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Abstract
Carbon dioxide emission and greenhouse gas emissions are considered core issue in the world that influence agricultural
production and also cause climate change. The present study seeks to investigate the linkage of methane emissions, nitrous
oxide emissions, carbon dioxide emission, and greenhouse gas emissions with agricultural gross domestic product in China. The
long-term association was checked by using an autoregressive distributed lag (ARDL) bounds testing approach, fully modified
least squares method, and canonical cointegrating regression analysis. The results from long-run analysis exposed that carbon
dioxide emission and greenhouse gas emissions have positive coefficients that demonstrate the long-run linkage with the
agricultural gross domestic product having p values of 0.5709 and 0.3751, respectively. Similarly, results also revealed that
agricultural methane emissions and agricultural nitrous oxide emissions have a negative association with the agricultural gross
domestic product having p values of 0.1737 and 0.0559. China is a huge emitter of CO2 emission and greenhouse gas emissions.
Possible conservative policies are required to form the Chinese government to tackle this challenge to decrease CO2 emission in
order to increase agricultural production.
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Introduction

The agricultural sector has key contribution to the Chinese
economy and recently, China is a huge emitter of CO2

emission. As the chief agricultural country, CO2 emission is
growing rapidly. Energy conservation, agricultural growth,
and emission reduction are related to human activities and
environmental sustainability (DECC 2013). At present, annu-
al carbon dioxide emissions in China have risen dramatically
and known to be a major emitter. It is under increasing pres-
sure to reduce carbon dioxide emission. Control of domestic
CO2 emission and the achievement of CO2 emission mitiga-
tion goals have been the top priority of the Chinese govern-
ment (Li et al. 2017a). Due to climate change and its effect on
the environment in the past three decades, carbon dioxide
emission have drawn global attention, and careful observation
of emission trends reveals that China requires a firm effort to
reduce carbon emissions, and China needs to work hard to
reduce and restraint the CO2 emission from its primary energy
sources. China is the cornerstone of economic development,
and the value of China’s transportation sector cannot be
overemphasized as China continues to encourage industriali-
zation and urbanization (Lin and Benjamin 2017; Zhao et al.
2017a).

Coal consumption is the main source of energy production
in China and demand is rising over time and considered the
key choice owing to its abundant resources and low prices.
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Coal is therefore known to be the main energy source. China
is, in reality, is the most consumer of energy. The population
of China is growing rapidly and it is the most populated coun-
try with limited choices in the energy structure. The main goal
is to create a sustainable economic development by increasing
trade and tumbling the social burden that needs to be support-
ed by cheap energy. However, serious environmental concerns
have been identified as a consequence of coal combustion
(Liu et al. 2015; Ouyang and Lin 2017). The agricultural pro-
duction including crops has ecological roles which generates
economic importance. Carbon sink has an important role to
play in the crop production in order to combat climate change.
Various estimates show that CO2 emission influences the
farmlandwhich assesses the input function to crop production.
Furthermore, the carbon footprint for crops in the major agri-
cultural areas varies from the average and the largest crop
yields are carbon sinks (She et al. 2017).

The agriculture sector is known to be a significant source of
carbon dioxide emission and is therefore the most vulnerable
sector to climate change as it is directly related to climate
change and CO2 emission. Compared with other sectors, the
agriculture sector has fewer CO2 emissions (Hasegawa and
Matsuoka 2015; Fais et al. 2016). Various studies have been
conducted to highlight the issue of CO2 emission linkage with
crop production, renewable energy, urbanization, industriali-
zation, agriculture technology, agriculture land transfer, mod-
ernization, and soil porosity (Adams and Nsiah 2019; Lin and
Nelson 2019; Marescaux et al. 2018; Cillis et al. 2018; Wenbo
and Yan 2018; Li et al. 2019; Rehman et al. 2019; de Souza
et al. 2019), but in this study, we will investigate the associa-
tion of CO2 emission, methane, nitrous oxide, and greenhouse
gas emissions to the agricultural gross domestic product in
China by applying an autoregressive distributed lag (ARDL)
bounds testing approach, fully modified least squares method,
and canonical cointegrating regression analysis. The remain-
ing parts of the paper, in addition to the Introduction, are
Previous literature, Methodology and data sources, Results
and discussion, and Conclusion and policy recommendations.

Previous literature

In the agriculture sector, the mitigation of CO2 emission is not
only a technical issue but also a socio-economic issue. Carbon
emission from agriculture is ultimately generated by agricul-
tural activities. Various levels of farmland and mechanization
may trigger different levels of emission and cause the agricul-
tural output and energy consumption (Van den Berg et al.
2007; Zaman et al. 2012). Global warming is increasing and
has detrimental influence; many experts have invested their
time to explore the key cause. Different measures have been
taken in spite of the variation in thinking to curb the negative
climate impacts. Among developed and emerging economies,

an agreement of the Kyoto Protocol has been done regarding
the emissions of such harmful gases (Kumazawa and
Callaghan 2012; Stigson et al. 2013; Kivyiro and Arminen
2014). The key cause of greenhouse gas emissions is fossil
fuel combustion, and CO2 emission has an effect on climate
change through their effects on energy use. Climate change
causes the temperature and energy requirement has been in-
creased in the winter and summer. Environmental change and
life quality have improved due to energy requirement adap-
tion. Finally, energy demand may generate the variation in
CO2 emission and energy consumption (Ouedraogo et al.
2012; Kagawa et al. 2015; Hao et al. 2016; Valipour et al.
2018; Wang et al. 2018).

The agricultural land accounts for about 40% of the
world’s land area and is used for grain production, live-
stock, grassland, forestry, and bioenergy development.
However, agriculture is actually considered a critical sec-
tor for food production, confronted with the need to pro-
duce more food for the growing population, but in a way
that can reduce environmental pressures in terms of ener-
gy and water scarcity, climate change, and insufficient
availability of new agricultural land (Godfray et al.
2010). Through food storage, pesticide processing, and
manufacturing, the output of the global food system con-
tributes to the amount of anthropogenic greenhouse gas
emissions. Agricultural production accounts for a signifi-
cant proportion of greenhouse gases emitted by food sys-
tems, and the production of fertilizers is at the next level.
In addition, energy-related emissions compensate for
more than anthropogenic greenhouse gas emissions
(Taseska et al. 2011; Sefeedpari et al. 2013). Energy effi-
ciency and agricultural production have a crucial role to
play in economic growth and even in people’s everyday
lives (DECC 2014).

CO2 emission rarely decouples the production in China
and numerous significant changes in the reduction of CO2

emission in different areas of China due to the accumula-
tion of problems as an agricultural region. Work on spa-
tiotemporal variability of CO2 emissions from agricultural
decoupling in various areas of China has proposed sepa-
rate strategies for the reduction of carbon dioxide emis-
sion (Zhou et al. 2017; Nayak et al. 2015; Luo et al.
2017). Environmental change is becoming the biggest
global threat to human life. Greenhouse gas emissions
and CO2 emission have risen significantly in recent de-
cades (Sari and Soytas 2009; Chang 2010). The urban
green economy and emission growth allure extensively
recognized. As a massive emitter of CO2 emission and
the largest consumer of energy, China is struggling to
reduce emissions from fossil fuels (Chen et al. 2018;
Zhao et al. 2017b). As we all know, carbon dioxide trig-
gers global warming, environmental issues, and climate
change. As the world’s biggest emitter of CO2, an
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increasing pressure has come from the world to force
China to decrease its CO2 emission. The manufacturing
sector has a rich contribution to the increasing carbon
dioxide emissions in China relative to other sectors.
Extensive development in the agriculture sector has pro-
vided substantial attention in recent years to reduce car-
bon dioxide (Xu and Lin 2017; Zhou et al. 2015).

In the mid of the twentieth century, the rise in green-
house gases was believed to be the primary cause of glob-
al warming, and the key factor was the CO2 emission
from fossil fuels. Growing population and economic in-
tensification utilizing fossil fuels are both the key factors
of rising CO2 emission. The income effects and demo-
graphic changes on CO2 emissions are crucial for an ef-
fective climate change strategy (Sumabat et al. 2016;
Liddle 2015; Liu et al. 2013; Wang and Zhao 2015;
Zhou and Liu 2016). The government of China has
adopted a range of environmental policies to meet the
carbon dioxide emission goal, such as eliminating redun-
dant manufacturing facilities and promoting energy stor-
age technologies. Big contaminated factories have gradu-
ally moved from one area to another viable region that
will play a role in regional economic growth (Yang
et al. 2016; Green and Stern 2017; Li et al. 2017b).

Methodology and data sources

Data sources

This empirical study examined the linkage of methane emis-
sions, nitrous oxide emissions, carbon dioxide emission,
greenhouse gas emissions, and agricultural gross domestic
product in China. We used time-series data ranging from
1978 to 2017 and it is taken from WDI (World Development
Indicators). Explanations for variables are provided in Table 1
with descriptions.

Table 1 provides the description of all variables and trends
of the variables are depicted in Fig. 1.

All study variable trends are illustrated in Fig. 1 in the
logarithmic form.

Specification of econometric model

In order to test the linkage of variables, the following model
was specified as:

AGDPt ¼ f AMet;ANOet;CO2et;GHGetð Þ ð1Þ

In Eq. (1), AGDPt presents the agricultural gross domestic
product, AMet shows the methane emissions from agriculture,
variable ANOet specifies the nitrous oxide emissions from
agriculture, variable CO2et presents the carbon dioxide emis-
sion in China, and GHGet indicates the greenhouse gas emis-
sions. We can write Eq. (1) also as:

AGDPt ¼ ϑ0 þ ϑ1AMet þ ϑ2ANOet þ ϑ3CO2et

þ ϑ4GHGet þ εt ð2Þ

The logarithmic form of variables can be specified as:

lnAGDPt ¼ ϑ0 þ ϑ1lnAMet þ ϑ2lnANOet þ ϑ3lnCO2et

þ ϑ4lnGHGet þ εt ð3Þ

Equation (3) indicates the logarithmic form of agricultural
gross domestic product, methane emissions from agriculture,
nitrous oxide emissions from agriculture, carbon dioxide
emission, and greenhouse gas emissions. t indicates the time
dimension, εt signifies error term, ϑ0 is the constant intercept,
and coefficients of the models ϑ1 to ϑ4 demonstrate the long-
run elasticity.

ARDL model specification and cointegration test

In 1998, Pesaran and Shin (1998) developed an ARDL model
to test the relation between various variables. The long-run
and short-run linkages between agricultural gross domestic
product, methane emissions from agriculture, nitrous oxide
emissions from agriculture, carbon dioxide emission, and
greenhouse gas emissions were explored in the integration
order at I(0) and I(1). The long-run and short-run associations
of variables can be determined with UECM (unrestricted error
correction model) and specified as:

Table 1 Explanation of variables and sources

Study variables Explanations with units Sources

LnAGDP Agricultural gross domestic product (USD) WDI

LnAMe Methane emissions from agriculture (%) WDI

LnANOe Nitrous oxide emissions from agriculture (%) WDI

LnCO2e Carbon dioxide emission (in kt) WDI

LnGHGe Greenhouse gas emissions (kt of CO2 equivalent) WDI
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Fig. 1 Variables trends
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ΔLnAGDPt ¼ ρ0 þ ∑
g

i¼1
ρ1 jΔLnAGDPt−k

þ ∑
g

i¼1
ρ2 jΔLnAMet−k

þ ∑
g

i¼1
ρ3 jΔLnANOet−k

þ ∑
g

i¼1
ρ4 jΔLnCO2et−k

þ ∑
g

i¼1
ρ5 jΔLnGHGet−k þ ρ6LnAGDPet−1

þ ρ7LnAMet−1 þ ρ8LnANOet−1

þ ρ9LnCO2et−1 þ ρ10LnGHGet−1 þ ε1t ð4Þ

ΔLnAMet ¼ ψ0 þ ∑
g

i¼1
ψ1 jΔLnAMet−k

þ ∑
g

i¼1
ψ2 jΔLnAGDPt−k

þ ∑
g

i¼1
ψ3 jΔLnANOet−k

þ ∑
g

i¼1
ψ4 jΔLnCO2et−k

þ ∑
g

i¼1
ψ5 jΔLnGHGet−k þ ψ6LnAMet−1

þ ψ7LnAGDPt−1 þ ψ8LnANOet−1

þ ψ9LnCO2et−1 þ ψ10LnGHGet−1 þ ε2t ð5Þ

ΔLnANOet ¼ ζ0 þ ∑
g

i¼1
ζ1 jΔLnANOet−k

þ ∑
g

i¼1
ζ2 jΔLnAMet−k

þ ∑
g

i¼1
ζ3 jΔLnAGDPt−k

þ ∑
g

i¼1
ζ4 jΔLnCO2et−k

þ ∑
g

i¼1
ζ5 jΔLnGHGet−k þ ζ6LnANOet−1

þ ζ7LnAMet−1 þ ζ8LnAGDPt−1

þ ζ9LnCO2et−1 þ ζ10LnGHGet−1 þ ε3t ð6Þ

ΔLnCO2et ¼ η0 þ ∑
g

i¼1
η1 jΔLnCO2et−k

þ ∑
g

i¼1
η2 jΔLnANOet−k þ ∑

g

i¼1
η3 jΔLnAMet−k

þ ∑
g

i¼1
η4 jΔLnAGDPt−k

þ ∑
g

i¼1
η5 jΔLnGHGet−k þ η6LnCO2et−1

þ η7LnANOet−1 þ η8LnAMet−1

þ η9LnAGDPt−1 þ η10LnGHGet−1 þ ε4t ð7Þ

ΔLnGHGet ¼ ∂0 þ ∑
g

i¼1
∂1 jΔLnGHGet−k

þ ∑
g

i¼1
∂2 jΔLnCO2et−k

þ ∑
g

i¼1
∂3 jΔLnANOet−k

þ ∑
g

i¼1
∂4 jΔLnAMet−k

þ ∑
g

i¼1
∂5 jΔLnAGDPt−k þ ∂6LnGHGet−1

þ ∂7LnCO2et−1 þ ∂8LnANOet−1

þ ∂9LnAMet−1 þ ∂10LnAGDPt−1 þ ε5t ð8Þ

The parameters of the equations ρ1, ρ2, ρ2, ρ3, ρ4, and ρ5;
ψ1, ψ2,ψ3, ψ4, and ψ5; ζ1, ζ2, ζ3, ζ4, and ζ5; η1, η2, η3, η4, and
η5; and ζ1, ζ2, ζ3, ζ4, and ζ5 display the short-run coefficients,
and ρ6, ρ7, ρ8, ρ9, and ρ10; ψ6,ψ7, ψ8, ψ9, and ψ10; ζ6, ζ7, ζ8, ζ9,
and ζ10; η6, η7, η8, η9, and η10; and ζ6, ζ7, ζ8, ζ9, and ζ10 show
the long-run coefficients in the model. Equations (4)–(8) illus-
trate the null hypothesis with no cointegration between the
v a r i a b l e s ( H 0 : ρ 6 = ρ 7 = ρ 8 = ρ 9 = ρ 1 0 = 0 ,
ψ6 = ψ7 = ψ8 = ψ9 = ψ10 = 0, ζ6 = ζ7 = ζ8 = ζ9 = ζ10 = 0,
η6 = η7 = η8 = η9 = η10 = 0, ζ6 = ζ7 = ζ8 = ζ9 = ζ10 = 0 against
H 1 : ρ 6 ≠ ρ 7 ≠ ρ 8 ≠ ρ 9 ≠ ρ 1 0 ≠ 0 ,
ψ6 ≠ ψ7 ≠ ψ8 ≠ ψ9 ≠ ψ10 ≠ 0, ζ6 ≠ ζ7 ≠ ζ8 ≠ ζ9 ≠ ζ10 ≠ 0,
η6 ≠ η7 ≠ η8 ≠ η9 ≠ η10 ≠ 0, ζ6 ≠ ζ7 ≠ ζ8 ≠ ζ9 ≠ ζ10 ≠ 0,
respectively).

The autoregressive distributed lag bounds testing ap-
proach was used in this analysis to demonstrate the dy-
namic linkage between agricultural gross domestic prod-
uct, methane emissions from agriculture, nitrous oxide
emissions from agriculture, carbon dioxide emission, and
greenhouse gas emissions. The acceptance and rejection
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of H0 are accompanied by the measured value of F-sta-
tistics, which should be less than the critical boundary
values in the upper case. The cointegration is denied with-
out the zero hypotheses, demonstrating that there are a co-
integrated relation dependency and invaders amid the
variables.

Results and discussion

Descriptive analysis and covariance relation
amid variables

Analysis of descriptive statistics and covariance relation
between variables are depicted in Tables 2 and 3 and
concluded that all variables including methane emissions
from agriculture, nitrous oxide emissions from agricul-
ture, carbon dioxide emission, greenhouse gas emissions,
and agricultural gross domestic product are correlated
each other.

Stationarity of variable test results

The stationarity was tested using two unit root tests in-
cluding Augmented Dickey-Fuller (ADF) (Dickey and
Fuller 1979) and Phillips-Perron (P-P) (Phillips and
Perron 1988) unit root test. Both tests demonstrate that
no variables were integrated through I(2). Table 4 displays
the results of the unit root tests between methane emis-
sions from agriculture, nitrous oxide emissions from agri-
culture, carbon dioxide emission, greenhouse gas emis-
sions, and agricultural gross domestic product which con-
firmed that all are integrated at the level and at first
difference.

ARDL bounds test to cointegration results

An autoregressive distributed lag approach was employed to
demonstrate the variable long-run linkage and equilibrium
through bounds test to cointegration at 1%, 2.5%, 5%, and
10% levels of significance. Table 5 interprets the results of
ARDL bounds test to cointegration.

The F-statistic value is 4.034113 which is exposed in
Table 5 and surpassed the higher critical bound. In addition,
the cointegration test shows the linkage amid methane emis-
sions from agriculture, nitrous oxide emissions from agricul-
ture, carbon dioxide emission, greenhouse gas emissions, and
agricultural gross domestic product. Moreover, we have used

Table 2 Descriptive analysis

LnAGDP LnAMe LnANOe LnCO2e LnGHGe

Mean 11.26984 1.650790 1.868146 6.571229 6.734057

Median 11.24031 1.670161 1.870313 6.526923 6.707399

Maximum 11.99003 1.792194 1.892183 7.012496 7.095334

Minimum 10.61701 1.462039 1.851012 6.161818 6.435256

SD 0.418155 0.095929 0.008759 0.280052 0.215935

Skewness 0.455286 − 0.375875 0.165003 0.176725 0.199243

Kurtosis 1.946683 2.036165 2.891091 1.737302 1.680526

J-B 3.231029 2.490175 0.201274 2.865557 3.166339

Probability 0.198788 0.287916 0.904261 0.238645 0.205323

Sum 450.7934 66.03161 74.72583 262.8492 269.3623

Sum SD 6.819278 0.358896 0.002992 3.058732 1.818494

Table 3 Covariance relation among variables

Correlation

t-statistic

Probability LnAGDP LnAMe LnANOe LnCO2e LnGHGe

LnAGDP 1.000000

-----

-----

LnAMe − 0.985924 1.000000

− 36.35108 -----

[0.0000] -----

LnANOe 0.613354 − 0.659416 1.000000

4.787199 − 5.407071 -----

[0.0000] [0.0000] -----

LnCO2e 0.973704 − 0.979944 0.665128 1.000000

26.34694 − 30.31426 5.490784 -----

[0.0000] [0.0000] [0.0000] -----

LnGHGe 0.965661 − 0.970119 0.651327 0.993292 1.000000

22.91234 − 24.64763 5.291329 52.95443 -----

[0.0000] [0.0000] [0.0000] [0.0000] -----
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the Johansen cointegration test (Johansen and Juselius 1990)
and the findings are seen in Table 6. It supports the robustness
of the variables through long-run interaction.

Evidence from long-run and short-run estimations

Estimated long-run and short-run analysis results are depicted
in Table 7 which clarifies the linkage between methane emis-
sions from agriculture, nitrous oxide emissions from agricul-
ture, carbon dioxide emission, greenhouse gas emissions, and
agricultural gross domestic product. Subsequently, the ARDL
approach was used to validate the cointegration test, which
investigated the dynamic association of variables via long-
run and short-run estimates.

The estimated results in Table 7 indicate that CO2 emission
has a positive association with an agricultural gross domestic
product with a coefficient of 0.449777 and p value of 0.5709.
Similarly, the results also demonstrated that greenhouse gas
emissions have positive and significant linkage to agriculture
gross domestic product with a coefficient of 0.816959 and a p
value of 0.3751. Furthermore, the results concluded that meth-
ane emissions from agriculture and nitrous oxide emissions
from agriculture have negative linkage with an agricultural
gross domestic product with coefficients of − 1.886104 and

− 7.560422 and p values of 0.1737 and 0.0559, respectively.
China is known to be a huge agricultural country, with carbon
dioxide emissions and energy consumption in this sector
growing steadily after the industrial revolution, and a large
number of fossil energy sources, such as coal, have been used
extensively. Fossil fuel is considered the primary aspect of
growth that creates a major competitive influence on econom-
ic development. In contrast, the excessive use of fossil fuels
will produce a large amount of CO2 emissions. Carbon diox-
ide is a major source of environmental problems, including
extreme temperatures and climate change (Wang et al. 2020;
Lin and Xu 2018; Fei and Lin 2017). The reduction of carbon
dioxide emission and saving energy has a vital position to play
in creating a low-carbon economy and preserving the atmo-
sphere. Carbon dioxide emission from fossil fuel triggers a
critical effect on the environment that has been affecting hu-
man wellbeing for a long time. Several nations across the
world have made enormous attempts to reduce carbon dioxide
emission. For economic growth, energy demand is driven by
urbanization and industrialization has risen rapidly, and
China’s government faces significant challenges in finding
various ways to mitigate carbon dioxide emissions (Fei and
Lin 2016; Du et al. 2016; Xian et al. 2018; Feng et al. 2018).

The agricultural sector has a leading contribution to the
economy of any country and has a vital role to reduce CO2

emission. In addition, the estimation of CO2 emission and the
analysis to change the performance of agricultural CO2 emis-
sion have become necessary and imperative. Agriculture can
help to reduce carbon dioxide emission from plants. In other
words, due to survival metabolism and energy-associated CO2

emission, it is unavoidable to input factors in the production
process, so carbon dioxide emission has also contributed (Lin
and Fei 2015; Lin and Tan 2017). Increases in crop yields are
likely to increase every year, due to certain influences such as
adverse weather and pests and diseases. The duration of the
growing season has changed due to climate change, particu-
larly at high latitudes. There is a clear and growing human
impact on the climate system. Greenhouse gases have respon-
sibility for the usage of carbon and energy, as well as other
inputs through food processing, storage, and transport.

Table 4 Unit root test results

Variables ADF t-statistic P-P t-statistic

At level First difference At level First difference

LnAGDP − 2.298473 − 4.496569*** − 1.319118 − 4.413385***
LnAMe − 1.448705 − 3.899955** − 0.496177 − 3.902028**
LnANOe − 3.942101** − 6.930631*** − 3.953873** − 7.836809***
LnCO2e − 2.418038 − 3.647935** − 1.969548 − 3.627423**
LnGHGe − 2.253816 − 4.508279*** − 2.099617 − 4.497956***

Note: ** and *** denotes the significance level at 1% and 5% by rejecting the null hypothesis

Table 5 ARDL bounds test to cointegration results

Test statistic Value K

F-statistic 4.034113 5

Significance I0 bound I1 bound

At 10% 2.45 3.52

At 5% 2.86 4.01

At 2.5% 3.25 4.49

At 1% 3.74 5.06

Diagnostic tests

R2 0.390678
Adj-R2 0.279892

F-statistic 3.526424

Probability(F-statistic) 0.008309

28774 Environ Sci Pollut Res  (2020) 27:28768–28779



Enhanced agricultural production systems require increased
input, but in order to reduce greenhouse gasses, food systems
need to shift to lower inputs and resource quality (Litskas et al.
2020; Savary et al. 2019).

The short-run dynamic association also reveals that two
variables have a positive association with the agricultural
gross domestic product and two variables have negative link-
age with the agricultural gross domestic product. In contrast,
the diagnostic tests show that normality test, serial correlation,
heteroscedasticity, and Ramsey RESET p values are 0.2155,
0.5343, 0.2695, and 0.3067, respectively.

Figure 2 indicates the dynamic association amid the vari-
ables. Study findings demonstrate that carbon dioxide emis-
sion and greenhouse gas emissions have long-term association
with the agricultural gross domestic product, but the coeffi-
cient of methane emissions from agriculture and nitrous oxide
emissions from agriculture demonstrates a negative linkage.
Moreover, long-run and short-run directions among variables
are consistent, excluding methane emissions from agriculture
and nitrous oxide emissions from agriculture in both long-run
and short-run investigation. Overall study findings showed
variability in the long run and short run.

Results of fully modified least squares method

The results of the fully modified least squares method are
depicted in Table 8 which indicates that methane emissions
from agriculture and nitrous oxide emissions from agriculture
have non-significant linkage with the agricultural gross do-
mestic product with coefficients of − 3.311924 and −
4.512624 and p values of 0.0000 and 0.0181, respectively.
Similarly, the results also exposed during analysis that carbon
dioxide emission and greenhouse gas emissions have a posi-
tive association with an agricultural gross domestic product
with coefficients of 0.196049 and 0.296940 and p values of

Table 7 Estimated long-run and short-run analysis results

Variable Coefficient Std. error t-statistic Prob.

Long-run estimation

LnAMe − 1.886104 1.356440 − 1.390481 0.1737

LnANOe − 7.560422 3.814584 − 1.981978 0.0559

LnCO2e 0.449777 0.785674 0.572473 0.5709

LnGHGe 0.816959 0.908699 0.899042 0.3751

C 20.121297 8.804613 2.285313 0.0289

Short-run dynamics

DLnAGDP (− 1) 0.698428 0.101244 6.898457 0.0000

DLnAMe − 0.568797 0.546469 − 1.040859 0.3055

DLnANOe 0.241502 1.055507 0.228802 0.8204

DLnANOe (−1) − 2.521516 1.161349 − 2.171196 0.0372

DLnCO2e 0.135640 0.238859 0.567868 0.5740

DLnGHGe 0.246372 0.251741 0.978674 0.3349

ECM (− 1) − 0.301572 0.101244 − 2.978668 0.0054

Diagnostic tests

R2 0.992870

Adj-R2 0.991574

F-statistic 765.9196

Prob (F-statistic) 0.000000

Normality 3.0687 (0.2155)

Serial correlation 0.6395 (0.5343)

ARCH 1.2569 (0.2695)

Ramsey RESET 1.0386 (0.3067)

CUSUM Stable

CUSUMSQ Stable

Table 6 Johansen cointegration test results

Null hypothesis Trace test statistic p value Null hypothesis Maximum Eigenvalue p value

r ≤ 0 89.65841 0.0433 r ≤ 0 46.18525 0.0052

r ≤ 1 43.47316 0.7158 r ≤ 1 16.56665 0.8847

r ≤ 2 26.90651 0.6865 r ≤ 2 12.45625 0.8431

r ≤ 3 14.45026 0.6203 r ≤ 3 8.333568 0.7907

r ≤ 4 6.116696 0.4456 r ≤ 4 6.116696 0.4456

r ≤ 5 89.65841 0.0433 r ≤ 5 46.18525 0.0052

Note: r indicates the number of cointegrating equation

AGDP

AMe
-ve

ANOe
-ve

CO2e
+ve

GHGe
+ve

Fig. 2 Dynamic association between variables
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0.6686 and 0.5409, respectively. The coefficient of R2 is
0.975649 and Adj-R2 is 0.972866. In conclusion, the fully
modified least squares (FMOLS) method also reveals the dy-
namic relation between the variables.

Results of canonical cointegrating regression analysis

Table 9 displays the results of the canonical cointegrating
regression (CCR) analysis which revealed that the coefficients
of the methane emissions from agriculture and nitrous oxide
emissions from agriculture have a non-significant association
with agricultural gross domestic product with p values of
0.0003 and 0.0366, respectively. In addition, results also indi-
cated that carbon dioxide emission and greenhouse gas emis-
sions have a positive influence on agricultural gross domestic
product in China with p values of 0.6517 and 0.5926,
respectively.

Figures 3 and 4 illustrate the long-run and short-run stabil-
ity by using CUSUM (cumulative sum) and CUSUMSQ (cu-
mulative sum of square) which indicate a 5% significance
level.

Conclusion and policy recommendations

The present analysis explores the association of methane
emissions from agriculture, nitrous oxide emissions from ag-
riculture, carbon dioxide emission, and greenhouse gas emis-
sions with agricultural gross domestic product in China. Data

stationarity was clarified by using two unit root tests including
augmented Dickey-Fuller (ADF) test and Phillips-Perron (P-
P) test. Furthermore, the dynamic linkage was checked by
using autoregressive distributed lag (ARDL) bounds testing
approach, fully modified least squares (FMOLS) method, and
canonical cointegrating regression (CCR) analysis. The vari-
ables showed a long-term association as carbon dioxide emis-
sion and greenhouse gas emissions have positive influence to
agricultural gross domestic product. Similarly, results also
show that methane emissions from agriculture and nitrous
oxide emissions from agriculture demonstrate a negative link-
age with agricultural gross domestic product of China.
According to the study findings, it suggests that possible con-
servative policies are needed from the government of China
regarding the reduction of carbon dioxide emission and green-
house gas emissions to avoid causing agricultural production
as well as climate change.

Due to emission of these harmful gases, the temperature is
increasing globally that causes the agricultural productivity. It
is also concluded that CO2 emission is now an emerging prob-
lem on global level, and possible conventional policies are
needed from all countries to pay attention regarding the

-20

-15

-10

-5

0

5

10

15

20

86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16

CUSUM 5% Significance

Fig. 3 Cumulative sum
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Table 8 Results of the fully modified least squares (FMOLS) method

Variables Coefficient Std. Error t-statistic Prob.

LnAMe − 3.311924 0.625159 − 5.297734 0.0000

LnANOe − 4.512624 1.819532 − 2.480101 0.0181

LnCO2e 0.196049 0.454129 0.431702 0.6686

LnGHGe 0.296940 0.480821 0.617569 0.5409

C 21.88036 4.126409 5.302518 0.0000

R2 0.975649

Adj-R2 0.972866

Table 9 Results of canonical cointegrating regression (CCR) analysis

Variables Coefficient Std. error t-statistic Prob.

LnAMe − 3.152047 0.792691 − 3.976390 0.0003

LnANOe − 4.530158 2.084402 − 2.173360 0.0366

LnCO2e 0.242199 0.531943 0.455310 0.6517

LnGHGe 0.298073 0.551996 0.539991 0.5926

C 21.33465 5.149868 4.142757 0.0002

R2 0.975236

Adj-R2 0.972406
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reduction of carbon dioxide emission to avoid environmental
degradation. Both in terms of production or consumption,
China’s greenhouse gas emissions are the largest in the world,
mainly from coal. The implementation of new policies on
climate change mitigation and adverse effects is intended to
reduce the use of coal. The government sets targets and com-
mits to reducing the CO2 emission and increasing usage of
non-fossil fuel energy carriers. Additionally, the consequences
of greenhouse gas emissions effects almost every aspect of life
and impact on agricultural production can be particularly im-
portant. The rising temperatures and decreasing precipitation
have led to a decline in China’s rice, wheat, and corn produc-
tion. In contrast, China’s cotton production has increased and
the agricultural sector contribution is almost at fifth part in the
entire greenhouse gas emissions. The main source of agricul-
tural greenhouse gas emissions is the application of chemical
fertilizers. Other sources include less excrement burning or
pasture management than fertilizer. Another factor contribut-
ing to greenhouse gas emissions from the agricultural sector is
methane and nitrous oxide emissions that come mainly from
livestock carcasses and farm management. The Chinese gov-
ernment needs to take action as soon as possible to combat
with carbon dioxide emission which is influencing the climate
change and agricultural production.
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