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Abstract

2 A4e SARE HAYE L2 2AVIA HIESEdu 247IA SIS FHotH SA=E HAY
9| LUTIAHIE ENS IIISIIIAL SIT, AFEA2 2011~2020 197 SAIZE KX 7|2 LAOZ AZH|
M2 tiEEsde| HAE 71t SE8HAEYS 0|80t £ A+ At O 20 A, SA=E HX
o B 2AVIA HIESEE2 0.852 HUKHCE =2 2AVIA HIESSES EULL =M, AlZH| [HE 34
2E MY W 2MTIA HIEEEH2 2011H 0.770(A1 2020 0.91 2 SHAZIQICH MY, HEE SARE
HZE 712 B MY 710 tet FAIZ 2E &= U= 24714 ASEHMZH0| H0|e A2 2 LIERRITY.
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Abstract

This study examines the food and beverage industry’s greenhouse gas (GHG) emission efficiency,
using the stochastic frontier analysis. The results are as follows. First, the average emission efficiency
of the food and beverage industry is 0.85, indicating that the food and beverage industry has relatively
high technical efficiency to reduce GHG emissions. Second, the average emission efficiency
increases from 0.77 to 0.91 between 2011 and 2020. It appears that the food and beverage industry
has managed GHG emissions against the challenges from carbon reduction pressures. Third,
regarding the GHG emission mitigation potential, the results show that most companies have
different potentials for GHG reductions from investment in efficient carbon-reducing technologies.
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1. A&

A AA 2A7EA M S 43 A BRI AR FR TESHR o1 A] Q&%) ool w7
&2 07 F7lotal Qtt. o] F ollv x| T 247 &R 19901 2329 £ECO2eqOllAl 20199
3769 ECO2eqO& At 3047t 62.1% Z7FHLH(IEA, 2021), ol whet 2| 719] B71L(2011~
20204)-2 443} 0]#(1980-1990W) Tt 1.09T EoHHTHIPCC, 2021). 20209 gH=r9] 247kA
S-S 19909 thH] = Hl o] S7F o™, 34 30W(1912~1940) HH] X2 304 (1991~2020
)9l AWt 7]20] 1.6C A5dte & 233t vt wt2 A A= 1 QIeH7]1/43, 2021). o] m&
29, 24, HF, 2 AR 53 T2 A A% A 9 T FFe] His), A7kl digt 99
% 37 BEUFE T4 59 AAE £4E 2T A0 & AEHMcMichael et al., 2003).

7151 ske] Az 1948 Q48 FAARS]= 1992 7158 9H(United Nations Framework
Convention on Climate Change: UNFCCC)& #2532 H, 1997¢ W E A (Kyoto Protocol)
£ Aol tigh 2A7EA 75 9 5E A5ttt E5E 20159 A o2 @7 (Paris Agreement)l]
A= 195719] GAf=o] AAR 2A7EA TR H(Nationally Determined Contributions: NDCs)&
Aol s Fgoto] AT Bt AJSE ARRIS) oA H L 2€ RA fAskL, Yo7t 1.5C o]stE A
g7 2 OJstATHUNECCC, 2015). $= 719591719] A28 QIAlshL 2A7EA T5S 1%t
SAALS] 9] e of) F36H] Y1l 20099 =7HA7EA EER(INDC)E 7gston, 20104900
(A A AR 712 & Yot B 2AVEA HEERE 945 Yote] 20159 R E 24
7tA i EARAE IS oH, o]% 2022| 0l 7129 AU A3 EoF 2l TA g A
A7 & AlBHE 71397 tHe-S flet ©ASH =R V1Y S Algstath BHS
2050 7H4] &5 ARSI R o|gstr] fleh &4 BA 23R WS EH o AS =7 HIA
OF YA, FA7| =7t LATA TE BRE £ TS AL FESSHIH

20194 3H=to] 247kA FHiEF2 701,499 ECO2eq 22 1990W(292. 197 ECO2eq) HH]
140.1% 71513 o H(LAZNTAZIA B AE, 2021), 19984 2291712 Qlst F7] E37E A 9)5)
A AR 0 2 F7HE YEHth o] F 3 A EE AP ABd 2ATRA viERF2 201149 2
2274 ECO2eqOllA 20204 2664 £ECO2eqO& At 1047t 19.8% S7FATHE 7 A7 kA S5
ZIA 28], 2021). 3HH 20199 AlA A1EAE FRE A7 7.8% SR, AlA ASA ARH1.62 B
2), IT AP(1.9% 29), 37 A1 12 221)9] 52of vlsf 5~7Hi7Fg =2 ol oH, AlA A
EAZO ABF JHE(2020~20249) HAYA = 4.4%=2, AA AR AHQ2.6%)°01H B A%
(1.4%)EoHE o9 =& 21 0 & UetthE-sA 358341 2021). ol AlA] AEAEY 43
7337k 34 20199 g9 24 ZE A E(128.63 D)%k 20094(86.9% H)oll BI5] 48.0% S/

OH(EAR, 2 Ak), 2R &5 7 4, A8 A 7, 191 79 S71 9449 AR




Zo] o2 74 A% 2h4} Sof Wk JGAIE dlakekT Qlck olol whek AN 9] oA EE Zri
SR B2 o718 A wo] X FS AL LARE XY LATA WEFS X)&7

el

ojo] 2 A= weFA 2lg<(directional distance function)& °©]-&3F &&EWH FE4(stochastic
frontier analysis: SFA)S 53l 245 A| XY 247tA &8 -84 (greenhouse gas emission
efficiency)& F85t14} gt £YEH AEES SAl0 ALE{sto] Foi7 Az oA 24 7Hs3
i SLAVIA HEFS FHTCEN Y SARF ARYS LAVMA 75 2EW =] 7| o5t
A} gteh, ERh 2AVMA S E4S v O B /879 Y] 247 5 A ® emission mitigation
potential)& 7351117} 3t o] & B FAEE AX 7149 2AVIA viE 8T AT

B BARO 2R SARE AR 7190 LA RS 54 slobst AARYS AlASk A G,

2. AR HE

A AAA & 275 G} 7] 59710 tigt BAlo] wobRlof whet 2A7EAuE T WA vt A
T7F XY=L Qlow, AA| gt 2Hg Afo] o] wAof thgt A7 ZshA A=Al et 5] vt
4 olF A AlAl= BAET 842 Aol EEF3Hdecoupling) Aol F&E51L ). 25
Z3h= AAFEET U A 4] F-2 2AVMA F7He0] HobAl= @42 2v]shH(OECD, 2002),
AP AT = T2 AT SA7EA i Aol 2(-)2] HAIE 528t AR AAISHL it
ot BAGRT SV BT 7 S SASHAIRE, A QL ¥st o] Aol 7F E¥sh= @
A BELote| HEs SgE o] ATE I vt AT 8 @ A Afe] 9] Es-Zslo] tigt o]
A= FFF 2| Z(environmental Kuznets curve: EKC) 7Hd& 7|9F0. 2 ghet. A /g4 o] wh=t
2A7IA HiE o] A&2 0 ® FUIsH] wwol BAIdE T S EAS A6 B45hE Aol &7 s
Stk At A3t AAE 7] = 52 WK(Shafik, 1994; A143E 2014), dFE9] A7+= FAAAT =
710 @HH o ® 2ATIA HiE o] SISHANL 9 o oo AAIESS BASH HH 257
L7 v E&TFo] THAsH= o UAMY(inverted U-shape) #AIS B A tHETL-AIL, 2004; 59
A&, 2006; ©1*8F, 2012; Grossman & Krueger, 1995; Panayotou, 1993; Apergis & Payne, 2009;
Jalil & Mahmud, 2009). OECD(2002)7} ZAI/d7d olitatets HiEo| ozt @5x3; A4
(decoupling index)E 7NL3t olF, theFst WHES & HE 2 /A=A (Tapio, 2005;
UNEP, 2011; Ru et al., 2012), o1& &3 AA/ST 2474 viEF 1 E52ok0] A= 5745t
= A7 = A Wang et al., 2014; Gupta, 2015). E3] =2 200099 o]& 733t &5235}

TES B 9=, 59, &, v 53 Y] AR ol gt £ES Hole A oR Y

N

O

H

i
=



CHE2loll AP A, 2020).

AT WS BAEE olQo e vt 8219 ofsf IS W AL E YEETh B2 A
oA JAtF7He 2AZIAHES SVl 2 8R10 & AAE]low(0]FE, 2010; Liddle &
Lung 2010; Wang et al., 2013; Uddin et al., 2016; Shuai et al., 2017), 2A7IA 7= 7|& 5
A AT ASH S7He SATIAHIES A7) H Foltt S vAe AoE YEEH
(Wang et al., 2017). 3t 7]& G412 o4laleha o] 417 wiE o] Zol& 7H-g=tl, &7]3 2
2 3347 environmental performance)oll= F-2J5HA] Lo} A7 & 0 2= 7|49 T gt
£ A7 AL YEPITHPopp, 2005). I Qo= A% Z7KSuri et al. 1998; Wang et al.
2013)2} oA 7H4 AF5(01F<E, 2010, 2012)2 2A7IA HiEFE A= A0 & YERow,
AEEHS5(Magnani, 2000; Bimonte, 2002), IT & AH|A A+ H|Z(Panayotou, 2016) 5°] &4
7hAHEo R PR = TR0 E A A= ]I

2472 ST A A Aol 2] Aol tiet At EESHA MY E AL Sl s dE-EolA= 7%

HS}ke] 5ol 1ot mEt F R A4 S0 2ATIAEIET AARH o] & 5O E 4 4
THFFIAHHAE ), 2021; 23+ 9], 2019). E3t Gallego-Alvarez et al.(2015)2 gauj& 7+
A(carbon emission reduction)= &840 2 71E511, Hjd EAE E3) 7|99 ehavi&
o] 714 9] /T ol TAHARA S v|A= A2 BA oM, Lee et al.(2015)2 1d £4Z o]-8-5
7199] &34 environmental performance)?} 7199 AF/d#Hfinancial performance) 7t
()9 TAF BEeE Hiok Ot viE - e/ ARHE AR A 247 A5 Slof B4t
Foll FYE= oUAES BEF 02 AMSHAY 2A7IAHIE A f19 7] AT FARRE 22 7]
o] ko] Htg=A] ot THAIE 24 Hetl(3Ed, 2019), ]9l In et al.(2017), Alexopoulos et
al.(2018), Roman-Aso & Vallés-Giménez(2019)= tj& tu] o|AlsletA &S 2A7IA HjE
ae4Y AEE A5 = s

AR TS o] 87t ATIA HiEA S AFE AW EY, Fare et al.(2005)2 Aol A EAY
ke LAEZ(SO,)S ot WA (directional distance function)?} AF= Z=-E-4(data
envelopment analysis: DEA)S 0]-&5}0] u]=r ¥EH40] LAVEA wiE& G847 U574 (shadow
price)S 453t Shortall & Barnes(2013)= A&|$Hre} DEAS 7|50 2 AFEWAE YsHo|
SAZEA HiEFe] vA s 9 BASHIeH, 71&a 8 (technical efficiency)o] £& 57144
5 2AVIA9] g g &40l Eoh= A2 BT Zhou et al.(2010)2 A &2} DEAE &9l U
AE BAHjEa8X9(Malmquist carbon emission performance index)& =011, 24I7tA
& A9 187 =710 ol &2 A4 &4 5(total factor carbon emission performance)& <
Aste], 7Bt =7HE gaEEds A Fofet FE vAE AE ERlsktE. Wang et

al.(2019)2 A2 g2} SFAS B3 T A9 A AHAE #Jol & 1T o4tsle 4 HjEaeA
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Zg3tect

o} o] 247k vz R0 et AT ofe] F7lol A TRt A ok thgoE g
olek. SOl A o uix] Tha] Q%<1 Agslel, Bl 5 YR ARIFS TR SATEA b
2840 gt A7 SBHLOHANE 91, 2015 AL 9, 2019; 7B, 2020, 2021), B
AT B T B3], 1 Qo) tharel L4l RE Az Yol Bak RAL o] ojt

3.1. O|2X D&in} HAjdpH

84 B4 gt A= F2 A EZE4(data envelopment analysis: DEA)O]
A(stochastic frontier analysis: SFA)S ©]-83tt}. H]|R<H(non-parametric) %4 B2l DEAE
A2 g B9 @ 40f Uigt 7157 R 5HA] 91, b9 AR RS B0 Ik & Qi S 71
UL, EEF QAPF B vl aaAof g E 7| w2l vlagAdo] et £ %= 2ol Al W

42 (parametric) w4 W SFAE H g0l AHSE W] tigh 344 AFel 7hssha, &E
2 Q Ao} H| G &S HEoto] 4T 4= e A o] AtH(Coelli & Perelman, 1999). oJof] & &1+
= SEWARAT Fire et al.(2005)9] WA 3(directional distance function)E ©|
SAERE AXYS 2474 leaeidS 37t

7192 A Au|Ae] it A v S AbEE(desirable outputiEyt ofzl, FAbE
(by-product)?] vFE2]514] &2 AF&E(undesirable output)® 74 ARSI, 4](1)7} o] S4]1=

EAZIL ALR(K), =50), N ()5 AALLE B (2 (kLe)ERY), SARE(yERY)
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3} 37 87 9FEY LAA(c RITY)E FAI0] BARIT T 1R,

Plz)=A{(y.c):z(kle)&FAddt (y,c)& B} ()

2)(1)2 Shephard & Fire(1974)° w2} ZA3HAFS(null jointness) E FAE7FsA(weak
disposability)9] AJAt71&2 7P eteh. A4 242 (y, c)E P(z)olA c= 0¥ A5 y=00°]H,
SAEF AAlo] HtEA] 2AVIAHIES pulkithe A2 Quietth oA ofAE Ve 242
(y,c)EP(z)oA 9= [0, 1] 2T B2 (0y,0¢c) € P(z) 7 AH3IH, y
ooz LAZIA TES QoA BAH 02 wjE&Ho| I Tadfof gttt A u|sitt

3, A= P2)olA S tre AQ)2 2.



D(I(kvlve)v YsCi Gy gc) :Sup{a : (y+agy7 c— ag()EP(I)} (2)

_

HFAE g=(9,,9.)= AZE HH (y,c)=P()7F B84 BA(efficiency frontier)o] =257
Sfof b= S UetliH, vt 2ok B2 AEES oW AAAIT| I, v A AME B
&7 BANA B 5 U2 AHgtet D (k,lLe), y,ci9,.9.) = 0
g g FRzol, AREE HE 7L AR J9] 84 A fIXI5t
W D(x (k,l,e),y,c;gy, g.)=00] JH3ITh wehi] LAZEA WS T &L A(3)T Lol AT 5
=

AL, a&A ] Ag4to] o]Fold miof 2AVRA siEEEA g2 1, & BlmE <l i) o] Fofd o
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GETE=1-D(z(k,l,e),y,c) (3)

BEHL FYE U AEE9] HE&S Yehll= AdA N o2 A, 2AH7A BiEaE4d2 50
A A RONA DA 7He T F A A7 viEEE oulshH(Trinks et al., 2020), ©l= 250 v]
A= Gl A HARAY 4H7E HL oA AR D AHIAS B4R 4= Qe 58S Yot
34 884 (eco-efficiency)d FAFRH 7Hdo|tHCamarero et al., 2014). 3+, 2](2)9] wraFA gt
= A¥4(transformation property)oll Wt 41(4)e} Zo] Uepd 4= JItH(Chung et al., 1997).

D(I(kvlve)7y+ Oégy,Cf Oégc; gyv 79(;) = D(I(kvlve)vyvc;g)i o (4)

Al(4)° A Fire et al.(2005)& @&t ¢ = o 2 7FY3PH, 2(5)7} Zo] &S 4= Qith

D(I(kvlve)vyvc)ic: D(x(k,l,e),y—‘—c,cfc)
= D(z(kl,e)y+c,0) ®)
—Cc= D(I(kvlve)7y+ & 0)7 D(I(kvlve)vyvc)
A7~ WEEEAS 35| Yl Coelli et al.(2003)S wet 21(2)9] HFAEg4E 2L+
r(translog function) FHE 7Pt} 3 A7) W 7]& BISHS SAIsH7] Iof AIZH=(¢t)

£ 271517, =401 FE3 BXE(ii.d ~ N(0,02)E 7= 9] 2 2K random error, v)S HHj

shel (63} 2ol £ 4 ek

|

InD (z(k,l,e), y, ¢, t) = By + Bilnk + Gilnl+ B Ine+ B Iny + B Inc+ By Inklnl ©)
+ By nklne + g, InkIny + B, Inklnc+ 3, Inllne
+ B, Inllny + B, Inllnc+ 3. Inelny + 3, Inelnc

1 1 1
+Bydnylne + 5B, (Ink)* + 56, (In1)* + 5B, (Ine )’

1 1
+ 58y (Iny)* + 5ﬂ<;<;(1n6)2 +0i+v



70 S=ZH HAGHE H1E

Al(5)2k 2(6)& 714 iofl thiet ¢719] 3t & E&@SHA A(7) T 22 SER4dTE 52T 5 At
—Inc;, = By + Bylnk;, + Bilnl;, + B.Ine;, + ﬁy (Iny;, +1n¢;;) + Bylnk,,Inl;, (7)
+ By ink; dne;, + By Ink;, (Iny;, +1In¢;, ) + 6;, lnliflne

+ By, Inl;; (Iny;, +1ne;, ) + 6, Ine;, (Iny,, + Inc;, )+ ﬂkk(lnk )?

+ %ﬂzz (lnlit)Q + %ﬁee (lneit)Q + éﬂyy(lnyit + lncit)Q + Bt vy —uy

5‘](7)”] :_ %@#q]}\:l ﬂy - ﬂc = - 1! ﬁyy = ﬂyc = ﬁcm ﬂk:y = ﬂk:ca ﬂly = ﬂlca ﬁey = ﬁecg]— é‘% Lk
F& ASEA0NA 12T & ok EE, 2 AFolA = Battese & Coelli(1992)9F o] A7t
w2t §&/J0] M3Htime- varying)ot= AO=2 7HY7ict

u; = expl—n(t — 1)y,

2

8)
w; ~ 1dN " (p, 02)

—

i)

2l@)°1A ne FAEF AEFY BHA WiEH|ae/d HakeS UeuH, n> 0 4 A9= 24
7k S H| EEAg0] AIRHY] Hstol| met gAshal, < 0 Y 9= AR st wEt Flshs e
oujsict. ESt 7|EH| AT (u,, )2 A7) T2 T2 3<=(monotonic function)o]™, & & 7of A
= A FEE(truncated normal distribution)& 7Pg3sict. @& H-E—E(non-negative one
side distribution) % ¥FYHE%E(half-normal distribution)= 7| &8 883 (u,, ) Q) SELETH
F7F Bato] 0% FEEE PYsty] wiZe] &MY 7199 tiFEo] & a&H(perfect
efficiency)olgte A& AR gt} 18y BN 71 5 71€882] 710l &4o]al, tiH-&
71940] ma/d SHoIA Ak 7P Z Aol & HRIthd, 00] obd H2 7|&o % A 2E 7Hdsk=

AAAFEZ(truncated normal distribution)”} 233t Ao 2 A4 A thStevenson, 1980; 3

4" 71em 28 (v, )& °-85t0] 7 714 9] A7 HiEEEA 2 A(9)9F Zol T 4= U

32 03} 141019 gk 7HAIH, 1ol 7h&rs 247 A wigaedel &

u)
o
£
rlo
>,
N
[>
=
m{N'
O_u

GETE,, =exp(—u;,) ©))

T3 A(10)3 Zo] 2AVIAHEo] &84 AAC] ol27] 93 79 2AVIA S
(emission mitigation potential)& AT = =], o= AA| LAZIA sjETFo] 2ATEA s EH]

-84 Foto] AARIHWang et al., 2019).

GPM= (1— GETFE) < GHGemission (10)



ol i 24Vt HiE &0l YErs AV Al WolA 1L, Wi 2 sjEgadidol &

32. = A‘I Il-ﬂ

=

e

T B 2011~20209 24714 ER A A} iEdANA Hd71d 5 FFHE +
%o 7Fs3t 1971 SAEE AR 71delch W SARKE 1091 o) SA1RE A2Y 9 AHGAl =
20194 71% 5,979710]1, o] % Azt mi& 13 Y oA ARIA == 2571 0] Bsieh(3-5544]
F53AE 2021). 2 A7 EAAE 1970 SARE AR 719 T 1370 7]190] 12 Y ol Wi &4
g Hol1 9lon, 20194 71E 1971 714 9] & HL HA| S =E A2 WEH] 20.6%F XA
Skl ItHEA, 2019).

A Ame FARE AR 7199 AEwset SR AdE) vt A e AR (y) 3 vt
SHA] 2 AEE ()2 47 7199 A HEAT AT WSS ARESERlon, Ay o] &
UERE FIAA ), S 501), oA AHE=E (o) & AHESIT. ZH 7199 A 2A7EA &
T F7HATIEAS IR A A ] (ngms. gir.go.kn)9] 7148 BAIA HlEF SACIA AlEdhs A%

BiE o] o Ui x| AH|ekS o] 83 7HY HiETLS TR 7S AFRSIITHD B3], SARE AxYL 7
N, 28, 35, 3%, 871F 5 AHEE0) F57} Al o4l Aol me A7 (dum = 1)3

S27| (dum = 0)9] HYu|HEE Z7)510] BE O o] DAL EASIIA} 5192 E3F mj&d, &
AAF, Z2A Y 4= 52 NICE H7H4XE.(5) KISVALUE dlo|g#|o] A3)9] 7|4 A RA| & AF=E o] &5}
Act ASEA ) AALH A7 9] 7| ZEATL (& 1)T} 2t}

SES et o7 EEWA 223t 207t
e LEE Aol 9 1,246 1,131 46 5,771
ko RPN ES ECO2eq | 253,199 | 248,520 30,894 | 1,109,645

PR Aol 9 596 734 5 3,235

=
;ﬁ R 3 2,046 1,906 38 7,550
T

o A] 48] T 2,608 2,592 428 11,274

A5 F7HLATAS TR A2 F, FFAGH7VYRE) KISVALUE dlofeso] 2.

D 2A7FA P &2 Tl A Al 41a], A52 A1 FACHA 2017. 12. 28.)°) AAIE AU EF S47]E L 2
Al A2021-105.9] [E 3 6]°] whet 24 7IASIAH BAE (2020)9] =7H5 Q02472 Wi &S5 Als: L ARE 0|85
sttt

2) -EH A LA o] A o] AA LS BA517] Y3 HIH O Z Greene(2005)°] AAISH A4 178 & FHtrue-fixed effects) o] &5

1 o} & BAo A= |§o5tA] kT
3) NICE B7H4 E(5) KISVALUE dlolgljo] AL n& it 9] 7|BAY +5AEE o] 8ottt

&+
o

A=}

=
=
=

ozi f1

R



72 SEZH M4cHE H1E

AW 7199 TPl et 72 B ARS AHEY, Bt FFA4R 59629 90 =, 2011
W(5,4699 ) 4] 20199(6,43799) 17.7% S7FH AL, Bat ALY & 2,04670]1%1oH, 5 7
7k 1,79478°1A4 2,281 2. & 27.1% S7Fith. B oldA] A8 2,608TJ= 2011d(2,190T))
] 20199(2,787T)) 27.3% S7F o, vF2g A& Yetl= fiEd2 B4 1X 2,4619 9o
2,5 717 1% 648 ¥4 1£3,1799 Yo= 23.8% S7Hth A 7| E Bt 2A7A vjlE&F
2 25341 ECO2eqol% o™, 5717t 22273 ECO2eqolA 2664 ECO2eqO 2 19.8% S7HLt.

Ol

4. 45847

)

4.1, 2HIA HiEREE 24 2

LA FE AZY9 FEHASEE Q=AM (maximum likelihood estimation: MLE)S =3
451, &FE(small sample)?] THAE Hsl7] 9o FEAERS 15t 3] AAJsto] RS
AL E35] REAEY HH £ A7) =2 BCa WH(bias-corrected and accelerated

bootstrap method)< ©]-&5}% 2™ (Efron & Tibshirani, 1994; Dunn, 2001), &4 Z23= (& 2)

SEHFAT 4 A 2] A7t SAXCE Foltt Aoz yET. 71U ARE(5,)°]

HEGE 2.52% S7HAI71AL, SAY #(8) 1% 57 247 v

HlEEE 2.37% AAAY]E Ao YT oluA] ARSRH(B, )2 FUHs S 247 viEo
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2} 2t 3
B Pooled OLS SFA M Pooled OLS SFA
5, ~2.474% 2.519% 5, ~0.129%* 0.113%
(1.102) (0.924) (0.050) (0.043)
4 0.562 -2.365*" 5., -0.118* -0.045
(1.362) (1.191) (0.052) (0.045)
8. 6.104*** 5.162%** Bry 0.097** 0.016
(1.945) (1.824) | (0.044) (0.040)
8 -3.253% -5. 140"+ 4 -0.068 -0.115*
| (1.283) (1.359) (0.052) (0.053)
5, 0.016 -0.138*** 4, 0.089"" 0.040
(0.058) (0.053) | (0.039) (0.039)
5, -0.021 -0.181%* 4, -0.132* -0.113*
(0.062) (0.053) (0.071) (0.068)
5. 0.236" 0.079 5 0.005*** -0.017%*
0.122) (0.113) (0.002) (0.003)
5, 0.027 0.132*" 5, 63.703%* 50,093+
: 0.051) (0.059) (20.413) (18.503)
dum 0.011 0.043*
(0.017) (0.021)
Ino? -5.167*" p 0.088"
(0.446) (0.035)
Inverse logit v 1.040" n 0.112%*
(0.626) (0.016)
Log-likelihood - 309.009 Prob ) chi2 - 0.000
Wald chi2(15) - 1747.41 R-squared 0.995 -
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AT ABAAL SAES WjEFS PSS 98 AR 2IRE AE Boiel {7 o277
SaulE S HA5] g9 e S go] A3HQ LS Ko Yon], Ak 2o AEHE 93
LA tAEEO] BEAS DA K] 2EFAL SR A AR AT} 1
313 91tk Melnyk et al.(2003) $7474 4 A5 2430l thiet 9157190] 18R] 942 7]
Sto] ulste] AAA o] o] Erhe AT VS AN v} k. SN TE A2 PN A ot
R SRV A7 0% 71909] A4 s wlo] At Jake 1A Ao Ayt weby 719
AG0) 94149 WAL B LA7RA 7% ATo] that B4 ° Ul x| Au] This} 5] 1S A7
Hog 799 o] 44 aglo] @ Aoz W,

2 Qi A7tof B 5849) WalE /4% Battese & Coelli(1992)9] BHEMA R F 7} 7]l)
RASES s AR RES o] 83t] LAEA WS ERAS 25T T & Aol

SHA7E 2R, WA AR s (weak disposability)g 78l A RS a2 Mo

_

o Murty et al Q0122 SFE7Rs4€ /48 ARSI 716902 B840 Ado] the
SR BAHE ALk olo] MRHYa e AR, & oY R VIET R 4R S 4

Alohs 714E HAIZ 02 FRSH= FARE FWH(byproduct approach)o] FAE A9 SIS
FE5H 5 Q1= 0 2 AAEJTHESFE 9], 2019; AAE 9, 2021; Dakpo et al., 2016). 2 F}
HAH 7|} A 2T BHE 7|&S FEoto] 245 o] oS e 4= Qlov, FAE HE
Holl w2 WA g 243 o]of] e 2AVMA HiEE e 92 FF IAR FAET

E3t 7| QT FA470] B SAEE AXYY E4S B o], 247A BXdE AL} wEd
ARAE 2 &5 7|1 dFoE B4 Mol BAZP SAEE ARAY dEdS g5
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A2 HEREAE TAIH O R HHYSHA] Holal, & 7120 AR ES Ao B Fthe
dollA Axte] sfAof o7t sttt g Ao SAEE ARG didS FET 5 Qe
A5 o]-8ot] A thgh AREE T o] A ARl AJAF TG W ol A] 4H] FRE WHGotal, 24
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20114 | 20122 | 20139 | 20144 | 20159 | 20164 | 20174 | 20184 | 2019¥ | 20204

0.689 0.717 0.743 0.767 0.789 0.809 0.827 0.844 0.859 0.873

0.565 0.600 0.634 0.665 0.695 0.722 0.747 0.771 0.792 0.812

0.972 0.975 0.978 0.980 0.982 0.984 0.986 0.987 0.989 0.990

0.975 0.977 0.980 0.982 0.984 0.985 0.987 0.988 0.990 0.991

0.813 0.831 0.847 0.862 0.876 0.888 0.900 0.910 0.919 0.927

0.710 0.736 0.760 0.783 0.803 0.822 0.840 0.855 0.870 0.883

0.888 0.900 0.910 0.919 0.927 0.935 0.941 0.947 0.953 0.958

0.643 0.673 0.702 0.729 0.754 0.777 0.798 0.817 0.835 0.851

0.838 0.853 0.868 0.881 0.893 0.904 0.913 0.922 0.930 0.937

0.720 0.745 0.769 0.790 0.810 0.829 0.845 0.861 0.874 0.887

0.960 0.965 0.968 0.972 0.975 0.977 0.980 0.982 0.984 0.985

0.770 0.791 0.811 0.829 0.846 0.861 0.875 0.887 0.899 0.909

0.714 0.740 0.764 0.786 0.807 0.825 0.842 0.858 0.872 0.885

0.669 0.699 0.726 0.751 0.774 0.795 0.815 0.833 0.849 0.864

0.795 0.815 0.833 0.849 0.864 0.877 0.890 0.901 0.911 0.920

0.721 0.747 0.770 0.792 0.812 0.830 0.846 0.862 0.875 0.888

0.780 0.801 0.820 0.837 0.853 0.868 0.881 0.893 0.904 0.913

0.602 0.635 0.667 0.696 0.723 0.748 0.772 0.793 0.813 0.831

0.823 0.840 0.856 0.870 0.883 0.895 0.905 0.915 0.924 0.931

=9l " ECO2eq

20114 | 20128 | 20139 | 20144 | 20159 | 2016& | 2017H | 20189 | 2019¥ | 20204

14.7 12.9 12.4 11.7 10.4 9.5 8.6 8.0 7.6 7.1
198.5 267.5 216.8 192.5 171.5 173.6 154.4 134.8 120.2 111.3
1.8 1.7 1.7 1.4 1.3 1.1 1.0 1.0 0.9 0.8
1.3 1.2 1.2 1.2 1.2 1.3 1.3 1.2 1.1 0.8

21.7 20.4 19.7 17.9 19.2 17.8 16.4 15.6 15.2 15.7

175.6 161.0 142.5 131.3 127.5 127.1 122.7 120.4 115.0 99.5

17.1 16.0 25.7 15.4 13.9 12.4 10.4 9.7 8.5 7.9
246.1 340.5 330.4 162.9 241.7 222.7 210.1 198.7 177.5 153.5
25.9 21.4 19.2 17.7 15.9 14.5 13.1 11.6 10.1 9.1
83.2 75.3 64.3 57.7 51.5 46.1 38.1 33.9 30.5 28.3
3.4 2.7 2.2 2.2 2.0 1.6 1.5 1.1 1.1 1.0

53.6 48.5 43.4 41.5 38.7 37.8 36.6 33.7 28.4 27.6

57.4 53.5 49.1 44.9 38.3 36.1 34.4 31.5 28.1 25.5

15.9 14.0 12.5 11.0 9.4 8.8 7.7 7.1 6.1 6.2

40.2 40.1 40.2 37.3 32.3 29.3 26.1 22.9 18.0 14.4

97.4 89.0 82.8 71.7 66.0 58.0 51.1 45.9 41.7 40.4

12.8 11.2 10.5 9.7 8.2 8.1 8.9 8.0 7.2 6.5

26.7 23.2 21.0 19.9 17.9 15.2 13.7 9.0 6.2 5.2

61.9 54.9 46.6 41.4 36.8 31.2 27.4 24.5 20.7 18.7
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