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Abstract In this study, we examined the effects of agricultural total factor productivity and agricultural
value-added on nitrogen oxide emissions in South Korea using the Environmental Kuznets Hypothesis
and the Autoregressive Distributed Lag Model. We also employed the ARDL Bounds Test to confirm the
long-term relationship between variables. The study suggests a U-shaped relationship between nitrous
oxide emissions and agricultural total factor productivity. The development of agriculture in South Korea
has focused on increasing rice production and productivity and adversely affected nitrous oxide
emissions in the long term. However, the Environmental Kuznets Hypothesis holds that the long-term
relationship between nitrous oxide emissions and agricultural value-added has an inverted U-shape,
suggesting that higher agricultural value-added by introducing environmentally-friendly agriculture
practices and producing high-quality agricultural products reduces agricultural nitrous oxide emissions,
implying that a shift in the structure of agricultural sectors is required from the conventional view to

one focused on product quality.
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LA7IA(GHG: Greenhouse Gasye= A 24s
(Global Warming)E ¥427|= EX=E QI7H9] Als]-4
A|-BAE 59 FFOR Is) A|&3A LAYk k. &
i YA A(Tokyo Protocol, 1997)°f w2, Z} Z7}=
A 243 ol 4L A5k 528 9
olgsflo} JH1]. FAF O ZEE, 2008-2012¥7He] &
AZIA WSS 199093} vlwste] Bt 5% A0k
Ag HHE 5p9ict E3t 20169 Aet o] AL
(Paris Agreement) A7 233} HAE A5t FAALE]
9] F5 ¥ Bl ATt Bt 2% 5= AKX 2% T
wto g Ak, A 1.55F YA ghE k8she A
< Ex= st o2l

BART AR T2, 20209 vt F 24
712 viESES 9F 69] E(Carbon Dioxide Equivalent) 2.2
F4=H, olF oASEATE 93%E Aok, Hgt
4%, oM AT} F 2%Q1 Ao = YERgTh £, oY
A PAE Boko] 2ATIA HiEFS F 24V wiE
9] oF 90%Z AHAIBETL 9o, TRE o]AlsletAol A
o= Yegth BlouA] B 2AVA HiEEE 3
2A7EA HiEFY] 10%E Aokl 9o, oF A
2 olislekaoln, wWgkZ oF 30%, oklsbdis oF
16%%1 202 Yt 5% £ok= Syt 2471
2 8iE 9 9 3% AL E Ao A2 UL
H, E5] opilsd A 7tAYE 22 BEY TE((EAE A
H|g, 8 ¥4, 715 B A7 5ERE HiEEH 9l
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Fig. 1. N20O Emissions in South Korea (2020)
(a) N20 Emissions by Industrial Categories
(b) N20 Emissions from Agricultural Activities
Source: KOSIS(Korean Statistical Information Service)
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E dFoxe T 5F FE AL o]l 5Y &
ofol| X 9] opiletd A HiETo o' PFE mIA=AE
Environmental Kuznets 7F3& &3 LotR iz} st
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BAREE WAYok= oRiIEHAAS] HiEFE S5t
Algsta glow, 57k9] oJAkstetA(CO2 Equivalent
Unin 02 246ttt
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States Department of Agriculture Economic
Research Service)2] Hlo|EIE o]-&s3th. ol A
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Skar Qiet
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Table 12 & oA ARgsH= HE9] 29F 57
A& HolFE1 QIrH1990-20209). Ha o] Hat
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Table 1. Descriptive Statistics

Variables |  Unit Mean StdEV Min Max
MN20 |[1,000Ton| 5862.6 | 395.1 | 5407.5 | 6,987.7
2015 - -
A 100 84.6 143 57.3 105.6
Million
25,067.0 | 2,921.2 | 19,607.0 {29,503.41
ush
L 1,000ha | 2,280.5 203.5 1,950.8 | 2,645.1
Table 2. Correlation Matrix
Variables N0 A 174 L
N0 1.00
-0.676
(€0.01) 100
-0.621 -0.951
Vol won | «op 100
0.667 -0.988 -0.934 1.00
(£0.01) (€0.01) (€0.01) ’
Note: Parentheses indicate p-values for the correlation

coefficients.
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517] 95l & dAfollAs A7FANGE R G S AR
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(Stationary)?l 4% Z-80] 7FseZ irgste] s
9] TAE HZ(Cointegration Test)°o] A3¥€ L7}
Atk FHE ASZ o) AAGNA de] S8t 9l
@9(Unit Root) 73S ADF(Augmented
Dickey-Fuller)@} PP(Phillips-Perron) 7% HHS &
3 AESICh gutdlog PP AZ WS ADF A%
W] gijto g AAE7] WZe] F HE AR =2
HAESH ARG HolE &= QloH13]. o=hA, 29 4
5= df ] @4 A= (Level Data, 1(0)) = 13}
A A& (First Difference Data, 1(1))o4] 9 & Q1%
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Where, In/V2 O denotes logged nitrious oxide emissions

from agricultural sectors, 4 denotes agricultural

total factor productivity, A2 denotes the square

of agricultural total factor productivity, V

denotes agricultural value added, V? denotes the
square of agricultural value added, L denotes

agricultural land, and wu, denotes the stochastic

error term.
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Where, p and ECT denotes the coefficient of
speed of adjustment and the error correction

term, respectively.

Eq. (1)°l 7] #%8Long-Run Equilibrium)el digt
A &% A4(u, Speed of Adjustment Coefficient)
83t QX}=AHSH ECT: Error Correction Term)
st Eq. (30 E85to], A7) 59 & 84
F717HA), A dAo] 5 Eof opitshd
A= Y= FHL 4 ok vAge R,

o2 Cumulative Sum(CUSUM)Z+
Cumulative Sum of Squares(CUSUMSQ)E &30
2H A7 AANAEER Y @7 A7 AT 3
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7HA 1L I(HoZ AT wahA, 2 A4
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A, A%V, V2 Lol dis 421, 2, 2, 0, 0, 191 Ao

2 YEldth ARDL Bounds Test 23} F-statistics=

6.902 YEeFFtoH, ol 1% 7|5 AFst dAIgS] 4.68

2 zatstnz, AolA AAge e 7] B71He B

At EAGE & & QU

Table 3. Unit Root Test

Level First-Difference
Variables
ADF PP ADF PP
Trend -2.22 =227 | -6.49%* | -6.49***
InN20)|

No Trend | -1.18 -1.44 | -6.60"* | -6.60"**
4 Trend -3.60™* -2.77 -5.90™* | -5.90™**
No Trend | -1.82 -1.26 | =5.72% | -5.72%
9 Trend -3.53%* -3.08 =5.22%* | =52

A
No Trend | -1.03 -0.66 | -5.30%* | -5.30%*
v Trend -2.73 -2.85 | -5.50** | -5.50"**
No Trend -1.57 -1.70 | -5.52%"* | -5.52%%*
9 Trend -2.71 -2.82 | -5.34™ | -5.34%

%
No Trend | -1.45 -1.56 | -5.40™* | -5.40***
I Trend -3.32*% -2.36 | -3.99% | -3,99%*
No Trend -1.03 -0.86 =3.,99%* | -3 QO

Note: ** ** and * denote the 1%, 5%, and 10% significant
levels, respectively. The null hypothesis for ADF and PP tests is
that time series data have a unit root(non-stationary) at
level(1(0))/at first difference(I(1)).

Table 4. ARDL Bounds Test

1% Critical Bounds
F-Statistics
Lower Upper
6.90™** 3.41 4.68

Note: ** ** and * denote the 1%, 5%, and 10% significant
levels, respectively.
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5] FAE 9ler, 34 2 Ho gt FAETH= A
A Aol A 2ol IHA Q7] wiEolgar &
= AUTH19L. A= HaARE & B4t 71 7ido] 53
o7 o|RolXl T wYY Y, oMbEtE A wiEE
9] ZAE G5 oHe 1234 A7 ATH201. &
Aol AAHAZAN] 2w 20228 7|E JAA 57
A|(2F 1535 ha)9] Ak =(50.8%)°] AHA|stiL 9o
), A4 = AH9] 92.5%= HeAE Yol AH&star
o}, w2hA, FYEE R&D FAF F4]90 Ao AFE
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Table 5. ARDL Results with Model Specification Test

Variables Coefficient Standard Error
Long-term
A -0.094*** 0.024
A2 0.0004* 0.0001
14 0.392%** 0.120
V? -0.007% 0.002
L -0.001* 0.0006
Short-term
AA, 0.055** 0.024
AA, -0.029 0.017
AA? -0.0003* 0.0001
AAZ 0.0002* 0.0001
AL, 0.001** 0.0004
Constant 6.350%"* 1.416
ECT, -0.601%** 0.114
Diagnostic Test Test-statistics p-value
Ramsey's Reset 0.90 0.47
Heteroskedasticity 0.28 0.60
R? 0.77

Note: *** ** and * denote the 1%, 5%, and 10% significant
levels, respectively. Ramsey's Reset (Regression Specification
Error Test) is used for the confirmation of a functional form.
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estimated ARDL model
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