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imbalance demand and supply, facts and information 
exchange between bordering countries on consumers’ 
preference, market demand, potential of supply, and 
unexpected challenges is crucially important. 
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INDUSTRY DEVELOPMENT AND CARBON EMISSIONS
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Abstract
Based on China’s six livestock husbandry regions - the North, Northeast, Southeast, Central, Southwest, and Northwest 
- this study analyzes the relationship between industry development and carbon emissions in China, and puts forward 
targeted suggestions for its green development. �e gross economic product of livestock husbandry is taken as an 
economic indicator, and enteric fermentation and feces of livestock from 2001 - 2015 are used as measures of carbon 
emissions. �e Tapio method is used to analyze the decoupling relationship between economic performance and 
carbon emissions in the six regions. �e results show that total carbon emissions increased from 97, 192, 700 tons to 
138, 152, 900 tons from 2001 - 2015. Non-dairy cows accounted for the highest share of carbon emissions, followed 
by pigs, sheep, cows, poultry, and rabbits. �e ranking of the top three carbon emission regions changed from North 
- Southwest - Northeast to Southwest - North - Northeast. �e decoupling type between economic performance and 
carbon emissions from 2002 - 2015 is mainly weak decoupling, accompanied by alternating negative and positive 
decoupling, trending towards strong decoupling. �e regional decoupling type is generally dominated by weak 
decoupling, accompanied by �uctuations between expansive negative decoupling and strong negative decoupling. 
Carbon emissions from livestock were characterized by three stages over the past 15 years: rising, declining, then 
slowly rising. Changes in the decoupling e�ect depended on absolute changes in economic performance, in�uenced 
by carbon emissions, and the di�erent decoupling types resulted from relative changes between the two.
Keywords: Carbon emissions, livestock industry China region, decoupling e�ect



80

Vietnam Academy of Agricultural Sciences (VAAS) Journal of Vietnam Agricultural Science and Technology - No.1(4)/2019

INTRODUCTION
�e formal entry into force of the Paris Agreement in 
November 2016 shows that climate change is an urgent 
problem for countries around the world. China, as one 
of world’s top CO2 emitters, is facing unprecedented 
international pressure to reduce emissions. Under 
the framework of the Paris Agreement, China has 
formulated the 13th Five-Year Plan for Work on 
Controlling Greenhouse Gas Emissions, which sets a 
clear target to reduce carbon dioxide emissions per 
unit of GDP by 18% by 2020 compared with 2015 
(State Council of the People’s Republic of China, 
2016). According to FAO estimates, 14.5% of global 
GHG emissions originate from livestock production 
(Gerber et al., 2013). �e livestock industry is an 
important contributor to carbon emissions and a key 
area for potential progress. 7.36% of Chinese GHG 
emissions come from livestock farming, so it has 
naturally become a focal point for carbon emission 
reduction in the 13th Five-Year Plan. E�ectively 
controlling carbon emissions from livestock 
farming, and coordinating the relationship between 
industry development and carbon emissions, 
are urgent problems, attracting attention from 
academia and all levels of government in China.
Existing research on carbon emissions from livestock 
farming mainly involves three approaches. First is 
measuring the carbon emissions of livestock farming. 
For example, Meng et al. (2014) used life cycle 
assessment (LCA) to show that the CO2 emissions 
over the whole life cycle of animal husbandry in China 
increased continuously from 1990 to 2011, and animal 
husbandry in agricultural areas accounted for the 
highest proportion. Tian et al. (2014) systematically 
measured regional disparities and evolution of carbon 
emissions from agricultural inputs, paddy �elds, and 
animal farming over time using the Gini coe�cient 
and Kernel density estimation methods, �nding a 
strong spatial imbalance. Based on trends in total 
agricultural carbon emissions, China’s 31 provinces
can be divided into four types: those with sustained 
declines, intermittent declines, sustained increases, 
and intermittent increases. In the long term, the 
portion of agriculture devoted to animal husbandry 
positively impacts agricultural carbon emission 
intensity. Second is research decomposing the 
determinants of carbon emissions from livestock 
farming. �e commonly used methods are the Kaya 
identity and LMDI model. Many studies show that 
economic bene�ts have a strong role in promoting 

carbon emissions growth, while e�ciency, structural, 
and urbanization factors act to inhibit it. For example, 
based on LCA, and using the Kaya identity and LMDI 
model, Yao et al. (2017) quantitatively decomposed 
the determinants of livestock carbon emissions 
into production e�ciency, production structure, 
production e�ciency per unit of agricultural 
population, urbanization, and population growth. 
�ey then analyzed changes in livestock carbon 
emissions and their drivers from a temporal and 
spatial perspective. �ird is the decoupling between 
carbon emissions and economic bene�ts of livestock 
farming. For example, Chen and Shang (2014) showed 
that the stability in the decoupling relationship 
between GHG emissions from animal husbandry 
and its output from 2001 - 2011 was poor, and that 
the animal husbandry industry had strong pressure 
to reduce carbon emissions. Economic factors are 
the most important causes of greenhouse gases 
from animal husbandry, and e�ciency and labor are 
important driving factors for their reduction. �e 
above literature has achieved fruitful results, but there 
is a broad need for further exploration and research. 
For example, when estimating the decoupling 
relationship between economic bene�ts of livestock 
farming and its carbon emissions, the existing 
studies usually only use national data or select a 
single province as their research area, while few have 
focused on the dynamic relationship in di�erent 
regions. Secondly, regionalization in the animal 
husbandry industry is the result of adaptation to the 
nature, which is also a�ected by social, economic, 
technological, geographic, and environmental factors. 
Current studies mostly take the Eastern, Central 
and Western regions or provinces as research units, 
which does not re�ect the regional characteristics 
of livestock production in China, causing carbon 
emission reduction policies to be poorly targeted.
To better re�ect the decoupling relationship between 
livestock and husbandry development and carbon 
emissions in China, the industry is divided into six 
regions by productive characteristics: North China, 
Northeast China, the Southeast coast, Central China, 
Southwest China, and Northwest China. North 
China includes Beijing, Tianjin, Hebei, Shanxi, 
Shandong and Henan provinces (municipalities and 
autonomous regions); Northeast China includes 
Inner Mongolia, Liaoning, Jilin and Heilongjiang 
provinces (municipalities and autonomous regions); 
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the Southeast coast includes Shanghai, Jiangsu, 
Zhejiang, Guangdong, Fujian and Hainan provinces 
(municipalities and autonomous regions); Central 
China includes Jiangxi, Anhui, Hubei, Hunan; Southwest 
China includes Guangxi, Chongqing, Sichuan, Guizhou 
and Yunnan; Northwest China includes Tibet, Shaanxi, 
Gansu, Qinghai, Ningxia and Xinjiang. 
Based on panel data for the whole country and the 
six regions from 2001 - 2015, the distribution and 
dynamics of carbon emissions from livestock farming 
in China are measured, and the decoupling of carbon 
emissions from economic development is computed 
by Tapio model (Tian et al, 2012). In order to provide 
focused reference for regional emission reduction 
policies, we analyze the pressure to reduce carbon 
emissions, and the ways to do so. �ese �ndings will 
form a helpful supplement to existing research.

MATERIALS AND METHODS

Data sources and processing
�is study calculates carbon emissions from pigs, 
non-dairy cows, sheep, poultry, rabbits, dairy 
cattle, and other livestock feeding processes in the 
31 provinces (municipalities or autonomous regions) 
of China excepting Hong Kong, Macao and Taiwan 
from 2001 - 2015. �e data mainly come from the 
China Agricultural Yearbooks 2001 - 2016. Due to the 

di�erent life cycles of various animals, their average 
quantity is adjusted as follows. When the annual 
production rate is less than 1, in order to smooth 
the in�uence of a single time point, the average of 
the values for the current and previous year is taken. 
Alternately, when the annual production rate is 
greater than or equal to 1, the adjustment formula (1) 
based on IPCC (2006) is used to adjust the amount of 
livestock produced.

APP =  
Daysalive .

Head _1   + Headend

2
, φ < 1

, φ ≥ 1NAPA
365

     (1)

In the formula, APP is the average annual population 
of livestock raised (heads), Headend and Head-1

end are 
the quantities of livestock on hand in the current 
and previous year (heads), Daysalive is the life cycle of 
the livestock (days), NAPA is the number of animals 
produced annually (heads), and φ indicates the annual
production rate. �e livestock species with production 
rates of more than 1 are pigs, poultry and rabbits, 
while the others have rates less than 1. �e breeding 
cycles of pigs, poultry and rabbits are 200, 55, and 
105 days respectively (Hu and Wang, 2010). Table 1
shows the adjusted annual average livestock production 
in China from 2001 to 2015.

Table 1. Average quantity of livestock raised in China from 2001 to 2015

Year Pigs 
(10,000’s)

Non-dairy cows
(10,000’s)

Sheep 
(10,000’s)

Poultry
(10,000’s)

Rabbits 
(10,000’s)

Dairy cows
(10,000’s)

2001 30102.36 11865.20 29429.20 121879.22 8340.31 527.45
2002 31059.73 11857.50 30740.85 125504.59 8791.29 626.75
2003 32438.63 15008.90 32774.55 133896.79 9187.76 790.25
2004 33863.40 18350.25 35266.50 136674.52 9776.77 1000.60
2005 36218.41 18614.35 36952.50 148649.45 10885.59 1162.05
2006 37287.89 18344.24 37081.26 153335.92 11612.63 1289.64
2007 30963.45 16537.14 32730.67 144336.12 12682.65 1294.54
2008 33433.75 15422.10 28324.81 154023.46 11946.96 1229.70
2009 35363.62 16237.30 28277.25 159868.42 12450.81 1346.90
2010 36540.49 17005.30 28278.75 165904.11 13363.05 1440.20
2011 36257.70 17186.10 28161.85 170680.82 13655.86 1430.15
2012 38240.81 17024.20 28369.95 181982.19 14031.65 1467.05
2013 39209.48 17132.60 28770.20 179390.41 14488.99 1467.45
2014 40279.67 17421.30 29675.60 173915.59 14866.59 1470.05
2015 38808.22 17904.55 30707.30 180629.13 15061.57 1503.15

Sources: China Agricultural Yearbook 2001 - 2016. 
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Methods

Carbon emission measurement
Carbon emissions from livestock farming mainly 
come from CH4 produced by gastrointestinal 
fermentation, and CH4 and N2O emissions from 
excreta. �e environmental pressure of animal 
excreta pollution is the bottleneck restricting large-
scale development of animal husbandry in China. 
However, due to the large amount of organic matter 
and water in the excreta, it is an ideal raw material 
for biogas fermentation. Carbon emission reduction 
in livestock farming depends on fermentation of 
livestock excreta into biogas and sanitary utilization, 
as well as the e�ective control of carbon emissions 
from manure management systems.
�e carbon emission factors of livestock were 
determined based on the code formulated by IPCC, 
combined with Hu and Wang’s research (2010) 
(Table 2). Considering that CH4 and N2O emissions 
cannot be directly combined, in order to unify the 
measurement standard, this paper uses formula (3) to 
convert CH4 and N2O into CO2 equivalent according 
to the heating e�ect.

E = ECH4
 + EN2O =  Ni . αi +  Ni . βi +  Ni . γi      (2)

C =  . ECH4
 + λ . EN2O      (3)

In formula (2), E is the total carbon emissions, 
ECH4 and EN2O are the total amounts of CH4 and 
N2O emissions, Ni is the average annual breeding 
quantity for livestock category i; αi is the CH4 
emission coe�cient of gastrointestinal fermentation 
for livestock category i; βi is the CH4 emission 
coe�cient for the excreta of livestock category i; 
and γi is the N2O emission coe�cient of the excreta 
of livestock category i. In formula (3), C is the total 
CO2 equivalent, and the respective coe�cients of 
conversion from CH4 and N2O to CO2 equivalent are 
φ = 6.28 and λ = 81.27.

Table 2. Coe�cients of livestock 
breeding carbon emissions

Livestock 
breed

CH4 discharge coe�cient Excreta 
N2O

Discharge 
coe�cient

Gastrointestinal 
fermentation Excreta

Dairy cows 68 16 1.00 
Non-dairy cows 51.4 1.5 1.37 
Horses 18 1.64 1.39 
Donkeys 10 0.9 1.39 
Mules 10 0.9 1.39 
Camels 46 1.92 1.39 
Sheep 5 0.16 0.33 
Pigs 1 3.50 0.53 
Poultry -- 0.02 0.02 
Rabbits 0.254 0.08 0.02 

Decoupling index and types 
�e Tapio model introduces the concept of elasticity 
into the OECD decoupling model. Decoupling 
elasticity dynamically re�ects the decoupling state 
between greenhouse gas emissions and changes in 
economic growth (Ran et al., 2017; Tian et al., 2012). 
By calculating the decoupling index, this paper analyses 
the decoupling state between economic bene�t of 
livestock farming and carbon emissions nationwide, 
and in the six Chinese regions. �e speci�c formula 
is shown in Formula (4). Decoupling states can be 
divided into eight types based on the elasticity index 
(E value): strong decoupling, weak decoupling, 
recessive decoupling, strong negative decoupling, weak 
negative decoupling, expansive negative decoupling, 
expansion coupling, and recessive coupling.

E = (C – C–1 )/C
(Y – Y–1 )/Y

      (4)

In formula (4), C is the carbon emissions of the current 
year, C-1 is the carbon emissions of the previous year, 
Y is total livestock breeding output in the current 
year, and Y-1 is total output in the previous year.

Table 3. Tapio’s eight types of elasticity 

Type C/C Y/Y Elasticity (E)

Decoupling
Strong decoupling <0 >0 E<0
Weak decoupling >0 >0 0≤E<0.8
Recessive decoupling <0 <0 E>1.2

Negative 
decoupling

Strong negative decoupling >0 <0 E<0
Weak negative decoupling <0 <0 0≤E<0.8
Expansive negative decoupling >0 >0 E>1.2

Coupling
Expansive coupling >0 >0 0.8≤E<1.2
Recessive coupling <0 <0 0.8≤E<1.2
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RESULTS AND DISCUSSION

Carbon emissions from livestock breeding in China

National analysis
Based on the livestock carbon emission coe�cients 
in Formulas (2) and (3) and in table 2, the carbon 
equivalent emissions from livestock farming in China 
from 2001 to 2015 were calculated as shown in table 4.
�e emissions from 2001 - 2015 were characterized by 
three stages: rising (2001 - 2006), falling (2007 - 2008), 
then slowly rising (2009 - 2015). In 2001, the Ministry 
of Agriculture issued the Notice on Accelerating 
Development of Animal Husbandry, promoting 
development of the industry. Carbon emissions from 
livestock farming also increased rapidly from 2001 
- 2006, with the growth rate exceeding 15% in 2003 
and 2004. �e outbreak of PRRS in 2006 however was 
a setback to the industry. Average annual livestock 
production decreased by about 63.24 million pigs 
in one year, and carbon emissions from livestock 
decreased by more than 10% in 2007. In 2008, the 
melamine incident hit China’s dairy industry hard. 
�ese factors slowed the development of livestock 
farming in China from 2007 - 2008, and carbon 
emissions showed a downward trend. �e industry 
gradually recovered. �e Opinions on Accelerating 
Standardized Large-Scale Livestock Breeding, 
published in 2010, strongly promoted the long-term 
development of livestock breeding and stabilized 
the income growth of production links. From 2010 
to 2015, China’s livestock production �uctuated and 
rebounded correspondingly, and carbon emissions 
slowly trended upward.
From 2001 - 2015, non-dairy cows accounted for 
the largest share of carbon emissions, followed by 
pigs, sheep, and dairy cows. In 2015, these categories 
accounted for 97.31% of total livestock carbon 
equivalent emissions. (1) Pig production �uctuates 
by year due to diseases and market prices, and the 
carbon equivalent also changes accordingly. For 
example, from 2006 to 2007, the carbon equivalent 
of live pigs decreased with the decrease of quantity 
bred, while from 2008 to 2009, it increased with the 
increase of quantity bred. (2) �e course of non-dairy
cattle carbon emissions over time is consistent 
with that of total carbon emissions, which mainly 
manifested in the three stages of rising, falling, then 
slowly rising. �e total increase was large, from 
52,632,200 tons in 2001 to 79,416,600 tons in 2015. 

(3) Carbon emissions from dairy cows increased 
signi�cant by year, from 3,213,400 tons in 2001 to 
9,148,200 tons in 2015. �e main reason may be the 
increase of the number of dairy cattle raised (Table 1).
With the development of the economy, China’s 
consumption structure has changed, including a steady 
increase in milk consumption. In 2013, per capita
milk consumption in the world was about 107 kg. 
�e �gure in developed countries reached 200 kg, but 
it was just 30 kg in China, less than 1/3 of the global 
level (Shanghai Institute of Dairy Science, 2015). �ere 
is still much room to increase milk consumption. 
(4) Carbon emissions from sheep from 2001 - 2015 
can be divided into two stages: rapid growth from 
2001 - 2006, and basic stability from 2008 - 2015. 
Emissions signi�cantly declined from 2007 - 2008, 
which is consistent with the average annual number 
of sheep reared.
Due to their smaller stocks and emission coe�cients 
for CH4 and N2O, other livestock varieties produce 
less carbon emissions. In 2013, the State Council 
promulgated Regulations on the Prevention and 
Control of Pollution from Large-Scale Livestock and 
Poultry Breeding, providing normative guidance 
to prevent and control pollution from livestock 
breeding, and promoting comprehensive utilization 
of waste. Low-carbon livestock breeding which still 
meets domestic consumption demand remains a 
pressing need. Considering that non-dairy cows, pigs, 
sheep and dairy cows account for a large proportion 
of carbon emissions from China’s animal husbandry 
industry, their emissions are decomposed into CH4 
emissions from gastrointestinal fermentation, CH4 
emissions, and N2O emissions from excreta. �e 
results show that CH4 emissions from gastrointestinal 
fermentation of non-dairy cows, dairy cows, and 
sheep were the main carbon emission sources. 
In 2015, these three livestock types respectively 
accounted for 72.77%, 70.16% and 53.03% of CH4 
emissions from gastrointestinal fermentation, while 
the main carbon source of pigs is N2O emissions from 
excreta, accounting for 60.38% of the total. �erefore, 
carbon emission reduction e�orts should be mainly 
aimed at pigs, non-dairy cows, sheep, and dairy cows. 
In practical execution, the focus should be placed on 
controlling the fecal pollution of pigs, and on reducing 
CH4 emissions from gastrointestinal fermentation by 
non-dairy cattle, dairy cattle, and sheep by improving 
forage quality.
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Table 4. Livestock breed carbon emissions and proportions from 2001 to 2015

Year Pigs Non-dairy 
cows Sheep Poultry Rabbits Dairy 

cows Amount Growth 
rate

2001 2146.95 5263.22 1742.81 213.62 31.34 321.34 9719.27 -
PCT 22.09 54.15 17.93 2.20 0.32 3.31
2002 2215.46 5259.08 1820.21 219.75 33.03 381.84 9929.37 2.16
PCT 22.31 52.96 18.33 2.21 0.33 3.85
2003 2313.79 6657.04 1941.35 234.63 33.91 481.07 11661.79 17.45
PCT 19.84 57.08 16.65 2.01 0.29 4.13
2004 2415.74 8139.31 2088.75 239.01 36.73 609.10 13528.65 16.01
PCT 17.86 60.16 15.44 1.77 0.27 4.50
2005 2583.90 8256.30 2188.09 260.02 40.68 707.26 14036.25 3.75
PCT 18.41 58.82 15.59 1.85 0.29 5.04
2006 2659.68 8136.49 2196.36 268.78 43.06 785.15 14089.52 0.38
PCT 18.88 57.75 15.59 1.91 0.31 5.57
2007 2208.63 7335.45 1938.35 253.02 46.88 787.73 12570.05 -10.78
PCT 17.57 58.36 15.42 2.01 0.37 6.27
2008 2384.93 6840.65 1677.70 269.65 44.56 748.69 11966.18 -4.80
PCT 19.93 57.17 14.02 2.25 0.37 6.26
2009 2522.34 7202.53 1674.56 280.16 46.44 820.23 12546.26 4.85
PCT 20.10 57.41 13.35 2.23 0.37 6.54
2010 2606.82 7542.95 1674.56 290.67 49.95 876.72 13041.68 3.95 
PCT 19.99 57.84 12.84 2.23 0.38 6.72
2011 2586.65 7622.56 1667.61 298.55 50.58 870.63 13096.58 0.42 
PCT 19.75 58.20 12.73 2.28 0.39 6.65
2012 2728.01 7550.86 1680.02 318.68 52.15 893.35 13223.06 0.97 
PCT 20.63 57.10 12.71 2.41 0.39 6.76
2013 2796.83 7599.10 1703.52 314.30 53.96 893.60 13361.32 1.05 
PCT 20.93 56.87 12.75 2.35 0.40 6.69
2014 2873.43 7727.44 1757.29 304.67 55.59 894.92 13613.34 1.89 
PCT 21.11 56.76 12.91 2.24 0.41 6.57
2015 2768.46 7941.66 1818.33 316.06 55.97 914.82 13815.29 1.48 
PCT 20.04 57.48 13.16 2.29 0.41 6.62

Regional analysis
In order to further clarify the relationship between 
carbon emissions and economic growth, and to 
improve the pertinence and reference value of this 
paper for policy formulation, regional di�erences of 
carbon emissions in China and their evolution over 
time are analyzed. Figure 1 and 2 show the carbon 
emissions from livestock farming in the six regions of 
China from 2001 to 2015.

�e changes among the six major regions are largely 
consistent with the national trends in total carbon 
emissions. Fig. 1 shows that the carbon emissions 
in North China, Southeast China, Central China 
and Northwest China also rose, fell, and rose slowly 
in three stages from 2001 - 2015, while those in 
Northeast and Northwest China rose quickly, then 
slowly. From 2001 - 2015, the ranking of the top 
three carbon emitting regions changed from North-
Southwest-Northeast to Southwest-North-Northeast.
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Figure 1. Carbon emissions from livestock breeding in the six regions of China from 2001 to 2015

Figure 2. Carbon emission ratios from livestock breeding in the six regions of China from 2001 to 2015

From 2001 - 2006, the top three emitters were North 
China, Southwest China and Northeast China. 
Among them, emissions in North China increased 
43.60% from 26.066 million tons of carbon equivalent 
in 2001 to 37.431 million tons in 2006, and Southwest 
China increased 38.74% from 22,586 million tons 
in 2001 to 31.336 million tons in 2006. �e biggest 
increase was in Northeast China, which increased 
89.84% from 11.674 million tons in 2001 to 22.162 
million tons in 2006. In Northwest China, the number 
increased 52.77% from 12.367 to 18.894 million tons,
and Central and Southeastern China remained 
essentially unchanged.
From 2007 - 2008, among the three regions with 
largest carbon emissions, North China declined 30% 
from 37,430,800 tons in 2006 to 26,236,400 tons in 
2008, making its total carbon emissions lower than 
those in Southwest China in 2008. At this stage, 

the top three emitters were still North, Southwest, 
and Northeast China. Central China decreased its 
emissions 22.40% from 17.589 million tons in 2006 
to 13.651 million tons in 2008, and Southeast China 
decreased by 22%, but these changes did not alter the 
overall national rankings.
From 2009 - 2015, the top three emitters in order 
were the Southwest, North, and Northeast regions. 
Emissions in Southwest China increased 7.4% from 
28.285 million tons in 2009 to 30.379 million tons in 
2015, while in North China they increased 10.15%, 
and in Northeast China by 5.15%. At this point, 
Southwest China surpassed North China to become 
the largest livestock carbon emitter. Although the 
carbon equivalent of Northeast China exceeded 
that of North China in 2012-2013, the total carbon 
emissions of North China were still higher than 
those in the Northeast because of the great di�erence 
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with other years. �e other three areas also showed 
an upward trend. Central China increased the most, 
from 14,019,000 tons in 2009 to 18,380,700 tons in 
2015, an increase of 31.11%. Southeastern China 
remained relatively stable. From 2007 to 2015, total 
emissions in Northeast China increased 17.60% from 
21,876,000 tons in 2007 to 25,656,800 tons in 2015, 
and Northwest China increased 25.09% from 19.038 
million tons in 2007 to 23.814 million tons in 2015.
From the perspective of the geographic distribution 
shown in �gure 2, the share of North China decreased 
from 26.82% to 20.27%, Northeast China increased 
from 12.01% to 18.57%, and Northwest China rose 
from 12.72% to 17.24%. �ere was little change in 
Southeast, Central, and Southwest China.
Northeast China will become the key region for 
carbon emission reduction, but whether it will surpass 
Southwest China to become the largest carbon emitter 
in the future remains to be seen. Among the top 
three emitters from 2001-2015, Northeast China has 
shown an overall upward trend, gradually catching 
up with North China. From 2007 to 2008, Southwest 
China became the largest carbon emitter, because 
of its smaller decline than North China. Among the 
three regions with less carbon emissions – Southeast, 
Central, and Northwest China - Central China 
�uctuated greatly, with the largest decline occurring 
from 2006 - 2008. �e growth of carbon emissions in 
Northwest China was relatively stable, and the total in 
Southeast China remained constant from 2001 - 2015.

Decoupling between carbon emissions and economic 
bene�ts 

National analysis
�e decoupling index of China and its six 
regions from 2002 to 2015 was calculated using 
Formula (4), as shown in Table 5, re�ecting the 
relationship between economic performance and 
carbon emissions. Generally speaking, economic 
performance grew faster than emissions. Nationwide, 
the main decoupling type from 2002 - 2015 was weak 
decoupling, accompanied by alternating expansive 
negative decoupling and strong decoupling, and
characterized by a transformation to strong decoupling. 
Overall changes in the decoupling index followed 
three stages of development.
2002 - 2005 was the �rst stage, mainly with weak 
decoupling. At this stage, the economic performance of 
livestock breeding grew. Growth in carbon emissions 
mainly followed that trend, but at a lower rate.
In the second stage, from 2006 - 2009, the decoupling 
index �uctuated. In this stage, economic performance 
evolved from decline to increase, to decrease. In 2006, 

the total output value declined, and carbon emissions 
increased slightly, creating a strong negative 
decoupling state. From 2007 - 2008, performance 
increased greatly, due to the strong national policies, 
and animal husbandry entered a rapid transition, 
including subsidies for excellent breeds, insurance 
subsidies for livestock, and subsidies for livestock-
intensive farms. �is stage showed rapid decline in 
carbon emissions. �e increase in economic bene�ts, 
accompanied by this reduction in greenhouse 
gas emissions, made 2007 - 2008 an ideal strong 
decoupling type. In 2009, the total output value of 
livestock farming in China declined considerably, 
and the relationship between carbon emissions 
and economic bene�ts changed direction to strong 
negative decoupling. �erefore, changes in the 
decoupling types during the intermittent stage were 
mainly caused by variation in economic performance.
In 2010 - 2015, the third stage, the main state 
was stable weak decoupling. In this stage, carbon 
emissions and economic performance both showed 
upward trends, but the growth rate of the latter was 
faster than that of the former, indicating some success 
in carbon emission reduction.

Regional analysis
Decomposing China into the six regions, the main 
regional decoupling type from 2002 - 2015 was weak 
decoupling, accompanied by intermittent expansive 
negative decoupling and strong negative decoupling. 
�e speci�c situation of each region however varied.
North China varied from weak decoupling to 
�uctuation to stability - essentially consistent with 
the national situation, while slightly di�erent in 
individual years. Livestock farming output in North 
China declined in 2009 and 2015, while all other 
years saw positive growth. Livestock quantity in 
North China decreased signi�cantly in 2006, 2011 
and 2012 relative to the national situation, and 
carbon emissions achieved negative growth, reaching 
an ideal strong decoupling state. However, since 2013, 
the state of weak decoupling has gradually shi�ed 
to strong negative decoupling. Reducing carbon 
emissions in North China will be a tremendous task.
Weak decoupling is dominant in Northeast China. 
�e economic output of livestock farming saw 
15 years of consecutive growth from 2002 - 2015. 
Although carbon emissions also showed a relatively 
steady upward trend, economic performance grew 
even faster. Northeast China has formulated a 
reasonable long-term management system for animal 
production, promoted scienti�c breeding approaches, 
and continuously introduced advanced technologies 
for improved breeds, fodder, straw silage, and disease 
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prevention and control, etc. with economic bene�ts 
for the industry (Li and Cao, 2012).
�e Southeastern coast region transitioned from 
weak decoupling to strong decoupling. Since 2007, it 
has been in a state of strong decoupling, accompanied 
by strong negative decoupling and weak negative 
decoupling �uctuations in individual years. However, 
it has maintained overall negative growth since 2011 
due to low year-on-year growth, and total emissions 
have decreased. As the economic performance of 
its livestock industry increases, the region will soon 
be able to maintain strong decoupling. On the one 
hand, delimitation, relocation, and conversion of 
prohibited livestock farming areas has e�ectively 
controlled the scale of farming, gradually reducing 

livestock quantity, while the construction of manure 
management facilities has steadily reduced emissions. 
Meanwhile, vigorous sustainable development in 
livestock farming has created huge markets.
Central, Southwest, and Northwest China also 
progressed from weak decoupling to �uctuation, 
back to weak decoupling - essentially consistent with 
national trends. In 2011 - 2015, except for negative 
expansive decoupling in Northwest China in 2015, all 
three regions remained in a state of weak decoupling. 
Although the annual growth rate of carbon emissions 
in Northwest China decreased in 2015, the economic 
bene�t increased less, creating negative expansive 
decoupling.

Table 5. �e decoupling relationship between livestock carbon emissions 
and gross economic product in China from 2002 - 2015

Year Nationwide North 
China

Northeast 
China

Southeast 
China

Central 
China

Southwest 
China

Northwest 
China

2002 0.36 0.26 0.67 0.24 0.14 0.03 0.95
II II II II II II VII

2003 1.31 1.27 1.73 1.06 1.21 1.32 4.78
VI VI VI VII VI VI VI

2004 0.64 0.66 1.06 0.19 0.36 0.71 2.77
II II VII II II II VI

2005 0.42 0.37 0.55 0.16 0.08 0.58 1.68
II II II II II II VI

2006 -0.04 -0.03 0.21 1.58 1.09 0.32 0.71
IV I II III VIII II II

2007 -0.48 -4.80 -0.07 -0.43 -0.48 -0.44 0.14
I I I I I I II

2008 -0.23 -0.34 0.07 -0.09 -0.13 -0.25 0.35
I I II I I I II

2009 -0.81 -0.45 0.39 -0.25 -0.07 -0.37 8.65
IV IV II IV IV IV VI

2010 0.58 0.00 0.37 0.22 0.91 0.38 0.57
II II II II VII II II

2011 0.02 -0.04 0.10 0.00 0.07 -0.05 0.22
II I II I II I II

2012 0.18 -1.17 -0.06 0.23 0.29 0.03 0.07
II I I II II II II

2013 0.24 0.07 -0.05 -60.93 0.44 0.12 0.21
II II I I II II II

2014 1.03 1.65 0.15 0.07 0.61 0.49 0.75
VII VI II V II II II

2015 0.53 -10.06 0.97 -0.24 0.14 0.16 1.99
II IV VII I II II VI

Note: I, II, III, IV, V, VI, VII and VIII respectively indicate weak decoupling, recessive decoupling, strong negative 
decoupling, weak negative decoupling, expansive negative decoupling, expansive coupling, and recessive coupling.
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�e results reveal regional and livestock type 
imbalances in carbon emissions from the livestock 
industry in China, such as changes in the top three 
carbon emitting regions and a large absolute gap in 
emissions between regions. Non-dairy cattle, pigs, 
sheep and dairy cattle are the four livestock types with 
the highest carbon emissions. �ese results provide a 
basis for formulation of di�erent livestock breeding 
development programs around the country and its 
regions. Speci�c recommendations are given below.
- Carbon emission reduction in livestock farming 
should focus on improved varieties, feed, farming 
facilities and technology, and manure management 
(Chen, 2016). In the implementation process, China 
should use a livestock breed improvement plan, core 
seed farm, and a project for improved grain varieties 
to select and promote excellent animal breeds and 
improve grains. It should modify feed formulation, 
combine foraging with straw feed, improve utilization 
e�ciency, and reduce pollutant production. It should 
improve the infrastructure, technical equipment, 
and supporting facilities for manure management, 
and strengthen the development and application 
of innovative low-carbon aquaculture and excreta 
treatment technologies.
- Di�erent development strategies for animal 
husbandry should be formulated based on di�erences 
between the main livestock species and carbon 
emission sources. �e 12th National Five-Year Plan for 
Animal Husbandry Development (2011 - 2015) set 
the Northwest and Northeast regions as superior beef 
cattle areas, and the Northwest as an advantageous 
area for wool sheep. �ese regions contain more 
ruminants, with a large methane emission ratio and 
a small proportion of nitrous oxide in their excreta. 
�erefore, carbon emission reduction should start 
with feed nutrition, rumen fermentation regulation, 
breed selection, and pasture management. Meanwhile, 
silage, straw ammonization, and the addition of 
methane inhibitors to feed [10] are all helpful ways 
to reduce methane emissions from gastrointestinal 
fermentation. North, Southwest, and Central China 
have large amounts of livestock, and are also the key 
areas for pollution control in the country. China 
should encourage a combination of planting and 
breeding methods to absorb wastes and support 
resource utilization and manure sanitation. It should 
improve facilities for storage of manure and sewage, 
as well as comprehensive utilization and treatment 

facilities for the anaerobic oxidation of manure, 
organic fertilizer processing, and biogas production, 
and it should continue to promote the utilization and 
sanitation of waste.
- China should establish and improve its �nancial 
support system for livestock husbandry, increase 
technological innovation, and strengthen the quality 
of its human resources (Wang et al, 2012). �e 13th Five-
Year Plan period continued to increase investment 
in animal husbandry over the 12th, implementing 
subsidies for improved breeds, animal epidemic 
prevention, and grassland ecological protection to 
promote the standardization, scaling, and precision 
of development. In addition, science and technology 
are the keys to e�cient, low-carbon, clean, and 
sustainable development of livestock farming. �e 
government should consistently promote nonpro�t 
animal husbandry research, make use of modern 
livestock farming production systems, strengthen 
industrial scienti�c and technological innovation, 
and give full play to the key development role of chief 
scientists and institutional scientists.

CONCLUSIONS
�is paper has calculated and analyzed the carbon 
emission distribution dynamics of the national 
livestock husbandry and that in each Chinese region 
from 2001 - 2015. �e Tapio model was used to 
analyze the decoupling e�ect in livestock farming. 
�e main conclusions are as follows:
- From 2001 to 2015, the carbon emissions of 
livestock industry in China were characterized by 
three stages: rising, falling, then slowly rising. Non-
dairy cows, pigs, sheep and dairy cows were the four 
top carbon-emitting livestock types, and CH4 from 
gastrointestinal fermentation is main carbon source 
from non-dairy cows, dairy cows, and sheep, and 
N2O comes from excreta of pigs. 
- From 2001 to 2015, the ranking of the top three 
regions for carbon emissions changed from North - 
Southwest - Northeast to Southwest-North-Northeast. 
Among these regions, North China saw the largest 
decline in national portion of carbon emissions, 
while Northeast and Northwest China saw the largest 
increases. �e three other regions saw little change.
- For the decoupling e�ect, the main decoupling 
e�ect in China’s livestock industry from 2002 - 
2015 was weak decoupling, characterized by strong 
decoupling alternating with expansive negative 
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decoupling and strong decoupling. From a regional 
perspective, the main decoupling e�ect was weak 
decoupling, accompanied by intermittent expansive 
negative decoupling and strong negative decoupling, 
but the speci�c situation of each region di�ered. 
Changes in the decoupling e�ect depend on absolute 
variation in economic performance, in�uenced by 
changes in carbon emissions, but transformation in 
the decoupling type is attributed to relative changes 
between the two.
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FAMILY FARMING POLICY SUPPORT REVIEW: LESSONS FROM VIETNAM 
Dao �e Anh1 

Abstract
Vietnamese agriculture reforms were embedded into general economic reforms (Doi Moi) in 1986, enabling the 
country’s transition toward a market economy. Since 1988, they were implemented incrementally together with 
complementary instruments such as agricultural market liberalization and new economic incentives. Firstly, the 
de-collectivization of socialist producer cooperatives and assigning land use rights to its former members, developing 
and adapting a Land Law, and enhancing tenure security through gender-balanced inheritable land certi�cates. In 
addition to promoting individualized rights, recognized household economics (Family farming), successive reforms 
have contributed to accelerating the agricultural transformation process by encouraging perennial crop and forestry 
systems, and allowing rural land rentals and land sales markets to re-emerge. Vietnam’s success in smallholder rice 
productivity and intensi�cation are a source of learning experiences for many developing countries. �e lessons 
learnt from government support policy for a success story of small farm development in Vietnam for 30 years will 
be presented in this article.
Keywords: Agricultural policy, Family farming, Household economics, Vietnam 
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INTRODUCTION
Since 2008, Vietnam’s agricultural sector has made 
positive progress, realizing major gains in productivity 
and output and contributing to national goals related 
to food security, poverty reduction, social stability, 
and agricultural diversi�cation. Vietnam is placing 
in the context of middle-income countries and 
facing challenge growth rate slowing down including 
agricultural sector.
Vietnam’s success in family farming rice productivity 
and intensi�cation are a source of learning 
experiences for many developing countries. Vietnam’s 
rice production is dominated by small-scale farmers 
with 65 percent of households cultivating rice in an 
area of less than 0.5 hectares. It can be said that its rice 
production scale is extremely small, compared with 
the average size of small-scale farms at 2 hectares as 
de�ned by the FAO. Small-scale farming has allowed 
access to land for household-level food security in 
recent years. However, it would present a big obstacle 
to mechanization if Vietnam were to choose that 
path to intensify its rice production. During the same 
period, Vietnam has emerged as one of the world’s 
leading exporters of agro-food commodities, ranking 
in the top �ve for aquatic products, rice, co�ee, tea, 
cashews, black pepper, rubber, and cassava. But in 
2016, the rice exportation has started to reduce in 
term of quantity due to low quality and the fruit and 
vegetable exportation has passed over the crude oil 
exportation in term of value. Nevertheless, there 
are growing concerns related to the quality and 
sustainability of Vietnam’s agricultural growth and 
related patterns of development (WB, 2016) because 

2016 is the year that agricultural GDP has a slight 
decrease a�er the consecutive growth period over last 
25 years.
�e lessons learnt from government support policy 
for a success story of small family farm development 
in Vietnam for 30 years were divided into two phases. 
�e �rst phase was the food security at di�erent 
level during 1988 - 2008: a�er allocation the land 
equally to farmer and market liberalization, the 
�nancial resource from government mostly focus 
in investing for irrigation infrastructure with about 
70%, the agronomic research on new varieties and 
technologies, and expansion of public extension 
system up to communal level. �e government also 
supports to protect the rice �eld from transformation 
to urbanization and industrialization. �e income 
diversi�cation was also important part. �e impact 
was very positive in term of poverty reduction, 
food security and agriculture exportation, but 
small family farms have met some constraints: low 
competitiveness, quality and food safety not match 
the standards, low income and sustainability. 
�e second phase policy to support small farms during 
2008 - 2017, there are several elements: structural 
adjustment of agricultural sector to high value, 
competitiveness enhanced and farmer income rising. 
New form of business cooperative, land concentration 
policy, climate change adaptation became important 
focus to support small farms (OECD, 2016a). 
Beside this, the integrated rural development and 
multidimensional poverty reduction also impact on 
the sustainability of household economics.  


