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Abstract
Livestock cultivation is a significant source of greenhouse gas (GHG) emissions, accounting for 14.5% of the total 
anthropogenic emissions.  China is responsible for a considerable share of the global livestock emissions, particularly caused 
by pork production.  We used the Kaya identity and the logarithmic mean Divisia index (LMDI) to decompose the national 
annual GHG emissions from enteric fermentation and manure management in pig farming in China from 1976 to 2016.  We 
decomposed the sources of the emissions into five driving factors: (1) technological progress (e.g., feed improvement); (2) 
structural adjustment in the livestock sector; (3) structural adjustment in agriculture; (4) affluence; and (5) population growth.  
The results showed that the net GHG emissions from the pig sector in China increased 16 million tons (Mt) of carbon dioxide 
equivalents (CO2eq) during the study period.  The decomposition analysis revealed that structural adjustment in agriculture, 
growing affluence, and population growth contributed to an increase of the GHG emissions of pork production by 23, 41, and 
13 Mt CO2eq, respectively.  The technological progress and structural changes in animal husbandry mitigated emissions 
by –51 and –11 Mt CO2eq, respectively.  Further technological progress in pig production and optimizing the economic 
structures are critical for further reducing GHG emissions in China’s pig industry.  Our results highlight the dominant role 
of technological changes for emission reductions in the pig farming.

Keywords:	livestock production, carbon emissions, manure management, pig farming, LMDI decomposition

1. Introduction

Increasing greenhouse gas (GHG) emissions induced by 
human activities and their impacts on the global climate 
system pose a key challenge for humanity.  One key 
contributor to global human-induced GHG emissions 
is livestock farming, which emitted approximately 8.1 
gigatons (Gt) carbon dioxide equivalents (CO2eq) (FAO 
2010), corresponding to 14.5% of global anthropogenic 
GHG emissions in 2013 (Gerber et  al. 2013).  A large 
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number of GHG emissions are generated directly and 
indirectly from the livestock sector, including emissions 
from enteric fermentation and manure management, energy 
consumption, and feed production (Fiala 2008; Petrovic 
et al. 2015).

GHG emissions intensity (i.e., emissions per unit of 
production) in pork production are substantially lower than 
for cattle.  However, the total GHG emissions from pig 
farming are substantial because of the massive production 
quantity of pork.  Pork is the most consumed meat in 
the world, accounting for 45% of total meat consumption 
(Philippe and Nicks 2015; Pork Chekoff 2018).  Most 
existing studies, however, are about GHG emissions from 
ruminants, such as cattle and sheep; fewer studies focus on 
monogastric animals such as pigs (Tian et al. 2014; Wu et al. 
2018).  Until now, the driving forces behind the increasing 
GHG emissions from pig farming have remained vague and 
have rarely been quantified.  This knowledge gap hinders the 
formulation of policies that aim at mitigating GHG emissions 
from the pig sector.  

China is by far the largest producer and consumer of pork 
in the world.  The GHG emissions from pork production in 
China have been increasing rapidly in the past few decades.  
However, studies on the driving forces of GHG emissions 
from the pig sector in China on the national level remain 
scarce.  Existing studies either focus on the livestock sector 
as a whole or combined various meat industries, e.g., the 
pig and poultry sector (Wang et al. 2017).  Other studies 
examine particular regions within China, usually the main 
pig producing provinces (Wang et al. 2018), or focus on 
large pig farming facilities (Zhou D et al. 2018).  Studies 
on the GHG emissions from the pig sector in China at 
the national level are unfortunately still lacking.  Besides, 
existing studies rarely consider macroeconomic factors 
that drive the changes in emissions, such as technological 
progress, structural changes in agriculture, changes in 
human affluence, and population growth despite that these 
macro-level factors play crucial roles in driving the variations 
in GHG emissions in the pig sector.

Here we examine GHG emissions and their driving force 
in China’s pig industry.  Pork accounts for the largest part 
of Chinese meat consumption and has increased rapidly 
in the past few decades, as a result of shifts in the dietary 
structure towards more animal-based protein, i.e., meat 
and dairy products.  China’s animal farming number almost 
tripled from 1980 to 2018 (Bai et al. 2018).  In 2018, the per 
capita pork consumption in China was 40 kg (Zhang 2019).  
By the end of 2016, China had 442 million heads of pigs, 
slaughtered 701 million pigs, and produced 54 Mt of pork 
meat (NBSC 2018), which corresponds to half of the world’s 
total pork production (OECD 2019).  The large quantity of 

pork production transformed pig farming into a major source 
of GHG emissions in China’s agriculture (Wang et al. 2018).  
Reducing emissions from the pig industry thus plays an 
important role in China’s endeavour to fulfil its commitment 
to reduce GHG emissions made under the 2015 Paris 
Agreement on climate change (Gallagher et al. 2019).  

There are two main kinds of direct GHG emissions 
associated with the production of pigs: methane (CH4), 
which arises from enteric fermentation in animal intestines, 
and nitrous oxide (N2O), which originates from manure 
management.  The total GHG emissions in CO2 equivalents 
from manure management and enteric fermentation in 
China’s pig sector are estimated at around 42 Mt, accounting 
for 33% of the GHG emission of global pig production in 
2016 (FAO 2019).  To find feasible and effective ways to 
reduce GHG emissions from livestock in China, it is critical 
to quantify GHG emissions from the pig sector in China as 
well as the driving factors of the emissions.

We quantify the driving factors of the changes in 
GHG emissions from enteric fermentation and manure 
management in China’s pig production between 1976 
and 2016.  We use decomposition analysis to assess the 
contribution to the GHG emissions from technological 
changes in the production process, structural change in both 
animal husbandry and agriculture, increasing affluence, and 
population growth.  The specific research questions are as 
follows: 1) How has the total GHG emissions from the pig 
sector varied over the past 40 years?  2) How much have 
the driving forces affected the changes in GHG emissions in 
the pig sector?  Answering these questions will shed light on 
opportunities for reducing GHG emissions in pig production.

2. Data and methods

We exclusively focus on the direct emissions from the pig 
production process and ignore indirect emission sources, 
including energy consumption, such as pig house lighting or 
cooling, and feed production.  Energy consumption can be 
substantial but, overall, constitutes a relatively small share 
of the total emissions from pork production (Zhou Y Q et al. 
2018).  We also abstracted from the emissions embodied 
in traded fodder products and pork meat.  The emissions 
from imported feed and fodder production can, however, 
be substantial.  For example, industrial pig rearing mainly 
relies on proteins from soybean.  China imports most of its 
soybean, and a substantial share of the imports originate 
from South America, where soybean production has been 
associated with substantial deforestation and thus GHG 
emissions (Müller 2020).  Our estimated emissions are 
therefore conservative and with a focus on the emissions 
that emerge in the production process.
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2.1. Data

We rely on statistical data to compile GHG emissions 
from the pig industry.  The main variables consist of GHG 
emissions in CO2eq from the pig sector, gross production 
values of the entire agricultural sector and of the livestock 
sector, and population:

(1) GHG emission in CO2eq: The emission data are 
derived from the FAOSTAT database of the Food and 
Agriculture Organization of the United Nations (FAO 2019).  
The GHG emissions in CO2eq are calculated from the CH4 
and N2O emissions from the pig sector.  

(2) Gross production value (GPV): The GPVs of the entire 
agricultural sector and of the livestock sector are expressed 
in local currency from 1961 to 2016 and also stem from 
FAOSTAT.  This ensures data consistency, a uniform data 
source, and has the advantage that we can consistently use 
GPV data (Skousen 2013; Tubiello et al. 2013).

(3) Population: The population data were from China 
Statistical Yearbook (NBSC 2017).  

(4) Affluence and other relevant factors, such as 
CO2 emissions per unit production and structure of the 
agricultural and livestock sectors, were calculated with the 
variables mentioned above.  Per capita meat consumption 
in China has increased substantially in the last 40 years 
along with rising household income.

2.2. Decomposition models

Overview of the decomposition methods  We used 
decomposition analysis to identify and quantify the 
contributions of the main driving factors (such as 
demographic and economic factors) of a particular impact 
(e.g., energy, environmental impact and carbon emissions).  
An approach frequently used to analyse the driving forces 
of GHG emissions is IPAT identity (I, human impact on the 
environment; P, population; A, affluence; and T, technology) 
(Ehrlich and Holdren 1971, 1972; Commoner 1972) as 
shown in eq. (1):

Impact (I)=Population (P)×Affluence (A)
                  ×Technology (T)� (1)
The IPAT identity explains the impacts (e.g., GHG 

emissions) of the combined influences of population growth, 
economic growth, and technology upgrades (McNicoll 2001; 
Alcott 2010; Brizga et al. 2013).  The IPAT identity has also 
been applied to analyse CO2 emissions in China (e.g., 
Auffhammer and Carson 2008; Feng et al.  2009; Gao et al.  
2010; Song et al. 2011; Yue et al. 2013).

Another frequently used approach related to the GHG 
emission issue is the Kaya identity, which refines the 
three driving forces in the IPAT identity to gross domestic 
production (GDP), energy intensity defined as energy 

consumption per unit GDP (E/GDP), and CO2 emissions 
intensity defined as CO2 emission per unit energy 
consumption (CO2/E), as shown in eq. (2). 

GDP
GDP

E
E

CO
CO ××= 2

2 �
(2)

Energy intensity represents the general technology 
upgrades, and CO2 emission intensity reflects the impact 
of technological improvement on CO2 emissions.  The Kaya 
identity was first introduced in a report of the IPCC in 1989 
by Kaya (1989), and the identity was expanded by replacing 
GDP with two factors, GDP per capita and population (Kaya 
1995; Kaya and Yokobori 1997), as shown in eq. (3):

P×××
P

GDP
GDP

E
E

CO
CO = 2

2 �
(3)

where GDP/P is the GDP per capita, a proxy for the living 
standard or affluence, which reflects the impact of economic 
growth on CO2 emissions; and P is the population, which 
typically has a positive impact on CO2 emissions.

Due to the mathematical properties (i.e., perfect 
decomposition, consistency in aggregation, and ability 
to handle zero values) and the decomposition flexibility, 
the Kaya identity has been widely used, e.g., in energy 
consumption and greenhouse gas emission researches 
(Ang and Zhang 2000; Zhao et al. 2010).  Eq. (3) shows 
the most common way to decompose the GHG emission.  
Some researchers have decomposed the GHG emissions 
into emission intensity represented by GHG emission per 
unit GDP, structure represented by GDP proportion of the 
specific industry, and economic scale represented by GDP 
value.
Overview of the decomposition methods  To address 
our research questions, we adapted the Kaya identity into 
eq. (4):

2
2

1 2

Pig AgriLs
pig

Pig Ls Agri

GDP GDPGDPCOCO P

T S S L P
GDP GDP GDP P

= × × ×

= × × × ×
� (4)

where CO2pig on the left side of the equation is the total GHG 
emissions in CO2eq from the pig sector.  T=CO2/GDPpig 

represents the CO2eq per unit GDP of the pig sector, which 
is a proxy for technology level in pig production.  GDPLs 

represents the GDP created by the animal husbandry sector, 
and S1 represents the portion of pig sector GDP in the total 
GDP from animal husbandry.  This value can be understood 
as the economic structure in the animal husbandry sector.  
GDPAgri is the GDP from agriculture, forestry, animal 
husbandry, and fisheries; S2 hence captures the portion of 
the GDP from animal husbandry in total agricultural GDP.  
This value can be understood as the economic structure in 
the agricultural sector.  

The structural changes variables, indicated by S1, and 
S2, reflect, to some degree, policy interventions.  Industrial 
sector factors (e.g., market instability, economics of size, 
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supply-demand balance and price cost margin), institutional 
factors (such as structural regulation, taxation, credit, input 
subsidies), or macro-economic factors (such as inflation, 
interest rates change) are all greatly influenced by policy 
interventions.  For example, during the outbreak of African 
Swine Fever, the Chinese government increased subsidies to 
boost pig production; at the same time, poultry consumption 
and production increased as consumers seeking alternative 
animal proteins.  The change of the number of the pigs and 
the corresponding GDP values resulted in the change of the 
structure of the livestock sector, both S1 and S2.  By including 
the two structural variables, we can thus catch the effects of 
the economic structural change.  The two-macro-structural 
factors setting is also in line with previous studies (Wood 
2009; Kofi et al. 2012; Zang et al. 2020).  

L=GDPAgri/P represents the living standards of people, 
which has implications for GHG emissions because people 
typically adapt their consumption behaviour to changes in 
living standards and income.  With rising income, people 
tend to increase animal-based protein intake, which in 
turn affects pork demand and supply, and thus the GHG 
emissions from pork production.  When people can afford 
more nutritional options, measuring the impact of rising 
affluence on CO2 emissions can be more complicated.  

As we used the GPV from the FAOSTAT dataset to 
substitute the GDP dataset, we rewrote eq. (4) to create 
eq. (5):

2
2pig

Pig AgriLs

Pig Ls Agri

GPV GPVGPVCOCO P

T×S1×S2×L×P

GPV GPV GPV P
= × × × ×

=
� (5)

We use the basic properties of mathematical laws to 
balance the equation without any residuals, which is a 
basic feature of the Kaya identity.  T, S1, S2, L, and P in 
the modified identity are the most important drivers for the 
changes in the GHG emissions of the pig sector in China in 
the last four decades.  Another notable thing is that in our 
earlier version of the identity, there were only four elements: 
T, S, L, and P.  There is only one structural change variable, 
S=GPVpig/GPVAgri.  But we found that the structural change S 
always had a positive effect, which is not reasonable.  The 
animal husbandry sector was a main GHG emission source 
in the agricultural sector, and the expansion of livestock 
production will lead to an increase in GHG emissions from 
the livestock sector.  However, we still do not know how 
much GHG emissions were caused by the pig industry.  To 
disentangle the GHG emission contribution of the pig sector, 
we further decomposed the structural variable into S1 and 
S2 to analyse the impacts of the structural change in animal 
husbandry and the structural change in agricultural sector 
on the change in the GHG emissions.

We also used the logarithmic mean Divisia index (LMDI) 
decomposition to decompose the contribution of the 

individual drivers.  The LMDI was developed by Ang (1996)  
and further improved in later studies (Ang and Choi 1997;  

Ang 2005).  One of the advantages of this method is its 
simplicity: the analysis only requires the total value of the 
target variable.  This is important because the input–output 
data are often unavailable or difficult to obtain.  Additionally, 
the LDMI method can decompose the targeted item without 
residuals.  Thanks to its simplicity and low data requirement, 
it has been widely used in analysing the drivers of GHG 
emission issues.  There are multiplicative forms and additive 
forms of LMDI decomposition.  In our case, they are written 
as eqs. (6) and (7), respectively, and can be transformed 
into each other (Ang 2005).

Multiplicative decomposition is as follows:

1 2

2pig
2pig 2 2 2 2 20

2pig

t

T S S L P

CO
CO CO CO CO CO CO

CO
= = × × × ×

�
 (6)

Additive decomposition is as follows:

1 2

0
2pig 2pig 2pig

2 2S 2S 2 2P

t

T L

CO CO CO

CO CO CO CO CO

= −

=Δ +Δ +Δ +Δ +Δ �
  (7)

where CO2pig is the total quantity of the CO2eq from the pig 
sector to be decomposed, as also shown in eq. (5).  CO2T, 
CO2S1

, CO2S2
, CO2L, and CO2P, represent the CO2eq from 

the pig sector caused by technology upgrades, structural 
change in animal husbandry, structural changes in 
agriculture, affluence improvements, and population growth, 
respectively. ΔCO2T, ΔCO2S1

, ΔCO2S2
, ΔCO2L, and ΔCO2P 

represent the net contribution of CO2eq from technology 
upgrades, structural changes in animal husbandry, structural 
changes in agriculture, affluence improvements, and 
population growth, respectively.

According to the LMDI decomposition formulas, we can 
rewrite our formula as follows, and there are multiplicative 
forms and additive forms:

Multiplicative LMDI: 
0

2 2
2 20

2 2

ln( ) ln( )exp
t

T Tt

CO COCO CO
CO CO

−= ×Δ
− �

(8)

1 1

0
2 2

2 20
2 2

ln( ) ln( )exp
t

S St

CO COCO CO
CO CO

−= ×Δ
− �

 (9)

2 2

0
2 2

2 20
2 2

ln( ) ln( )exp
t

S St

CO COCO CO
CO CO

−= ×Δ
−  �

 (10)

0
2 2

2L 20
2 2

ln( ) ln( )t

Lt

CO COCO CO
CO CO

−=exp ×Δ
− �  (11)

0
2 2

2P 2P0
2 2

ln( ) ln( )t

t

CO COCO CO
CO CO

−=exp ×Δ
− �

(12)

Additive LMDI:
0

2 2
2T 0 0

2 2

ln
ln ln

t t

t

CO CO TCO
CO CO T

−Δ = ×
−  �

(13)

  
1

0
2 2 1

2 0 0
2 2 1

ln
ln ln

t t

S t

CO CO SCO
CO CO S

−Δ = ×
− �

 (14)
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2

0
2 2 2

2 0 0
2 2 2

ln
ln ln

t t

S t

CO CO SCO
CO CO S

−Δ = ×
−  � (15)

  
0

2 2
2 0 0

2 2

ln
ln ln

t t

L t

CO CO LCO
CO CO L

−Δ = ×
−

� (16)
 

0
2 2

2 0 0
2 2

ln
ln ln

t t

P t

CO CO PCO
CO CO P

−Δ = ×
−

 � (17)

T, S1, S2, L, and P in eqs. (13)–(17) have the same 
meanings as those in eq. (4).  Superscript 0 and t represent 
the beginning and end of the study period, respectively.  
We used eqs. (6)–(17) and the data described above for 
our analysis.

3. Results

We first calculated the changes in GHG emissions from 
the pig sector and the variations in the five key variables of 
driving forces from 1976 to 2016 (Fig. 1).

Fig. 1-A shows that GHG emissions from the pig sector, 
due to enteric fermentation and manure management, have 
been increasing steadily over the past four decades.  The 
total emissions increased by more than 60% from 1976 
to 2016.  Noticeably, the increasing trend of total GHG 

emissions has slowed down in recent years, especially since 
the year 2000.  From the remaining five subfigures, we find 
that both technological change (T) and structural changes 
in animal husbandry (S1) have declining trends, dropping by 
78 and 27%, respectively.  Meanwhile, structural changes in 
agriculture (S2), affluence improvements (L), and population 
growth (P) were rising, with increases of 100, 240, and 47%, 
respectively.

 The emission intensity measured by GHG emissions 
per unit of GPV from the pig sector has decreased by 78% 
from 1976 to 2016 (Fig.  1-B).  This reflects the process 
of technological advancement in pig production, e.g., 
feed improvement and effective manure management 
optimization.  Although the GPV of the pig sector (GPVpig) 
and GHG emissions from the pig sector (CO2P) both 
increased, the rates of increase differed: the rate of increase 
of GPVpig was higher than that of CO2pig.  Especially after 
1996, GPVpig rose substantially faster than CO2pig (Fig. 1-B).  
In other words, the pig sector now generates the same 
value added with less GHG emissions due to technological 
progress.

The two variables reflecting the economic structure 
have experienced a substantial change (Fig. 1-C and D).  
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Fig. 1  Changes in greenhouse gas (GHG) emissions from the pig sector and the variations in the five key variables of driving 
forces from 1976 to 2016.  A, GHG emissions from the pig sector.  B, technological change (emission intensity): GHG emissions 
per unit of value-added in pig sector.  C, structural changes in animal husbandry: the changes of percentage of gross production 
value (GPV) of the pig industry as a share of total animal husbandry.  D, structural change in agriculture: the changes in percentage 
of GPV of animal husbandry as a share of total GPV of the agricultural sector.  E, growing affluence: changes in agricultural GPV 
per capita.  F, population growth from 1976 to 2016.  Data source: NBSC (2017).
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Measured by GPV percentages, the proportion of the pig 
farming industry in animal husbandry has declined by 27%, 
while animal husbandry doubled its proportion in agriculture 
over the study period.

China’s effective economic reforms have driven the 
rapid increase in the affluence of Chinese residents since 
the Reform and Opening-up Policy enacted in 1979.  The 
living standard, measured by GPVagri per capita in this study, 
has increased more than three-fold (Fig. 1-E).  Improved 
living standards directly affect consumption patterns.  As a 
result, the meat consumption per capita in China increased 
substantially in the past decades (Yu 2018).

Population has been increasing steadily but the 
population growth rate has been decreasing since 1986, 
mainly due to the “one-child policy”, which was implemented 
in the late 1970s (Fig. 1-F).  

According to eqs. (13)–(17), we used the additive 
decomposition of the GHG emissions from the pig sector 
for the five major drivers (Fig. 2).

Between 1976 to 2016, the net change in GHG emissions 
from the pig sector in China was 15.71 Mt CO2eq (Fig. 2).  
Structural change in agriculture, rising affluence, and 
population growth contributed to an increase of GHG 
emissions by 77 Mt CO2eq.  Technological change and 
structural change in the livestock sector dampened the GHG 
emissions by 61 Mt CO2eq.

Technological change plays a negative role in GHG 
emissions in the pig industry.  Technological advancements 
have reduced GHG emissions by 51 Mt CO2eq.  The two 
economic factors have opposite effects on GHG emissions: 
the change of the animal husbandry structure, measured 
by the proportion of GPV of the pig industry in the whole 
animal husbandry sector, contributed negatively to the total 
GHG emissions from the pig industry by –11 Mt CO2eq; and 

the effect of agricultural structural changes, measured by 
the proportion of GPV of the animal husbandry sector in 
the whole agricultural sector, positively drove the total GHG 
emissions by 23 Mt CO2eq.  Both affluence improvements 
and population growth had positive effects on GHG 
emissions from the pig industry, with a net contribution of 
41 and 13 Mt CO2eq, respectively.

According to eqs. (8)–(12), we also decomposed the 
contributions of the five driving factors to GHG emissions 
from the pig sector from 1976 to 2016 in multiplicative mode 
(Fig. 3).

The GHG emissions from China’s pig sector have 
increased more than 160% over the study period.  
Technological change and changes in the structure of animal 
had mitigated GHG emissions by 22 and 73%, respectively 
(Fig. 3).  Structural changes in the agricultural sector, rising 
affluence, and population growth positively affecting GHG 
emissions by 201, 342, and 148%, respectively.  These 
effects are consistent with the additive decomposition result 
shown in Fig. 2.

Additionally, we performed a decomposition analysis on 
the effect of the five driving factors on an annual basis using 
eqs. (8)–(17) (Fig. 4).  The results suggest that technological 
change (Fig. 4-A) and structural change in animal husbandry 
(Fig. 4-B) contributed negatively to GHG emissions from the 
pig sector in most years; structural change in agricultural 
(Fig. 4-C), rising affluence (Fig. 4-D), and population growth 
(Fig. 4-E) causing higher GHG emissions from the pig sector 
in most years.  

The effect of technological change on GHG emissions 
declined over the study period (Fig. 4-A), possibly because 
of diminishing marginal utility: technological progress can 
cause the GHG emissions from the pig sector to decline 
sharply at an early stage when the mitigation potential 
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is still large but the emission reduction from subsequent 
technology upgrades tend to be diminishing.  The effects of 
animal husbandry structural change on GHG emissions are 
overall negative but fluctuate over time: in some years it had 
positive effects, and in some years it had negative effects 
(Fig. 4-B).  Overall, the negative effect tends to increase 
over the study period.  The GHG emissions were positively 
affected by agriculture structural changes (Fig. 4-C), rising 
affluence (Fig.  4-D), and population growth (Fig.  4-E), 
while the effects of rising affluence and population growth 
appeared to be constantly positive over the study period.  
The trend of the rising affluence effect on GHG emissions 
from the pig sector remains flat, and the effect of population 

growth on GHG emissions from the pig sector had a strong 
downward trend in the last 40 years.  The effect of structural 
changes in agriculture was decreasing.  The affluence 
contributed the most to the positive GHG emissions among 
the three effects, and the population growth effect was the 
smallest.

4. Discussion

We analysed the main driving force of GHG emissions from 
pig enteric fermentation and manure management during 
pig production in China from 1976 to 2016.   We explained 
the variations in GHG emissions by attributing the changes 

0%

100%

200%

300%

400%

Technological change: 22%

Population growth: 148%

Affluence improvement: 342%

Animal husbandray
structural change: 73%

Agriculture structural change: 201%
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to five drivers, namely, technology, the added value of the 
husbandry sector, agro-structural changes, affluence, and 
population.

The improvement of affluence has been the most 
powerful driver for the rising GHG emissions from the pig 
sector over the past four decades.  As income increased, 
people’s dietary structure shifted towards more consumption 
of meat protein (Shepherd et al. 1996; Wang et al. 2008).  
Because pork is traditionally the main source of meat in 
China, the number of pigs has grown by more than five 
folds over the past four decades, with concurrent increases 
in GHG emissions.  

The technological advancements in our research 
represent various technological progresses, such as the 
construction of pig house energy-saving facilities, animal 
disease prevention and control, manure management 
technology, and breeding technology.  This is unique 
compared to previous studies on the technological impact on 
GHG emissions from the pig sector, which mainly consider 
one particular factor (Vanotti et  al. 2008; Kaparaju and 
Rintala 2011; Philippe et  al. 2012; Dennehy et  al. 2017; 
Li et al. 2017) or broader livestock GHG emission issues 
(Lesschen et al. 2011; Sommer et al. 2013).  Most of those 
studies emphasized the aspect of manure management, 
such as storage techniques and additive technology, but 
failed to consider all aspects of technology.  

Our results show that the improvement of technology 
in pig farming was critical for reducing GHG emissions 
in Chinese pork production.  These findings are in line 
with previous studies that showed the adoption of new 
technologies can effectively reduce GHG emissions from 
the livestock sector (Kaparaju and Rintala 2011; Dennehy 
et al. 2017).

We also analysed the effects of two types of structural 
changes on China’s GHG emissions from the pig sector: The 
structural changes in agriculture showed a positive effect, 
while structural changes in the livestock sector showed a 
negative effect.  Although some studies have considered the 
overall economic structural changes in the mitigation of GHG 
emissions, none of these studies assessed the livestock 
or pig sectors.  Most of the structure- and GHG emission-
related studies have been conducted at the macroeconomic 
level.  Although it has been proven that GHG emissions 
can be effectively mitigated by shifting the structure of the 
economy in the long run (Minihan and Wu 2012), no other 
detailed studies have investigated the mesoscale, as we did 
in this research.  The research on the influence of structural 
change should be further studied in the future because it 
can guide the adjustment of national agricultural production 
structure to ensure the supply of agricultural products in the 
market and simultaneously meet the goal of reducing GHG 
emissions in agriculture.

Population growth is another important reason for the 
increase in GHG emissions in China’s pig sector.  The 
population growth is expected to remain at low rate in the 
future despite that the “one-child policy” has been gradually 
phased out since 2013; the effects on the birth rate have 
been minimal.  The fertility rate remains low because most 
urban residents are reluctant to have two or more children, 
even if they are allowed to, partially due to the increasing 
costs of parenting, education, and living.  Thus, the decrease 
in population growth rates will contribute to lower demand 
for pork meat and thus contribute to lower GHG emissions 
from the pig sector in the long run.  

To the best of our knowledge, few studies have used 
the decomposition method to analyse the driving forces 
of GHG emissions in the pig sector.  Many decomposition 
studies focused on the driving factors of GHG emissions at 
a macroscale, usually a provincial level (Zhao et al. 2010), 
country level (Cansino et al. 2015; Mousavi et al. 2017), 
or continental level (González et al. 2014).  Additionally, 
previous studies focused mainly on specific industries, 
such as the logistics industry (Dai and Gao 2016), chemical 
industry (Lin and Long 2016), and manufacturing industry 
(Jeong and Kim 2013).  We applied the LMDI decomposition 
method to GHG emissions in the pig sector and advanced 
the research to a mesoscale level (i.e., agriculture-
husbandry-pig sector).  

One of the shortcomings of this research is that we only 
considered the direct GHG emissions from pig production.  
Indirect GHG emissions from pig fodder production, such 
as from energy usage in industrial pig production including 
the slaughtering process, were not included.  Besides, the 
emissions embodied in fodder production, fodder imports, 
and imports of pork meat constitute a substantial component 
of the total lifecycle emissions in pig production.  The 
fodder for pigs mainly stems from soybean, which provides 
the proteins, and from maize, which provides the energy.  
However, detailed data on the composition of the crops 
in pig fodder remain scarce, regardless of whether the 
fodder products are imported or domestically planted.  Our 
estimations on the GHG emissions from the pig sector are 
hence underestimated.  

Another challenge is that even if we know the quantity 
and origin of soybean and maize imported for pig fodder 
manufacturing, we still cannot determine the specific GHG 
emission equivalents generated by soybean and maize 
planting due to the technical heterogeneity found among 
different countries.  An attention-attracting but the difficult-
to-solve problem is the specification of the embodied 
GHG emissions from the production process of pork and 
pork-related goods, which are related to transportation, 
warehousing, and retail circulation.  Therefore, we did not 
add the GHG emission equivalents from pork and pork-
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related production and its consumption into this research 
and more comprehensive research including the GHG 
emissions from production, consumption, and pig fodder 
will be conducted in the future.

The GHG emissions from pork production in China will 
likely rise further but at a much slower pace.  China intends 
to transform its economy towards lower emission intensity 
and lower overall emissions, including from agricultural 
production (Pan 2016).  Also, the GHG emissions from pork 
production will likely be reduced with new technological 
innovations and stricter environmental laws.  The pork 
production in China will recover from the African Swine Fever 
in the near future but only grow marginally.  According to 
recent forecasts, the pig production will increase marginally 
in the coming decade from 54 Mt in 2018 to 57 Mt in 
2029 (OECD-FAO 2020).  The Chinese government also 
advocates more sustainable food consumption patterns 
(e.g., less meat consumption) and diversified protein 
sources, which may contribute to lower future demand for 
pork meat.  Besides, China’s pig industry will continue the 
structural transition, from the traditional backyard production 
model to the large-scale production mode (Qiao et al. 2016), 
which will substantially reduce the carbon footprint of pig 
production (Bai et al. 2014; Pan et al. 2019).

5. Conclusion

We attributed the GHG emissions from the pig sector in 
China to five driving factors with the Kaya identity and the 
LMDI method and using statistical data from 1976 to 2016.  
Results show that technological change and the structural 
change in animal husbandry had negative or mitigating 
effects on GHG emissions over the past forty years.  
Technological advancement in particular has mitigated GHG 
emissions substantially.   Meanwhile, the structural changes 
in agriculture, rising affluence, and population growth 
contributed to higher GHG emissions in the pig sector, with 
rising affluence having the largest effect.

The results provide important insights that can inform 
policy on how to to mitigate the GHG emissions from the 
pig sector in China.  This is timely because the Chinese 
government has committed to the transformation of 
agriculture towards lower emissions and green agricultural 
development.  To achieve these aims, the government 
should continue fostering investment in technological 
innovations and the adoption of new technologies in livestock 
production to further decrease GHG emission intensity.  
Second, the structure of agriculture and the structure of the 
animal husbandry sector should be optimized based on the 
dietary changes in China.  Finally, consumers need further 
information and education about low-carbon lifestyle and 
possibly emission taxes that internalize emissions costs 

into the product prices.

Acknowledgements

This research is financially supported by the National 
Social Science Fund of China (16CJL035) and the China 
Scholarship Council Program for Visiting Scholars.

References

Alcott B. 2010. Impact caps: Why population, affluence and 
technology strategies should be abandoned. Journal of 
Cleaner Production, 18, 552–560. 

Ang B W. 2005. The LMDI approach to decomposition analysis: 
A practical guide. Energy Policy, 33, 867–871. 

Ang B W, Choi K H. 1997. Decomposition of aggregate energy 
and gas emission intensities for industry: A refined Divisia 
index method. Energy Journal, 18, 59–73. 

Ang B W, Lee P W. 1996. Decomposition of industrial energy 
consumption: The energy coefficient approach. Energy 
Economics, 18,129–143.

Ang B W, Zhang F Q. 2000. A survey of index decomposition 
analysis in energy and environmental studies. Energy, 25, 
1149–1176. 

Auffhammer M, Carson R T. 2008. Forecasting the path of 
China’s CO2 emissions using province-level information. 
Journal of Environmental Economics and Management, 
55, 229–247. 

Bai Z H , Ma L, Qin W, Chen Q, Oenema O, Zhang F S. 2014. 
Changes in pig production in China and their effects on 
nitrogen and phosphorus use and losses. Environmental 
Science & Technology, 48, 12742–12749.

Bai Z H, Ma W, Ma L, Velthof G L, Wei Z B, Havlík P, Oenema 
O, Lee M R F, Zhang F S. 2018. China’s livestock transition: 
Driving forces, impacts, and consequences. Science 
Advances, 4, eaar8534. 

Brizga J, Feng K, Hubacek K. 2013. Drivers of CO2 emissions 
in the former Soviet Union: A country level IPAT analysis 
from 1990 to 2010. Energy, 59, 743–753. 

Cansino J M, Sánchez-Braza A, Rodríguez-Arévalo M L. 
2015. Driving forces of Spain’s CO2 emissions: A LMDI 
decomposition approach. Renewable and Sustainable 
Energy Reviews, 48, 749–759. 

Commoner B. 1972. A bulletin dialogue on “The Closing Circle”: 
Response. Bulletin of the Atomic Scientists, 28, 42–56.

Dai Y, Gao H O. 2016. Energy consumption in China’s 
logistics industry: A decomposition analysis using the LMDI 
approach. Transportation Research (Part D: Transport and 
Environment), 46, 69–80. 

Dennehy C, Lawlor P G, Jiang Y, Gardiner G E, Xie S, Nghiem L 
D, Zhan X. 2017. Greenhouse gas emissions from different 
pig manure management techniques: A critical analysis. 
Frontiers of Environmental Science & Engineering, 11, 11. 

Ehrlich P R, Holdren J P. 1971. Impact of population growth. 
Science, 171, 1212–1217. 



328 DAI Xiao-wen et al.  Journal of Integrative Agriculture  2021, 20(1): 319–329

Ehrlich P R, Holdren J P. 1972. A bulletin dialogue: On “The 
Closing Circle” - Critique. Bulletin of the Atomic Scientists, 
28, 18–27.

FAO (Food and Agriculture Organization of the United Nations). 
2010. GLEAM 2.0 -  Assessment of greenhouse gas 
emissions and mitigation potential. [2019-06-06]. http://
www.fao.org/gleam/results/en/

FAO (Food and Agriculture Organization of the United Nations). 
2019. FAOSTAT. [2019-01-16]. http://www.fao.org/faostat/
en/#data

Feng K, Hubacek K, Guan D. 2009. Lifestyles, technology and 
CO2 emissions in China: A regional comparative analysis. 
Ecological Economics, 69, 145–154. 

Fiala N. 2008. Meeting the demand: An estimation of potential 
future greenhouse gas emissions from meat production. 
Ecological Economics, 67, 412–419. 

Gallagher K S, Zhang F, Orvis R, Rissman J, Liu Q. 2019. 
Assessing the policy gaps for achieving China’s climate 
targets in the Paris Agreement. Nature Communications, 
10, 1256. 

Gao C K, Wang D, Cai J J, Zhu W G. 2010. Scenario analysis on 
economic growth and environmental load in China. Procedia 
Environmental Sciences, 2, 1335–1343. 

Gerber P J, Steinfeld H, Henderson B, Mottet A, Opio C, Dijkman 
J, Falcucci A, Tempio G. 2013. Tackling Climate Change 
Through Livestock - A Global Assessment of Emissions 
and Mitigation Opportunities. Food and Agriculture 
Organization of the United Nations (FAO), Rome, Italy.

González P F, Landajo M, Presno M J.  2014. Tracking 
European Union CO2 emissions through LMDI (logarithmic-
mean Divisia index) decomposition. The activity revaluation 
approach. Energy, 73, 741–750.

Guan D, Hubacek K, Weber C L, Peters G P, Reiner D M. 2008. 
The drivers of Chinese CO2 emissions from 1980 to 2030. 
Global Environmental Change, 18, 626–634. 

Jeong K, Kim S. 2013. LMDI decomposition analysis of 
greenhouse gas emissions in the Korean manufacturing 
sector. Energy Policy, 62, 1245–1253. 

Kaparaju P, Rintala J. 2011. Mitigation of greenhouse gas 
emissions by adopting anaerobic digestion technology on 
dairy, sow and pig farms in Finland. Renewable Energy, 
36, 31–41.

Kaya Y. 1989. Impact of carbon dioxide emission control 
on GNP growth: Interpretation of proposed scenarios. 
Intergovernmental Panel on Climate Change/Response 
Strategies Working Group. [2019-04-02]. http://ci.nii.ac.jp/
naid/10021966297/en/

Kaya Y. 1995. The role of CO2 removal and disposal. Energy 
Conversion and Management, 36, 375–380. 

Kaya Y, Yokobori K. 1997. Environment, Energy, and Economy: 
Strategies for Sustainability. United Nations University 
Press, Tokyo, Japan.

Kofi A P, Bekoe W, Amuakwa-Mensah F, Mensah J T, Botchway 
E. 2012. Carbon dioxide emissions, economic growth, 
industrial structure, and technical efficiency: Empirical 
evidence from Ghana, Senegal, and Morocco on the causal 

dynamics. Energy, 47, 314–325. 
Lesschen J P, van den Berg M, Westhoek H J, Witzke H P, 

Oenema O. 2011. Greenhouse gas emission profiles of 
European livestock sectors. Animal Feed Science and 
Technology, 166–167, 16–28. 

Li Z J, Sui P, Wang X L, Yang X L, Long P, Cui J X, Yan L 
L, Chen Y Q. 2017. Comparison of net GHG emissions 
between separated system and crop-swine integrated 
system in the North China Plain. Journal of Cleaner 
Production, 149, 653–664. 

Lin B, Long H. 2016. Emissions reduction in China’s chemical 
industry - Based on LMDI. Renewable and Sustainable 
Energy Reviews, 53, 1348–1355. 

McNicoll G. 2001. IPAT (Impact, Population, Affluence, and 
Technology). In: Smelser N J, Baltes P B, eds., International 
Encyclopedia of the Social & Behavioral Sciences. 
Pergamon, Oxford. pp. 7903–7906.

Minihan E S, Wu Z. 2012. Economic structure and strategies 
for greenhouse gas mitigation. Energy Economics, 34, 
350–357. 

Mousavi B, Lopez N S A, Biona J B M, Chiu A S F, Blesl M. 
2017. Driving forces of Iran’s CO2 emissions from energy 
consumption: An LMDI decomposition approach. Applied 
Energy, 206, 804–814.

Müller D. 2020. Effects of the sino-american trade war and 
african swine fever for greenhouse gas emissions in 
pork production. In: Conference of Climate Change and 
Agriculture-Perspectives from China and Germany. Sino-
German Agricultural Centre (DCZ), Beijing. pp. 114–135.

NBSC (National Bureau of Statistics of China). 2017. China 
statistical yearbook 2017. [2019-1-16]. http://www.stats.
gov.cn/tjsj/ndsj/2017/indexch.htm (in Chinese)

NBSC (National Bureau of Statistics of China). 2018. China 
statistical yearbook 2018. [2019-1-16]. http://www.stats.
gov.cn/tjsj/ndsj/2018/indexch.htm (in Chinese)

OECD (Organization for Economic Co-operation and 
Development). 2019. Meat consumption. [2019-9-27]. 
https://data.oecd.org/agroutput/meat-consumption.htm

OECD (Organization for Economic Co-operation and 
Development)-FAO (Food and Agriculture Organization 
of the United Nations). 2020. OECD-FAO Agricultural 
Outlook 2020–2029. [2020-9-6]. https://www.oecd-ilibrary.
org/sites/1112c23b-en/index.html?itemId=/content/
publication/1112c23b-en 

Pan D, Yang J Y, Guo Q L, Lu Q C, Zhang N. 2019. Toward 
better environmental performance in hog production in 
China: Is intensification the answer? Ecological Indicators, 
105, 347–354.

Pan J H. 2016. Outlook on the new era of ecological civilization. 
In: China’s Environmental Governing and Ecological 
Civilization. Springer, Berlin, Heidelberg, Germany. pp. 
209–221. 

Petrovic Z, Djordjevic V, Milicevic D, Nastasijevic I, Parunovid 
N. 2015. Meat production and consumption: Environmental 
consequences. Procedia Food Science, 5, 235–238. 

Philippe F X, Laitat M, Nicks B, Cabaraux J F. 2012. Ammonia 



329DAI Xiao-wen et al.  Journal of Integrative Agriculture  2021, 20(1): 319–329

and greenhouse gas emissions during the fattening of pigs 
kept on two types of straw floor. Agriculture, Ecosystems & 
Environment, 150, 45–53. 

Philippe F X, Nicks B. 2015. Review on greenhouse gas 
emissions from pig houses: Production of carbon dioxide, 
methane and nitrous oxide by animals and manure. 
Agriculture, Ecosystems and Environment, 199, 10–25. 

Pork Chekoff. 2018. World per capita pork consumption. [2019-
1-16]. https://www.pork.org/facts/stats/u-s-pork-exports/
world-per-capita-pork-consumption

Qiao F B, Huang J K, Wang D, Liu H J, Lohmar B. 2016. 
China’s hog production: From backyard to large-scale. 
China Economic Review, 38, 199–208. 

Shepherd R, Paisley C M, Sparks P, Anderson A S, Eley S, 
Lean M E J. 1996. Constraints on dietary choice: The role 
of income. Nutrition & Food Science, 96, 19–21. 

Skousen M. 2013. The Structure of Production. New York 
Unversity Press, New York.  

Sommer S G, Christensen M. L, Schmidt T, Jensen L S. 
2013. Greenhouse gas emissions from animal manures 
and technologies for their reduction. In: Animal Manure 
Recycling: Treatment and Management. John Wiley & Sons. 
New Jersey, USA. pp. 177–194.

Song M L, Wang S, Yu H, Yang L, Wu J. 2011. To reduce 
energy consumption and to maintain rapid economic growth: 
Analysis of the condition in China based on expended IPAT 
model. Renewable and Sustainable Energy Reviews, 15, 
5129–5134. 

Tian Y, Zhang J B, He Y Y. 2014. Research on spatial-temporal 
characteristics and driving factor of agricultural carbon 
emissions in China. Journal of Integrative Agriculture, 13, 
1393–1403. 

Tubiello F N, Salvatore M, Rossi S, Ferrara A, Fitton N, 
Smith P, 2013. The FAOSTAT database of greenhouse 
gas emissions from agriculture. Environmental Research 
Letters, 8, 015009.

Vanotti M B, Szogi A A, Vives C A. 2008. Greenhouse gas 
emission reduction and environmental quality improvement 
from implementation of aerobic waste treatment systems in 
swine farms. Waste Management, 28, 759–766. 

Wang A E, You M Q, Wang D H. 2018. Spatial-temporal 

characteristics and decoupling effect of carbon emissions 
in the major pig producing areas in China. Journal of 
Agricultural Resources and Environment, 35, 269–275. 
(in Chinese)

Wang L Z, Bai X, Yan T H. 2017. Greenhouse gas emissions 
from pig and poultry production sectors in China from 1960 
to 2010. Journal of Integrative Agriculture, 16, 221–228. 

Wang Z H, Zhai F Y, He Y N, Wang H J, Yu W T, Yu D M. 2008. 
Influence of family income on dietary nutrients intake and 
dietary structure in China. Journal of Hygiene Research, 
37, 62–64. (in Chinese)

Wood R. 2009. Structural decomposition analysis of Australia’s 
greenhouse gas emissions. Energy Policy, 37, 4943–4948. 

Wu X R, Zhang J B, You L Z. 2018. Marginal abatement cost of 
agricultural carbon emissions in China: 1993–2015. China 
Agricultural Economic Review, 10, 558–571.  

Yu X H. 2018. Engel curve, farmer welfare and food 
consumption in 40 years of rural China. China Agricultural 
Economic Review, 10, 65–77. 

Yue T, Long R Y, Chen H, Zhao X. 2013. The optimal CO2 
emissions reduction path in Jiangsu province: An expanded 
IPAT approach. Applied Energy, 112, 1510–1517. 

Zang J N, Wan L, Li Z J, Wang C Y, Wang S Y. 2020. Does 
emission trading scheme have spillover effect on industrial 
structure upgrading? Evidence from the EU based on a 
PSM-DID approach. Environmental Science and Pollution 
Research, 27, 12345–12357. 

Zhang A. 2019. What does 2019 hold for China’s pork import 
market? [2019-06-06]. https://thepigsite.com/articles/what-
does-2019-hold-for-chinas-pork-market

Zhao M, Tan L R, Zhang W G, Ji M H, Liu Y, Yu L Z. 2010. 
Decomposing the influencing factors of industrial carbon 
emissions in Shanghai using the LMDI method. Energy, 
35, 2505–2510. 

Zhou D, Diao Y P, Gao Y, Huang F R, Li J, Wang J J, Li M G, Li 
X. 2018. Research review on CO2 production in pig house. 
Scientia Agricultura Sinica, 51, 3201–3213. (in Chinese) 

Zhou Y Q, Dong H M, Xin H W, Zhu Z P, Huang W Q, Wang 
Y. 2018. Carbon footprint assessment of a large-scale 
pig production system in northern China: A case study. 
Transactions of the ASABE, 61, 1121–1131. 

Executive Editor-in-Chief  HUANG Ji-kun
       Managing editor  WENG Ling-yun




