
*Correspondent author: Shu, Yu suesunyu@126.com 

Analysis on Measurement, Decoupling Effect and Influencing 
Factors of Agricultural Carbon Emissions in Major Grain 
Producing Areas—Taking Henan Province as An Example 

YiLin, Shen 1, Shu, Yu 1*, 

1Dalian Polytechnic University Dalian, Liaoning, China  
2Dalian Polytechnic University Dalian, Liaoning, China 

Abstract. Based on the scientific calculation of agricultural carbon emissions in Henan Province, the Tapio 
decoupling model is used to analyze its relationship with economic development, and its driving factors are 
analyzed in combination with the LMDI model. The results show that the total amount of agricultural carbon 
emissions in Henan Province from 2010 to 2019 is on the rise, of which chemical fertilizers are the largest 
source of carbon emissions. The decoupling analysis shows that before 2019, the weak decoupling between 
agricultural carbon emissions and the total output value of the planting industry was mainly weak, and a strong 
decoupling state appeared for the first time in 2019. This means that the level of agricultural economic 
development is the main force driving the growth of carbon emissions. 

1 Introduction 

In recent years, environmental problems caused by the 
greenhouse effect have gradually attracted widespread 
attention from scholars all over the world. Related reports 
pointed out that greenhouse gases produced by 
agricultural production accounted for 1/5 of the total 
global emissions [1]. China is the country with the most 
agricultural carbon emissions in the world. China’s 
agricultural greenhouse gas emissions have accounted for 
17.00% of the country’s total emissions [2]. In response to 
the increasingly prominent problems of ecological 
environment and agricultural economic development, the 
Chinese government has pledged to strive to reach the 
peak of carbon emissions by 2030 and to achieve carbon 
neutrality by 2060. Therefore, strengthening the research 
on agricultural carbon emissions is not only helpful to 
promote the development of low-carbon agriculture, but 
also to the realization of national carbon emission 
reduction targets. 

The issue of agricultural carbon emissions has always 
been closely related to the ecological environment and has 
always been the focus of research by domestic and foreign 
scholars. Among them, the foreign scholar Ismael studied 
the relationship between agricultural technological 
progress and agricultural carbon emissions based on the 
data from 1970 to 2014 in Jordan. It is believed that the 
impact of fertilizers, grain production land, and 
agricultural added value on carbon emissions is gradually 
increasing [3]; Lubowski et al. measured agricultural 
carbon emissions in many countries and found that due to 

 
 

differences in agricultural production methods, the impact 
of agricultural carbon emissions on the economy is also 
heterogeneous [4]; Through research, Verge et al. found 
that the carbon footprint in the Canadian agricultural 
production process accounts for about 90% of its total 
carbon emissions [5]. Chinese scholars have carried out 
many studies on the issue of agricultural carbon emissions. 
Most of them are carried out from several aspects such as 
the calculation of agricultural carbon emissions, temporal 
and spatial differences, influencing factors and the 
relationship with economic development. For example, 
Tian Chengshi and others have measured the total amount 
of my country's inter-provincial agricultural carbon 
emissions, and the results showed that the total 
agricultural carbon emissions during the study period 
showed a "V-shaped" structure that first decreased and 
then increased [6]; Li Hui et al. used the GWR model to 
analyze the temporal and spatial analysis of my country's 
inter-provincial agricultural carbon emissions, and the 
results showed that the inter-provincial agricultural carbon 
emissions have significant spatial positive correlation 
characteristics [7]; Wei Qin et al. analyzed the influencing 
factors of agricultural carbon emissions in 31 provinces 
from 1999 to 2014,and pointed out that the development 
of agricultural economy was the main reason for the 
increase in agricultural carbon emissions in the region, 
while the optimization of agricultural industry structure 
and the reduction of agricultural population were the main 
reasons for the growth of agricultural carbon emissions in 
the region. The leading force to suppress the increase in 
carbon emissions [8]; Taking the Yangtze River Economic 
Belt as an example, Tian Yun and others studied the 
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relationship between agricultural carbon emissions and 
economic growth from 1993 to 2017 and found that there 
is a strong coupling and coordinated development 
relationship between the two [9]. The above-mentioned 
scholars' analysis of agricultural carbon emissions focuses 
on a single study, but there are still few comprehensive 
studies on the calculation of agricultural carbon emissions, 
the driving factors, and the relationship with economic 
development. At the same time, after the Central Plains 
Economic Zone was upgraded to a national strategy, its 
primary task was to establish a national food production 
base and a modern agricultural base. Henan Province, as 
one of the important cities in the Central Plains Economic 
Zone, the research on its agricultural carbon emission 
issues not only involves the realization of the national 
carbon neutral goal, but also has a significant impact on 
the development of its modern agriculture. 

In view of this, this article uses the basic data of six 
types of carbon sources invested in the agricultural 
production process of Henan Province from 2010 to 2019 
to calculate and analyze the province's agricultural carbon 
emissions. This paper also studies the decoupling effect 
between carbon emissions and agricultural economic 
growth and uses the LMDI model to decompose its driving 
factors to provide a scientific basis for formulating 
regional carbon emission reduction policies and 
promoting the development of low-carbon agriculture. 

2 Data sources and research methods 

2.1 Data sources 

The basic data of the 6 types of carbon sources involved 
in this article, including the total output value of planting 
industry, the total output value of agriculture, forestry, 
animal husbandry and fishery, and the number of 
agricultural laborers all from the "China Rural Statistical 
Yearbook" and "Henan Provincial Statistical Yearbook". 
Among them, the agricultural irrigated area is the actual 
irrigated value in each year; the ploughed area is the 
mechanically sown area of crops in each year; the number 
of agricultural laborers is based on the number of 
employees in the primary industry. 

2.2 Research methods 

2.2.1 Calculation method of carbon emission from 
agricultural production 

Combined with the focus of this research, six indicators 
including agricultural machinery, pesticides, chemical 
fertilizers, agricultural film, agricultural irrigation and 
plowing were selected as carbon emission sources for 
agricultural production. The specific calculation method 
refers to the previous research results [2], as shown below: 

iii CoefQuancarCar        (1) 

In formula (1), Car is the total carbon emissions from 
agricultural production; Cari is the carbon emissions of the 
i type of carbon source; Quani is the amount of the i type 

of carbon source used; and Coefi is the emission 
coefficient of the i type of carbon source. The details are 
shown in Table 1: 

Table 1 Carbon emission coefficient of each carbon source 

Carbon 
source 

Chemi
cal 

fertiliz
er 

Pesticid
es 

Agri
cultu
ral 

film 

Agricul
tural 
diesel 

Ploug
hing 

Irrig
ation 

Carbon 
emissio

n 
coeffici

ent 

0.8956
kgC/kg 

4.9341k
gC/kg 

5.18k
gC/k

g 

0.5927k
gC/KW 

3.126
kgC/h

m2 

20.5
kgC/
hm2 

2.2.2 Decoupling model of carbon emission 

This paper chooses Tapio model to analyze the decoupling 
relationship between agricultural carbon emissions and 
economic growth in Henan Province, the decoupling 
model built is as follows:  

TotovTotov

CarCar
las

/

/
e





            

(2) 
In formula (2), elas is the coefficient of decoupling 

elasticity, and ΔCar is the change in total agricultural 
carbon emissions; ΔTotov is the change in the total output 
value of the planting industry; Car is the carbon emissions 
in the base period; Totov is the total output value of the 
planting industry in the base period. According to the 
difference of elastic coefficient, the decoupling state is 
divided into 8 different types [3], see Table 2 for details. 

Table 2 Eight status of Tapio decoupling elastic coefficient 

Status  
ΔCar/

Car 

ΔTotov/

Totov 

Coefficient of 

elasticity elas 

Negative  

decoupling 

Weak negative 

decoupling 
＜0 ＜0 0≤e＜0.8 

Strong negative 

decoupling 
＞0 ＜0 e＜0 

Expansion negative 

decoupling 
＞0 ＞0 e＞1.2 

Decoupling 

Recessive 

decoupling 
＜0 ＜0 e＞1.2 

Strong decoupling ＜0 ＞0 e＜0 

Weak decoupling ＞0 ＞0 0≤e＜0.8 

Connection 

Recession 

connection 
＜0 ＜0 0.8≤e≤1.2 

Expansion 

connection 
＞0 ＞0 0.8≤e≤1.2 

2.2.3 Decomposition method of driving factors of 
agricultural carbon emission 

This paper, based on LMDI model, decomposes the 
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driving factors of agricultural carbon emissions in Henan 
Province, and the decomposition process is as follows [4]: 
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In formula (3). Totov is the total output value of 

planting industry; Tonfa is the total output value of 
agriculture, forestry, animal husbandry and fishery; Agrl 
is the number of agricultural labor force; EI, CI and SI 
represent factors of agricultural production efficiency, 
agricultural production structure and agricultural 
economic development, respectively. 

3 Results and Analysis 

3.1 Agricultural carbon emissions 

According to the formula (1), the carbon emission of 
agricultural production in Henan Province from 2010 to 
2019 is calculated, see Table 3 for details. 

Table 3 Accounting results of carbon emissions from 
agricultural production in Henan Province in odd years from 

2010 to 2019 / 10000 tons 

Item  
2011 2013 2015 2017 2019 

Total 
carbon 

emission 
/ 10000 

tons 

Pesticides 58.77 61.63 63.3 64.09 62.71 

Chemical 
fertilizer 

538.86 586.75 612.98 632.07 640.38 

Agricultura
l film 

67.7 76.15 80.39 84.69 84.49 

Diesel oil 58.82 63.96 66.53 68.73 66.64 

Irrigation  10.23 10.42 10.67 10.46 10.99 

Ploughing 2.41 2.83 3.01 3.19 3.29 

Total  736.79 801.74 836.88 863.23 868.51 

 
From the above table, it can be seen that the carbon 

emissions of chemical fertilizers accounted for more than 
2/3 of the total carbon emissions of the province from 
2010 to 2019. It is the largest source of carbon emissions 
from agriculture in the province, accounting for an 
average of 73.28%. The average proportion of other 
carbon sources is less than 10%, which are 9.60% for 
agricultural film, 7.93% for diesel and 7.64% for 
pesticides. Tillage and irrigation are the least, and the 

average proportion during the study period is still less than 
2.00%. In terms of evolution trends, the average 
proportion of chemical fertilizer, agricultural film and 
plowing shows a certain increase, of which chemical 
fertilizer increased by 1.20%, and agricultural film 
increased by 0.40%. Plowing increased by 0.09%, while 
the carbon emissions of pesticides, diesel and irrigation 
showed a downward trend. Among them, the carbon 
emissions of pesticides decreased by 1.06%, the carbon 
emissions of diesel decreased by 0.45% and the carbon 
emissions of irrigation decreased by 0.18%. 

3.2 Decoupling effect analysis of agricultural 
carbon emission 

According to formula (2), the decoupling elasticity of 
agricultural carbon emissions in Henan Province is 
calculated, and the results are shown in Table 4. 

Table 4 Decoupling analysis of agricultural carbon emissions in 
Henan Province from 2010 to 2019 

Status 
Year  

ΔCar/Ca
r 

ΔTotov/T
otov 

Coefficient of 
elasticity elas 

Decoupling 
status 

2010-2011 0.0475 0.2012 0.2362 
Weak 

decoupling 

2011-2012 0.0463 0.0399 1.1588 
Expansion 
connection 

2012-2013 0.0400 0.1787 0.2239 
Weak 

decoupling 

2013-2014 0.0287 0.0777 0.3695 
Weak 

decoupling 

2014-2015 0.0147 0.0733 0.2008 
Weak 

decoupling 

2015-2016 0.0219 0.0759 0.2885 
Weak 

decoupling 

2016-2017 0.0094 0.0471 0.1991 
Weak 

decoupling 

2017-2018 0.0089 0.0119 0.7471 
Weak 

decoupling 

2018-2019 -0.0028 0.0182 -0.1520 
Strong 

decoupling 

 
It can be seen from the above table that during 2010-

2019, the weak decoupling between agricultural carbon 
emissions and the gross production value of crop 
production in Henan Province occurred 7 times, 
accounting for 77.78% of the statistical period. This shows 
that Henan Province has made great progress in low-
carbon agriculture. Specifically: From 2010 to 2012, 
Henan Province increased the promotion and utilization of 
agricultural technology, improved agricultural production 
efficiency, and made the total output of the planting 
industry worthy of rapid growth. However, after the 
release of the second land survey data, the area of arable 
land increased by 13.74% compared with the previous 
year, leading to an increase in the input of agricultural 
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materials. Therefore, the expansion connection appeared 
in 2012; during 2013-2018, the application of agricultural 
science and technology in Henan Province continued to 
deepen. Promote the total output value of the planting 
industry to continue to maintain a relatively high growth 
rate. At the same time, the Chinese government has 
gradually increased its emphasis on the ecological 
environment, and the growth rate of agricultural carbon 
emissions in Henan Province has also been declining. 
During this period, the decoupling state between the total 
output value of the planting industry and the agricultural 
carbon emissions is weak; in 2019, the agricultural carbon 
emissions of Henan Province and the total output value of 
the planting industry reached a strong decoupling state, 
indicating that the development of the agricultural 
economy in Henan Province has an impact on the 
environment. The impact has dropped to the lowest level 
in history. 

3.3 Analysis of driving factors of carbon 
emission in agricultural production 

According to formula (3), combined with the above 
calculation results, the driving factors of carbon emissions 
from agricultural production in Henan Province are 
decomposed with the help of LMDI model, and the 
decomposition results are shown in Table 5. 

Table 5 Decomposition results of carbon emission 
driving factors of agricultural production in Henan Province 

in odd number years 2010-2019 / 10000 tons 

Year  
Efficiency 

factor 
Structure 

factor 
Economy 

factor  
Labor 
factor 

Total 
effect 

2011 -98.55 -1.39 151.66 -18.29 33.43 

2013 -98.42 1.07 144.34 -16.15 30.84 

2015 -46.61 -0.59 73.22 -13.88 12.13 

2017 -31.56 -1.33 14.28 26.63 8.03 

2019 -18.1 -2.15 20.57 -2.73 -2.41 

Total  -372.63 -13.58 657.00 -105.65 165.14 

 
It can be seen from Table 5 that the development of the 

agricultural economy is the primary factor that promotes 
the rapid growth of agricultural carbon emissions. 
Compared with the base period, it achieved a cumulative 
carbon increase of 6.570 million tons. With the growth of 
the years, the carbon emissions caused by it continue to 
decrease, indicating that the development of low-carbon 
agriculture has achieved great results; the improvement of 
agricultural production efficiency has achieved a 
cumulative carbon emission reduction of 3,726,300 tons, 
and its role is constantly weakening. It shows that the 
inhibitory effect of this factor on carbon emissions is 
decreasing, and the efficiency of agricultural production 
needs to be further improved; the agricultural labor factor 
has achieved a total of 1.0565 million tons of carbon 

emissions reduction. During the study period, the 
continuous reduction of the number of agricultural labors 
in Henan Province created conditions for the large-scale 
agricultural production. Large-scale operations can 
improve the efficiency of agricultural production, thereby 
reducing carbon emissions; the structural factors of 
agricultural production have achieved a total of 135,800 
tons of carbon emissions reduction, and the inhibitory 
effect has been continuously strengthened. This means 
that perfecting the structure of agricultural production is 
one of the development directions of Henan Province to 
promote agricultural carbon emission reduction in the 
future. 

4 Conclusions and Suggestions 

4.1 Conclusions 

(1) On the whole: From 2010 to 2019, the total carbon 
emissions from agricultural production in Henan Province 
are on the rise, with an average annual growth rate of 
2.35%, which will increase to 8,685,100 tons in 2019, of 
which chemical fertilizers are the largest source of carbon 
emissions. 

(2) In terms of decoupling analysis: the elasticity index 
of decoupling between agricultural carbon emissions and 
the total output value of the planting industry in the 
province in 10 years is -0.1520~1.1588. Before 2019, it 
was mainly manifested as weak decoupling accounting for 
75.00%, and strong decoupling in 2019. 

(3) In terms of driving factors: the development of the 
agricultural economy is the primary factor that promotes 
the rapid growth of carbon emissions. Compared with the 
base period, it has achieved a cumulative increase of 6.570 
million tons of carbon. Agricultural production efficiency 
factors, labor factors and production structure factors have 
an inhibitory effect on carbon emissions. 

4.2 Suggestions 

Economic factors are the main reason to promote the 
growth of agricultural carbon emissions in the province. 
Therefore, on the premise of ensuring farmers’ income, 
raise their low-carbon awareness and environmental 
protection awareness, increase the promotion of low-
carbon agriculture and ecological agriculture, and promote 
the transformation of agricultural economic development 
mode; secondly, it is necessary to further improve 
agricultural production efficiency and increase the 
research and development, promotion and utilization of 
agricultural technology. Improve the utilization efficiency 
of chemical fertilizers, pesticides and other production 
materials through the adoption of new technologies; 
thirdly, adjust the agricultural production structure, and 
rationally adjust the planting area of cash crops and feed 
crops in combination with the actual characteristics of the 
region on the basis of ensuring food security. Finally, it is 
necessary to accelerate the rate of regional cultivated land 
circulation, realize large-scale operation, carry out large-
scale mechanized production, improve production 
efficiency and reduce carbon emissions. 
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