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Abstract

Purpose - The purpose of this study was to investigate the relationship between Korea agricultural
productions and Greenhouse Gas (GHG) emissions based on Environmental Kuznets Curve (EKC)
hypothesis.

Design/methodology/approach - This study utilized time series data of economic growth, greenhouse
gas, agricultural productions, trade dependency, and energy usages. In order to econometric procedure
of EKC hypothesis, this study utilized unit root test and cointegration test to check staionarity of each
variable and also adopted Vector Error Correction Model (VECM) and Ordinary Least Square (OLS)
to analyze the short and long run relationships.

Findings - In the short run, greenhouse gas emissions resulting from economic growth show an
inverse U-shape relationship, and an increase in agricultural production and energy consumption led
to increase in greenhouse gas emission. In the long run, total GHG emissions and CO, emissions
show an N-shaped relationship with economic growth, and an increase in agricultural production has
resulted in a decrease in total GHG and CO, emissions. However, methane (CH,) and nitrous oxide
(N,0) emissions showed an inverse U-shape relationship with economic growth, which indicated the
environment and production process of agricultural production.

Research implications or Originality - Korea agricultural production has different effects on the GHG
emission sources, and in particular, methane (CHi) and nitrous oxide (N,O) emissions show to
increase as the agricultural production expansions, so policy or technological development in related
sector is required. Especially, in the context of the 2030 GHG reduction road-map, if GHG-related
reduction technologies or policies are spread, national GHG emission reduction targets can be
achieved and this is possible to predict the decline in production in the sector and damage to the
related industries.

Keywords: Agricultural Productions, Environmental Kuznets Curve, Greenhouse Gas, VECM
JEL Classifications: C22, Q01, Q11, Q52

* o] =EE 20203Rde Agvistae] wmulA| el ofs) 43,
¢ First Author, E-mail: agkang75@wku,ac kr
© 2021 The Institute of Management and Economy Research, All rights reserved.



210 Asia-Pacific Journal of Business  Vol. 12, No, 1, March 2021

1. A&

227t ~D(GHG; Greenhouse Gas)e 7]13H3} 32 xFautsle] Fd Yoz 2 dajx glon,
71% Walol et AR7F A (IPCC; International Panel on Climate Change)—g 2] L HE
< A7) S8 FAAZE 20309714 o] xkstekA: vl E%S 2018 tin] Al 7ite] FHEs|of stk
8o RIuAME At

FAR 7} 224712 QlER] Baa g0 sk $-eluele] 20184 oikglea Fatr)E 247)s

ZolZeRe 727,697 Eo 2 1990\ 202 29wk E oy oF 1499 Z/}5tglaL, 227k wlE Y v)Eo
2018'd FriEFe] oF 87%(F 63293k l%)“ AR Fof, oF 7.8%(eF 57W E)E 2dFA, <
2.9%(<F 219%E E)& Fgok, 28 oF 2.3%(¢F 1795 B)e #7]EECkA wlEEHd

SElvete] 47k wlESo] FAF SU18kE FACIANE, FHEORE 1990 o] % | | E‘ix—iﬁﬂ
A& ZHa, 2010 FAS o]F FAbRobe] Aat HA, 2 A 229 2475 FEe
Ao 2 Qs I7F 247 2 wiEEFA Yok 2AVkE wlEFF BlE2 19909 thH] 2017 3%9]
4 BT, A6 FEAREL 203097HA] Wi (BAU; Business As Usual) thH] 7.9%2]

u

LA FrEE|o) Bl BRE R dlgkon] oo wle} B - T AE 2271 1AM, AEkA
FEUE 94 £ F e pamee 1 T ot
ole} e T 27t ME AN FUREL LAkl wjET 5 V5e Bl AAE

548 2k glow, o= <lsf wRiREe] 2ANs A5l uhe BAA dHES} 4P & A=
3 5 (3T, oldZ, 2009). =& FYPFEol f2UEt GDPollA ApAlshs wlEe 201849
7IEER OF 1L74%R JAF 2ha FAlel A, wedol 2L Qi 3R] e EA(AlE S0l ARt
A, FARA, AA4FE N F)E T T SN =7F BAl] 71HE St glEe 2t
A3 Qs ARdeld. AR 247k Al tiF A g7l tleshs A T v AleR
g A4 JFEIE GAolehs 7 H1E Gk &7k viET e Akl BAE 9
= ol #8%F FAR R2Ea gl
SR lE sYREe] WAE YT ATe 59 A iR Qg ATedste] EAvE
SR s olfoxlrt, dutHo g XF2ush, 7, Alustel 22 A ol w4 Ak
e FL, ol wet F Aato o kel Aash 2 Wl oA Aol B ok FelA g
(Dogan, 2016). 53] 54 A2bde] FFom QI3 5 Aite] S7H= wof AM8-o] Fhas} v v
Hag A w4 Akl 7k 2k ilEEE AT 5 Qlck(Pretty, 2008). SHAIRE soF A8

Aoz st f7E AFe AAF SV 2319 olitslgi &S 5€ F ol w7 A
L7k wlEe] 9k(+)e] FAZE HAAE = uk(Stolze, Piorr, Haring and Dabbert, 2000), A=+
T A 247k wlEolghe wds FAd UiE] AR dHtE At mEEHE olfE 24 7)1

B L, ] B, £ B 8 5Ol Aol LAHE ol DAoL AR 36
(Uddin, 2020).

B Aol o] Aoldol ne UpEA g AES EEehE TARE AL S8 Lt
2 sl U A28 ) Y ARE $U 3 D] BNE AR, %9 PG 03
4 WG] B8 YT AAFZUZIA) 8 712 Se] Y Ak LA Wael WA

& %o —woaoﬂm A7k A B A e A9k shelk,

& ool T4 B sl 9l sl Aaelpel AhE, Il @ ol Aee 24
3 }Ec'ﬂ i AEe e, olF Bal NAeE 3nael dvel ) @ Vaelde 48
AAAE AN S,

Hm

‘%‘3
h=i]
=

1) 27k A3AE 71 $3skd ok JARE3](1997'd)ollx el e griolr 67 247k2el o]lsleha(CO,), ¥IR(CH,), okt
sHA(N0), F483A(HFCs), #HEsteha(PFCs), $2313H(SFo)& 75 tidoa wistalirt.
2) FUAE 2016\ 12€ 9UA} A L,
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1, Asgal+

AR v A QAo thek e o2 Vxe g e Y A wiEd) SRAaSTe] IS
el = 373524 =541 (EKC; Environmental Kuznets Curve) 7Pdo] = o|2oi(uAEH, A ™, 2020).
EKC 7ML Kuznets (1955)7} &5} B3%%59] IS 453 Ao 2X1e T gioh. F2u|1= 74 (Kuznets
Hypothesis)2 ZAH 27] GAlox= LRI &50] S7I8HH B3935¢] S7I8kANE A8 (turning point)S
A Q3)e] Bgso] estue A 7Pdetal glom, o= ASHo R A5 Bt URE AAIE veRl
t} o] F=U|Z 7Pl et ofy] AFATEC] FHEHI M, 53] Grossman and Krueger (1991)= 873
LA=E s A BAE EKC 7S S8l dseksnh

F2d| = 7Pd3} EKC 7P 9] Aise AAVIHE- A9 GDP)E FYUskARE S5+ A18]4 E%%
AFE AMERREA] 32 30 B ARSSIEA e wfgt oldo] veRdtt, EKC 7P A %71 ©@Alol
= BAPIEES S8l dasgh A E ouR] ARge] S7bel et e - viEe] STt AS
xS Aol gt B4l B o] Ao HAVIES s 7o) i EtkE Aot kAR
o] AFrollA] FAUPS =71, 24 7IRE, vlolE 2 A Fe] zbo|= <ls| EKC 7] gl sk A&o]
TR S ek Lindmark, 2002; Shin, 2003; F470l, 4743}, 2014). 2] A& Aralx ArfslaL Q= e
4 &4 et BAVEte] #AE ARlshd 2A] BE7Pd(conservation hypothesis), 4878714 (growth hy-
pothesis), F)=W7P(feedback hypothesis), 5H7 P (neutrality hypothesis)2 Az]g 4= JohE 18, 714
73, 2013).

RBE7PIL ZAPFFo R 9lal ofuf#] An] J7tel uhE 3404 B4 wiiEo] SRR o), =y
2 03]7] ofuix] An|e] F7IE Q8] B0 A B2 wlEe] TR AT Ttk Ag g8,
Dewybde AT S0 B o] o 1F #APL ofet s e Skl gt e
FHHL BASS $Eed B viEdE o R 1AL gtk Ats t},

w3t Ui AP AR 350 B viEke] NAFE EKC 7MdS F481 99t Grossman and
Krueger, 1991; Panayotou, 1997; Alvarez-Herranz and Balsalobre Lorente, 2015), 7-A122& N2F& EKC
7P ] 7HA ARGFEE, PR, 7 Ed, ZedTath)E Bl BAVIST B0 wiEte
HAE A & A=dlgS, FA9, 2020), 4 FEREIE AT 7] DAlAA IRIASY 1S
$13l euIA] ARl F71E S3l 3o Ho| vikAlE dAE Eeitt AR} e e 53] AEReR
kel ZEHRI olUR] ARE} 31 AR9] AME- AR QI8 ARy} ol A Wik, 1AS
%1 Al IR 2 2ple] BE83lE DAdslE RS Welth, riRto 2 Ve Rl A4 AR
olg ol w} S 0. A7F 7ol tigh T2l 14 g Ve slete] WA|R A e] BELAS AT IE
a5 Wit

oPFe] ofe] Mg ATelrie A8 B 2 ] FAl A FEHR] EKC 7MES AFshe 248 AvNst
St} mEgk EKC 712 A1 743 ouA] 4] 7], 59, sz eat, Aed ALk ARiE 5 ofg] Robo
HEEo] FEHHFRE AMGE A EPEAS 2 HAT(IES, 2020; Cole, 2003; Liu, 2005; Twata, Okada
and Samreth, 2012; He and Yao, 2016; Hashmi, Hongzhong, Fareed and Bannya, 2020). 53] & o7-ol|A]
= 5Y AR 247k viEsEt Y AFE B3 EKC 7o) S 23S B3l %3l gtk Dogan
(2019)2 19713d~201014 AIAIG AF=E B-83te] F7o] 59 AL ollshds wiE 71e] 4714 #AE EKC
7Pl ZASIA EA48keIct. 21713l XK Autoregressive Distributed Lag; ARDL)-S o]-83l CO, wi&
FY Alele] 471231 BAE AL, AV CO; ilEe] 221218 Egste] o U EKC FXo| EA15
RISt AsEAle] A Fxe w9 A I7Ee 471491 CO, wlERE S7HA17IH, o Uz EKC
o] A Blskgitt. T3t Uddin (2020)2 1990d~2016A 11571=9] A dxleg 83te] A)447,
309 Ed(olksheta, WEHCHY), PIAHRAD, ¢ Aol #AIE 438150 292 7= Dogan (2019)9]
Ao} FARH VR ARE, d2E Helld] 53] A4S =71 739 CO;, wiEwol| tisixs U 12t
vl Add=ol] diairs & UAE EKC 3408 vepliA 7PE A5l what 28|aL 309 22 e o7t
ek As TSt

weba] B AFexes A 7ol apHskE 2] 213 EKC 7 e 54 ikl F71E s EKC

=

=
T3

pal
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7P (agriculture-induced EKC hypothesis)& 5 #41 Awsteich, w3k 9579] 4] 44la} dale o7
A3 el Freldh Feudee) Mekg wae) sl S Attt %, k) the Aeste
3] 7120 ofe] AYATAN AR QO AR FANA Bek A LAk FHGHG), olshea:
(GO, PIRHCH,) SRISHIA(NO)E ol83te] UAE 9 N4 BKC /Mg 1i%stad @ik

1. A4

2 AFoME shae] F A 24712 wlEe] #AAE EKC 7R 728 - @Y1F #AE
EAstaA} st} 94 EKC 7ol s dFEe] &34 2ol s AHEH, (Fig 1) oA FHFEY]
Ag;\

GHG= f(GDP, 2) (1)
&7]14 GHGE 27t wlE&3, GDPe A JUEAL, 28 L7k wlEd IS S+ Al
A=

S5 A, GUA) ), RelelEE)E Urhdich A(DE B4 L7k e & F7te)
A3} o WE g3e FE aclew FHEES ¢ 4 glrh EKC 7P BgREe] 23E n3ow
AR} £k ol o UAR) 7L A%is B AR) EKC e Addabll = A(1)e GDPel
vhet 23b 02 Aol B 4 ek ek AAPgI LAk el NAE A SRSk A()e 30w
Fogo] % glew, slolN digahulel o] o) Wakdel EAEls AS ot 4 3tk

Fig 1. Agriculture-Induced EKC Model

Increase Real

Income ' Production Efficiency
Imfrease co2 Em|s§|on Environmental Policy Decrease CO2
‘ in Early Economic ’ - Emission
' Growth Stage Increase Agricultural

Production

Increase Energy
Consumption

Source: Dogan (2016).

3) SRR HEEE L7kt otk g, ols A} Slow, of B olustkat 2] B4 gz Lk )
o] AR SR Aol Qo] thE e Holde o, ol dlsh BeRel LAk e vt okistdeg 2

sfof deh(Hed, A¥H, 479, oldd, olF4, 2016).

e off
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2(De] 7|REYS vat Zo] ol AdRIE T 22443 3ak s A4z yepd 5 o

In(GHG,) = ay+a,In(GDP,) 4+ a,[In (GDP,) + a,In(Z) +¢, (2a)
In(GHG,) = B8,+ 3,In(GDP,) + 3,[In (GDP,)* + 3, [In (GDP,) [’ + 3,In (Z) +¥¢, (2b)

AN AZE AFES oIF L 7Hge thest Lol FRE & Ak,

H1l a,>0, a,=0% 72 ol z

H2 0,<0, ay=02 A%, AAAT eadrtnas dzzhie] @A o,
H3 a,>0, a,<0 o 4% 3

Hé 0,<0, a,>0 U A%, AA4830 £A7has UAdel Aot

HS §,>0, 5,<0, 6;>0 U A%, AA83% ed7tas NA& e @A 0|t
H6 5,<0, 5,>0, 5,<0 & A%, AAET e2A7kns o Na@ e gAlolh,

E AFeME T FEo] £E EKC 7S AS3H] el 2 i AlAE dlole] o] 944 (statio-
narity) SR E 93 @92 HAS AL, olF 3 4 AAIE vlolHE AHRate] kAl A E
grah AR dRid o2 dloJEE AREsA HW 2 W AV /AL e AUIRke] ARE
sk EAZE BB Wil o]& &3] 8 £ AFelAe 34 & (cointegration) A& 3
sttt o7|A TR Rl A2 @R gyl oF E F JAN, Fr|He R WsE 7o dAS
AR FAE AL U5S oulei o]F Bal "EFEe] 4714 AL oFAY 5 e HE Ak
FA R (Vector Error Correction Model; VECM)-&- o]-&3 4= 9Jt}(Toda and Phillips, 1993). 23}
Aoz MY o HAHE FH3 o]F HFEL] g AAS FH g FHE AL B3 WFE e
718 BAY dHE st Fol VECMS Fal WFE 2o & - &) #AE FHgh FA2<
21(2b)¢] VECME t}a3} 2t}

An(GHG,) =7+ N An(GHG, )+ Y Alln(GDP,_ )+ Yy Aln(GDP )P (3)

i=1 i=1 i=1

+ 237, Alln(GDP,_ )P + ZV&A In(Z_;)

i=1 i=1

+6,ECT,_,

o714 ECTe aA@S uehlivl, GHGSE GDPel A7|#l dAlE

g0 Felatr] S0 & 2 =i s ghol wsieel weh s ERddAr @124
& FAA AT 28e 7 F JEE vEhlg, 7yl #EE AFES WFE e @14

#AE vt
2. A% 3 712EA

2 drelde feldte] 199078 201897H4] Al ARE ARt A7k wlE
5 TR WEHGHG), olshata(CO2), MRH(CH4A), obitahda: (N20)= 7493}3
SAPEFRARAE oM SRSl =3 A 3 Ass A GDPE, w4 44
S A A GDPoAM s @} ofgellr] Aakel RrprhA o] v, ol B Alnis 7ol

i

R o

Y
N

o
Yoo i

i =
i1

24

=
=
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A duA] AHlE oA AB|EES ARRSEYA World Development Indicators (WDI)ej|A] & 53}
Ak, ok FAA Wy Ao, ©9], A= (Table 1) 3} 2t}

(Fig 2) &= & AFoA AME-d W59 W3} Fol& YehM, e ¥FY e Ad=aE He
e BolFal Qo). 27k wiEEst A4 GDPe 1997d~1998 0l ZHAAME Balovt A&xo =
7V A2 Jehyth, 247k B wEHe] Folk JAAKLRE T FAE Hola lon,
15 olitsteart 7P W vES JEpl A glok SRR vieke] siE&ge thh FAE Hol 1
okl A 20053~2006 30 74 FAGT) thA] Ho] 71 FAIE Ho|x Yrt, FodEzme}
ANAR] LS Az F7F FAE Holi glovt, s At HFE AEH R Fadhke BoF e
o}, E3E (Table 2)& £ <AFolx AH8d BFEY 7|2 SARS BoFa Aok

N

[

Table 1. Definition and Source of Variables

Variable Definition Unit Source
Greenhouse Gas
GHG Total Greenhouse Gas Emission 10 Million Ton CO2 eq Inventory & Research

Center of Korea
Greenhouse Gas
CcO Carbon Dioxide Emission 10 Million Ton CO2 eq Inventory & Research
Center of Korea
Greenhouse Gas
CH Methane Emission 10 Million Ton CO2 eq Inventory & Research
Center of Korea
Greenhouse Gas

NO Nitrous Oxide Emission 10 Million Ton CO2 eq Inventory & Research
Center of Korea
Real Gross Domestic Product World Development
GDP (Constant 2010 US$) US Dollar Indicators
Agriculture, Forestry, and Fishing,
AGV Value Added of GDP Percentage World Development

(Constant 2010 US$) Indicators

TD Trade Dependency Percentage World Development

Indicators
ENC Energy Use Kg of Oil Equivalent Per World Development
Capita Indicators

Fig 2. Trend of Estimated Variable
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1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Real GDP
~
]
TD, AGY, ENC
[ R T = T ]

Year
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Year g TD s AGY s ENC

Note: All variables are taken in natural log.

Table 2. Data Descriptive

Variable Mean Std Min Max
GHG 546.48 127.43 292.2 727.6
CO 490.62 121.82 252 664.73
CH 28.03 0.97 26.9 30.21
NO 15.05 3.70 8.82 23.81
GDP 8.95e+11 3.37e+11 3.64e+11 1.45e+12
AGV 3.52 1.72 1.74 7.60
TD 70.62 17.63 46.91 105.56
ENC 3803.28 1159.10 1579.66 5413.34

v, A5EY 2%

s

1. 8

ol
iz

7AA

=

we

B A7oMe WlFEe dHEe ASs] sl 7P dibew ARg = ADF (Augmented
Dicky-Fuller)¢} PP (Phillips-Perron)® 73748 Z}7z} AFE3FIt}. (Table 3) & 52189} (Table 4) =
ARl tsl ADFs} PP 174e] F9h& BolET, (Table 3) ol RE ¥} whelo] Eafaich
AFMEE 7148 £ gl BT Ut} kAR (Table 4) A& WFe] A-2S G4 o]
WA & ARFAPIA DeISACIE ADES} PP 24 2% 50 felegal] @aiel Stk
AL G F Jdon, BE Wl (D 2& Boerh, 45 BE Hye 2HES 53l Hstd AAld
Ag7bsRTE RS o 4 sl

(Table 5) & @9 749 A7 BE HFEo] I(D)olgke Aol SANA HEE e ebg 29l
FHRELAIT JEAE 5ET AF A E AEAE £3¢ Johansen F2% 77 (Johansen
Cointegration Test) A#E HolFEd, oE Eo] &I GHGS A% 1=0'¢] trace EAIZko]
138.090]3L ojuf 5% frelg-Fellr UAX7F 94,155 UehdlH, ojuf T2 o] EAI31A] ekeths AR/t

4) ADF 7172 iz o® pgtoll 93s s & lou @ pgholl J3Fe v gFa x5o) dish A daaA 2 ojiabdo] Sl A4
% AMgol 7Fsdk #o] PP Aol
5) THEMAE WHoR AT G712 Mg 7k SPE] BAE 7L
5 AME 5 gtk Fxo] Jokee4, 2011; =did, 2020),

a1, o1& S8 VECMe] &4t
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Hqe 71748 4= 9t} wdk 1<1 9l 73%5 trace EAIZEO] 5% S-2)4F QAXHTE F7] wjie] nlxrR]

< 717 & Qo A A* 17 o) del FHEAA7) EAS =
7} CO, CH, NO2| 73-¢= Fd3st A7} yepstor, A=
o] 7hsdiths AS Eaﬂ%—t}

°
%
oL,
rE
o
U
oo N
A
)
_Lu —{}4

Table 3. Result of ADF and Phillips-Perron (PP) Unit Root Test (Level Series)

ADF Test PP Test
7 T2 73 7 T2 73
In(GHC) -0.39(0.40 -0.11(0.51 0.01(0.88) -2.93(0.94 0.90(0.15) 3.28(0.28)
0.09(0.64) -0.67(0.36

Variable

(0.40) (0.51) (0.94)
In(CO)  -0.42(0.86)  -0.10(0.65) (0.36)  -0.30(0.30)  -0.32(0.16)
In(CH)  -252(0.31)  -2.62(0.80)  -1.03(0.32)  -1.88(0.66)  -2.33(0.16)  -1.18(0.33)
In(NO)  -2.63(0.26)  -2.64(0.14)  0.30(0.76)  -2.24(0.46)  -2.39(0.14)  0.45(0.19)
In(GDP)  -1.30(0.88)  -3.05(0.24)  3.28(0.37)  -1.73(0.73)  -3.78(0.31)  1.10(0.32)
n@GDPI 128(0.89) -297(030) -070(0.38) -1.70(0.74)  -3.63(0.51)  -0.75(0.26)
(nGDPY 4 26(0.89) -2.87(0.47) -381(075) -1.68(0.75) -349(0.82)  -5.23(0.34)
IN(AGV)  -0.65(0.97)  -2.36(0.15)  -4.99(0.29)  -1.02(0.94)  -2.77(0.61)  -2.65(0.60)
In(TD) ~ -1.48(0.83)  -1.34(0.60)  -0.67(0.78)  -1.67(0.76)  -1.28(0.63)  1.03(0.26)
IN(ENC)  -2.39(0.38)  -4.22(0.40)  -2.65(0.73)  -2.44(0.35)  -5.03(0.37)  -5.32(0.65)

Notes: 1. The number of parentheses indicates p-value.
2. 7, means test results including both constant and trend, 7, means test results including only

constant, and 73 means test results without both constant and trend.

Table 4. Result of ADF and Phillips-Perron (PP) Unit Root Test (First Difference Series)

ADF Test PP Test

T ’7'2 T3 Tl T2 7'3
In(GHC) -1.30(0.00) -1.01(0.00) -0.60(0.01) -5.39(0.00) -0.41(0.00) -0.70(0.03)
In(CO) -1.27(0.00) -1.01(0.00) -0.60(0.01) -0.52(0.00) -0.47(0.00) -0.36(0.04)
In(CH) -4.40(0.00) -4.06(0.00) -3.86(0.00) -4.69(0.00) -4.30(0.00) -4.19(0.00)
(0.00) (0.00) (0.00) (0.00) (0.00) (0.01)
(0.00) (0.01) (0.04) (0.00) (0.00) (0.00)
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Variable

In(NO) -3.07(0.00 -3.17(0.00 -3.25(0.00 -4.19(0.00 -4.01(0.00 -4.04(0.01
In(GDP) -5.21(0.00 -3.36(0.01 -1.55(0.04 -6.30(0.00 -4.96(0.00 -2.34(0.00

[In(GZDP)] -5.24(0.00 -3.43(0.00 -1.53(0.00 -6.31(0.00 -5.03(0.00 -2.31(0.00

[In(GaDP)] -5.26(0.00) -3.51(0.00) -1.51(0.00) -6.23(0.00) -5.10(0.00) -2.29(0.00)
In(AGV) -3.38(0.04) -2.59(0.05) -2.07(0.00) -6.12(0.00) -5.32(0.00) -2.68(0.00)
In(TD) -3.71(0.00) -3.60(0.00) -3.47(0.00) -5.37(0.00) -5.73(0.00) -5.29(0.00)
In(ENC) -4.34(0.00) -2.61(0.02) -1.82(0.01) -6.36(0.00) -4.63(0.00) -3.11(0.00)

Notes: 1. The number of parentheses indicates p-value.

2. 7, means test results including both constant and trend, 7, means test results including only

constant, and 73 means test results without both constant and trend.
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Table 5. Result of Johansen Cointegration Test

Dependent Dependent Dependent Dependent
variable=In(GHG) variable=In(CO) variable=In(CH) variable=In(NO)
Trace 5% Trace 5% Trace 5% Trace 5%
Statistic Crpical Statistic Criical Statistic Crical Statistic Crical
Value Value Value Value
r=0 138.09 94.15 134.69 94.15 136.38 91.15 104.23 94.15
r<1 72.91* 68.52 71.94* 68.52 80.73* 68.52 68.52* 66.62
r<2 39.03 47.21 38.97 47.21 42.71 47.23 3942 47.21
r<3 20.47 29.68 20.66 29.68 16.56 29.68 23.68 29.68
Eigll::va 5% Eig/I::va 5% EigA::va 5% Eig/l:r:(va 5%
Critical Critical Critical Critical
e Value e Value - Value e Value
Statistic Statistic Statistic Statistic
r=0 65.18 39.37 62.74 39.37 55.65 39.37 39.36 37.61
r<1 33.89* 32.46 33.46* 32.97 38.02* 33.46 33.48* 27.19
r<2 18.54 27.07 18.31 27.07 26.14 27.07 15.74 27.07
r<3 10.37 20.97 10.77 20.97 17.62 20.97 10.75 20.97

Notes: 1. 'r" indicates the number of cointegration equation.
2. * indicates the reject of null hypothesis(no cointegration) with 5% significant level.
3. This cointegration test includes intercept and linear deterministic trend.

et ol& &
£ EKC 74 274 9 59 At 247k wiEe 34 £4& $8i4+= VECME o] &3t
B3 T3 2455 (OLS; Ordinary Least Square)
NAE 37 4 2 dgde gk #2]o] 97},

(Table 6) & 227k B4 wi&w3) olo] & F+= WFE Abolo] VECM 4 A5 vrepdrt,
HE 227k EZAA eaAR ] A7t 2L e T FAHLR 1% fFolrTolA e
71 Aem Yelgt, ol 247FE wlEHe] TS VIEe R A% Ao T TEUSFE
AsteiA] 22712 o GEAYE WSS et Y X T FUst AAE HAgen, AT Y B
o] ke a3k EKC 72 4713 e g g3ds AAE AT F S ovsith

T3 MSE 7] ©)A JEFES A A EH, GHGY CO W2l Zf-ofvt -1719] GHG}:
CO9l HiE% F7h= 7] GHGSF CO9| W&l d(+)e] B8 1% frolFEelr FAA f2o]/de]
itk Aln[GDPA(-1)}# Aln[GDP(-D]e] ASd Aohs 47 5(-)9) RE9} F(+)9] F3E Hojw
5% frolFEold BAIA oS 2L dojA], o= GDP} 247t wiEwFe] @A #AlCA o
U o] #A7 e A& Bt &, @802 84 o B tig A7 &3 V=3 4
Sol e a3E BU|ole vwA L 7|Ite g MEA EKC /Mg AASE o2 vrEpyit

Aln[AGV(-DI3} AIn[ENC(-1)1e] ASE Zie S+ & Hox 5% FolFFdA A4
Frolds ZiaL ok, @71H o2 w9 A dUA] Lvle 2472 wiEEE S8k Z2oE UERS
1, o] Dogan (2016)¢] T2 EKC 28 (agriculture-induced EKC model)olld] #|AgF €17]2¢] 23kl
A FH A 3 el vl B9t ek BHE BT
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Table 6. Estimation Result of VECM and Short-term Coefficient

Dependent Variable

AIn(GHG) AIn(CO) Aln(CH) Aln(NO)
091 -0.90" 074 0.83
ECT(-1) (-5.56) (-5.27) (-3.60) (-2.92)
0.38"*
AINGHG(-1)] (201
0.36"**
AIN[CO(-1)] 2.85)
0.25
AI[CHE1)] 100
0.02
AINNO(-1)] (1.13)
0.23"* 0.21%** 0.14% 0.01%
Aln[GDP(-1)] (2.65) (2.62) (2.44) (2.19)
, 1.20%* .18+ -0.80* -0.68**
AIN[GDP(-1)] (-2.68) (-2.65) (-2.47) (-2.21)
. -0.09 -0.04 0.13 -0.84
AIn[GDP(-1)] (-1.30) (-1.27) (1.15) (-0.68)
0.34"* 0.31%** 0.21% 0.01*
AINAGV(-1)] (2.82) (2.76) (2.54) 2.11)
0.31 0.30 0.20 0.02
Aln[TD(-1) (1.01) (1.07) (1.20) (1.13)
0.46™* 0.44** 0.33"* 0.03***
AIN[ENC(-1)] (4.17) (4.35) (4.89) (4.94)
Constant 0.22%* 0.13*** 0.14%* 0.24***
(7.37) (7.92) (8.90) (2.92)
oot 162.93 169.84 136.16 146.16
(P>chi2: 0.00) (P>chi2: 0.00) (P>chi2: 0.00) (P>chi2: 0.00)

Notes: 1. The number of parentheses indicates t-value.
2. p: **x<0.01, *x<0.05 and *<0.10.
3. Optimal leg length is determined by 1 with respect to AIC and SC criterions.

(Table 7)& B7]142l a2 22317] 95 21(2a)9} 21(2b)E ARglete] Rde TAg A
HojErh, md 12 o UAE #AS &elsly] 918 4)(2a)5 243 dto|x, 2d 2= NAE #AS
gelaly] 93l 2(2a)0lA GDP*S 3718 Aw2 Hojgth, J8jx 7Y 38 2](2b)2 243 Aoz
Z1ewse] geusrt B9 A, Fets, oy auE P gl

Z 2272 WIEH(GHG)H o] 2kshetl wjE2H(CO)S aldh w2l daox =dl 19 34 A4
B EF 1% fFolFEda SAHes o, EKC 7oA A o UAE o] FeE vehdtt
GDPs} GDP?e] 427} 2+2; o (+)3} ()] B35 2t 9ow, o] BA7ZE % 1990d &yt
Al e ARG Wt A50] FrletH 2eAvks wjE e ZUlElthrt GDP ASHHS AubEA
Aashs g & olvh S Bd 204 BE 24 AFE 1% ool AR fejatn,
£3] GDP?*9} GDP?e] 427} 2+t ()3 F(+)e] B35 2 zka gloug GHGS GDPZHe] NA-&
AL AEEe & 5 oo, 283 2E 304 =Y 29} nparbA R GHGSF GDPREe] NAE #A17}
FAEEA, 5 Y2 GHG &3S ()] #AZ 2hAu Boojzwel oUx] Al GHG ®j&%
3 ok(+)e] BAE A Yk, ol #=Fe] Y A2 S/ GHG wiEae Hary)e 294E 7HAg
Ak, ToJolzro} oUx] aHle] M= GHG &% Z71A7)E Ao s vehdt)

3R WigH(CH)H o}itsldA(NO)E atelsh whgale] Ade o] Ao} thi th2A Yehstt,
Foupgae] Astold wdl 19] AZH FAAE BT 1% frolFdA BAHe o], GDPs}
GDP? 34x)¢] B35 247t 9R(+)F ()9 #e 2 Aog Yehsitt, ol rige] wiEZst HA144%
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Table 7. Estimation Result of OLS and Long-term Coefficient

Dependent Variable=In(GHG) Dependent Variable=In(CO)
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
In(GDP) 1.01%** 855.37*** 73217 8.99*** 957.93** 949.04***
(3.89) (3.53) (2.80) (3.13) (3.55) (3.92)
2 -0.17*** -31.10** -26.46** -0.15*** -34.87** -34.37%*
(in(GDP)] (-3.65) (-3.51) (-2.77) (-2.91) (-3.54) (-3.26)
3 0.37*** 0.31** 0.42*** 0.41**
(in(GDP)] (3.49) (2.74) (3.52) (3.24)
-0.37*** -0.36***
In(AGV) (-3.59) (-3.20)
0.07* 0.09*
In(TD) (1.79) (2.05)
0.22* 0.32¢
In(ENC) (2.00) (2.53)
Constant -138.96*** -783.92** -675.08** -125.70*** -876.94*** -873.48***
(-3.94) (-3.55) (-2.83) (-3.20) (-3.57) (-3.32)
R? 0.97 0.98 0.99 0.97 0.98 0.99

Notes: 1. The number of parentheses indicates t-value.
2. p: **x<0.01, *x<0.05 and *<0.10.

Table 8. Continued

Dependent Variable=In(CH) Dependent Variable=In(NO)
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
In(GDP) 2.82%%* 97.28 82.22 4.27% 121.37 -192.12
(3.14) (0.96) (0.61) (6.08) (1.02) (-1.35)
) -0.05*** -3.61 -3.00 4474 -43.23 70.95
(in(GDP) (:3.06) (:0.98) (:0.61) (-6.07) (-0.99) (1.35)
s 0.04 -0.01 0.51 -0.87
(in(GDP) (0.99) (-0.50) (0.96) (-1.37)
0.01* 0.03*
In(AGV) (2.25) (2.04)
0.01 0.70%*
In(TD) (0.50) (3.11)
0.12** 0.31**
In(ENC) (2.17) (2.09)
Constant 42,93+ -868.92 -747.28 -878.03*** -113.48 -173.29*
(3.50) (-0.94) (-0.61) (-6.07) (-1.05) (-2.00)
R? 0.86 0.85 0.90 0.60 0.61 0.76

Notes: 1. The number of parentheses indicates t-value.
2. p: **x<0.01, **<0.05 and *<0.10.

e o UAY AV JRe BolRa glov), BAYY 2o osle vt oushazel v
© 271t GDP A8HE AU dest ohdshde] MEwe gashs AL ondd, 1
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GDP’o] 3¢ el 29} 304 BT BAHo R folatr] ¥E Aow Yehton A= CHe NOZ
183 A s 25 GDPe CH 8] NO 7he] N #AZF A9siA] &g on]sit),

=Y At SV 94 GHGE CO9| WA 2 Auel th2A vehgsd], CHe NO2J w2 of| Al
49 Wit F7FE CHeF NO #l&3Fo) ok (+)9] #& 7HAE o3t 23E 7AYol nl&dol
wEl A 247F~E ERSHE W A FEdAE F2 vigke] Ak, RA B e ot}
a7t AR H A, AR, 179, o14Y, o]F4], 2016). F, ek =old f7]Eo] @71Hoz
e EwA o] wa opatald st TR Bl e duEe] Feoz HAES a4
CHe} NOE 54 Aol 710l ule} ol g wiEse S71eivhe 49g Rolgr, 21 Fojojare)
7k NO9| MlE% F7lolw ol @ 7haom, oluA Anwe] $71e CHel NO9| &l
37H8 7 eE RAow et

3. EKC A=

2 Wgelld= (Table 7)& Aelste] GDPoh 247k wi& ol o U o] AA7E AHst=A
®ABEL, 2(22)9F 2(2b)E ©183ke] 1990'd7E] 2018' 3714 9] HHF=Q) GDP 34 vl wd 5 )
GDP Ad&xd& ASstalrt. 2Q2a)sk 2(2b)E SalA GDPe] o2z} Ak o] 2427} froldt 4
ol o33t Zo] GDP H&EHE zt 78 F ik

o | an

oln(GHG) ~ -~

W:al‘i‘zaz[ln(GDﬂ)] =0 (4&)

oln(GHG,) ~ . ~

Tapp = Ot 2 (GDR)]+35In(GDP) =0 (4b)
t

Wb A(a)sh A(db)E BEAZE InGDP)E 247} 5t thewt gt

*k al -~
In(GDP,)" =——= (&, a,#0) (5b)
201y
. =284 /4(B)? —123,8, ~ .
In(GDP,); = i: égf) babh (2, 4(8,)* —123,3,> 00|}, i=1o]W 3 WA GDP A
3
84, i=20]" T Wa) GDP AEHS k) (5b)

(Table 8)& (Table 7) 2] 4 AHE T3l 2(5a) 1|2 2(Sb)oll tYste] &7l wjE o
w2 GDP HEH-g v @ Alke Ado|rt, ko] 19909~2018d Hw 22 GDP A2 32
ok 27 520|118, GHGS} CO9| ¢ =] i Ad GDPx 24l 29} 33 whedat Aajoa 2% 3]
HA GDP d&Hd= F WA GDP A3k Alolof glor, ol N&E Fxo4 GDP7} S71gel wef
GHGS} CO HllEHo| TAadte F7hol| ARk AAAd4e] A&l w2 F WA GDP [Agd-g Al
=¥ 93|85 GHGSF CO wE=Fe] Z718 7Fa7dol Slth. CHeF NO9| A9+ BF o UAE F2olA
3l=o] {7 232 GDP7} GDP AdA By} 27] wj&d] GDPr} Z7}shd] whal CHeF NO Hj ko)
Z7FFAINE A7 o] A&Hol wel GDP A3HHS AUA =W 23]8 CHel NO w|&=Fo] hadt

7FeAdel slEs & & itk

6) AxuE2 AR g Apilshs I FYSE SR, T, AEAL ddog Qs EE FRolH, &
Egl da £9) Al b d7] kst A Sl 8 fEEs fEdes TEEn 53 Al okilshda wiEgel
60~70%7} =F Y siehu| g FYFo 2 rE wiEEn, ATt FAan Sol acle osirE wiEe] Gk S lth(FH2A,

qEA, A%, oY, olF4, 2010).

o rlo
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Table 9. Turning Points of Pollution Type(Log of Average Real GDP from 1990 to 2018=27.52)

Pollution Type GHG (6(0) CH NO
Curve Type N-Shape N-Shape Invert U-Shape Invert U-Shape
(Model 2) (Model 2) (Model 1) (Model 1)
T, =24.22 r, =25.30 2= 28.20 2= 98.46
Natural Log of Ty =31.81 Ty =30.04
GDP Turning Point (Model 3) (Model 3)
x, =23.73 x; =24.90
x, =33.16 zy = 30.98

Notes: 1. z;ﬁ is the first GDP turning point and x; is the second GDP turning point with respect to N shape
relationship.
2. x** is the unique GDP turning point with respect to U shape relationship.

V. 28 9 A

71 =gt d-83t7] Y8l MAAlE 197249 25583 9dX R AL e w8 AFxslr] Alte)
Fom, o]F 1997d FA A 2A7t: FAEHEREE 1S nEGGA Ag 4 JJrEV]fF A3 S
3 BE I7F o 7 AAE vlEsTE 20199 VEo R e 24t wlEH Al 79 E
7123k3L 1o, 203037F4] BAU(Business As Usual) ti¥] oF 37%7}A] Z=313ch= APl 3 5521
£ AAEHEA Z)5istel 247Fx wEd] U-gdtele =8-S shal vk, olef B2 Ak A A
LA R B AFe FAFRU= Mg 2o E 240 vlEdd wiEs AT
HAAE ARG, o5 B3l e AT o] BAE T AT 2A47F wiETe
HAAE 3 FA3TE. ole V€] o)kl wWiEE YEEE 247kt 54 Ak Akt
WAE A5 ATE % o A S wiESs BAEATe] SAE B, Y Alke]
ZHAAL e AMge] S5A4% 247t wEdd 5A4E 1Ed vy Ay &3 B4 AES Aol
2 o9} & = Qi

£ A7ellxE EKC 7P ol 59 529 Asbe] 5714 s EKC 7V 7|1ZEA 27 wlEY
(F24712, olatslehay, wgh, ofibsld ) 3 = 820 GDP, AN, Fo)ER ) oy
MR 7Rt g - ©r] 23 AL et 24 A5 5494 /\]74]"3«] HEd A 9 gRE
el Wl 9 BA AAE AL, olF Ad A9 A9E E0IZ VECMs) OLSE 833100,

n3o] A& A= v 2.

@108 AA Y mE AV W& o U #AE BoFa o, A7|mi)e] &4
A o|UA] AnlEFe] SV 24A7F: wiE e S8 JHASITE ole 8 ' AAH A V%ol
7] e w714 8T w9 EKC RGN NG 5 A} 24712 & #AE oSSt
= A¥E HoAFY.

Ao R FAT 2 wET olkslekAa: MlEe HAEAH NAY #AE BAFa o, 5y
Aol F7he F2AVEe) okl A v RS AT AFAE Both vhA wgkd) opikskE A
W& AT o UAE ] #AE BoaFon, sd WA 2 e 59 Aitel 238 W}
ot AL wEHS SUHAITIE AHE BoFE, ol w4 Aske] Z2ta e 4 ¢ AN E
vhodst At & 4 gk, =5k ] By AlS Z9E EdE GDP H3HE 73 Aiollr] F247k
&3 o] ikslerA: BlE2 NAE #AAl4 3 HA GDP ¥ F WA GDP 83 Abolel] 1990
W~2018d F AH GDP F<o] YAIeta o, stare] AAdGo] H2 Ad GDP FEETt
=7 338 B T2 BlET Y oilsleka wlE e TSR Yo g F WAl GDP HAEH
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WAE Bola o, GDP HEHET HdAl 44 GDP #F2
HIF3 glov], o= Ao gt ohushdel WEe FsHAR GDP A
%38 7

e e .
A5 Feaslns) o atshekh WiEwe Bae) Al el Aol weh NAY w0l 7hasiet
7} Z7heke AoE Ueen], dgst oRisdat o UAR Al Z7kato) sk A%
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AN LA R AR A%l o] RFHE B0 et S AYRE
S AR, e NP D F7h Ao NYIR 3PS s ge 2Ak: AL B
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