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Abstract: The development of grass-feeding livestock breeding is the key to promoting the 
transition from grain-consumption type animal husbandry to grain-saving type animal hus-
bandry in China, and to solving the problem of competition for grain between people and 
livestock. From the perspective of economic geography, this paper first defines the conver-
sion standard for the breeding quantity of livestock, and then uses exploratory spatial data 
analysis technology and econometric models and methods to systematically investigate the 
sequential variation process, geographical aggregation characteristics, and influencing fac-
tors of grass-feeding livestock breeding in China. The study results show the following: 1) The 
breeding quantity of grass-feeding livestock in China has an obvious overall growth trend, but 
there is an obvious difference among the livestock species. During the period 1978–2012, the 
breeding quantity of grass-feeding livestock in China grew by 92.5%; and the breeding quan-
tity within the same period was beef cattle > sheep > dairy cow. 2) On the county scale, the 
number of increasing areas of the breeding quantity of grass-feeding livestock is larger than 
the number of decreasing areas, and the growth rate of breeding quantity of grass-feeding 
livestock in northern China is higher than that in southern China, which initially forms the 
pattern of “hot in the north and cold in the south”. 3) The spatial Durbin model shows that the 
per capita output of grain, proportion of productive land area, urban per capita disposable 
income, agricultural mechanization level, agricultural labor productivity and policy factor have 
positive effects on the development of grass-feeding livestock breeding, while the per capita 
GDP, urbanization level and proportion of non-agricultural income have obvious negative 
effects on it. 4) Grass-feeding livestock breeding in China can be divided into six major types 
of areas, and each type of area should be regulated and controlled in terms of their respective 
focus of attention according to regional conditions and situation of agricultural production. 
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1  Introduction 

Food is an important national strategic resource, and food security is a matter of national 
economy and common livelihood (Wan, 2008). Although the food production of China real-
ized “11 consecutive growths” in 2014, the per capita food consumption quantity there tends 
to be stable with the economic development and improvement of people’s living standards. 
However, the demands for feed grain have increased substantially, which causes the constant 
rise of grain import. After the founding of the People’s Republic of China, the breeding 
quantity of main livestock in China has increased rapidly. The total output of meat, poultry 
and eggs in China remained the highest in the world for many consecutive years since 1991, 
and the proportion of the total output value of animal husbandry in the total output value of 
agriculture increased from 18% in 1980 to 30% in 2012, and this proportion has increased 
more rapidly in recent years (Fu et al., 2012). Meanwhile, the rigid demand for feed grain 
has seen an obvious growth, and solving the supply and demand problem of feed grain has 
become the most important task of grain security of China (Wang and Xiao, 2013).  

Development of grass-feeding livestock breeding is of great importance to guaranteeing 
national grain security. Grass-feeding livestock can convert the non-grain feed resources to 
animal by-products by its special-structure digestive system and physiological functions, 
while also acting as the main source of supply of beef and mutton and dairy products for 
human beings. As an important component of modern animal husbandry, grass-feeding live-
stock breeding complies with the national situation of “less cultivated land area and abun-
dant grassland resources” in China, follows the change tendency of residents’ food con-
sumption structure, and also reduces the feed grain consumption, which is the key to solving 
the problem of competition for grain between people and livestock in China, and has great 
practical significance. From the point of view of economic geography, we should clarify the 
spatiotemporal dynamic change process and characteristics of grass-feeding livestock 
breeding in China and master the critical influencing factors, so as to provide support for the 
decision-making of macro-adjustment of grass-feeding livestock breeding in China. How-
ever, the existing academic researches tend to place emphasis on the spatial pattern change 
of the overall livestock breeding (Neumann et al., 2009; Cecchi et al., 2010; Li et al., 2010; 
Saizen et al., 2010) and analyze its gravity center curve characteristics (Fu et al., 2012), as 
well as environmental pollution of breeding to the atmosphere, water body and land. The 
research areas are mainly concentrated in the European and North American countries 
(Neumann et al., 2009; Orhan et al., 2009; Sanderson et al., 2010; Fu et al., 2012; Eshel et 
al., 2014), with less research on China. How have the spatiotemporal dynamics of 
grass-feeding livestock breeding changed in China? What kind of spatial pattern does the 
breeding show? Which factors influence the spatial changes of breeding? The existing re-
search results fail to give effective answers to the above questions, thus related researches 
are urgently needed. For this purpose, this paper selects the main types of grass-feeding 
livestock to systematically elaborate the spatial change tendency of grass-feeding livestock 
breeding in China, reveal the influencing factors, divide the different types of areas, and de-
fine the optimized regulation and control emphasis points in different types of breeding ar-
eas, by adopting the exploratory spatial data analysis method, etc., so as to provide a refer-
ence for the healthy and sustainable development of the grass-feeding livestock breeding 
industry in China. 
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2  Research methods and data 

2.1  Data 

The vector data of China’s county administrative divisions are taken from the national fun-
damental geographic data base of the State Bureau of Surveying and Mapping. In view of 
the availability of data, this paper only considers the three major types of grass-feeding live-
stock: beef cattle, dairy cow and sheep. The socio-economic data and agricultural statistical 
index are mainly taken from the China Statistical Yearbook, 60 Years Statistical Data in Ag-
riculture of the New China and China Rural Statistical Yearbook, while the data of the 
breeding quantity of grass-feeding livestock are mainly taken from the agricultural investi-
gation data, livestock statistics and statistical yearbook of each province. In order to guaran-
tee the inter-annual comparability, this paper makes uniform corrections to the adjustment of 
administrative division and county units with changed names by regarding 2000 as the ref-
erence year. During the data analysis, the data with large discrepancy are eliminated, and the 
abnormal values or county unit with missing data of the same year are replaced with the ad-
jacent year. In total, the data of more than 1926 counties (excluding the Hong Kong, Macao 
and Taiwan regions) were obtained and summarized.  

2.2  Methods 

2.2.1  Conversion standard of breeding quantity 

In order to facilitate the uniform analysis and comparison of different types of livestock, this 
paper uses the livestock unit (AU) to realize the standardized conversion of livestock breed-
ing quantity. The specific conversion formula is as follows (Kellogg et al., 2000; Li et al., 
2007): 

 
 i ij ij ijAU T k    

 
(1) 

where Ti is the breeding stock of the livestock type i, kij indicates the proportion of the type j 
of livestock type i in the breeding stock, λij represents the number of annual marketing 
batches or the breeding stock time of the type j of livestock type i, and μij is the number of 
livestock in each livestock unit of the type j of livestock type i (Table 1). 

Table 1  Conversion standard parameters for the livestock unit of grass-feeding livestock (Kellogg et al., 2000; 
Wang, 2004) 

Main types of 
grass-feeding livestock 

Proportion of 
livestock on  

hand (%) 

Quantity of live-
stock in each  
livestock unit 

Number of annual 
marketing batches

Annual time of 
livestock on hand 

(month/month) 

Adult cow 60 0.74 – 12/12 

Calf 15 4 – 5/12 Dairy 
cow 

Replacement 
cattle 

25 0.94 – 12/12 

Fattened cattle 42 1.14 1.5 – 

Bull 2 1 – 12/12 

Calf 13 4 – 5/12 
Beef 
cattle 

Reproducible 
cow 

43 1.14 – 12/12 

Lamb 15 12.97 – 4/12 
Sheep 

Adult sheep 85 6.98 1 – 
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2.2.2  Gravity center model 

The gravity center of elements indicates the spatial mean value of the elements and is the 
statistical description of spatial pattern of the elements (Song and Ouyang, 2012). The cal-
culation formula is as follows: 

 
 

1 1

n n

i i i
i i

X A x A
 

  
 

(2) 

  
1 1

n n

i i i
i i

Y A y A
 

    (3) 

where Ai is the total elements in the area i; (xi, yi) is the geometric center coordinate of the 

area i; and ( ,  )X Y is the gravity center coordinate of this element.  

2.2.3  Variable set and measurement model selection 

In combination with the occurrence conditions of grass-feeding livestock breeding, and tak-
ing into account of the availability of data, this paper mainly selects and investigates the 
influence of the following variables on the grass-feeding livestock breeding: 1) Resource 
endowment factor: productive land area per labor (sum of cultivated land area and grassland 
area / agricultural labor force x1), per capita output of grain (grain output / total population x2) 
and proportion of productive land area (sum of grassland area and cultivated land area / land 
area x3). 2) Macro economy and market factors: per capita GDP (areal GDP/total population 
x4), population urbanization rate (urban population/total population x5), urban per capita 
disposable income (x6), and proportion of non-agricultural income (x7). 3) Agricultural pro-
ductivity factors: per unit seeded area yield of grain (grain output / seeded area x8), agricul-
tural mechanization level (Long et al., 2012) (total power of agricultural machinery / culti-
vated land area x9), agricultural labor productivity (Long et al., 2012) (gross product of pri-
mary industry / agricultural labor force x10). 4) Policy factors: set the dummy variables in 
accordance with the layout plan of advantageous region of beef cattle and sheep issued by 
the Ministry of Agriculture (Yang and Wang, 2013) x11 (advantageous region x11=1, non- 
advantageous region x11=0).  

Considering the complexity, autocorrelation and variability of spatial data, the influence 
of the explanatory variable on the explained variable will be different in different regions, 
thus we first adopt the Global Moran's I statistics to test the spatial autocorrelation of data. If 
there is no spatial autocorrelation, then the global linear regression model (OLS regression) 
can be adopted for the estimation (Wang et al., 2015; He and Liu, 2007). The calculation 
formula is as follows: 

 Y=b0+b1x1+b2x2+b3x3+b4x4+…+m (4) 

where Y is the breeding quantity of grass-feeding livestock, and bi (i=1, 2, 3, …, n) respec-
tively corresponds to the partial regression coefficients of xj (j=1, 2, 3, …, n). If there is spa-
tial autocorrelation, then the spatial lag model (SLM), spatial error model (SEM) and spatial 
Durbin model (SDM) can be further selected for the purpose of estimation. The spatial 
Durbin model not only considers the spatial autocorrelation of dependent variables, but also 
considers the spatial autocorrelation of independent variables, which means that the de-
pendent variable is not only influenced by the independent variable of this area, but is also 
influenced by the independent variables and dependent variables in other areas. For this 
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purpose, this paper adopts the spatial Durbin model to analyze the influencing factors of 
spatiotemporal dynamic changes of grass-feeding livestock breeding. The basic form of spa-
tial Durbin model is as follows (Ye and Fang, 2013):  

y wy X wX          (5) 
where wy and wX are respectively the spatial lag items of the dependent variable and inde-

pendent variable, w represents the spatial weight matrix,  and  are the spatial lag coeffi-

cients, β is the elastic coefficient of the independent variable, and  is the random error item 

which meets ~N (0, σ2In).  

3  Results 

In this part, we analyzed time series variation characteristics of grass-feeding livestock 
breeding at first, and then, dynamic characteristics of grass-feeding livestock breeding and 
its influencing factors were explained in detail. Finally, we zoned grass-feeding livestock 
breeding into six types. 

3.1  Time series variation characteristics of grass-feeding livestock breeding 

3.1.1  Obvious growth situation of total breeding quantity of grass-feeding livestock 

We calculate the breeding quantity of grass-feeding livestock of China in 1978–2012 by 
means of the standardized conversion method of livestock breeding quantity, and the calcu-
lation results show that the breeding quantity has an obvious overall growth trend since the 
reform and opening-up (Figure 1). The breeding quantity increased from 6060.8 104 AU in 
1978 to 11665.7 104 AU in 2012, which shows a growth rate of 92.5%. The breeding quan-
tity shows fluctuation in some periods, in which the period 2005–2010 had the largest fluc-
tuation, and the breeding quantity decreased from 10617.1 104 AU in 2005 to 9596.6 104 AU 
in 2006. Up to 2009, the breeding quantity of grass-feeding livestock basically recovered to 
the level in 2005. The changing trend of grass- feeding livestock of China in 1978–2012 is 
fitted by using multiple functions, and it is found that the linear fitting curve can more effec-
tively describe the changing trend of 
breeding quantity of grass-feeding 
livestock during this period, with the 
fitting degree reaching 0.96. It can be 
further found from the fitting curve 
that the breeding quantity of grass- 
feeding livestock showed a stable 
growth trend during the period 
1978–2012, and the growth trend is 
obvious. 

3.1.2  Obvious differences in aspect 
of growth trend among the grass- 
feeding livestock species 

It can be seen from Figure 2 that the 

 
Figure 1  Overall changing trend of breeding quantity of 
grass-feed livestock in China during 1978–2012 
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three grass-feeding livestock species in China during 1978–2012 have obvious difference in 
terms of breeding quantity and changing trend. Overall, the breeding quantities of beef cattle, 
dairy cow and sheep are obviously increased by 0.67 times, 30.45 times and 0.68 times, re-
spectively, during the study period. It is found through comparative analysis that the breed-
ing quantity at the same period are beef cattle > sheep > dairy cow. 

Overall, the breeding quantity of beef cattle in China during the period 1978–2012 
showed an obvious increasing trend. The growth within 1978–2005 was stable; the breeding 
quantity in 2006 was reduced by 688.9 104 AU compared with 2005, which shows a high 
falling rate; the breeding quantity started to recover rapidly since 2008 and increased to 
6492 104 AU in 2010. The fitting degree of cubic polynomial function curve was 0.857, and 
it can be calculated by further solving the fitting function that the breeding quantity of beef 
cattle is in the interval of increasing function. During the research period, the breeding 
quantity of sheep in China also showed an increasing trend, but fluctuation within a narrow 
range was frequent, which had a close relationship with the fast growth rate, short raising 
cycle and other production characteristics of sheep. The cubic polynomial function curve 
can better describe the changing trend during this period, and the fitting degree is 0.97. It 
can be seen from the fitting curve that the breeding quantity of sheep succession trend had a 
slight decrease and slow increase. Compared with the changes of breeding quantity of cattle 
and sheep, the change rule of breeding quantity of dairy cow within 1978–2012 showed a 
different trend. After the fitting of this changing trend by using the multiple functions, it is 

found that the fitting degree of 
quadratic polynomial curve reaches 
up to 0.97. It can be seen from the 
fitting trend that the breeding quan-
tity of dairy cow within 1978–2011 
had an obvious growth trend, in 
which the breeding quantity within 
1978–1997 showed a slow increas-
ing trend, while the breeding quan-
tity within 1998–2011 showed a 
rapid growth trend, which signifies 
that the change of breeding quantity 
of dairy cow has an obvious stage 
characteristic. 

3.2  Spatial pattern and evolution of grass-feeding livestock breeding 

We calculate the gravity center of breeding quantity of grass-feeding livestock in 1990, 1995, 
2000, 2005, 2008 and 2011, in accordance with the gravity center model of elements, and 
draw the gravity center migration path. Figure 3 shows that the gravity centers of breeding 
quantity of grass-feeding livestock transferred towards the west during 1995–2000 after the 
migration towards the northeast direction in 1990–1995, then experienced the changes of 
transfer towards the northeast direction in 1990–1995, and towards the northwest direction 
in 2005–2011. It can be seen that the growth rate of breeding quantity of grass-feeding live-
stock in northern China is larger than that in the southern during 1990–2011. 

 
Figure 2  Overall changing trend of breeding quantity of dairy 
cow, beef cattle and sheep in 1978–2012 
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Figure 3  Dynamic pattern of grass-feeding livestock breeding and its gravity centers during1990–2011 

 
In order to further reveal the dynamic change process of the spatial pattern of the 

grass-feeding livestock breeding in China, the research areas are divided into five types: low 
decrease, rapid decrease, low increase, moderate increase and fast increase (Figure 3). On 
the county level of all of China, the number of increasing areas of grass-feeding livestock 
breeding quantity in counties of China is much greater than the number of decreasing areas. 
Specifically, the decreasing areas are concentrated in central China, the hilly area south of 
the Yangtze River, Nanling Mountains region, Yangtze River Delta region and Pearl River 
Delta region; the distribution of increasing areas is scattered, and the northeastern China 
mainly exhibits the fast growth type; and the other types of increasing areas are mainly dis-
tributed in western China and the Huang-Huai-Hai Plain region. The Yangtze River Delta, 
Pearl River Delta and other areas with rapid development of urbanization have always been 
cold spot areas for breeding. This has a certain coupling relationship with the spatial differ-
entiation pattern of China’s regional economic zonal difference. The farming-pastoral areas 
in Inner Mongolia, the Qinghai-Tibet Plateau region, and Xinjiang constituting the major 
traditional pastoral regions in China provide a solid foundation for the development of 
grass-feeding livestock by virtue of their rich grass resources and breeding experience, and 
these regions have always been hot spot areas for the breeding of grass-feeding livestock. In 
addition, although the grass-feeding livestock industry in the double cropping rice producing 
areas in China has seen a certain development in recent years, yet traditional rice farming 
practice still dominates most of the regions which are located in the cold spot areas of 
breeding. 

3.3  Influencing factors of spatiotemporal evolution of grass-feeding livestock breeding 

It can be seen from Table 2 that the Moran's I index values are positive and are obviously at 
the 1% statistical level. The spatial correlation test results show that the grass-feeding live-
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stock breeding of China has positive spatial autocorrelation. Therefore, it is more suitable to 
use the spatial measurement model to realize the regression. The Hausman test refuses the 
indistinctive null hypothesis between the fixed effect model and random effect model, thus 
the fixed-effect spatial Durbin model is selected to analyze the influencing factors.  
 
Table 2  Spatial autocorrelation test and Hausman test 

Index 1995 2000 2005 2008 2011 

Moran's I 0.392*** 0.473*** 0.514*** 0.374*** 0.489*** 

Hausman Test 297.3     

R2 Adj 0.923     

Log Likelihood 2.0596     

 

In the spatial Durbin model, the independent variable comprehensively reflects the influ-
ence degree on the dependent variable through the direct effect, indirect effect and total ef-
fect (Table 3). 

Table 3  Effect estimation of influencing factors of changes of grass-feeding livestock breeding 

Variable Total effect Direct effect Indirect effect 

x1 –0.033 –0.019 –0.014 

x2 0.286*** 0.266*** 0.060** 

x3 0.391*** 0.303*** 0.088* 

x4 –0.173*** –0.097*** –0.076 

x5 –1.328*** –1.030*** –0.298*** 

x6 0.486** 0.283* 0.203** 

x7 –0.665** –0.353*** –0.312 

x8 –0.031 –0.018 –0.013 

x9 0.222*** 0.130*** 0.092*** 

x10 0.169** 0.098** 0.071** 

x11 0.264*** 0.154** 0.110 

Note: ***, **
 and 

*
 respectively represent the fact that the statistics are obvious respectively at the confidence levels 

of 1%, 5% and 10%. 

 

In terms of resource endowment factor, the direct effect, indirect effect and total effect of 
the productive land per capita on the grass-feeding livestock breeding are negative, but not 
obvious. The per capita output of grain and proportion of productive land area have obvious 
positive effects on the breeding, and their direct effects are stronger than the indirect effects. 
This means that the abundance of forage grass and feed resources has a direct positive im-
pact on the development of the grass-feeding livestock breeding industry, which also ex-
plains the reasons of grass-feeding livestock breeding aggregating in the advantageous area 
of fodder grass production. 

The per capita GDP, urbanization level and proportion of non-agricultural income have 
obvious negative effects, and their total effect values are respectively –0.173, –1.328 and 
–0.665. This signifies that the development of regional economy and improvement of ur-
banization level provide non-agricultural employment opportunities for farmers while im-
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proving their non-agricultural income, but this also has strong and direct negative effects on 
the grass-feeding livestock breeding, and the negative effects occurring in the adjacent areas 
are also very obvious. The urban per capita disposable income is mainly reflected as the 
consuming ability, and its indirect effect on the grass-feeding livestock breeding is obvious. 
The indirect effect value is 0.203, and is obviously above the 5% confidence level.  

The estimation results of agricultural productivity factors show the following: the direct 
effect, indirect effect and total effect of per unit seeded area yield of grain on the 
grass-feeding livestock breeding are not obvious, which means that the grain yield ability 
has a smaller impact on the grass-feeding livestock breeding compared with the regional 
grain abundance. However, the improvement of agricultural mechanization level and agri-
cultural labor productivity have a very obvious positive impact on the grass-feeding live-
stock breeding, and the total effect values are respectively 0.222 and 0.169.  

The total effect estimation coefficient of policy factor is 0.264, and is obvious above the 
1% confidence level. The estimation coefficient of direct effect is 0.154, which is obvious 
and is not zero at above the 5% confidence level. The indirect effect is not obvious. This 
signifies that the layout planning of national advantageous areas has an obvious positive 
effect on the development of local grass-feeding livestock breeding. This is mainly due to 
the timely implementation of local supporting policies and measures under the guidance of 
the national macro layout. 

3.4  Zoning and regulating control of grass-feeding livestock breeding types 

In order to further reveal the objective law of the regional differentiation of grass-feeding 
livestock breeding in China and provide a basis for the development of grass-feeding live-
stock breeding and related strategic decision-making, this paper selects the dynamic degree 
of grass-feeding livestock breeding, Getis- Ord G* index value, breeding quantity and unit 
land bearing capacity by regarding the county district as the basic unit, and adopts clustering 
methodology to divide the breeding areas of grass-feeding livestock into six major areas 
(Figure 4). This paper also discusses the basic guidelines for the optimized regulating con-
trol in combination with the basic characteristics and “regional condition” of the 
grass-feeding livestock breeding. 1) The Type I areas are mainly distributed in northeastern 
China. These areas are the hot spot areas of grass-feeding livestock breeding in China. In 
recent years, the breeding quantity has grown fast and the unit land bearing capacity faces 
great pressure, thus it is necessary to speed up the conversion of feeding production mode 
and control the areal breeding quantity, and the pasturing area must strictly implement the 
national balance system between forage area and animals. 2) The Type II areas are mainly 
located in the Huang- Huai-Hai Plain region. The grass-feeding livestock breeding grows at 
an intermediate speed and the unit land bearing capacity also faces increasing pressure, thus 
it is necessary to develop the fattening industry and guide the industrial division of speciali-
zation work in combination with the advantages of regional grain production base. 3) The 
Type III areas are located in eastern and southern China, areas with developed economy, 
high urbanization level and small breeding quantity of grass-feeding livestock. The breeding 
quantity of grass-feeding livestock in these areas shows a rapid decreasing trend and the 
land bearing pressure is relatively small, thus they are considered cold spot areas of 
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grass-feeding livestock breeding, and it is 
necessary to strictly protect the cultivated 
land, suitably increase the breeding quan-
tity, and develop high-efficiency modern 
animal husbandry. 4) The Type IV areas are 
mainly distributed in the Loess Plateau and 
Hubei and Hunan Provinces. Grass-feeding 
livestock breeding shows a low-speed 
growth in these places, and the land bearing 
pressure is slightly increased, but this 
pressure is mainly low pressure. In view of 
the regional location and geological and 
geographical conditions, it is recommended 
to suitably develop the facility feeding, 

while paying equal attention to the reasonable utilization of resources and ecological protec-
tion. 5) The Type V areas are concentrated in southwestern China, and the grass-feeding 
livestock breeding quantity in these regions mainly shows low-speed reduction. However, 
considering the high precipitation and serious water and soil loss, it is necessary to focus on 
the ecological conservation when developing grass-feeding livestock breeding, by making 
full use of the grassy mountains and slopes and grass resources. 6) The Type VI areas are 
mainly located in the western pastoral regions, with large breeding quantity of grass-feeding 
livestock and rapid growth. Although the region is located in the hot spot and sub-hot 
breeding areas, yet the ecological environment here is very fragile as most of its part is lo-
cated in the arid area and high and cold areas of the Qinghai-Tibet Plateau. Therefore, the 
regional resources and environmental features should be relied on convert the production 
mode of animal husbandry, plant grass, control livestock to develop the characteristic 
plant-eating animal husbandry economy, build high-end brands, and implement the strategy 
of success through quality (not quantity) to increase the income of herdsman.  

4  Conclusions and discussion 

The study and judgment of the spatiotemporal dynamics and influencing factors of the 
grass-feeding livestock breeding is an important scientific basis for development planning of 
grass-feeding livestock. By means of spatial analysis technique and measurement model, 
this paper found that: 

(1) The breeding quantity of grass-feeding livestock in China during the period 1978– 
2012 shows a stable growth trend, and the number of county areas with increased breeding 
quantity is obviously larger than the number of decreased areas; however, there is an obvi-
ous difference in the breeding quantity growth trend among the livestock species, i.e. the 
largest breeding quantity in the same period is beef cattle, followed by sheep and dairy cow.  

(2) The spatial pattern of grass-feeding livestock breeding undergoes great changes, and 
the hot spot breeding areas such as the farming-pastoral region in Inner Mongolia, the 
Qinghai-Tibet Plateau region, Xinjiang and the Huang-Huai-Hai Plain region, Greater 

 
Figure 4  Divisions of grass-feeding livestock breeding 
in China 
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Khingan Mountains and the Northeast China Plain region were gradually formed in 2011, 
while the main double cropping rice producing areas in China, such as the hilly area to the 
south of the Yangtze River, Nanling Mountains region and developed areas along the south-
east coastal zone have always been the cold spot breeding areas. Therefore, we can see that 
the spatial differentiation characteristic of “hot in the north and cold in the south” is very 
obvious.  

(3) The per capita output of food, proportion of productive land area, urban per capita 
disposable income, agricultural mechanization level, agricultural labor productivity and pol-
icy factor have positive effects on the development of grass-feeding livestock breeding, 
while the per capita GDP, urbanization level and proportion of non-agricultural income have 
obvious negative effects on it. This effectively explains the reasons for which the 
grass-feeding livestock breeding of China shows the layout in the areas with abundant re-
sources of grass and forage, relative backward economic development, few non-agricultural 
employment opportunities, high agricultural mechanization level, and policy advantages. 
Specific to the six major breeding areas of grass-feeding livestock, each type of area should 
positively adjust the breeding scheme of grass-feeding livestock, coordinate the relationship 
between the areal breeding and land bearing capacity, improve the utilization efficiency of 
regional resources, and promote the sustainable development of the regional grass-feeding 
livestock breeding, in combination with the factors such as the breeding quantity and dy-
namic change of grass-feeding livestock, natural resource base, environmental background 
conditions, etc.  

The development of grass-feeding livestock breeding is of great significance to guaran-
teeing the supply of animal by-products and mitigating the conflicts of competition for grain 
between people and livestock, and this issue under discussion has attracted much more at-
tention of the concerned government departments and all sectors of society. This paper ini-
tially reveals the fact that the spatiotemporal differentiation characteristics and influencing 
factors of the grass-feeding livestock breeding in China, the optimized study on the breeding 
pattern of grass-feeding livestock from the perspective of geographical division of labor and 
professionalization, environmental effect of grass-feeding livestock breeding, and the calcu-
lation of resource consumption and utilization efficiency in regional grass-feeding livestock 
breeding still requires further deep study.  

References 

Cecchi G , Wint W, Shaw A et al., 2010. Geographic distribution and environmental characterization of livestock 

production systems in Eastern Africa. Agriculture Ecosystems & Environment, 135(1/2): 98–110.  

Eshel G, Shepon A, Makov T et al., 2014. Land, irrigation water, greenhouse gas, and reactive nitrogen burdens of 

meat, eggs, and dairy production in the United States. Proceedings of the National Academy of the Sciences of 

the United States of America, 111(33): 11996–12001.  

Fu Q, Zhu Y Q, Sun J L et al., 2012. Spatial analysis and districting of the livestock and poultry breeding in China. 

Journal of Geographical Sciences, 22(6): 1079–1100. 

He X Q, Liu W Q, 2007. Applied Regression Analysis. 2nd ed. Beijing: China Renmin University Press. (in 

Chinese) 

Kellogg R L, Lander C H, Moffitt D C et al., 2000. Manure nutrients relative to the capacity of cropland and 



512  Journal of Geographical Sciences 

 

pastureland to assimilate nutrients: Spatial and temporal trends for the United States. United States Department 

of Agriculture, Natural Resources Conservation Service and Economic Research Service, 2–16. 

Li W, Li Y X, Yang M et al., 2010. Spatial distribution of livestock and poultry production and land application 

accessibility of animal manure in Beijing. Journal of Natural Resources, 25(5): 746–755. (in Chinese) 

Li W, Li Y X, Zhang F S et al., 2007. The spatial and temporal distribution features of animal production in Three 

Northeast Provinces and impacts of manure nutrients on local environment. Journal of Agro-Environment 

Science, 26(6): 2350–2357.  

Long D P, Li T S, Miao Y Y et al., 2014. The spatial distribution and types of the development level of Chinese 

agricultural modernization. Acta Geographica Sinica, 69(2): 213–226. (in Chinese) 

Neumann K, Elbersen B S, Verburg P H et al., 2009. Modelling the spatial distribution of livestock in Europe. 

Landscape Ecology, 24(9): 1207–1222. 

Orhan H, Ozturk I, Dogan Z et al., 2009. Examining structural distribution of livestock in eastern and 

south-eastern Anatolia of Turkey by multivariate statistics. Journal of Animal and Veterinary Advances, 8(3): 

481–487. 

Qi Y J, YangY, Jin F J, 2013. China’s economic development stage and its spatio-temporal evolution: A 

prefectural-level analysis. Acta Geographica Sinica, 68(4): 517–531. (in Chinese) 

Saizen I, Maekawa A, Yamamura N, 2010. Spatial analysis of time-series changes in livestock distribution by 

detection of local spatial associations in Mongolia. Applied Geography, 30(4): 639–649. 

Sanderson M A, Feldmann C, Schmidt J et al., 2010. Spatial distribution of livestock concentration areas and soil 

nutrients in pastures. Journal of Soil and Water Conservation, 65(3): 180–189.  

Song X Q, Ouyang Z, 2012. Key influencing factors of food security guarantee in China during 1999–2007. Acta 

Geographica Sinica, 67(6): 793–803. (in Chinese) 

Wan B R, 2008. Deepening understanding of food security. Issues in Agricultural Economy, (9): 4–9. (in Chinese)  

Wang G G, Liu Y S, Fang F, 2013. Comprehensive evaluation and spatial distinction of land use efficiency around 

Bohai Rim in China. Progress in Geography, 32(4): 649–656. (in Chinese) 

Wang G G, Liu Y S, Li Y R et al., 2015. Dynamic trends and driving forces of land use intensification of 

cultivated land in China. Journal of Geographical Sciences, 25(1): 45–57. 

Wang J J, Liao Y L, Liu X, 2010. Course of Spatial Data Analysis. Beijing: Science Press. (in Chinese) 

Wang J M, Xiao H B, 2013. The nature and the prospect of China’s grain production for eight years. Issues in 

Agricultural Economy, (2): 22–31. (in Chinese) 

Wang K J, 2004. Technology and Policy of Preventing Livestock and Poultry Pollution. Beijing: Chemical 

Industry Press. (in Chinese) 

Yang C, Wang M L, 2013. Research on regional agglomeration of beef cattle production in China and its reason 

based on spatial effect. Technology Economics, 32(10): 80–87. (in Chinese) 

Ye M Q, Fang Y, 2013. Relationship between export and total factor productivity growth in China: A study based 

on Spatial Durbin Model. Journal of International Trade, (5): 19–31. (in Chinese) 


