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Abstract

This study evaluates the energy efficiency of offshore fisheries by year and gear in preparation for
changes in fishery circumstances such as CPTPP and 2050 Carbon neutral roadmap, and provides policy
implications based on the results. Accordingly, this study compares estimated technical efficiency using
SFA with the energy intensity of offshore fisheries. As a result of the analysis, firstly, it shows that the
energy efficiency of offshore fisheries by year is decreasing. Secondly, among gears in the offshore
fishery, the energy efficiency of the fleet and the drag net fisheries whose have a large supply of tax-free
petroleum is evaluated differently depending on the indicator, so the four indicators need to be
complementarily used. Thirdly, it shows that there is a weakly positive correlation between the vessel-age
and the energy intensity. Therefore, to improve the energy efficiency of offshore fisheries, it is necessary
to shorten the calculation cycle of tax-free petroleum supply limit and reduce the number of fishing
vessels in the fleet. In addition, it is necessary to not only promote the development of fuel-saving fishing
implements for drag net fisheries, also replace electric hybrid fishing vessels for aged fishing vessels.

Key words : Offshore fisheries, Tax-free petroleum, Energy efficiency, SFA, CPTPP, 2050 Carbon neutral roadmap

I.M E (MOLEG, 2022), o|& "Iz WA A7bA

LFLZFS Aol FuFRe AAE Eo

20206 71 Zafoigle] ARH] MITE AUV oty 9k o9 2o A v BEh,

89 o 18%%, AAN(38%) The o 1 HITOl  ojds] WS AL TR TIYHD =

SEUTHKOSIS, 2022). “I2fh AR HTEE ) agean ofgiele] WAfE BEHOR A}
AR AR aEA ARl #st ATE gam= godx Eatw 9k

TATLE Y ATEIA el A9 gle AR ol e 7o 20219 0@ AR THA.A

O

o @ FEFddMe e dASF »
a2 ARSEE oF) Alexel wel 3dwnith
HAR dAtxg3tedg ABgHHE fAsa

SHe) g F A AT AL g (o] 8k CPTPP) 7H]
S 32315 tHKOREA, 2022). 7] H4H
#golg el e ALl FA4 3

O
s
Irood X

2 >

t Corresponding author : 051-629-5317, namjo1234@pknu.ac.kr
# O] =2 2017 ARSI AYoR S=mAdTARte] S wol FE A7-I(NRF-2017S1A6A3A01079869)

- 384 -


https://crossmark.crossref.org/dialog/?doi=10.13000/JFMSE.2022.6.34.3.384&domain=http://english.ksfme.or.kr/&uri_scheme=http:&cm_version=v1.5

o{Y¥oizd wstoll CHE|E 25

QEES A= F7F BHRE BAsE x3o] X
relo] Qledl, wkeF -8 A4H7F CPTPPOl 71
s 5, dld 2T AEs feskA XEtd
Awd 2 WAf FeAdes ASHA 28
7150l ®& ZoZ o ®thlung and Ahn,
2020a; Jung and Ahn, 2020b). Alth7} &2 3, 3|
FFARE cEllFAREoE 2050 ©ATH EE
W WA kol HEAA HEShe

SRste] O FHekd Zo®m o AETHNFCC,
2021). o]t Fste] avFor uigstr] {8l
AMe Zalold e HA o8 a84 HuE |
A wpotstal, I Aie] 7]z}
Weks AlAskE o] FEGE F
ghA] Zalolge] WAl o8 &84,
aede AFAATA EFel 7] xsto
HE A A3 Sdolu AAA =
U= A= ofAXIT
A RS ohARE g AFATE, ¢4
Kang(2012)> EEWH7Z 4 (0]3} SFA, Stochastic
Frontier Analysis)& ©]-8-3t%] OECD =7}e] oy
A g84E F4% vk vk E3 Kang(2017)<

1501'
o
s
2

(o)

ko

ol

i
Fe TR =

4

SFAE ol&3ate] A7k~ wiERe e 113
A= oyvx Z&Aes F43th Im and
Kim(2017) sk A9 o

SFAS o]gste
UA ma8&ds A Alxd 5

z:sl. & o].E__ ]j]ﬁ.t'/d

2353tk Yi and Kang(2018)

T =
& SFAE o]&3t #7F T4 1ed Axd
HooyA 284S FY8IsIth F2E Jeong

and Kang(2021)> SFAE o] &3slo] AEAE 7

Ho| ofux| 2o "It

AUA &S FHARk o]
% Im and Kim(2017) £Jo] ©o}&
Aol M= SFAE o]&3dte] 4% ouA &

:'

A B A 2848 B7F A xS oy
A 49 (Energy intensity)ES H| WA F 714
Vs ArRgA o 83 A5 AkEsith

T FEoAE SFAE o] &3t oy ¥
TATFE AR 7ed 284S BUkEIge

el el ovA maAd7bA HrkekA e Xot
% ThKim and Park, 2017; Choi, 2019; Kim and
Park, 2019; Park, 2020; Son and Park, 2021). w2}
A B A3 94 SFAZ o] &ste] Zal|o]q] e
AA ARGl B 7)=A aedE SEskaat
ot dgor Y Vsd a84dd ouA
A E AEE-PAFHE vlmete] Zao]

A SFA R¥O FANE ANk, dxd-

AFE oqA & %

ANE 44T 2ot 9 4 4

Nsta, Aol o9 @ AN FF A
2

FL AR 2L Pa

=
= 71?4?} 9} Shepahard(1970)7} A|eFst 7]<2]
A5 (Technical efficiency)S &-83F14} 3o}
Shepahard(1970)+= F9& Adlgo d¢7) 7+
A Zeddes TR, FYE A 7

- 385 -



=8 78492 2 ()Y = YERd 4 Qlth
Di(x,y):max[ei(x/Q)ES(y)} ...................... )
TE= 1/Dz (:L.7 y) ............................................... )
A7IM, D= Fw AYET, o FUE Y
B, yi= AEE 9E, Sy FAE Ao,
A ) g FAT FHIA 25 Y F Ye
08 HAYHs EFshe stk

2. SFA ME2 2let FelE HHelgs s
2 Q= e VEd agds F4) 4
& ® AT SFAE  ZE3} SFAE
Aigner at al(1977)%} Meeusen and van den
Broeck(1977)¢] Aol oJall Ao 2 2/l= Stk
(Belotti et al., 2013). SFAX= EXof ok A3

7o FHg eade] FxE 7%*6* &, 2w
Ao e Haks Ve vagAe] g o
218} 52 9 xg o R Helste] HAE7]
ol DEAe| vlsl &84 F4o] AFgsivt=
7do] 9ltkPark and So, 2013).

4 SFAE olg3t 7|e4 a8 F4S 4
A= A (DY AETE Aol Ads FH
2 dsE A7) Stk Lovell et al.(1994)°] u}

29 FYE AYdEses A sAd(linear
homogeneity condition)= 7}Al:= Z & YEl I,
olo] we} Zhou et al(2012) A=A S 714
& oouA FdE AYSFE AAEAT ole}
g e Fastel X AT ouA R

Az 4 ()3 2ol BT 5 oAtk
E 1
) = D (YLHP.GTE) - (3)

, ARl v odey T oF
Foln, Fves F vl 7HHE LS AdT,

X GTv o &5, B WA
T TREe st A (3)9] el AR
5 FT geldt dabe A 9k Z

o= %

oL

lnDi(Y; L, HP,GT, E) e )
L HP GT
=In(B)+nD (Y, 5~ 1)

527 2 4)9 DY L, HP, GT, B) & 7|
=4 HasAdel g exFg(w) oz 7Y,
o9 2 (5)2F #Zol xHE 4 UTtHZhou et al,

2012; Kim et al., 2019).
L HP GT
fln(E)—lnDi(Y,E 7’7 1)*u ........ (5)

O] % Coelli and Perelman(1999)°l w2} 2] (5)2]

L owp ar ol o
IHQ(Y; E7 E’ E7 "l—-/l W

£ wEv 7St} Translog &9+ 4 3%
01]*1 FAaE Y F don, FEFY
35 38317] wlitell Cobb-Douglas §H4=X.t}
gk 540l vk A (59 Translog $<roll <&
A eAd(we F7FE F, 1470 el d)
2003\ €] 20201744 AX()el dist sHAE
F7kebd 23 22 4 (02 48 F Utk

1)©] Translog ¢

[V

=l° 23

(g, = ﬁowun(L )+

arT,
+ Bln ( Z =) +8,In( YM)

+ B5In (

L,  HP,
=)+l (4
iyt st

+B,In (

E
HP,,
E“’)ln(z,)wgln(E

it

HP,, GT;, GT,
+ Byln o )n ( EL )+ B0l ( Z

it

1 L,
+5Bnln( EL’

Pit)g
Et

1y

)+ ﬁuln(

1 GT,,
+ 56131n( £

(N

L2t 514111( Y, )+, Uy

A7IA, v, 8w, = Aol 00]aL FAto]

1
ol RO Ao, FUR ATLEE ©E
ThBelotti et al., 2013). 7] 2 (6)% - AT
= 2ol ouA aagret g ositt

- 386 -



ojdo{Ad wstol chelst 2

rol

3. 7|28 H|g84d9 2dA AFLQlS
xstst SFA 2
SFAS o]&ato] ouA g&dtel 4 (6=
Fs7] A= ol tiE EEE TP oF
gty B Ageld e BEFY A7 1els
o] w5 A2 A9 ¥ (truncated-normal) = 7}

oX,
ol
O
;8‘ <
=

-+ HMLE, maximum likelihood
o] g3t RIS  FAIUCh
Battese and Coelli(1995)+ 7]1&% @849 ¢
A A els By X3N]+ JEHE SFA

ERE AL, = A ()% 2

estimation)=

w;, =oy o FLEET, ,+a,DRAG, .+ W, - (7)

ol7|1X, FLEET 3} DRAG = tvlw|Hyg Ad
Q1) gdFeld 1, v dFeld 02
Rt W, = Batol 00]1, wAke] o)
Ql Axtwl AyFEEE 7l t(Battese and Coelli,
1995). 2 (6)¥ (NS A F4sta &+ F, 23
oy odA a&3re 74 28492 A )
¥} o] yehd 4 9lth(Battese and Coelli, 1995).

TE,, =exp(—u,,)

2ol uA &
07 1 Atol9] #ha 7HAH, 1o 2
A gEAol Eae ity 1ga & A
M odrds SR S0 =Ed
A5/S RTE(revenue technical efficiency)=,
Fo SHWTE sto] Y Ved &8
CTE(catch technical efficiency)® % & &2}

g, B ATteld FA ol 7l
W vl giide] He HEAQ oYX
299 4 (107 2dE £ Sl

o
oo
3
1o
N
it
o A

o Mo B 2 W orfo

’
N
ox 2 My 4 =2 ox

A Ol
My =
do o & p

LR
Er ke

A of

(SO

Ei,,t

REI = ——"——
“t Revenue, ,

slojd el ox| =2 HIt

oA71A, 2 9= A9 duA AE2I(REL
revenue energy intensity), 2] (10)> o] & & o %]
AH2I(CEL catch energy intensity)E w3k,
REIS} CEIZ} Sb&% ouA] a&ide] w2 A
o w2 Frpgth gEol 4 9 AAA oluAa
& g, 2 (1002 71E4 duAass

&
o u] SHEHKEA, 2022).

m. 2AM Zaf

A2 NP G 14 2
29717k 2003~2020119] 1802
A e F 252701470 o1dx187) A E)olt)
of AH&H W= oYU (Revenue), o1 F
(Catch), A¥4(Labor), oA vlg=HP)S} EF

1
=

(GT), UM 33 (Energy)©lth. o]59 7|x%
A& <Table 1>l #| A8k},

A A8 T AARF FEEe 7YY A5l
HAN FuAF A5E Fasiglon, o]9f
HEE2 BAHY A oAdAAZRAF A5E
skt =g EA e &8st MFY A=
Zaolde] dFE d7hd 7o, AJdTdS
ALY FaE AR T (2015=100)F 4
g3ato] At Aotk

<Table 1> Basic statistics of analysis data
(Unit: million won, ton, person, kilo liter)

Variable Obs Avg. S.D. Min. Max. C.V.
Revenue 252 2,032 2,966 149 16,824 1.46
Catch 252 1,016 2,102 39 10431 2.07
Labor 252 17 18 3 83 1.07
HP 252 1472 1,980 316 8478 135
GT 252 149 234 4 1,083  1.57
Energy 252 631 946 17 4,650 1.50
Source: KOSIS, Fishery managements survey: NFFC,

Tax-free petroleum supply data.
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<Table 2> Results of log likelihood ratio test
between models

Independent ~ Restricted  Unrestricted
s LR stat.
variable model model
Cobb-Douglas  Translog ~ 101.73%***
Revenue
OLS SFA 251.23%**
Cobb-Douglas  Translog 82.12%**
Catch
OLS SFA 368.93%**

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> Estimated results of SFA energy
efficiency function considering
exogenous determinants
Revenue model Catch model
Coefficient

Estimate  S.E. Estimate S.E.
By -5.01 449  -17.32%% 401
e 2.68%% 105 -279% 111
B, 2.51%%% 094 2.64%* 101
B 1.04 0.91 0.95 0.94
By -0.42 0.56  1.30*** 040
Bs -0.21%%  0.11 -0.24* 0.13
Bs 0.13* 007  041** 006
Bz 0.09 006  -021%*  0.06
Bs 20.96%%* 017  -1.07¥*  0.20
By 0.20%  0.11 0.00 0.13
Bio 20.25%%% 006  -021%*  0.06
B 0.76%** 018  1.18*** 021
B2 0.25%% 010  041%*  0.11
Bis -0.08%*  0.04 -0.02 0.03
B4 0.74%%* 015  1.08***  0.16
o 0.02 009  -0.88%* 044
a, L21%%% 013 2.09%**  0.46
a, -0.13%  0.07 -0.08 0.16
A 4.42%%% 3.0k
% 8,422.27%#* 8,536.49%**

Log likelihood 124.92 104.21

Note: * p<0.1, ** p<0.05, *** p<0.01
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<Table 4> Comparison of technical efficiency and
energy intensity by year

Year  RTE CTE REI CEI
2003 0.70 (16) 0.77 (16) 041 (18) 1.39 (18)
2004 0.71 (15) 0.78 (15) 036 (16) 1.07 (11)
2005 0.73 (13) 078 (13) 0.32 (14) 0.90 (9)
2006 0.74 (12) 078 (12) 029 (9)  0.78 (3)
2007 0.74 (10) 0.79 (10) 0.30 (10) 0.81 (4)
2008 0.77 (4) 080 (4) 022 (4)  0.63 (1)
2009 0.76 (7) 081 (2) 027 (7) 0.75 (2)
2010 0.76 (9) 0.81 3) 028 (8) 0.82 (5)
2011 0.81 (1) 081 (1) 021 (3) 0.84 (7)
2012 0.80 2) 079 (8) 020 (1)  0.84 (6)
2013 0.79 3) 080 (6) 021 (2) 0.87 (8)
2014 0.77 (6) 079 (11) 022 (5)  0.91 (10)
2015 077 (5) 079 (9) 026 (6)  1.11 (12)
2016 0.76 (8)  0.80 (5) 030 (11) 1.22 (15)
2017 0.72 (14)  0.78 (14) 032 (13) 1.18 (14)
2018 0.74 (11) 080 (7) 030 (12) 1.17 (13)
2019 0.65 (18) 0.72 (18) 035 (15) 139 (17)
2020 0.69 (17) 0.7 (17) 041 (17) 134 (16)
Avg. 075 0.79 0.29 1.00

SD. 004 0.02 0.07 0.24

Min.  0.65 0.72 0.20 0.63

Max.  0.81 0.81 0.41 1.39

CV. 006 0.03 0.23 0.24

Note: Parentheses inside the table mean the ranking.
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<Table 5> Comparison of technical efficiency and
energy intensity by gear

RTE CIE REl  CEH
0.84(8) 0.92(6) 0.23(5) 0.64(4)
0.80(10) 0.91(8) 0.16(3) 1.62(13)
0.87(7) 0.89(10) 0.12(2) 0.52(3)

(0) Angling  0.88(5) 0.93(3) 0.42(13) 2.03(14)

(0) Trap  0.82(9) 0.91(7) 0.36(12) 1.23(11)
Anchovy drag net* 0.31(13) 0.24(14) 0.32(8) 1.47(12)
(L) Purse seine 0.28(14) 0.29(13) 0.32(7) 0.43(2)
(L) Otter trawl* 0.71(11) 0.83(11) 0.33(10) 0.72(6)
(E) Danish seine* 0.89(2) 0.94(2) 0.33(9) 0.99(7)
East sea trawl* 0.89(3) 0.93(4) 0.23(4) 0.68(5)
(M) Danish seine*0.94(1) 0.95(1) 0.26(6) 1.18(10)
(L) Pair trawl* 0.43(12) 0.47(12) 0.53(14) 1.11(8)
(L) Danish seine* 0.87(6) 0.90(9) 0.33(11) 1.13(9)

Gear

(O) Stow net
(O) Long line
(O) Gill net

Diver 0.88(4) 0.92(5) 0.11(1) 0.26(1)
Avg. 075 079 029  1.00
SD. 023 025 011 050
Min. 028 024 011 026
Max. 094 095 053 203
C.V. 031 032 040  0.49

Note 1: Parentheses inside the table mean the ranking.
Note 2: Italics are applied for fleet fisheries, and an asterisk(¥*)
is indicated for drag net fisheries.

- 390 -



oiY¥oizd wstoll CHE|E 2ol el ox| =84 It

4. gz o eelg 4y YA B4 B A9, o5 ARE 4B
oA 2R U] A4 Ane dAngezy o ooom FEF HOF A cs 59, kF
o)o] BiLo] zjo]7} EAEAE EAAOR & HWhlo] Aol RTESH REIE whgoz Zdoid]
Q&) B34 Spearman®} Kendall <=9|4-#at7] 7 o dFH AuA ZEAS W A, Awd
48 2Aq0w ANFUTHKag 2012) dry - CoFHE AT AR wel AeAE
RTESH CTE, REL CEI AJo]9] wolaaian Ay oot &9 Addwesy = 74 Axs
A3}, Spearman Kendall <A AAIF7}E 5% o] A o7 33 qux a8A4S FrlE
do) goazoln vE EAdon felagy. Ao AT
TAACR RIS AAAZLI} 052 AE e F7HoR ouA addre] nagds 4
Ao ATRAS wel dum separ o ST WPl ¥FSA %@ 4Y 4T % o
o] A AR AT 5 ok S® T84 ¢ RTE, CTE, REL CEIF A3
SEl 9FN eaanA 97 Anee e A SIS Peron FRAA Y-S
Spearman®} Kendall 49109157} RTES} CTE, o or A ob @ A3 REL A8 3} CEI AF
REIS} CEI AFo]ellAat 10% o] o] 9] 2ol A] o]¢] AbAFHrO] 10% ©]8te] FolFFolA &
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oAl dkob w=gle] kel el fl= A <Table 7> Results of correlation test with a vessel age

o= FAHG webd Talelgde 9FE e

kel

Level RTE CTE REI CEI
<Table 6> Results of rank correlation test by year Estimate 0.00 20.07 0.05%%* 0.11%
and gear
Note 1: Null hypothesis( /) of Pearson’s correlation test is that
Type Spearman Kendall each indicator and vessel’s age is no correlated.
RTE & CTE  0.70%** 0.50%%% Note 2: # p<0.1, ** p<0.05, *** p<0.01
RTE & REI 0.75%%* 0.58*** i )
REI & CEI 0.66%** 0.49%3* RTE®} CTE 9Je% REI® CEIE W5y A
RTE & REI 0.24 0.14 ul 7k A|3EE] Apo|7t A CE Fo AT
O TCTE & CHI -0.11 -0.10 g1at7] 918l Mann-Whitney®] =918 H48< 4
REI & CEI 0.51% 0.38% ARty =913 A4 A3k, RTESE CTECIARE
Note 1: Null hypothesis( /) of Spearman’s and Kendall’s rank ARAFT A2 e Jd A3 Abo]
t:o;relatic(i)n test is that ranking between each indicator is 7]— g‘j\ﬂ——“f :'11 —?—7]—@—‘:’2— 1% -,C-]’— 9] 5,1—17,:—0]]/\1 7]7_11‘6]—
independent. - =

I
o] stth= A3t AR FAlH it
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<Table 8> Results of Mann-Whitney ranksum test

by group
Type Drag net or not  Fleet or not
RTE 20.50 0.00%**
CTE 24.00 0.00%%**
Gear
REI 15.00 10.00
CEI 20.00 16.00

Note 1: Numbers in the table mean Mann-Whitney’s U  statistic.
Note 2: Null hypothesis(/7;) of Mann-Whitney ranksum test is

that there is no difference between groups of each
indicator.
Note 3: * p<0.1, ** p<0.05, *** p<0.01
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