 3,606
Depreciation cost 252 56 116 2.09 1 766
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<Table 2> Results of log likelihood ratio test
between models

Restricted model Unrestricted model LR stat.

Cobb-Douglas Translog X(Zw):l 11.72%%%

OLS SFA X{1)=269.36%%*

Note 1: Null hypothesis(/,) of log likelihood ratio test is that

restricted model nested in unrestricted model.
Note 2: * p<0.1, ** p<0.05, *** p<0.01
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<Table 3> Results of estimating GHG emission

efficiency  function  using  SFA
considering exogenous determinants
Coefficient Estimate S.E. z-stat.
Cbnstam(fln(qt)) By -32.4768*** 56876 -5.71
In(Z, ,) By -7.1550%** 14070 -5.09
In(HP, ,) By  5.0612%**% 12277 4.12
In(G7; ,) By  2.1347*%*  0.8379 2.55
(Y, ,/C,) By 3.7344%%*  0.8766 4.26
In(L )*In(HP,,)  B5 00209  0.1776 0.12
In(Z, ,)*In(GT;,) Bs  0.7759*%* 0.1884 4.12
In(HP, )*In(GT,,) B -0.0923  0.1060 -0.87
n(v,,/C )*In(Z,,) By 0.5067** 01397 3.63
(Y, ,/C.)*In(HP,,) By -0.3353%%* 0.0866 -3.87
In(v, /G )*In(GT, ) By -0.1506  0.0939 -1.60
In(z, ,)? By -0.1705 02755 -0.62
In(HP, ) By -0.4162%% 0.1798 -2.31
In(GT;,)? B3 -0.5086*  0.1514 -3.36
n(y,,/C.,)> Biy -0.1901%*%  0.0930 -2.04
Constant (u; ,) oy -5.4203*** (0.3817 -14.20
FLEET,, o -0.3982%%*% (.0749 -5.32
DRAG, , ay  0.0657*  0.0383 1.72
In(AGE, ,) az  0.1711%**  0.0482 3.55
In(FC ,) a,  0.4778%**  0.0250 19.11
n(DC,) @;  0.0261  0.0215 1.22
Mo,/ o,) 1.8863%**
V2 831.53%x
Log likelihood 110.39
Note: * p<0.1, ** p<0.05, *** p<0.01
AB(AGE) T3 ()= 1% FFols &
Aoz fstga, Aol 1% 7kehd &2
7k wE Hli del 0.1711% F7teke Ao =
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gl 7433}4 ovt e W W 2AVA
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s WMEG S fRdh gepq 479 9
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o 2
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- =
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th FAIA O Z 20047(0.4704)FE 20137(0.3335)
T = 2ol e A= GEEZF obshE a 919
O} 2013(0.3335)FF 20213045277 A1 =
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F7F EFE A A 2012 o] F ZaojAle]  tEo] Awke]R](0.1966) % ] A wHO] (0.4483) 1.
FRas IS fe Z2dy As Y 2+ o GEEZF W AoR FAEHG Aol
A1l LED Hole A&3t 7le /e,  nliddolgdrn 247FA wiEEe] @Ak ofg
7Id9dEgel] 2 Egolge oduA AAnE AE7F o 2YFHYE 1S o Aol
o AT TE AR A dARE T o 2AVMA wjiE nlEsAdo] wE FleR &
AR HFFE wHE ASE HoJXtKLee et  AEHIUTE 2Ty 23 o]t ofdo® ZY3te
al, 2012; Yang et al., 2013; NIFS, 2022). Az AZFo| s B, dds FAs= o
Ao APE npddogel vls] =kt uhebA
<Table 4> Resglts of estimating GHG emission 7] golSe ERAom wesw ozu W
efficiency(GEE) by year — ’
AES7tel W Aol 247k~ wlE vl&
Yer GEE  Rank —po otienet WO gy Srhe] xeigee] mE £drbs wE
o LOwW o Up =6
H Al © 7L£\_H_Q o] Al =8 o 71—.8_
2004 0.4704 1 0.4137 0.5312 13—304_ daite Folsr] el olg 2
2005 04193 5 03686 04743 At BEE o shddn
2006 04136 7 0.3662 0.4644 o o
2007 04072 9 03615 04566 <Table 5> Results of estimating GHG emission
2008 03924 11 0.3474 0.4403 efficiency(GEE) by gear
2009  0.4168 6 0.3676 0.4694 Confidence interval
2010 03776 12 03337 0.4242 Gear GEE  Rank o Low 95% Up
2011 03470 15 0.3049 0.3923 (O) Stow net 04018 6 03522  0.4584
2012 03399 17 0.2998 0.3819 (O) Long line 04669 5 04092  0.5327
2013 03335 18 0.2944 0.3745 (O) Gill net 05675 2 04975  0.6467
2014 03429 16 0.3017 0.3868 (O) Angling 04838 4 04241  0.5520
2015 0.3492 14 0.3074 0.3936 (O) Trap 03418 9 02996  0.3900
2016  0.3652 13 0.3239 0.4091 Anchovy drag net* 02973 10  0.2606  0.3392
2017  0.3959 10 0.3502 0.4446 (L) Purse seine  0.1269 14  0.1112  0.1447
2018 0.4074 8 0.3616 0.4567 (L) Otter trawl* 0.1994 12 0.1748 0.2276
2020 04239 4 03748 04765 East sea trawl* 03682 7 03227  0.4201
S0l 04527 > 0.3989 05104 (M) Danish seine* 02684 11 02353  0.3063
Ave 0.3944 0,348 0.4437 (L) Pair trawl* 0.1655 13 0.1450  0.1888
SD' 0’0 T 0'0365 0'0 169 (L) Danish seine* 03523 8 03087  0.4019
Min. 0.3335 0.2944 0.3745 [:V“ 0‘9%0;‘944 8'2222 SZZ;
vg. . . .
Max. 0.4704 0.4137 0.5312
ci)/( 01049 01049 01036 S.D. 0.2082 0.1899  0.2202
Ak : : : Min. 0.1269 0.1112  0.1447
Max. 0.9504 0.8686  0.9977
= 1] o x4 = =
<Table 5>i= 3ol el AFH GEE 44 CV. 05280  0.5454 04963

oW, Ao 7 AolRd(0.3118)0] BIQIHA|Y]
(0.4770)°] H]3l GEE7} S ZOo= A=l

Note: Italics are applied for fleet fisheries, and asterisks(*) is
indicated for drag net fisheries.



SFAE 0|2

ot
o
ry
:Orlz',

£1h0] 1(0.3418) Avko] )} Q1
o] opdelx E5kal GEE7} 99& uhoith,
a9 Hol T AT (05312 ¢
¥ A4t GEE7} A AR =9

olglo] HAgk-HIFeI] F oA
, ST EEelTHA/NY
< gl 7;01]/3 Amu7t H Y
iﬂx% oF 13 Eﬁloicéi% ggﬂ ﬁ&
%?SH 12812 ¢k Fall 243802 yF LA A
e H]E(424%)0] ol dATAbgo] W
= o] To|ZH Aelold e UAY %
Hl%(7 1%)0] 7} vrol AgAlgo] Lo
3 Zo= FHETHPCAFRP, 2020). EO%
710193(0.9504) 147 9% % GEE7} 7%
t}. o] = xd u|g o] s u

_"
Fol A8 54

|2 N A/ 1V of SR AR o= A 1"
H
o
of
Nk o

o
g

>

?‘J 2 2

LRt VEAES X
ARG opHe] S e el =

ﬁﬂ;&ﬂ}rnﬁiﬁrm I o B Q2 O of (T 9

=]
sto] AER|7} 7P w@Egkr) wiEoltt

o
—|—‘

4, HAEH
GvP) =3 Zxt
21 (el wet 1ellA Zaiolde] GEES} GEE
o] 95% AlFFZr AFskets A A5 24
7hs wlERe] Fake] dmW-FE GMPE F
st Ayl= <Table 63} <Table 7>°l #| A3}
A ZEelde] Axd Har
991,387tCOeq1 L,  &A7}A
67.08%= FAEQITE A Zaolle GMPE
AHbA 0 2 A4Sk FHE Bol=d His
H & 20131(72.62%)7HA] 7kt A& 7]
=3t O]"—i“ ThAl ZRaeRginh Zaoil el GMP7E
A7 20053 (1,119,687t COeq)©] A
i, L%HPO] 7HE =S ARE 20131(72.62%)
ojitt. Rk, o1l GMP7E 7HE wtd
A7) 2008'A(813,742tCOeq)°) L, 5] &)
7HE e A= 2021(61.51%)°] AT

oEY Mk LRI

A7k WE A VlEsEe] Ysta, v
AE e Bests WEA gets b
gatel] i A Ht &

F9 FHEgh(62.51%) 7 HARK(T1.12%)s HE 3
W(2019~2021d) Ft o F ol ¥3to] GMP

r[m

A7k 3

= ], E vEd9® @3 Ay oga 7
T} GEERbs 1Elskels A, Falold A
2385% 7F-U] 1,163~1,423342 7 efof oPU%
1172082 = 72,104~82,426%, 1,829,798}

967,766~1,155,2891}2] & Zo Ok‘ﬂ AT wlE
agAor Wgst Aox BAEIh

oz A5E GMPE thE eI 4(193.410
tCOeq)? &It A AE] (152,727t COseq),
LA ANF71014(123,845tCOeq) O F kL)
GMP7} W& A& F57]01%(554tCOeq) T &
B Te]Eol TP ARG (6,328t COeq), F3MT
SHEZ(15,509tCOeq) =22 ERTE ¢
o] % AEuES Adud, ddddelq]
(87.50%) 7 AgEoltF A AT H(83.31%), 3B

EZ0]2](8037%) o & Euh whd, Fr7)of
A(4.98%) 7 L3RG A (43.22%), 3L EO]
FTBAANGIU47.29%)> FHFHEo] 7MY B
tﬁZ: o7 7 =S| 5] 3;11;]_

<ol e ATk T > 34 4

ZH|&o] =

o Hx@y HUHas A 3Lﬂ(2019~2021ﬁ)
ofF gt Fate] T GMPE 3, &, W
Hekel 2 ket Ay v 2t GEERHS:
1H3S Ae, ulFAT0]%(85.74~89.04%)>
Z47F 107~111%,  18,422~19,132%, 152,505~
1583867t o] Pati= o F S Fojokst,

ALro] tf & A Q17801 21(80.96~85.37%)>  Z}7F 59~
6223} 6,852~7225%, 81,480~85,9231}8, HE
£0]2](77.60~82.80%)>  HARTE 38417,
5,117~5460%, 58,518~62,432718] Ao o] &y
s Sdofyt ol dFo] =2AVIA WiE

=
FEHoR Mgt JloR FAHI.

- 241 -



A

=2
(s

o« AlA

e

e

(=N

<Table 6> Results of estimating GHG mitigation potential(GMP) by year

(Unit: ¢ CO4eq, %)

Year GHG Emission GMP Minimum of GMP Maximum of GMP Rank.
2004 1,782,605 1,107,856 (62.15) 1,014,751 (56.93) 1,190,820 (66.80) 17
2005 1,668,428 1,119,687 (67.11) 1,043,054 (62.52) 1,187,301 (71.16) 8
2006 1,595,341 1,051,374 (65.90) 975,840 (61.17) 1,118,014 (70.08) 12
2007 1,548,525 1,014,581 (65.52) 940,558 (60.74) 1,079,844 (69.73) 13
2008 1,227,295 813,742 (66.30) 756,532 (61.64) 864,312 (70.42) 10
2009 1,400,158 898,113 (64.14) 828,320 (59.16) 959,777 (68.55) 14
2010 1,439,989 988,093 (68.62) 925,419 (64.27) 1,043,502 (72.47) 7
2011 1,344,741 960,343 (71.41) 906,712 (67.43) 1,007,707 (74.94) 4
2012 1,319,604 942,261 (71.40) 889,914 (67.44) 988,589 (74.92) 5
2013 1,392,302 1,011,097 (72.62) 958,164 (68.82) 1,057,905 (75.98) 1
2014 1,371,781 983,144 (71.67) 929,015 (67.72) 1,030,988 (75.16) 3
2015 1,500,645 1,077,687 (71.81) 1,018,806 (67.89) 1,129,735 (75.28) 2
2016 1,538,727 1,076,374 (69.95) 1,012,293 (65.79) 1,132,942 (73.63) 6
2017 1,514,081 1,010,291 (66.73) 940,430 (62.11) 1,072,010 (70.80) 9
2018 1,420,972 937,382 (65.97) 870,484 (61.26) 996,412 (70.12) 11
2019 1,490,459 938,737 (62.98) 862,066 (57.84) 1,006,474 (67.53) 16
2020 1,582,862 1,014,286 (64.08) 935,357 (59.09) 1,083,975 (68.48) 15
2021 1,463,134 899,925 (61.51) 821,557 (56.15) 969,135 (66.24) 18
Avg. 1,477,869 991,387 (67.08) 923,849 (62.51) 1,051,080 (71.12) -

Note 1: Parentheses inside the table mean the GHG mitigation ratio.

Note 2: The ranking in the table is given in order of the highest GHG mitigation ratio.

<Table 7> Results of estimating GHG mitigation potential(GMP) by gear

(Unit: tCO,eq, %)

Gear GHG Emission GMP Minimum of GMP Maximum of GMP  Rank.
(0) Stow net 103,715 62,294 (60.06) 56,456 (54.43) 67,411 (65.00) 9
(O) Long line 116,833 62,051 (53.11) 54,330 (46.50) 63,818 (58.90) 10
(0O) Gill net 93,113 40,248 (43.22) 32,864 (35.29) 46,768 (50.23) 13
(O) Angling 240,600 123,845 (51.47) 107,389 (44.63) 138,268 (57.47) 11
(O) Trap 152,709 100,440 (65.77) 93,073 (60.95) 106,897 (70.00) 6
Anchovy drag net* 141,543 99,474 (70.28) 93,544 (66.09) 104,671 (73.95) 5
(L) Purse seine 221,039 193,410 (87.50) 189,516 (85.74) 196,823 (89.04) 1
(L) Otter trawl* 111,871 89,911 (80.37) 86,816 (77.60) 92,624 (82.80) 3
(E) Danish seine* 13,381 6,328 (47.29) 5,334 (39.87) 7,200 (53.80) 12
East sea trawl* 24,056 15,509 (64.47) 14,304 (59.46) 16,565 (68.86) 8
(M) Danish seine* 29,446 21,642 (73.50) 20,542 (69.76) 22,606 (76.77) 4
(L) Pair trawl* 183,320 152,727 (83.31) 148,415 (80.96) 156,507 (85.37) 2
(L) Danish seine* 35,116 22,954 (65.37) 21,239 (60.48) 24,456 (69.64) 7
Diver 11,126 554 (4.98) 25 (0.23) 1,466 (13.18) 14
Sum 1,477,369 991,387 (67.08) 923,849 (62.51) 1,051,080 (71.12) -

Note 1: Italics are applied for fleet fisheries, and asterisks(*) is indicated for drag net fisheries.
Note 2: Parentheses inside the table mean the GHG mitigation ratio.
Note 3: The ranking in the table is given in order of the highest GHG mitigation ratio.
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