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Abstract To explore the distribution of food demand and
the projected trend in future food demand in China, this
paper analyzed the change in current (1998–2012) per-
capita demand for grain, grain-consuming and herbivorous
livestock products, and predicted the food demand in 2020.
The results indicated that in 1998–2012, the national per-
capita consumption of grain ration declined by about
36.66%, and the per-capita consumption of grain-consu-
ming and herbivorous livestock products increased by
about 48% and 34.09%, respectively. The grain-consu-
ming livestock products have become the primary source
of both calories and protein for consumers. The proportion
of herbivorous livestock products in consumer diets has
increased steadily and there has been huge potential in
substituting beef and mutton for pork in this dynamic
market. The demand for food in different regions of China
is highly variable, which is important for planning
grassland agriculture development and ensuring food
safety. The demand for grain, and grain-consuming and
herbivorous livestock products will increase by about
3.3%, 20% and 14% respectively by 2020. Based on the
food demand and trend in the development of grassland
agriculture, the 31 regions in China are divided into three
priority groups for grassland agriculture development.

Keywords arable land equivalent unit (ALEU), food
equivalent unit (FEU), food security, grassland agriculture,
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1 Introduction

Food security was proposed as a priority by the FAO in
1974 when it established the Committee on World Food
Security. The early definition simply stated ‘to ensure that
any person can have enough food for survival and health in

any place’. With the continuous improvement in theory
and practice, the concept of food security has been
expanded to include nutrition security, i.e., any person at
any time should be able to consume a sufficient quantity
and variety of nutritious and safe food to meet their dietary
needs and food preferences[1]. Given that the traditional
staple food in China is grain, over a long period the
concept of food has been largely equivalent to grain,
so food security has been misunderstood as grain
security[2–4]. Since Chinese reform and opening up, the
consumption of food by residents has undergone sig-
nificant change, with consumption switching from largely
plant-based foods (such as grain) to include considerably
more livestock products. This trend in demand for food
diversification has been quite conspicuous[5,6] and over the
last two decades, the per capita consumption of grain has
decreased by about 44%, while the consumption of
livestock products has increased by more than 90%[7].
Therefore in this context, to study grain security alone
would be highly lopsided. In keeping with the international
nutrition security research dynamic, livestock products
have become an important part of research on food
security, and, therefore, the concept of food security in
China should also focus on its wider meaning[8–10].
At present, regular consumption of food in China

includes grain, pork, poultry, eggs, beef and mutton,
which can be divided into the grain ration, grain-
consuming livestock products (pork, poultry and eggs)
and herbivorous livestock products (beef and mutton). The
grain ration and grain-consuming livestock products are
the most important components of grain demand. Due to
the overlap in consumption of grain between people and
grain-consuming livestock, however, the intensified com-
petition between these uses has become more serious as the
demand for grain-consuming livestock products has
increased sharply in recent years. Herbivorous livestock
can make use of forage and other plant materials which
humans cannot directly consume, and does not create a
pressure on grain production. Over the years, research on
the development of grassland agriculture to ensure food
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security has developed two key aspects. One has been to
demonstrate the rationality and necessity for transforming
traditional agriculture practices and developing more
grassland agriculture[11–21]. The second has been to
estimate the grassland agricultural production potential[22].
These two aspects of the research have become increa-
singly mature, although further research on how to develop
grassland agriculture is needed. The question of how to
develop grassland agriculture involves two important
aspects: time and space. Grassland agricultural develop-
ment cannot be accomplished in one step. It takes time to
determine how much area of cultivated grassland and/or
pasture-crop rotation should be added each year. Due to the
heterogeneity among regions in China, the strategy as to
how and to what extent grassland agricultural development
occurs should be different at a provincial level. The
temporal and spatial distribution of grassland agriculture
needs to be confirmed and matched against the actual
provincial demand. The priority for grassland agriculture
development should be determined in each region based on
the actual food demand and the forecast of future food
demand.
Grassland agricultural development is complex and

needs significant system engineering. Therefore the first
purpose of this study was to analyze the changes in per-
capita food demand at different times for the selected major
foods (grain ration, grain-consuming and herbivorous
livestock products) using the food equivalent unit
(FEU)[23] and the arable land equivalent unit (ALEU)[22]

as parameters. The second purpose was to predict the
future demand and quantity of various kinds of foods,
using a time trend prediction method[24] for each region.
The final purpose was to formulate a potential short-term
plan for development of grassland agriculture in China for
2020, based on the food demand at a provincial scale.

2 Materials and methods

2.1 Data acquisition

The data for food consumption per capita among urban and
rural areas in 31 regions (including autonomous regions
and municipalities directly under the central government,
except Hong Kong, Macao and Taiwan) were sourced from
the China Statistical Yearbook, China Rural Statistical
Yearbook and the corresponding provincial statistical
yearbooks from 1998 to 2013. Provincial urban and rural
population data was not included in the China Statistical
Yearbook of 2003, so data from Lin’s research[25] was used
for that year.
Quantities of fed grain for producing a unit of pork,

poultry, eggs, beef or mutton were sourced from the
Outlook of New Century China Agriculture—Agriculture
and Rural Economic Development the First Ten-year Plan
Assembly of The Ministry of Agriculture[26]. The quantity

of forage needed to produce a unit of beef or mutton was
sourced from Ren[27]. The amount of high quality forage
legume replacing fed grain was obtained from Li[11].The
arable land equivalent of provincial pasture-crop rotation
per unit area of cultivated land and conversion of natural
grassland into cultivated grassland was sourced from Ren
and Lin[22].

2.2 Methods

2.2.1 Comparing the per-capita food demand in 1998 and
2012

The overall difference in per-capita food demand was
compared between 1998 and 2012 at national and
provincial scales. The results were plotted with ArcMap
9.0 (Environmental Systems Research Institute, Redlands,
CA, USA). It is important to note that different types of
food contain different quantities of calories and proteins
and provide consumers with different nutrition, thus the
quantities are not directly equivalent. Therefore, the food
equivalent unit (FEU)[23] was used to convert different
types of food consumed to provide equivalence so they
could be compared and summed (Table S1).

2.2.2 Predicting food demand in 2020

Based on the data for per-capita consumption of grain
ration, and grain-consuming and herbivorous livestock
products and the population in the 31 regions from 1998 to
2012, trend prediction models were established to forecast
the per-capita consumption of all foods and the population
in 2020, to calculate total food demand by multiplying the
per-capita consumption of all foods and population for
each region (Table S2).

2.2.3 Designing a new agricultural construction for China

First, the arable land equivalent ‘red line’ was calculated
for each region. The arable land equivalent ‘red line’ was a
safety limit of minimum arable land to meet the food
security. The demand for grain ration in the regions and the
amount of feed grain needed to produce grain-consuming
livestock products were added to obtain the total grain
demand in 2020. The development of grassland agriculture
in the regions to produce grain-consuming and herbivorous
livestock products was estimated and the amount of forage
required for livestock products was determined. The
demand for grain and forage in terms of demand for food
equivalent was converted to arable land equivalents. The
provincial arable land equivalent amounts are called the
‘red line’ because the estimates are the minimum arable
land equivalents needed to just meet consumer demand for
food.
Second, the actual area of arable land required to meet

the grain demand in each region was obtained by
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determining the actual area of arable land, grass-crop
rotation and cultivated grassland in each region by using
the provincial arable land equivalent ‘red line’ divided by
the ALEU in each region. If the existing arable land
resources could not meet the demand for cultivated land,
the deficit needs to be made up with land from other
regions. As forage not only comes from pasture but also
from cultivated grassland or pasture-crop rotation, there-
fore, the comparison of grassland resources and arable land
resources in each region was made, and the following
scenario for a new agricultural construction was estab-
lished. If the grassland area is more than twice the
cultivated area, the ratio of pasture-crop rotation to
cultivated grassland would be 3:7. If the proportion of
grassland area is less than twice the area of arable land, the
ratio of pasture-crop rotation and cultivated grassland
would be 5:5 in that region. If the area of arable land is
larger than grassland, the ratio would be 7:3.

3 Results

3.1 Change in per-capita food demand from 1998 to 2012

Overall, from 1998 to 2012, the national per-capita
consumption of grain ration dropped from 182.2 to
115.4 kg of FEU, a drop of about 36.66%. The per-capita
consumption of grain-consuming livestock products rose
from 174.6 to 258.4 kg of FEU, an increase of about 48%
and the per-capita consumption of herbivorous livestock
products rose from 13.2 to 17.7 kg of FEU, an increase of
34.09%. The total consumption and rate of increase in
products from grain-consuming livestock was greater than
grain ration consumption for most of the period studied
and these have now become the prime source of both
calories and protein for consumers (Fig. 1a). The propor-
tion of herbivorous livestock products in consumer diets
was small from 1998 to 2012, but maintained a high
growth rate from 3.57% to 4.52% (Fig. 1b), indicating the
huge potential for substituting herbivorous livestock
products for grain-consuming livestock products in this
dynamic market.
From 1998 to 2012, per-capita consumption of the

provincial grain ration decreased, especially in the 14
regions of eastern China and in Hainan, where per-capita
consumption of grain ration was lower than the lowest
level of 1998 (115 kg of FEU). The per-capita consump-
tion of grain ration dropped the most in Jiangxi, Hunan
and Hainan, decreasing by 110, 94 and 93 kg of
FEU, respectively. The per-capita consumption of grain
ration in different regions showed a ladder-like distribu-
tion, with a gradual increase from the north-east to the
south-west, and this was clearer in 2012 compared to 1998
(Fig. 2).
The per-capita consumption of grain-consuming live-

stock products in each region in 2012 had increased

compared to 1998, and the consumption of grain-
consuming livestock products in four regions (Sichuan,
Chongqing, Guangdong and Hainan) exceeded the highest
level in 1998 (344 kg of FEU). Per-capita consumption of
grain-consuming livestock products in Hainan grew the
most, an increase of 18 kg of FEU. Guangdong and Anhui
had a significant growth at 12 kg of FEU and in Shanxi and
Shaanxi it remained relatively stable. Overall, the 2012
consumption patterns in per-capita consumption of grain-
consuming livestock products showed greater change in
the south and the north, and less in the central region
compared to 1998 (Fig. 3).
The per-capita consumption of herbivorous livestock

products in Beijing, Tianjin, Henan and Guangdong had
declined slightly by 2012, whereas in other regions it had
increased. Only in Tibet had the per-capita consumption of
herbivorous livestock products exceeded the highest level
in 1998. The largest increase in per-capita consumption of
herbivorous livestock products was in Xinjiang and Tibet,
with an increase of 38 and 36 kg of FEU, respectively.
Consumption was higher per-capita in the west compared
to the central and eastern regions, as expected. In mid-
eastern China it was less in the center, and consumption in
the south and north was higher (Fig. 4). This distribution of
per-capita consumption of herbivorous livestock products
was related to the distribution of grassland resources.

3.2 Projection of the per-capita food consumption

Based on the per-capita food consumption and the
population projections for the regions (Table S3), the
total consumption demand for various foods by 2020 was
forecast. The total food demand in 2020 will be 670 Mt of
FEU, an increase of about15% compared to the total food
demand of 582 Mt of FEU in 2012.

3.2.1 Provincial demand for grain ration in 2020

Overall, the total demand for grain ration in China in 2012
was 163 Mt of FEU and is projected to be 169 Mt of FEU
in 2020, an increase of about 3.3%. The average annual
growth rate is about 0.36% from 2012 to 2020, with
Guangdong remaining the largest province for grain ration
demand. Hebei, Jiangsu, Shandong, Henan, Hunan and
Sichuan will be the provinces with the greatest demand,
which will account for more than 35% of the total grain
ration demand. Beijing, Tianjin, Hainan and Qinghai and
Ningxia will remain as low grain ration demand areas of
only 3.5% of the total national demand. Tibet will still have
the lowest grain ration demand of only 0.5% of the total
national demand (Table 1).

3.2.2 Provincial demand for grain-consuming livestock
product in 2020

The total national demand for grain-consuming livestock
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products in 2012 was 380.8 Mt of FEU and is projected to
be 457 Mt of FEU in 2020 (Table 1; Table S3), a 20%
increase at an average annual growth rate of 2.22% from
2012 to 2020. Guangdong has the largest demand for
grain-consuming livestock products, and the proportion of
demand is still increasing, from 12% in 2012 to 13% in
2020. Jiangsu, Shandong, Henan, Hubei, Hunan and
Sichuan will be the top provinces in terms of the
consumption of grain-consuming livestock products,
although their share of total national demand will decline
from 34% in 2012 to 33% in 2020. Tianjin, Hainan, Gansu,
Qinghai, Ningxia and Xinjiang will have the lowest
demand for grain-consuming livestock products, with
their share of total national demand predicted to increase
from 4.8% in 2012 to 5.0% in 2020. Tibet still has the
lowest predicted demand for grain-consuming livestock
products, accounting for a mere 0.06% of total national
demand (Table 1).

3.2.3 Provincial demand for herbivorous livestock products
in 2020

The national demand for herbivorous livestock products in
2012 was 38.5 and is projected to be 44 Mt of FEU in
2020, an increase of 14% with an average annual growth
rate of 1.15% from 2012 to 2020. Guangdong has the most
demand for herbivorous livestock products, but the
proportion of demand will increase from 9% in 2012 to
10.1% in 2020. Liaoning, Jiangsu, Sichuan, Xinjiang are
the top ranked regions, and their proportion of the total
national demand for herbivorous livestock products will
rise from 22.3% in 2012 to 24.6% in 2020. Hainan
province has be the lowest demand, at only 0.07% of the
national demand and Beijing, Tianjin, Shanxi, Tibet,
Qinghai and Ningxia are the other regions with the lowest
demand, and their proportion of total national demand will
decline from 8.2% in 2012 to 7.1% in 2020 (Table 1).

Fig. 1 Per-capita food consumption from 1998 to 2012
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3.3 Grassland agricultural production allocation

Table 2 lists the ALEU ‘red lines’ of grain and forage that
meet the provincial demand for the three categories of food
in 2020. Taking into consideration the area of arable land
needed in each region, and the proportion of land used for
cultivated grassland and pasture-crop rotation, the actual
area of arable land used for developing grassland
agriculture at provincial scale was calculated. Overall,

the traditional arable land still occupies the main part of the
agricultural land use. The amount of ALEU that grain
production requires is 6.4 times more than for forage
production, which also embodied the first principle of
ensuring grain ration safety. Sichuan requires the largest
arable land area, accounting for 6.2% of the total national
arable land area. Guangdong needs the largest area of the
cultivated land for pasture-crop rotation and cultivated
grassland to meet the demand for meat, while Ningxia

Fig. 2 Comparison of per-capita consumption (kg of FEU) of grain ration in 1998 and 2012

Fig. 3 Comparison of per-capita consumption (kg of FEU) of grain-consuming livestock products in 1998 and 2012
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needs the least. These statistics also reflect the need to
make corresponding adjustment to agricultural land use
allocation to meet future needs (Table 2).

4 Discussion

4.1 Food demand law

From 1998 to 2012, the per-capita consumption of grain
ration generally decreased, the consumption of meat
products rose and the rate of consumption of animal
products was larger than the consumption of grain ration.
The possible reasons for these changes are as follows.
Firstly, with economic development, the dietary consump-
tion patterns of consumers have shifted from cereal and
vegetable to high-protein and high-fat food. Secondly, with
large-scale and intensification of primary and secondary
industry, livestock production costs have decreased
steadily and the cost to consumers of purchasing animal
products has decreased, so the desire and ability to
purchase livestock products has increased since 1998.
However, the change in provincial per-capita consump-

tion of food from 1998 to 2012 depended on the extent of
income change in the different regions. The faster the
incomes change, the faster the change in food consump-
tion. Also, although the degree of food demand changed
in response to income change, the elasticity of demand
was different in the different regions and those with
higher demand elasticity will have had greater changes in
food demand, compared with areas with lower income
elasticity.

4.2 Neighborhood spatial spillover effect on land use

Although the development of grassland agriculture saves a
large proportion of arable land compared with the current
agriculture system, comparison of the existing amount of
arable land in each region with the farmland required for
development of grassland agriculture indicated that there
will still be some regions with insufficient arable land to
satisfy their grain ration needs in 2020. In addition, to
making full use of existing arable land, to ensure that there
is no need to break fresh ground for new arable land,
regions that cannot be self-sufficient in grain ration
demand will need to import from the neighboring regions.
Under the grassland agriculture system, the area of arable
land that grain exporting regions need should also be
included in the area of arable land used for grain ration.
Figure 5 shows the arable land surplus or shortage under a
grassland agriculture development scenario, compared
with the existing resources. Figure 5 also indicates the
regions where self-owned arable land cannot meet grain
ration self-sufficiency (namely Shanghai, Zhejiang, Fujian
and Guangdong, including Beijing and Tianjin). These
areas are not only economically developed, with excellent
living condition and rich dietary requirements for resi-
dents, but also have a high level of farmland urbanization.
Thus, the grain supply capacity in these regions is poor.
This is especially true in Guangdong province, where the
current arable land area is only 2.83 Mhm2 and the arable
land gap will reach 4.13 Mhm2 in 2020, so arable land will
be in extremely short supply. Hunan, Jiangxi, and Guizhou
which are adjacent to these provinces will experience an
arable land shortage and Ningxia, Qinghai and Tibet can

Fig. 4 Comparison of per-capita consumption (kg of FEU) of herbivorous livestock products in 1998 and 2012
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meet their own grain ration demand, but cannot export
grain due to resource constraints. The remaining regions
have different grain output capacities after the process of
grassland agriculture development. Heilongjiang has the
largest arable land surplus and will have more than 10
Mhm2 of surplus arable land in 2020 and be the largest
grain producing area in China. All the situations discussed
above have been confirmed by grain movement from the
north to the south seen in recent years.
For the regions where there is a grain ration production

gap, there are three principles that determine which regions

should fill this gap. First, the principle of the shortest
distance, namely the exporting regions should be close to
the importing regions in order to avoid excessive transport
costs and transport losses; Second, the principle of most to
least abundance, that is, to try to select regions which have
a large area of surplus arable land for to provide grain for
export, in order to take full advantage of those regions with
abundant arable land resources, while relieving undue
pressure on the regions with arable land shortage. Third,
the principle of only acting according to one’s abilities,
that is, before selecting an export regions, it should be

Table 1 Food consumption (Mt of FEU) among regions in 2012 and 2020

Region
Grain ration Grain-consuming livestock product Herbivorous livestock product

2012 2020 2012 2020 2012 2020

Beijing 0.17 0.20 0.56 0.77 0.05 0.06

Tianjin 0.10 0.12 0.42 0.52 0.03 0.04

Hebei 0.89 0.92 1.47 1.66 0.09 0.12

Shanxi 0.46 0.47 0.70 0.79 0.04 0.04

Inner Mongolia 0.29 0.30 0.88 0.83 0.15 0.17

Liaoning 0.49 0.50 1.64 1.78 0.23 0.26

Jilin 0.30 0.31 0.85 0.90 0.11 0.12

Heilongjiang 0.35 0.37 1.17 1.21 0.17 0.19

Shanghai 0.29 0.36 0.69 0.90 0.07 0.07

Jiangsu 0.89 0.88 2.11 2.75 0.20 0.24

Zhejiang 0.54 0.59 1.22 1.69 0.11 0.14

Anhui 0.72 0.71 1.63 1.94 0.13 0.13

Fujian 0.43 0.46 1.08 1.43 0.09 0.11

Jiangxi 0.61 0.63 1.36 1.62 0.11 0.12

Shandong 1.12 1.16 1.91 2.34 0.13 0.14

Henan 1.27 1.25 1.76 2.17 0.11 0.10

Hubei 0.75 0.71 1.81 2.03 0.14 0.15

Hunan 0.86 0.87 2.09 2.31 0.15 0.16

Guangdong 1.26 1.51 4.47 6.14 0.35 0.44

Guangxi 0.55 0.58 1.57 1.88 0.20 0.21

Hainan 0.10 0.10 0.34 0.42 0.03 0.03

Chongqing 0.32 0.30 1.18 1.24 0.15 0.15

Sichuan 1.07 0.99 3.21 3.46 0.32 0.34

Guizhou 0.44 0.42 0.89 1.00 0.07 0.08

Yunnan 0.59 0.62 1.39 1.79 0.11 0.14

Tibet 0.07 0.08 0.02 0.03 0.05 0.06

Shaanxi 0.44 0.45 0.62 0.72 0.08 0.09

Gansu 0.44 0.43 0.46 0.55 0.07 0.07

Qinghai 0.08 0.08 0.11 0.14 0.05 0.05

Ningxia 0.08 0.09 0.10 0.16 0.04 0.05

Xinjiang 0.37 0.41 0.38 0.50 0.24 0.30
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determined if the provincial surplus of arable land can meet
the actual demand from the importing regions. If this is not
easily achieved or is impossible, then importing from
several neighboring regions at the same times will be
necessary in order to meet the demand according to the
neighborhood spatial spillover effect[24]. Based on these
three principles, Beijing and Tianjin may import grain from
Hebei, Shanghai can import from Jiangsu, and Zhejiang
and Fujian can import from Anhui. Given that it has the
largest grain demands, Guangdong needs to import from
Guangxi, Guizhou and Hubei at the same time (Fig. 5), and
the proportion of imports from the three provinces will
depend on the amount of their surplus arable land.

4.3 Development of grassland agriculture production regio-
nal allocation

The distribution of grassland agricultural production varies
greatly among the regions of China. According to the
forage productivity of each region, the 31 regions can be
divided into three priority groups for grassland agriculture
development. The regions with the higher need for forage
production are set as first priority, the regions with some
requirement for forage production are set as the second
priority, and the regions with the lowest need for forage
production are set as the third priority, as shown in Fig. 6.
The first priority group is located in traditional

Table 2 Arable land equivalent ‘red line’ and grassland agriculture product allocation

Region
Arable land equivalent ‘red line’/Mhm2 Grassland agriculture allocation/Mhm2

Grain Forage Arable land Pasture-crop rotation Cultivated grassland

Beijing 0.83 0.14 0.23 0.04 0.07

Tianjin 0.55 0.10 0.44 0.04 0.03

Hebei 2.76 0.29 3.97 0.10 0.09

Shanxi 1.39 0.13 1.92 0.03 0.06

Inner Mongolia 1.11 0.27 1.25 0.04 0.19

Liaoning 2.04 0.46 1.86 0.16 0.14

Jilin 1.14 0.22 0.89 0.08 0.07

Heilongjiang 1.46 0.33 1.46 0.11 0.10

Shanghai 1.23 0.17 0.24 0.04 0.05

Jiangsu 3.33 0.53 3.95 0.13 0.16

Zhejiang 2.14 0.32 1.92 0.06 0.16

Anhui 2.50 0.33 3.11 0.08 0.10

Fujian 1.73 0.26 1.33 0.05 0.13

Jiangxi 2.19 0.29 2.25 0.05 0.15

Shandong 3.63 0.39 3.49 0.14 0.12

Henan 3.69 0.32 3.77 0.11 0.10

Hubei 2.65 0.37 4.07 0.05 0.19

Hunan 3.13 0.41 2.99 0.05 0.21

Guangdong 6.52 1.15 2.83 0.28 0.34

Guangxi 2.22 0.41 3.56 0.05 0.20

Hainan 0.44 0.08 0.56 0.01 0.04

Chongqing 1.41 0.31 1.40 0.05 0.09

Sichuan 3.97 0.71 4.19 0.05 0.49

Guizhou 1.41 0.19 4.03 0.03 0.06

Yunnan 2.26 0.33 3.02 0.04 0.17

Tibet 0.19 0.07 0.20 0.01 0.05

Shaanxi 1.31 0.17 1.83 0.04 0.08

Gansu 1.17 0.13 1.66 0.02 0.09

Qinghai 0.25 0.07 0.40 0.01 0.05

Ningxia 0.28 0.07 0.30 0.01 0.05

Xinjiang 1.17 0.37 1.16 0.06 0.26
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agricultural area of China (Fig. 6). This area has a huge
population, rapid economic development, and high
demand for animal food. Less grass-planting is practiced
so the vast majority of animals are fed grain[28]. Therefore,
the traditional farmland agriculture in these areas has
difficulty in guaranteeing sustainable food security, so a
change in the agricultural structure and the development of
grassland agriculture is needed[29].
The second priority group is close to the farming-

pastoral transitional zone of China (Fig. 6). The economic
development is lower than the first priority group and
higher than the third group. The demand for animal food is
relatively small, and the pressure for feed grain is relatively
small. In some areas, a mixture of cropping and grain- and
grass-fed livestock production has developed to a certain
extent. In some areas, it is necessary to develop grassland
agriculture to improve the agricultural practices[30].
The third priority group is located in the traditional

pastoral areas of China (Fig. 6). Due to the characteristics
of climate, natural resources and folk customs, grassland
animal husbandry occupies an important position in the
current agricultural practices. Coupled with its relatively
low level of economic development, and living standards,
the demand for animal food is less than in the traditional
agricultural and farming-pastoral transitional zones, and
grain demand is lower. However, due to limited resource
abundance in these areas grasslands and pastures which
constitute an important part of grassland agriculture in
these areas, have been seriously degraded. Therefore in
these areas, there is an urgent need to vigorously protect
the ecological environment and to maintain an ecological
balance[31–33].

Grassland is a very important component of agricultural
systems in developed countries around the world. The
USA has a relatively complete grassland agricultural
system, using not only the ecological functions of grass-
land agriculture to produce more animal products with a
smaller ecological environmental cost, but also in recent
years has begun to research annual cereal grasses as
biofuels instead of annual grain[5,16,34]. As a small country
of only 37000 km2, the Netherlands two-thirds of the
arable land is laid down to plant forage and is ranked
second in the world for quantity of agricultural product
exports. Japan has also proposed raising forage for feeding
ruminant livestock as the best use of limited land, and
increased grassland farming areas by 91% in the 1970s[35].
New Zealand, Germany, Canada, Russia, Australia and
other countries, have introduced measures such rational
use of natural grassland, the use of modern fencing, the
development of cultivated grassland, have developed
different grassland agricultural models in accordance
with the characteristic resources in their territories. In
China, the cultivated grassland, which is the index of the
level of grassland modernization, accounts for only 2% of
the total grassland area, compared with 69% in New
Zealand, Australia at 58%, Western Europe and Nordic
countries at more than 50% and the USA at 13%. The gap
is obvious and the full implementation of grassland
agriculture in China has a long way to go.

5 Conclusions

From 1998 to 2012, with economic development, the

Fig. 5 Spatial spillovers in arable land among regions for grassland agriculture development
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dietary consumption patterns of consumers have shifted
from cereal and vegetable to high-protein and high-fat
food. The consumption of the grain-consuming livestock
products had accounted for 66% of the total national food
consumption in 2012 (Fig. 1b). The grain-consuming
livestock products had become the prime source of both
calories and protein for consumers, even the herbivorous
livestock products indicated the huge potential for
substituting herbivorous livestock products for grain-
consuming livestock products in this dynamic market.
The total food demand in 2020 will have an increase of
about 15% compared to the total food demand in 2012.
There is a big gap in the calories and protein consumption
derived from livestock products.
Spatial econometrics analysis showed that the extent of

income change, the elasticity of demand and resource
constraints decided the different of food consumption in
the different regions, which is the important basis for
adjusting the industrial layout and ensuring food safety.
Grassland agriculture, with its main outputs based on
vegetative growth rather than reproductive growth of
plants, is more efficient as well as more ecological than the
arable agriculture only relying on grain production.
Grassland agriculture is bound to gradually replace the
traditional arable agriculture in China, becoming the main
stream of the agriculture of China, and thus to mitigate the
problems in China’s agricultural development.
With the demand by the society and the unprecedented

support from the national government, China’s modern
pratacultural science has a never-had opportunity for its
develop. Comprehensive consideration of grassland, live-
stock and arable based on the spatial and temporal analysis
for food demand, a new short-term plan for development of
grassland agriculture in China was proposed. The tradi-
tional agricultural area of China is set as the first priority
group (Fig. 6) by changing the farming system into
grassland agriculture. The farming-pastoral transitional
zone is designed as the second priority group (Fig. 6) by
developing a mixture system of cropping and grain- and
grass-fed livestock production. The traditional pastoral
areas is considered as the third priority group (Fig. 6),
aiming to vigorously protect the ecological environment
and to maintain an ecological balance as main target.

Supplementary materials The online version of this article at http://dx.
doi.org/10.15302/J-FASE-2017140 contains supplementary materials (Tables
S1–S3 ).
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