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Production Efficiency Analysis of Offshore and Coastal
Fisheries Considering Greenhouse Gas

Yonghan Jeon* and Jongoh Nam**

ABSTRACT : In the circumstance of standing out the climate change issue, the purpose of this study is to
compare the efficiency of offshore and coastal fisheries according to whether or not greenhouse gas
(GHG) emissions are considered, and then to present policy alternatives based on the analysis results. For
analysis, the traditional data envelopment analysis (DEA), the slacks-based measure (SBM) and the
SBM-undesirable models were used, and robust analysis of variance (ANOVA) and Wilcoxon
Signed-rank tests were performed. As a result, the study showed that the average efficiency of fisheries
decreased as the traditional DEA extended to the SBM model considering the slack and the
SBM-undesirable model including the GHG emissions. Specifically, the average efficiency of the
traditional DEA model, SBM model, and SBM-undesirable model was analyzed as 0.7350, 0.5820 and
0.4976 respectively. In addition, the results of the robust ANOVA and Wilcoxon Signed-rank tests all
showed that there are statistically significant differences in efficiency between offshore and coastal
fisheries as well as among traditional DEA, SBM and SBM-undesirable models. As a policy alternative
to the analysis, it was suggested that to improve the efficiency of coastal and offshore fisheries, it is
necessary to actively implement the new fishing vessel project and develop smart and electric hybrid

fishing vessels.
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E 9]A A (Kyoto Protocol) Z{eH(19971), 2] A (Paris Agreement) | A(2015¢) 5
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=0k o] Ao thjake &2 AHE A 0] A7 Lk A (Data Envelopment Analysis,
DEA)°] 7]1Fet DEA/Window & ©]-§-3101 Zajol 2] B4 41 A A1-2013),
°]7g71(2015)2] AA+-2F DEA/Bootstrap Malmquist&- ©]-8-5Ho1 3l|o] 4 &] B rtaed
& W] EPER(2014)0] A7} AL B} Ik 715k SEER(2018)2 o]
&, £-/J(Super Slacks-based Measure, Super-SBM) .35 0]-85}0f 2Foi &
Q.

AL AT, 22 P AHgStol YA - EF2019)S UF

t}. o3 - o] 7]E(2015)= 2
SBM &S -g-5lo] 332

° I
BYS ol gl 27 wiEgTdE LEste] =y e aedd

52013)2] 9157} ZAf i,

H| A2 SBM &S S-8-5F =-¢] AP A2 Cecchini et al.(2018)2 A1 7}
=2 Lot o|gE|of Umbria A 92| g FFAIE A& B7I8HAAL, Qi et
al.2018)> 7| e H=4 & whget S=9] A<

AEA L EASHTE 8 Lin etal. 2020 A4 207454 0] £ A7} W &S Tefat
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7P A, AA7ES, A o] 88843 ] al - 245131 01, Amowine et al.(2020)
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-] K L—E‘) T d AT _/_]\_UO]—XH H]_/_]\_UO]—ZH
U72013) o, daul, A | ol -
o] 4HI(2015) ok, FAA of 2l o4+ -
P F(2014) ol7tH], d=H], U= o=, F7HA -
. 4% ol dES, AMEA, Ak, A,
@QL‘)I\‘ E}Q%(ZOIS) ﬂﬂ'ﬁ@]‘?ﬂ o %Qﬂ -
S S
g wpageo) | TIED AT 2 e gage :
I=] =g
55 PUTQOIE) | FAE FEuads | e, shEw co,
TRAAS, B, Z9olg4,
T 2(2018) Oﬂ*ﬂul”‘?‘i@, S, SF=A, o,
gz SFEAT
oA o 1A0s) | EldE, olx Mg | ol s co,
. 4y o], A, -
Shin - Jeong(2013) 7]-]E1]O]1l1 EJ_X}TT Aoy A AA CO,
= COQ’ NOX’ —g__"/\]—o 0> %j_‘_}'j'ﬂaﬁ UH%O‘-]’
314 5](2013) ooue A - -
Cecchini et al(2018) |AVestock, Labour, Feed, Area,| g ction o,
Capital
Qi et al.(2018) Labour, Capital, Energy Value Added | edEZ
Lin et al.(2020) Oil, Natural gas, Coal - co,
Amowine et al.(2020) Labour, Capital, Energy GDP CO,
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12 (1

CO, Emissions,;(t) = FS; x NCV; < CEF; <10 ° X

A% Q)e dAZsold el dFE - F5E CHy, N,0 WiETE A AolH, CF =
AeAS, BF(CH,) 9t EF;(N,0)= CH,$F N,09] wj&A5=olt}. 1072 CH,,
N0 HiE&da 222 sk H| -85 d=rolm, 4 (2)2F(3)9] 41.8682> A o
$1Q1 TOER A8 -4-7-35 %S Joule 2 FHiksl= Alg=o] ).

CH, Fmissions,; (t)= ES;; %< 41.868 X CF; X EF,(CH4 ) %1073 2)
N,O Emissions,;(t) = FS;; < 41.868 X CF; X EF;(N,0) <10 ° (3)
A (2)¢(3)S Eall =4 CH, 9} N, 0= 747+ 21,3102) 2| L33 A5 CO, = 1)
£ 283t Co,= g 5 aard %@."ﬂ ska sttt CH, 9 N,09] A - 2uskA| 4

7}21,3100] 2= 2L €O, 2T A F-xtsto] 216, 3108} 4215 aRS v X 2
oju|gi.

o

2. SBM 23

AE4 % DEA 232 A=aa7F FoflS o FUaas Faskshs FAAF
(Input-oriented) ¥} £ 827} F+oF S W] A= 42E ZT)3}sh= AF=A13KOutput-
oriented) 0.2 U= 4= Itk ESF 1o o st 4~ E-H(Contant Return to Sacle, CRS)
< 714 E | Charnes et al.(1978)7} 7] 4HsH CCR W& 2} 1 HLof| T 3} <=¢] 7} H(Variable
Return to Sacle, VRS)2 714 & off Banker et al.(1984)7} 7§ BCC & © 2 JLE&}
2= Qlthuhatks], 2008).

44457 542 DEA B 59| = S AT 1A a0k o, Felol} 4158

£7 0@ 27} i ZhaA| Aok 31 HHAFH(Radial) 78 0.2 o]E(Slack) 1123}
7] 9 AL 2Aek] tho] Bolgh LB A e oW 9 a st

] &gl 175kl s 2 029] ol ©AGO] AR Y3l (Decision
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Making Unit, DMU)E-2] 584 47 5YoA AitE = 2471 g skohEbE &,
2010).

Tone(2001)¢] A2k SBM X &-2- H|HFAFA] (Non-radial) o] ™, F- 2] 3K Non-oriented)
Ryog B I A= Q 4 9] o E(Slack)S A A S ol A A o2 Elelo] 7
e ST =N H Y aaHof X AE2 % DMU Afoof| &40l F-i
54 gk How—madlal) wy 4 A Fuslelch SBM ROl FY LS
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LA S 27k R0 ALTAHSS o8
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>~
HHN'

LonEEa g e =10 4)

A #)2 z;,=DMU n o i fA FA 840 s SJuletH, s; = i WA FY a9
Z7H(Input Excess) S UERHITE 3,2 DMU n o rfi) b @ 4:0] gFolu], s/ &= r
WA A& R 4 0] BZE(Output Shortfall) S 2Ju]dtct. BUEEFAIH &2 T
=]

23}

G2 7had 290 A7) ) B et tb] o= AR 2 el 2 vl &R B

3 0|t AV A SIS ASHERID 2713 A1 R 47} Qe A R4 T
H] ol A 2 NS H &= e Aoltho] 3 - 24H 2012),

ole} 7L Ml & ES BhalE Bl R Y AR R 4] tha) ©elo] Fue vl &gk

LI

o
EE8 5 ek wbA S DMU, (n=1, -, f) T FJ 82 23z m A, A
A2y h AR, 2, yerE R, yE R O ME 2 AT 5= 9k Fof 4 WElof ut
FHEX, YEX=[r, -z ER", V=1y -yl RO o] st
X, Yiz 08 AT 7P o) & Hheto 2 AR AR PE et 4 (5)9h 2
ol 3 7HsEH, A€ R/ 7HEA MEE, ez (1, -, 1)E R/ AEF oJu]dir}
(Tone, 2001).
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A7) A (2] BRI g W AHEES A RS BT BT FAER P87 3
AR ERlES B85to] of o] gt o 7hHS 7R SBM Ry th-9]
2] (6)7} 2] LER 4= 91T Tone, 2001).

. 1S T =8, 1 s Yo T8,
Py = min(ﬁi; N )/(zT: T ) (6)
s.t. xz, = X\+s
y, = YA—s"

*

A7), BAF p, =0 231 o]5}9] 3he ZH= DMU, 9] a8 HeE E3ha,
HE s~ € R & TP 2249 2 Input Excess)& oJu]stv], WE] s ER" = 41EQ
4:0] BZ8(Output Shortfall)g 2| u|gtc}. wkeF DAM/U, o] E&Ho|2bd p = 10| 51,
AHZQ A0 OB 57 9L EQIQ A0 o B T =00] Hr}h 18Uy DMU, 0] v] & o)}
H p = 15 22 g 7] A| Ele), o] gh Bl aeAdL skl g Lol At
Q40 23Rl s~ & FHAdof ab, Bl a0 HEEQl 75 SHAIA thE9)

(7)2] = #(Projection) ©.& o] =aj|o} gt}

I

xn(ixnisi’ yn(;yn+3+ (7)
_ _ s 1 s 1 s,
4] (6)9] EAEE 7hs] FE|skH p, = min(1— 2 )/ (1+ m )
i=1%in r=1J9rn
2 Lpehd 5 QL) o] WRAH O 2 Q1S AT FA AEL Hrststel s
AUE & Uk A7) A (6) 7ol it =2 7HS 7HE 3 SBM H & o] m, A of=
AT 254 2400 G ohz el = 1= A ASHH +F50]| et =ol=HS 73 SBM
o] Hl(aeH, 2011).
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S7tE wjEFS 223 SBM BY

o o] o ZBHEG 98] FofalA} shAol A et 1) jE ek A7IAS vl
A (Undesirable Output)2}al 51, H]| ARl = A4l (Desirable Output) AJAFTA o
A S F50] 3k fARE(By-product)& o u|ght: webA o] & A53517| flsiAl=
2 A Eolof 5t | A7 HA] &(Free Disposability) 7Fs-3t AR Al of th= 7|
H| 2T A= A7 HA] 0] &7 Fs5hH, oF7Hx]&(Weak Disposability) ©] 574 7HIth.
o] & AHAIS] AT sHH, AHT7PAREAS Bl O AEraS AISHAA 2R A2
it Eol= Aol 7 E= «]“lﬂ‘:} Tt SRR AT Ak
FABHHA] v AR AR Eol= A2 B/ TS Qu|dItH o) 85 - 24 E 2012).
H AU = 5131 2 SBM 23 A A5} of| 9FA] Bl 8.4y,

O
AFE 2.40) 20Ahoh w] 2 B 349 K48 7ML S A DMU, (n=1, -+, /)]

9

ATk Zhg e B4l ai= m A, 2R ' = s, W, Bl E s, 70
2,y B E R, YERY, y'E RO HE & ehd 4= 9ltk. o]of wheh g X, V7,
V& X=la, o a ERM, Y= [yl oyl ERY Y= 1)yl e R
o o] AoBtar, x, vY, Y'i 0xeh Acki /gt oS upgto 2 AR A
P2 HOlsh, A ()2} o] trebd 4= 9131, AE R/ &= 7453 ¥l 2 oJn|3ck Tone,
2003).

P= {(m,yg, Pz = X\ ¢¢ < YO\ y" = YA A= O} ®

o

_—

2 EU|E Tone(2001)0] A A5+ SBM 28 0] AbZ @ A2 Aubx|e} v] A2 7

= 5 1YgE AP, | AYAE et of| gk 422 ERI(CRS) S| SBM2 Th5
W22 A (9)E FET 4= ok ol & B2 M54 ¢ DEA 25 o] BRI E=
At R gFo| g o] ol X8 Non-oriented) X & o] THTone, 2003).

— 5,

moogo g 52 Sb
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s.t.z, =X\+s
Yy =YIN—sY
Y= YA+s"

sT>0,8">0,8">0,A>0

o}7| M, W s”e R I} s'E kM= BUET v AU Q] 2IME-S oJu] |, WlE
$1E R 2R 0] RERS ofujgit). 4] (9)9] BATG o = B8 WS oujet
M, 0<p < 1 Abo|Q] g ZH=th wteF DM U, 0] E& Aol p = 10] HaL, A%
.2:0] o B 5~ o A 9 H] AT 0] o5l 57, 5'-2-00] ElTk. LU DM, o] ]
A g Aolghe o 1 T} AL 3 7P, o]l HlESAS A SisiAE

AFEQ Aol B AgAL ] 2] 57 9F "5 FofoF B, AA|Q] REEQ] 595 FVt
KA Th&-0] 4] (10)2] £ (Projection) & o] FaoF S},
b b b g q g
Ty Ty S5 Yn Yn =385 Yn Yn +s (10)

A (9)= o] Hiet == 7Yshe SBM By o 2 qfiof| tigt o7
7Pd5h= SBM B2 4] (8)9] A7 e Poll L < eX = U A|oF& F71sfoF
ok 71 et (1, - DER/ QI ¥E o, L(< 1) U(= 1)& 22 7H2] WE A
9] ﬂﬂﬂ%ﬂ%ﬁl% ol ] LH‘%. e L=1, U=10td er=19] 5101 %Eoﬂ 1’41

7H4sh= SBM Efﬁo] Y1, L=1, U=0Y rq1 ;(-Eoﬂ st 2=0)% ]
SBM X.go] g}, wpehA] qfiof el 4= 7PiS 75k SBM B g0 H7l H 3 A
= e = Lojehs 254 245 4 (99l F718loF & th(Tone, 2003).
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(0184 712)9] 9% YA Aol B 2L 15 Folg] /1% mTe]
5 Fofo] ATslol o] A% FYSAE G EF 20189 SEFY3I 1
A0 4% SRTTFL FRAGFOR thEstel 2AA wiETS S5
th AR EEAL SR EYNSEE AT o] ulg B vl Fo] 2 Al ulet ol
2101 9Jo] §-FAFGTHS A BT 12T AE SR 2y o] 42 Heste)
T, AR S AT BT A eke] B4 BgoteTh <H 2>k B AT &
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S|
(Banker et al., 1984). 7[5 02
DMU°| 2|7} A & th& 5 L3t
S ete] vfera 7 A|4=<J(Exclusive Economic Zone, EEZ) Wol| A ¢35} 9=
Zofojdo] & DMU | F24 7%= 555t DUMAE T4 vlw 7t 7hse A

2 It Golany and Roll, 1989).

ol
ot
: 3
1% ol
% )
H
lo a2 rr fn & 2

FAva A
et WAbzke]H] 1A o Laer i H] ATYR)
= AAken QH AR =
(oar 2 | (i e) | (kD) U | ek HEY
(T 9 (& COeq)
Bt 60,909 59,272 36,636 252,040 94,489
EZHA} 58,418 46,634 34,363 276,583 89,494
WA 0.9591 0.7868 0.9380 1.0974 0.9471
gk 220,027 162,609 130,310 1,064,431 328,360
247k 5,328 7,254 4,336 25,369 11,300
1) £40f| 8- 247) DMUQ| A7 v & A AT = <8 & 1>9] 7|4 5H4 .
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(B 3) CCR & BCC ¥ 2AMzn}
DMU CCR BCC SE RTS ARG | A3l
1. (DA 0.5180 0.7305 0.7091 IRS 3, 15, 23 0
2. AHHHEA 0.6480 0.7135 0.9082 IRS 15, 23 0
3. B To]| 0.6672 1.0000 0.6672 IRS 3 10
4. (DAETA | 0.5902 0.7729 0.7637 IRS 3, 15, 23 0
5. (HAGTEA | 0.5955 0.9831 0.6058 IRS 15, 23 0
6. JPES 0.5859 0.6773 0.8651 IRS 15, 23 0
7. EHRLES 0.7010 0.8466 0.8280 IRS 3,23, 24 0
8. A 0.3921 0.4098 0.9568 IRS 15, 23 0
9. AP AY 0.6290 0.8270 0.7606 IRS 3, 23, 24 0
10. 237 0.4706 0.4864 0.9676 IRS 3, 15, 23 0
11. Z3|=p 0.6598 0.7125 0.9260 DRS 21, 23, 24 0
12. 2o | 0.6486 0.6621 0.9796 IRS 3, 23, 24 0
13. ZafEar 0.5922 0.6352 0.9323 IRS 15, 23 0
14, 2ol 0.4252 0.4302 0.9884 IRS 3, 23, 24 0
15. Zalgs 0.5108 1.0000 0.5108 IRS 15 9
16. 71AgG&AY | 0.5087 0.5251 0.9688 IRS 3, 23, 24 0
17. &==7] 1.0000 1.0000 1.0000 CRS 17 2
18. ASk I 0.8276 0.9254 0.8943 IRS 3, 23, 24 0
19. debMny 0.5848 0.8867 0.6595 IRS 17, 23 0
20. erEdt 0.8176 0.8224 0.9942 DRS 21, 23 0
21, dekxrg 0.9565 1.0000 0.9565 DRS 21 4
22. ¢erEst 0.9307 0.9726 0.9569 DRS 21, 23 0
23. 13lo|¢] 1.0000 1.0000 1.0000 CRS 23 19
24, A2 1.0000 1.0000 1.0000 CRS 24 8
Bt 0.6775 0.7925 0.8666
FEEHAL 0.1876 0.1949 0.1442
HHzr 1.0000 1.0000 1.0000
4=7r 0.3921 0.4098 0.5108
2) CRS 4% &7, 1-801¢, A%
IRS 4% (DHBAAY, BUHFA N, FHTATl, (DAGTFAJUY, BHAGTAIY, HIEE, &
STEE, gAY, 2G4, LA, Lo, TalE, 2a A, 2aE Y, 71KEEY,

QAR
DRS ¢I%: a4,

AR I

O 0> v

qlorgy

U

92



9|

H=2]E2e](10

o14(19%)), &

HES ER s

ok & 415

IR A=A

A5} g8

J(8%]) o= eI

u|
[e]

FO)), BA]

o)), 243

a

o)l A 20.75%, T+

H fg0] 1ol e M AR} ofd 4

S 0] 4] 13.34%2] 1] F-&o] 1

]_

o

oy

Aol A =

i

o7

Bl

o

3

AFol =

v A qkgke) v e Q1B o] vlS

)
1=

&

3. LWlA HiEF 1Yo wWE SBM

Bl 9ol A Wi o] Haf ul Al £A7L )

o

CCR @ BCC 20| AL

& o
= X
ﬁ ofl
) o
=X T
w T
o) [N
T )
id [
jn S
oo
X
T
i i
s
Mo _
i ;
—_—
3 S
p
oo o
o ™
o ™
B el
M p
p B
/M o
= &
o
= N
oj M,l 3
mo W
N or

|

°f
¢

ey

gt

=

g

oI2g 1

G712 Vb A

]
=

= 247}

7

o2 F

€]

Hx]Qltt SBM-CRS It

Al
al

3

0.21712 YER} CCR 2 o] H]

a5

]

L (.49540]

o
Mo

X

[y
o
)
~
B
N
H
™

o
—
o

ol
o

3} SBM-CRS-CO2 &

7hs o E S g

wjr

7V #9171 diZolth

,mo

SBM-CRS-CO2 T8 o]| 2|3 54 247}

Zu)

m._m
X
B
HA

R AR 1)

0.2492¢1 71 2.2 YEl} SBM-CRS X3 o] H|S

1
.

93



(B 4) 2L HIEHS

HtY Q20| M2 SBM Z2&o| S84 H|lw

DMU SBM-CRS SBM-C-CO2 SBM-VRS SBM-V-CO2
agyd | = |28 & | 2EAY | &% | 5Ed | &4
1 (ehgadA | 03612 17 | 0.2459 16 | 0.6190 14 | 0.5636 14
2. HYEA | 0.3426 19 02307 | 20 |03877| 20 | 02905 | 20
3. EarelZol | 0.4385 11 0.2988 11 1.0000 1 1.0000 1
4. (DAGTA | 04174 13 | 0.2868 13 | 0.6799 13 | 0.6268 13
5. BHAETA | 03634 16 | 0.2458 17 | 0.7289 10 1.0000 1
6. JPE=S 03405 | 20 | 02303 | 2I 0.4172 18 | 0.3287 18
7. ZTLES | 0.4770 9 0.3305 10 | 0.8227 8 0.7954 8
8. At 02633 | 24 |0.1783 | 24 | 02825 | 24 |02095| 24
9. AYAY 0.4125 14 | 0279 14 | 0.7089 12 | 0.6467 11
10. 287 | 03262 | 22 | 02206 | 22 | 03468 | 22 | 02544 | 22
11. 2= 0.4714 10 | 0.3337 9 0.5213 16 | 0.3536 16
12. 3o | 0.4341 12 | 02973 12 | 0.4665 17 | 03533 17
13. ZafEar 0.3745 15 0.2532 15 0.4105 19 0.3056 19
14. 3]s 03128 | 23 |02157| 23 |03292| 23 02512 | 23
15. Zalgs 0.3591 18 0.2442 18 1.0000 1 1.0000 1
16. 7]AAEY | 0.3401 21 0.2313 19 | 0.3761 21 0.2859 | 21
17. 27 1.0000 1 0.9999 3 1.0000 1 1.0000 1
18. ookt | 0.5597 7 0.3853 7 0.7408 9 0.6363 12
19. ebMny 0.4815 8 0.3583 8 0.7258 11 0.7104 10
20. ¢orEdr 0.5629 6 0.3961 6 0.6069 15 | 04173 15
21. Aokap} 0.6477 4 0.4560 4 1.0000 1 1.0000 1
22, AREZ 0.6036 5 0.4186 5 0.8734 7 0.7157 9
23, Eoj¢] 1.0000 1 1.0000 1 1.0000 1 1.0000 1
24, A2} 1.0000 1 1.0000 1 1.0000 1 1.0000 1
it 0.4954 0.3807 0.6685 0.6144
R Pl 0.2171 0.2492 0.2528 0.3013
HAHZr 1.0000 1.0000 1.0000 1.0000
2|47k 0.2633 0.1783 0.2825 0.2095
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BCC w33t U5 Fal 791 Zol, Za|R, W7, Ackas, Talole], 42
67) 4502 BAFck SBM-VRS wo| HF A8 A
0.66852}0.2528 2 B4 &]o] BCC g Kt} Hfo| 7rAaghHh
o= BAEgh

YA, SBM-VRS-CO2 5ol A= a2l Zo], 2o, 7], Aekapy,

o, A, AT GG 577 Aol A A o= ALl

=] [¢] T [¢}
AR 1AL, 247 FF0] BEd A4 B2 0.6144, FHA= 0301302 &5
T 53] 2A7F2 v S vk of] whet vl aa

2 e
VRS mo] )3} B stesh, 4% 7 BeA A%
Hh AT R 53 A ¢

182 SBM-VRS Hof| A= H| &-&2]0] 9| 21} SBM-VRS-
CO2 Bgof A= B4Rl T2 A dE e, ol & ATl vaedd dS=
off wlsf ofdAlglo] 2] o2 2fopr 2A7EA viETFol Wt7] wiEolth
wAANE T o= e, 67] P& CRS E= VRS 7Hof| wpe} 414 &
HE 2% DEA 23, o] £-& 112{3H SBM ¥, of i3t 247k uj =S WHd 3 SBM
BP0z shEeR ddejol o ae A W2 shEtsto] Blaesdo] S 3
i, a4 Mo #EEAe g o] A as e Aole SR AR £
A=k of gt Ak 7 AFe) Ahe 3 B Qo] ALY of o] EASEAL §f
& Aulshe Ao, 7] Aife 2AVRL HlEEE AHsigle bl d2eiold o &
&7do] Wobd Foleh= AAre Aate UA]sH3iTh
F7HH 02 27w SRS 213 SBM Y o] Y] W ATE 840 fEHl e 3
FAIE A <& 5>of w21, SBM-CRS-CO2 P o A= Hat 2| o2 ke

B] 32.77%, 9174H] 39.12%, G-FARETF 79.48%, SA7FA W ETF 79.43% S 73] oF
3}y, SBM-VRS-CO2 R & o A= H 4] 0 2 AARGE|H] 24.89%, 17A4AH] 21.17%, 5
SAG T 44.18%, -SA7EA TS 44.15% S AESof vl EL A9l of Qo] BRI
o902 AR A oE EAE Tk B3] AA) of A H el Hls) FFAHE T} 2
7k Z o) e Aol A Qo] RS Y02 WA YA SRAL

ST LA W EL 89-97%714] Fofof S 0.2 Lepit
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(# 5) 247tA HIE2S 12§ SBM 2o £ U MEQA AFHIE FHAL
COIEES N
T Ak Nk FRAREE | 2R wiEE
(%) (%) (%) (7o)
CRS 32.77 39.12 79.48 79.43
VRS 24.89 21.17 44.18 44.15

4. HIEA APES o83 a8 AoliA

‘B 7F BEA A4 Aol gleb ol oy 7}@(1{)0‘3& 258 Y5 Aol

Z7)gtch o]tk Robust ANOVA 72 1} Wilcoxon Signed-rank 74 A =<3 6> A|

w0l 37) oJATol L Y Bo] R RS} oliAko 2 L)

A] LO]—E papes 7]——-6]' Robust ANOVA AAL AA|5}e] CRS =
=4 t}. CRSE 714 gt
37]—X] 23 7ol = Welch d h}- Brown—Forsythe AAS A=), 25 1% 59

zalol A ARAAE 71Zktel w3 7k Aolrh EAfeks Ao vekdtt, 127
VRSE 7P 371A] 2§ 7holli= Welch 374 9] 4-9-5% F-olestoll A 2% 7t 72

HJ
ot
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32
o

5o g, Hlwstd s 7 Ao 20| A= 35, & Hehe) Byt At
L5 S0 Yot AE- 71538 Wilcoxon Signed-rank 7442 &85} %t} CRS,
VRS 7} 8}1e] By 53 o2 Eim A7 vl S5 BEe f-Fof| wha} F&s)o] 2714
1y 7FagAd ZolE AR A, BE 1Y I H| oA 1% F-ol=stoll A i |
7HE A este] myg 7F A& Agole Fg 2fol7F A5k A o= R4 E Sl

(H 6) CRS E& VRS 7P30] M2 2M2YYH 584 xto| 2™z
T A AT FolgHE
CCR/SBM-CRS/SBM-C-CO2 Welch 1ee o.ooo***
Brown-Forsythe 11.17 0.000
CRS CCR/SBM-CRS 1221.50 | 0.000™"
CCR/SBM-C-CO2 Wilcoxon Signed-rank 1,223.75 | 0.000™"
SBM-CRS/SBM-C-CO2 1,223.75 | 0.000""
Welch 3.59 | 0.036"
BCC/SBM-VRS/SBM-V-CO2 ;
Brown-Forsythe 3.12 0.051
VRS BCC/SBM-VRS 1,202.25 | 0.000""
BCC/SBM-V-CO2 Wilcoxon Signed-rank 1,202.25 | 0.000™"
SBM-VRS/SBM-V-CO2 1,202.25 | 0.000""

z "p<0.1, "p<0.05 "p<0.01

o

SPA 6714 BH 02 & 247) A sl 2lo] AW A A4S (SAk, o
whe} 8ol gt Q1okol 9P, o R Eel wheh Mgk = b &

= 2l
o L Qo] o9 0 2 TEE F 5L HRA A4 Biki BERUAE vu

2
c

2
e
=
2

3) 2 A2 (D HFA AT, CHHBALY, FhFAEL (DAFTFALE, CHAETALY, HBEE,
7

SHFEE, dFAE, 23, A7, e, ST, 2SS, 2, S
13

[<R)
F71 5 177 GFo] =3 EH, Aol e AT, Add, ALFE, AdAY, A=, 72
o, A 5 7 AFo= FdH O ek A AL WY R FA o e ddEA

A 25p7] ool 9] Bl elelolgl o2 ER B,
4) eroi ol (ALY, (AT AU, A, YA, 7143
Fgslof QLo olslel 187) %L HATEro| o] LY.

97



A <3 7>} ek 2ao] At A2ko] ), kol ul Alete] ¢, Qlape] it w9l

ol Aolo] mard Mo Hatd £EUALY Alol S A E AT, A7) 374 7L
2 FHEBEF Aol AEA Ho] Aol 7k EAIFHS BT 4= Uik
(7 7) €3¢ E40| 2t #28 e ¢ 584 Hlw
TE CCR | SBM-C | SBM-C-CO2 | BCC | SBM-V | SBM-V-CO2
23 Hat 0.5966 | 0.4138 0.3013 0.7301 | 0.5940 0.5450
(A) | #2932 | 0.1364 | 0.1617 0.1848 0.1966 | 0.2489 0.3063
Rikils Bt 0.8739 | 0.6936 0.5735 0.9439 | 0.8496 0.7828
(B) | ®ZHA | 0.1476 | 02152 0.2929 0.0691 | 0.1605 0.2259
zpo) Wit | -02773 | -02798 | 02722 | -0.2138 | -0.2556 | -0.2378
(C=A-B)| #&#z} | -0.0112 | -0.0535 | -0.1081 0.1275 | 0.0884 0.0804
Ak it 0.5597 | 0.3672 0.2540 0.7242 | 0.5350 0.5238
(B) | IZHA | 02287 | 0.1543 0.1108 0.3396 | 0.2770 0.3468
ulAeh | et 0.7168 | 0.5382 0.4229 0.8152 | 0.7130 0.6446
(F) | E293 | 0.1960 | 0.2334 0.2746 0.1869 | 0.2557 0.3005
2}o] Aot | -0.1571 | -0.1710 | -0.1689 | -0.0910 | -0.1780 | -0.1208
(G=E-F)| &8 | 0.0327 | -0.0791 -0.1638 0.1527 | 0.0213 0.0463
oluy it 0.5917 | 0.3822 0.2605 0.8054 | 0.6702 0.6545
(H) | #2932 | 0.0705 | 0.0497 0.0361 0.1655 | 0.2442 0.3085
woly | et 0.7290 | 0.5634 0.4529 0.7847 | 0.6675 0.5903
O | 29 | 02177 | 02507 0.2940 0.2158 | 0.2662 0.3051
2po) Wit | -0.1373 | -0.1812 | -0.1924 0.0207 | 0.0027 0.0642
(J=H-D) | ¥Z#HA} | -0.1472 | -0.2010 | -0.2579 | -0.0503 | -0.0220 0.0034

Adolol= (DHFALY, CHABALY, TelF220l, (DAETFALY, CHAETALY, HBES,
SAHTEE, ZHFE, 71 AEY 59/ dFol g EH, vidFo G YA 157 AFL = A= of ik
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EAge} o)t

<3t 8>2 7N 4F9] 3714 EAJol| whah M- gt & A A Mann-Whitney ©]
U A Auta, Laflo] ot Aol -2 1~10% o] =oll A 678 13 B AR 7S
71Z¢gto) whet BA A o2 Fafjol At AroiY o] 84 Faee Afolvt e Ao g
A= Gl v Aol gt vjddol g9 &84 4 Afoli= CCR, SBM-CRS,
SBM-CRS-CO2 R || A4t 10% -2]=<2ol| 4] FAH 0.2 {2 o] gl om, Qo]
3} H|Qlo] ¢l o] EEA A4 2o = SBM-CRS, SBM-CRS-CO2 L& of| Aut 10% &
O] g=EsolA] SAIH 072 FjH o] gt

ZAF e ool whe B A 1 a8
Q1 Aof| val Lafjo] at dAQtol Azt 84 H
2 FoJeh U1S 4 R oh-23} ek 2 B of o] S ApR o R At Y

TF o] A A 427} o] WolA Wt A o2 At

)7} 2.0108), 1718]= 1928, §-FAHE-RFo] 1.274H, A7k v &=k e 1.23 4] o
=0k T Aol o] ol 9t vlgo] Lafjo] 2] ol fiut vlg Rt ol T2
2 ool ATt 3.298) o W 2 02 UEhidt) wheba] Atoldat Lol o] &

3 A9 Apoli= dAQtol o] F=Qdchu] AAtzke|u| e} Q17Au] 9] v]F, §-FAME,
A

5 !
247} s epo] Lafol et AT E 0 7 el 7|213 AL 0= s

L.

H

O

.

(# 8) €32 540 mat F2et A 2t §54 X0 HdEEL

T CCR SBM-C |SBM-C-CO2| BCC | SBM-V [SBM-V-CO2
] EAF | 247497 | 247497 | 2478177 | 244147 | 244.147 | 24188
%iﬂ}/ V4 2.765 3.401 3.462 2.368 2.240 1.879
s | 0.0042 0.0002 0.0001 0.0154 | 0.0229 0.0600
EAZF | 224610 | 22461 224.90° 221.58 | 221.58 219.52
H%}é z -1.802 -1.802 -1.800 -1.008 | -1.545 -1.012
©olgtg | 0.0768 | 0.0768 0.0765 0.3287 | 0.1302 0.3370
EA%F | 28125 | 280.76 281.13° 276.97 | 276.97 274.40
H%’Z)} z -1.402 -1.880 -1.938 0.210 0.090 0.392
©olgtE| 0.1734 | 0.0635 0.0544 0.8495 | 0.9432 0.7234

= p<0.1, "p<0.05 Tp<0.01
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