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Abstract

To more accurately answer the questions “who will feed China?” and “wheth-
er Chinese people can feed themselves?”, we proposed a concept of agricultur-
al support capacity, defined as the population that can be fed by energy, pro-
tein and fat from food, respectively, according to nutritional intake standards.
In this study, we established models to measure this, based on analysis of
China’s agricultural support capacity and how this changes under self-sufficiency
and open conditions, in addition to the degrees of external dependence. Our
results show that, since 2007, even without foreign resources, the energy, pro-
tein, superior protein and fat obtained from domestic agriculture had been
able to feed the Chinese. However, the use of foreign resources increased and
strengthened China’s agricultural support capacity, in addition to improving
food diversity, optimizing nutrition, assisting in the regulation of food surplus
and deficiency, and providing feed for the animal breeding industry. For the
past decade, China’s degree of external dependence on energy from cereals
has been relatively low, however, the degrees external dependence on superior
protein and fat has increased steadily at a certain rate and have been over the
national food security warning level. Therefore, China still has great demand
for agricultural products from other regions of the world.

Keywords

Agricultural Products, Support Capacity, Energy, Nutrients, Degree of
External Dependence

1. Introduction

The basic function of agriculture is to feed people. Since Lester R. Brown [1] first
asked “who will feed China?”, whether or not China’s agriculture can feed the

Chinese people has become a highly discussed topic. Research on this topic has

DOI: 10.4236/fns.2018.91001 Jan. 17,2018 1 Food and Nutrition Sciences


http://www.scirp.org/journal/fns
https://doi.org/10.4236/fns.2018.91001
http://www.scirp.org
http://www.scirp.org
https://doi.org/10.4236/fns.2018.91001
http://creativecommons.org/licenses/by/4.0/

Y. Zhang et al.

mainly focused on China’s food security. Since then, the government of China
has released white paper titled on “food issue in China” [2] and “national food
security and long-term planning framework (2008-2020)” [3]. Although the spa-
tial and temporal scales are different, academic research in this field has mainly
focused on potential crop productivity and the impact of loss of arable land on
China’s food security, from the perspective of agriculture production [4] [5] [6]
[7], or on China’s food demand from the perspective of consumption, trade and
nutrition [8]-[15]. Chen and Zhou [16] established a safe baseline of cultivated
land based on the comprehensive production capacity of agricultural resources.
Rask and Rask [17] [18] analyzed changes in food production and consumption
along with economic development, using resource-based cereal-equivalent
measures. Moreover, many studies have discussed the self-sufficiency rate of a
single agricultural product, such as wheat, rich, oilseed crops, etc. [19] [20] [21],
but have not considered a substitution effect among different kinds of agricul-
tural products. Few studies have reported on China’s degree of external depen-
dence on agricultural support capacity, which have been comprehensively
measured as the population that can be fed by energy and nutrients from various
agricultural products.

People obtain energy, protein, fat and other nutrients from food, which most
agricultural products can provide. Therefore, we believe that the discussion of
food safety should not be limited to the supply of cereals, but also should cover
the supply of a variety of agricultural products. In addition, to accurately judge
whether the supply of agricultural products is sufficient, it is important to com-
bine the food supply with the consumption of food by the population. Therefore,
agricultural production should be measured by the population whose energy and
nutrients requirements can be met from both vegetable and animal products,
produced within a certain period. Furthermore, in the era of economic globali-
zation, it is no longer realistic to reject the international trade of agricultural
products and feed a population depended only on domestic agricultural produc-
tion. Therefore, to determine the degree of China’s dependence on foreign agri-
cultural resources, China’s agricultural support capacity should be combined
with worldwide resources. In addition, to more accurately understand China’s
national conditions and to better answer the question put forward by Brown in
1994, it is necessary to use the population that can be fed by China’s domestic
agricultural resources as a reference.

In this article, we discuss China’s agricultural support capacity combined with
the aforementioned points. Our research objectives were to: 1) propose a con-
cept of agricultural support capacity, and establish a set of models to measure
this; 2) analyze China’s agricultural support capacity and how this changes un-
der self-sufficiency and open conditions; and 3) measure the degrees of external
dependence of China’s agricultural support capacity. We hope to accurately an-
swer “who will feed China?” and to evaluate “whether or not the Chinese people

can feed themselves?”
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2. Research Ideas and Methodology

Energy, protein and fat in food are essential nutrition elements for human phy-
siology, and can satisfy the bodies energy demands, assist in maintaining normal
growth and development, and are important for the repair of damaged tissue.
Thus, nutrients from food are essential for healthy and survival, of which agri-
cultural products are major food sources. Each type of agricultural product con-
tains the energy, protein and fat required by the human body, however, the
quantity and quality differs between products.

Whether the food supply is sufficiently depends not only on agricultural pro-
duction, but also on population consumed food. Therefore, we propose that food
supply should be combined with population consumed food, using the agricul-
tural support capacity to measure the capacity of agriculture to meet the nation’s
demand, which is more compatible with agricultural requirements, particularly

as the basic function of agriculture is to feed people.

2.1. Supply of Agricultural Products and Food in a Country

Under self-sufficiency conditions, assuming neither import nor export, ie. not
using foreign resources nor exporting own resources, whereby the production of
agricultural products is entirely dependent on a country’s own resources, the
supply of agricultural products (Mpopesc) in @ country depends only on its do-

mestic agricultural yield (Mp,oqucion) and stock changes (Mg,,.), namely:

M Domestic — M Production M Stock (1)

Under open conditions, considering both import and export, ie. using foreign
resources and exporting own resources; the amount of agricultural product

supply (Mgy,,) in a country depends not only on A, but also on the

omestic?

amount of import (M) and export (M, ,,.) of agricultural products, namely:
M M +M Import — M Export (2)

Supply = Domestic

The amount of agricultural products that are directly used as food is not
simply equal to the supply of agricultural products (Mpomesic OF Myyppy) in @
country. Agricultural products can not only be directly used as food, but also in-
directly used for further agricultural production, such as providing feed for the
animal breeding industry (M;..q), seeds for reproduction (M.4) and raw mate-

rials for food and industrial processing (A, ). It is important to note that a

rocessing
proportion of processed food will return to the food chain of humans in the
form of food, and therefore, this can also be included in the food supply. In ad-

dition, waste and loss (M) of agricultural products occurs during storage,

aste
transportation and processing, as well as products for other uses (My,,). There-
fore, the amount of agricultural products finally used as food (A,.4) should ex-
clude sources of indirect use (e.g. feed and seed), sources used in the processing
of raw materials and any waste and loss, and should consider other uses from the
supply of agricultural products (Mpemeqic OF Msypy)- Therefore, the amount of

food is:
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M Food — M Domestic M Feed — M Seed M Processing M Waste M Other

or

M Food — M M M M M M Other (3)

Supply — "V'Feed — "V'seed ~ 'V'Processing — 'V'waste

2.2. Amount of Energy, Protein and Fat from Food

The amount of energy and nutrients from various foods are complementary, and
can be substituted mutually, therefore, the total energy and total nutrients from
food is the sum of the energy and nutrients derived from each specific food and
processed goods.

In order to understand whether agriculture production in a particular country
can support the energy and nutritional requirements of its population, the
amount of energy and nutrients from food that could be consumed by popula-
tion can be estimated:

A ()= A (1) +Ax (1) = 22 xM, )
A (t)=A, (1) +A,(1)=D b xM, (5)
A ()= Ay (1) + AL () =D 6 xM; (6)

where A,(#), A,(#) and A[?) are the total amounts of energy, protein and fat, re-
spectively, from various foods in year ¢ under self-sufficient or open conditions;
A 0, A, (8 and Ag(f) are the amounts of energy, protein and fat, respectively,
from vegetable foods; A.,(#), A,(?) and A,(?) are the amounts of energy, protein
and fat, respectively, from animal foods. AZ; is the amount of the ith food type; a,
b, and ¢, are the contents of energy, protein and fat in per unit of the #th food
type, respectively, the values of which are derived from the Food and Agriculture
Organization of the United Nations (FAO) [22]; /= 1 - 10 indicates vegetable
foods, including cereals, starch roots, sugar and sweeteners, pulses, tree nuts, oil
crops and vegetable oil, vegetables, fruits, stimulants and spices, and alcoholic
beverages, respectively; and 7= 11 - 15 indicates animal foods, including meats,
offal and animal fats, eggs, milk and aquatic products, respectively.

2.3. Agricultural Support Capacity Measured by the Amount of
Energy from Food

The energy support capacity P(#) is measured by the population that can be fed
by the energy derived from food. And PJ?) is defined as the population that can
be fed by total energy from food in year ¢ according to nutritional intake stan-

dards, and is calculated by Equation (7):
P.(t)=A(t)/s. )

where S, is the annual energy intake per capita, according to nutritional intake
standards. According to China’s food and nutrition development outline for
2014 - 2020 [23], the daily energy intake per capita is estimated to be 2200 - 2300
kcal by 2020, ie. S, = 8.03 x 10° - 8.40 x 10° kcal/capita/year.

Because the nutrients in animal foods are quite different to those in vegetable
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foods, the substitution effects are not the same. The estimation of agricultural
support capacity of total energy and nutrients from various foods and their rea-
sonable collocation, need to be further studied. In order to ensure sufficient nu-
trient intake, GOSCPRC [23] proposed a reasonable energy collocation for daily
energy intake, where the proportion of energy from cereals is no less than 50%
and energy from fat is no greater than 30% in the daily energy intake. According
to this standard, the support capacity of energy from cereals should be discussed

separately, namely:
P (1) = Ac (t)/Se (8)

where P,(?) is the population that can be fed by energy derived from cereals in
year & A.[(9 is the amount of energy from cereals; and S,. is the annual per capi-
ta intake of energy from cereals, according to nutritional intake standards.

P(9 is the actual population in year £ and when A(¢) is compared with P.(#
and P, (1), the following relationships can be observed:

Pf) > P(f) and Af) > P,[¢) indicates that both the total energy from food and
the energy from cereals are insufficient, and consequently, the living standards
of all or part of population are reduced.

P(f) < P(1) but A9 > P,(9 indicates that the total energy from food is suffi-
cient, but energy from cereals is insufficient.

P(f) > P(f) but At) < P.(2) indicates that the total energy from food is insuffi-
cient, but energy from cereals is sufficient.

Pf) < P(t) and A9 < P,(f) indicates that both total energy from food and
energy from cereals are sufficient, and consequently, living standards are im-

proved.

2.4. Agricultural Support Capacity Measured by the Amount of
Protein and Fat from Food

Dietary nutrients can be divided into two levels, the nutrient intake level and the
quality of nutrients. The former is measured by the amount of energy, protein
and fat from food intake and the latter is measured by the structure of nutrient
supply. For instance, compared with protein derived from other vegetable foods,
protein from animal sources and soybeans, among others, are more suitable for
human consumption as they are rich in essential amino acids. Conversely, com-
pared with saturated fatty acids from animal food sources, associated with in-
creased blood cholesterol levels and adverse health effects, unsaturated fatty ac-
ids from vegetable foods are more beneficial for human health. Therefore, the
agricultural support capacity should still be measured by the protein and fat ob-
tained from food, including the protein support capacity P,(#) and fat support
capacity P{?). P,(f) and P(?) are defined as the population that can be fed by the
total protein and total fat, respectively, from the food produced in year £ ac-

cording to nutritional intake standards, and is calculated according to Equations
(9) and (10):

Py (t)zAp (t)/sp )
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P (t)= A (t)/sf (10)

where S, and S, are annual per capita protein and fat intake, respectively, ac-
cording to nutritional intake standards.

The nutrient intake recommendations proposed by GOSCPRC [23] are in-
tended to ensure sufficient energy and protein intake, to control fat intake, and
to maintain intake of the required amounts of vitamins and minerals. The spe-
cific goal for per capita daily protein intake is 78 g, ie. S, = 2.85 x 10°
g/capita/year, in which superior protein sources will account for greater than
45% of protein intake by 2020. Moreover, if the proportion of energy from fat is
not more than 30% of the daily per capita energy intake of 2200 - 2300 kcal, con-
sidering that fat produces 9 kcal energy per gram, daily per capita fat intake
should not exceed 73 - 77 g, i.e. S;= 2.68 x 10* - 2.80 x 10* g/capital/year.

As the quality of protein from vegetable foods and animal foods differ, the
nutrient goals established by GOSCPRC [23] also provides specific requirements
for protein and superior protein, as it is necessary to collocate protein from food
in order to ensure a sufficient protein intake. Therefore, based on the protein
support capacity, the superior protein support capacity P,(# should also be in-
vestigated, measured by the amount of superior protein in year ¢ calculated by
Equation (11):

P.(t)=A, (t)/Sps (11)

where A,(?) is the amount of superior protein, including protein from animal
foods, and some vegetable foods such as soybean, sesame and sunflower seeds;
and S, is the annual superior protein intake per capita, according to nutritional

intake standards.

2.5. Agricultural Support Capacity to Meet Nutritional
Requirements

To meet all nutritional requirements in year ¢ the energy support capacity P,,(?)
can be determined by the minimum P/# and P,(#, where P,(f) = min[P/5),
P,(9], and the protein support capacity 2,[(?) is determined by the minimum
P[t) and P,(2), where P,(#) = min[P?), P,(f)]. Therefore, in order to meet all
requirements, the agricultural support capacity P9 is determined by the mini-
mum values for P.(9), P, () and P{?), where P(f) = min[P,(2), P, (8, PD)].

When the actual population A¢) is compared with P,(9), P,(?) and P(?#) in
year ¢, the following relationships can be observed:

Ay > PO, A > P,() and A9 > P(?) indicates that none of the energy,
protein and fat from the food produced is sufficient to meet the demand of na-
tion according to nutritional intake standards. Consequently, the living stan-
dards of all or part of the population is reduced, where at least AP(¢) = A§ —
P.(0), AP(D) = PH) — P,(0) and AP[?) = A(?) — Pf?) of the population will be de-
ficient in energy, protein and fat, respectively.

A1) < PO, KD > P,(H) and ) > P(?) indicates that the energy from the
food produced is sufficient for survival of the population, but that protein and
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fat do not completely meet the requirements. Therefore, all or part of the popu-
lation are unable to obtain sufficient nutritional intake, and at least AP,(#) and
AP(1?) of the population will be deficient in protein and fat.

Ay < PO, A < P{f) and ¥ > P,() indicates that the energy and fat
from the food produced is sufficient to meet the demand of the nation, but the
AP (f) population will be deficient protein.

A1) < P.(), AP < P,(t) and A¢) < P(?) indicates that the energy, protein and
fat from the food produced exceeds the demand of nation, according to nutri-
tional intake standards, with a surplus of food available, thereby improving liv-

ing standards.

2.6. Degree of External Dependence on Agricultural Support
Capacity

In this study, the self-support rate of agricultural support capacity A(#) is defined
as the ratio of the population P that can be fed by China’s domestic agricul-
tural resources, Ze. the agricultural support capacity under self-sufficiency con-
ditions, to the population 2,(#) that can be fed by worldwide agricultural re-
sources, Ie. the agricultural support capacity under open conditions, in a partic-
ular country in year £ and therefore, ﬂ(t) =100%x P, (t)/ P, (t) If A(H > 100%,
the agricultural products produced from a country’s own resources is sufficient
to meet the demand of the nation, and any surplus agricultural products can be
exported to deal with oversupply. If A7) < 100%, the agricultural products pro-
duced from a country’s own resources cannot meet the demand of the nation,
and consequently, agricultural products need to be imported from other coun-
tries to ameliorate the insufficient agricultural support capacity.

Similarly, we defined the degree of external dependence IX(# of the agricul-
tural support capacity of a country, under open conditions, as the ratio of the
population P, (?) fed by imported foods, which is part of imported agricultural
products used as food, to that P (7) fed by foods under open conditions, ie. the
agricultural support capacity under open conditions, in year ¢ and therefore,
D(t)=100%>< P, (t)/P0 (t) D(# can be used as an important index to deter-
mine the richness of agricultural resources of a particular country, and its extent
of agricultural openness. Chen and Zhou [16] stated that cereal self-sufficiency
rates of lower than 90% would endanger national food security in China. Simi-
larly, we agree that I(#) < 10% or f(f) = 90% indicates stronger agricultural
support capacity of a country.

D(?) can be further subdivided into the degree of external dependence of the
energy support capacity D,(#), protein support capacity D,(%), superior protein
support capacity D,(?) and fat support capacity D), which can be calculated by
Equation (12), respectively:

D, (t)=100%x P, (t)/P.(t); D, (t)=100%xP,, (t)/P,(t);
D,, (t)=100%x P, (t)/P, (t); D (t)=100%x P, (t)/P; (t) (12)

where P, (0), P, (0, P,,(f) and P,[#) are the population that can be fed by

inp
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energy, protein, superior protein and fat, respectively, from imported foods ac-
cording to nutritional intake standards in year & and P(?), P,(8), P,(?) and P(?)
are the population that can be fed by energy, protein, superior protein and fat,
respectively, from the available domestic supply of agricultural products under

open conditions in year £

3. Results

The data regarding population of China and the annual amount of agricultural
products, import and export, stock change, food, feed, seed, waste etc. was ex-
tracted from the FAO Statistics Database [24]. The content of specific nutritional
components for major food types were also extracted from FAO document on
Food balance sheets: A handbook [22]. The standards of nutritional intake were
collected from the China Food and Nutrition Development Outline (2014 -
2020) [23].

3.1. Amount of Nutrients from Food and China’s Agricultural
Support Capacity under Self-Sufficient Conditions

The amount of energy, protein and fat from food domestically produced in Chi-
na, under self-sufficiency conditions, over several representative years were cal-
culated according to Equations (1)-(6), and the results are presented in Table 1.
In the diet, animal-derived foods such as meats, eggs, milk and aquatic prod-
ucts are excellent sources of nutrients and energy, and these can be substituted
for each other without primary and secondary distinctions. However, vegeta-
ble-derived foods such as cereals, starchy roots, vegetable oils, sugar, vegetables
and fruits have different functions. Among vegetable foods, cereals are a major
and necessary source of energy for the population, which cannot be completely
replaced by vegetables, fruits, vegetable oils or sugar. Therefore, higher energy
requirement comes from cereals. Based on a daily per capita energy intake of
2300 kcal, in which the energy from cereals is no less than 50%, energy from fat
is no greater than 30% and protein intake is 78 g, of which superior protein con-
stitutes above 45% [23]. The population fed by the energy, protein, superior
protein and fat from food and energy from cereals, domestically produced in
China over several representative years, were calculated by Equations (7)-(11),

and the results are shown in Figure 1(a).

Table 1. Amount of energy, protein and fat from food produced in China under
self-sufficiency conditions.

Year 1961 1970 1980 1990 2000 2010
Energy (x10' kcal) 0.33 0.54 0.73 1.01 1.28 1.44
Energy from cereals (x10" kcal) 0.18 0.34 0.49 0.65 0.71 0.70
Protein (x10" kg) 0.92 1.33 1.81 2.65 3.80 4.51
Superior protein (x10' kg) 0.35 0.41 0.50 0.82 1.47 1.97
Fat (x10'° kg) 035  0.69 1.14 199 324 410
DOI: 10.4236/fns.2018.91001 8 Food and Nutrition Sciences
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Agricultural support capacity (108 persons)

1961 1970 1980 1990 2000 2010

Actual population Year (A.D)  ™Energy from food

® Energy from Cereals H Protein from food
u Superior protein from food = Fat from food

18
16
14
12
10

8
6
4
2
0

(a)

1961 1970 1980 1990 2000 2010

Actual population Year (A.D) g4 Energy from food
® Energy from Cereals B Protein from food
® Superior protein from food m Fat from food

(®)

Figure 1. China’s agricultural support capacity. (a) Under self-sufficiency conditions; (b)
Under open conditions.

3.2. Amount of Nutrients Derived from Imported Foods and
Exported Agricultural Products and Their Support Capacity

The amount of energy, protein, superior protein and fat from imported foods
and exported agricultural products in China over several representative years,
were calculated by Equations (1)-(6), and the results are presented in Table 2.
The population fed by the energy, protein, superior protein and fat from im-
ported foods and exported agricultural products were calculated by Equations

(7)-(11), and the results are shown in Figure 2.
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Figure 2. Support capacity of imported foods and exported agricultural products in Chi-
na. (a) Import; (b) Export.

Table 2. Amount of energy, protein and fat from imported foods and exported
agricultural products in China.

Year 1961 1970 1980 1990 2000 2010
Energy from imported foods (x10" kcal) 1.76 1.56 3.86 6.21 3.63 7.62
Energy from imported cereals (x10" kcal) 130 134 3.11 3.60 0.36 0.50
Protein from imported foods (x10° kg) 385 4.30 10.89 12.15 12.54 24.88
Superior protein from imported foods (x10® kg) 0.00 0.00 1.02 0.68 11.29 22.64
Fat from imported foods (x10° kg) 1.01 0.95 5.28 25.37 24.38 52.86
Energy from exported agricultural products (x10® kcal) 0.25 0.37 0.55 1.92 1.75 3.07
Energy from exported cereals (x10" kcal) 0.02 0.00 0.01 0.10 0.04 0.06
Protein from exported agricultural products (x10° kg) 1.38 2.09 165 819 845 1515
Superior protein from exported agricultural products
(x10° ke) 1.30 193 134 7.12 727 1229
Fat from exported agricultural products (x10° kg) 0.82 178 2.10 834 7.86 9.99
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3.3. Amount of Nutrients from Food and China’s Agricultural
Support Capacity under Open Conditions

The amount of energy, protein, superior protein and fat from foods under open
conditions over several representative years were calculated by Equations
(1)-(6), and the results are presented in Table 3. The population that can be fed
with this amount of energy, protein, superior protein and fat was calculated by

Equations (7)-(11), and the results are shown in Figure 1(b).

3.4. Degree of External Dependence of China’s Agricultural
Support Capacity

The degree of external dependence of the energy, protein and fat support capac-
ity between 1961 and 2013 were calculated by Equation (12), and the results are

shown in Figure 3.

4. Discussion

4.1. Changes in the Agricultural Support Capacity of China under
Self-Sufficient Conditions

In 1961, due to overstress crop-plantation at the expense of the animal breeding in-
dustry, there was insufficient energy available from food and cereals domestically
produced in China, resulting in 2.70 x 10® and 2.21 x 10° people that were una-
ble to obtain sufficient energy from food and cereals, respectively, as shown in

14

5 » C— Energy

L

] s Energy from Cereals {‘\ /\

—Qéglo Protein

Ze’.; S . —a— Superior protein l \ l L

=g —— Fat W

3 &

Eo6 |

Q

= 5

/

— &4 -

S g

o @

9]

B 2 I

a

0 e ]
— N VI~ NV~ NI NV~ — N WV —on
O O O O O >0 0 0 00NN © O OO — —
TR ARSI IIITISNTSINSSSS SO O
—_ e e e e e e e e e e e e e e = = = (N NN NN
Year (A.D.)

Figure 3. Degree of external dependence of China’s agricultural support capacity.

Table 3. Amount of energy, protein and fat from foods produced in China under open

conditions.
Year 1961 1970 1980 1990 2000 2010
Energy (x10% kcal) 0.34 0.55 0.77 1.06 1.31 1.50
Energy from cereals (x10" kcal) 0.20 0.36 0.52 0.69 0.71 0.71
Protein (x10% kg) 0.95 1.36 1.90 2.73 3.87 4.66
Superior protein (x10" kg) 0.34 0.40 0.50 0.79 1.53 2.12
Fat (x10%° kg) 0.35 0.69 1.14 1.99 3.24 4.10
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Figure 1(a). The lack of energy from cereals observed in 1961 continued until
the 1970s. In 1978, the introduction of agricultural reform and implementation
of opening to the outside world and the household contract responsibility sys-
tem for farmland improved the production enthusiasm and independence of
farmers. Since then, China’s agricultural output has greatly improved, and the
total energy provided by domestically produced foods and cereals has conti-
nually increased. After 1990, the total energy from foods and cereals has been
sufficient to meet the nation’s demand.

However, between 1961 and 1997, under self-sufficient conditions, the
amount of protein from food, particularly the superior protein, was unable to
meet the nutritional requirements of the actual population. In 1961, the popula-
tion that lacked protein and superior protein was 3.38 x 10°® and 3.91 x 10°
people, respectively, and in 1977, the population lacked superior protein in-
creased to 6.13 x 10° people, accounting for 64.93% of the total population. Be-
tween 1977 and 1997, the amount of protein and superior protein provided by
domestic production has increased greatly, and the gap between the demand for
protein and its supply from domestic production had decreased, however, de-
mand for nutrients could not be met completely during this time due to popula-
tion growth and an improvement in living standards. Therefore, in 1997, 0.10 x
10° and 1.91 x 10® people still lacked sufficient dietary protein and superior pro-
tein, respectively. Between 1998 and 2013, the area of pulse sown decreased at an
average annual rate of 1.56%, and consequently, pulse output decreased at an
average annual rate of 1.57% from 1.52 x 10" kg in 1998 to only 1.20 x 10" kg in
2013 [25]. This led to an insufficient supply of superior protein from vegetable
foods. In contrast, animal foods outputs, including meats, eggs and milk grew
rapidly over the same period, with average annual rates of 3.73%, 3.47% and
10.31%, respectively. Since 2007, superior protein provided by domestic produc-
tion has not only been able to feed the population, but has also been produced in
surplus, as superior protein produced domestically could feed 1.79 x 10° more
people than the actual population in 2010.

Similar to protein, under self-sufficiency conditions, from 1961 to 2006, the
amount of fat from food was also unable to meet the nutritional requirements of
the population under self-sufficiency conditions. Furthermore, the gap between
the demand for fat and its supply from domestic production continually in-
creased between 1966 and 1977, however, the gap began to narrow after 1978. In
1961, 1970, 1980, 1990 and 2000 there were 5.37 x 10% 5.66 x 10% 5.77 x 10°%,
4.54 x 10% and 1.22 x 10° people, respectively, lacking in an adequate amount fat
from food, and therefore, China had to rely on imported foods to meet these
demands. After 2007, the amount of fat from domestically produced food was
able to feed the population, and in 2010 this was in oversupply, and could feed
1.04 x 10° more people than the actual population.

In summary, energy from cereals, total energy, and the amount of protein,
superior protein and fat provided by domestic production in China has been
able to feed the population since 1970, 1990, 1998, 2007 and 2007, respectively.
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4.2. Changes in Support Capacity of Imported Food and
Exported Agricultural Products

In China, a great deal of cereals was imported before 1990, which increased the
energy supply. After 1990, a great deal of foods being rich in protein and fat,
such as soybeans and vegetable oils, was imported, which improved the nutrient
supply.

Prior to 1990, most of the energy provided by imported food came from ce-
reals. Therefore, imported cereals made a greater contribution to the improve-
ment of the China’s agricultural support capacity at this time, which quickly fell
after 1990. Between 1961 and 2013, although the proportion of imported cereals
to available domestic cereals was low, the imported amount remained high. For
example, the average annual amount of imported cereals was 7.8 x 10° kg, in
which the amount of imported cereals used as food was 4.29 x 10°, 4.23 x 10°,
9.83 x 10% 11.43 x 10°, 1.14 x 10° and 1.58 x 10’ kg in 1961, 1970, 1980, 1990,
2000 and 2010, respectively. Therefore, the energy provided by imported cereals
was high during this period (Table 2). Between 1961 and 1990, the average an-
nual energy from imported cereals was 2.07 x 10" kcal, and the proportion of
energy from cereals to overall energy from imported food was 76.37%, which
decreased continually after 1990. From 1991 to 2000, the average annual energy
from imported cereals was 1.93 x 10" kcal and the proportion of energy from
cereal to overall energy from imported food dropped to 39.09%. Both the
amount of imported cereals and the proportion of energy decreased after 2000,
with an average annual proportion of only 9.98% from 2001 to 2010.

Between 1961 and 1996, an average annual proportion of energy from im-
ported soybeans was only 0.75% of all imported food. China has rapidly in-
creased its net import of soybeans since 1996, and the amount of imported soy-
beans and the proportion of energy from those increased rapidly from 1997. For
instance, the amount of imported soybeans used as food in 1997 was 1.11 x 10°
kg, which provided 0.39 x 10" kcal energy and accounted for 10.67% of total
energy from imported food, whereas in 2000 and 2010 the amount had increased
to 2.07 x 10° and 4.54 x 10° kg, respectively, providing 0.72 x 10" and 1.58 x 10"
kcal energy and accounting for 19.92 and 20.97%, respectively. Similarly, in 1985
the proportion of energy from imported vegetable oils was only 4.23%, but the
amount of imported vegetable oils and the proportion of energy from those in-
creased rapidly after 1986, with 1.43 x 10° and 3.89 x 10° kg imported in 2000
and 2010, respectively, providing 1.25 x 10" and 3.43 x 10" kcal energy and ac-
counting for 34.51 and 45.07%, respectively.

Before 1995, the amount of protein provided by imported foods mainly came
from cereals. In 1961, the proportion of protein from imported cereals reached
99.26%, with an average annual proportion of 93.27% observed between 1961
and 1995. After 1995, the proportion rapidly fell to an average annual propor-
tion of only 15.33% observed between 1996 and 2013. Since 1996, soybeans and
aquatic products have become the most highly imported protein sources, with

the proportion of protein increasing from 12.07% and 8.91%, respectively, in
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1996, to 59.81% and 13.40%, respectively, in 2010.

Similar to protein, the major source of fat from imported foods before 1984
was cereals, followed by vegetable oils and animal fats, with an average annual
proportion of fat supplied by these imported foods being 49.65, 27.23 and
17.65%, respectively, observed between 1961 and 1984. Since 1985, vegetable oils
and soybeans have become the major sources of fat in imported foods. The pro-
portion of fat from imported vegetable oils has grown steadily, with an average
annual proportion of 74.49% observed between 1985 and 2013. In 2010, the
amount of dietary fat provided by imported cereals, soybeans and vegetable oils
accounted for 0.43%, 10.10% and 73.95% of fat from imported food, respectively.

Although the proportion of the population fed by energy from imported ce-
reals has decreased, the population fed by energy, protein and fat from other
imported foods has increased (Figure 2(a)). In 1961, the population fed by the
energy, protein and fat from imported foods was 2.10 x 107, 1.35 x 107 and 0.36
x 107 people, respectively, which had increased to 9.07 x 107, 8.74 x 10’ and
18.88 x 107 people, respectively, in 2010. After 2000, superior protein from im-
ported foods has greatly increased China’s superior protein support capacity,
which could meet the requirements of 8.81 x 107 and 17.67 x 10 people in 2000
and 2010, respectively.

With the exception of few foods, such as beans, vegetables, fruits and eggs, the
amount of exported agricultural products was much lower than the imported
amount, and therefore, the exported energy, protein and fat from agricultural
products was low (Table 2). However, the exported amount of energy and pro-
tein from agricultural products increased. This led to an increase in the popula-
tion able to be fed by the exported agricultural products (Figure 2(b)), with the
population fed by the energy, protein, superior protein and fat from exported
agricultural products increasing from 0.30 x 107, 0.49 x 107, 1.01 x 10’ and 0.29
x 107 people, respectively, in 1961, to 3.65 x 107, 5.32 x 107, 9.60 x 107 and 3.57 x
107 people, respectively, in 2010.

Prior to 1983, when import was compared with export, the main imported
agricultural products were vegetable products, while the main export products
were animal products. The ratio of energy from imported cereals to exported
cereals fell sharply, from 65.70 in 1961 to 34.66 in 1990, with a ratio of only 8.75
in 2010. Conversely, superior protein and fat from imported foods grew more
rapidly than exported agricultural products, with the ratios of imported to ex-
ported superior protein and fat increasing from 0.003 and 1.22 in 1961, 0.10 and
3.04 in 1990, to 1.84 and 5.29, respectively in 2010.

Although there was a net export of protein in 1985-1986, 1994, 1999 and 2002,
superior protein from 1961 to 1999, and fat in 1964-1972, 1974-1976 and
1983-1986, the net import of energy, protein, superior protein and fat conti-
nually increased during the other years. The exported animal products from
China in 1990 was rich in superior protein, in which the export of bovine meat
was 2.16 x 10° kg, pig meat was 2.36 x 10° kg, poultry meat was 4.6 x 107 kg,
other meats were 3.8 x 107 kg, eggs were 4.1 x 107 kg and the export of pelagic
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fish and marine fish, crustaceans and molluscs was 5.32 x 10® kg [24]. The net
superior protein from exported vegetable and animal products in the same year
was 5.29 x 10® kg, which was sufficient to meet the superior protein requirement
of 4.1 x 107 people. By 2000, the net imported superior protein was 4.02 x 10° kg.
Furthermore, a large amount of peas, soybeans and sesame seeds were imported
in 2010, in which the soybeans import was 3.63 times of domestic production.
The net import of peas, soybeans and sesame seeds was 2.18 x 10°, 4.32 x 10’
and 1.41 x 10° kg, respectively, providing the total amount of superior protein of
1.49 x 10° kg, which could meet the demands of 1.16 x 10° people. The net im-
port of agricultural products could meet the energy, protein, superior protein
and fat requirements of 0.54 x 10% 0.34 x 10% 0.81 x 10® and 1.53 x 10® people,

respectively.

4.3. Changes in Agricultural Support Capacity of China under
Open Conditions

As shown in Figure 1(b), energy from cereals, as well as total energy, protein,
superior protein and fat from food, increased in most years under open condi-
tions.

In 1961 there was a serious shortage in agricultural product supply in China,
with much lower import and export of agricultural products, and consequently,
demand for food exceeded supply. The amount of food was unable to meet the
energy and nutrients requirement of the Chinese, with 1.91 x 10°% 2.51 x 10°,
3.28 x 10% 3.96 x 10° and 5.35 x 10° people lacking of the energy from cereals,
total energy, protein, superior protein and fat, respectively. At that time, due to
the lack of energy and nutrients, malnutrition was the major the national health
problem.

With development and adjustment of the agricultural structure, energy from
vegetable and animal products has increased rapidly. Since 1970, demand for
energy from cereals has been met, and total energy from food has been met since
1982, both produced in surplus. Furthermore, after 1982 the number of people
that could be fed by the total energy from food has exceeded the actual popula-
tion. However, after many years of food restriction, the Chinese diet had
changed to consist of more cereals and fewer animal products and beans.

After opening to the outside world, the gaps between the demand for and
supply of protein, superior protein and fat have reduced, and the undernou-
rished proportion of the population decreased. Between 1961 to 1990, the pro-
tein and superior protein from food could not meet demand, and the proportion
of the population that did not consume adequate levels of protein in 1961, 1970,
1980 and 1990 was 49.60%, 41.19%, 32.02% and 17.86% (3.28 x 10°% 3.35 x 10°%,
3.15 x 10° and 2.08 x 10° people), respectively, and the proportion of the popula-
tion that were deficient in superior protein was 59.90%, 61.97%, 60.15% and
47.28% (3.96 x 10% 5.05 x 10°% 5.92 x 10° and 5.51 x 10° people), respectively.
Because of this, many people had to survive on a lower nutritional level by tigh-

tening their belts. In 2000, the amount of protein from food was in surplus, and
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could feed 0.79 x 10® more people than the actual population. However, in the
same year, 0.85 x 10® people were still deficient in their superior protein intake.
By 2010, both protein and superior protein from food were in surplus, and could
feed 2.78 x 10° and 2.98 x 10° more people, respectively, than the actual popula-
tion.

Similar to protein, after 2003 the amount of fat from food was able to meet the
nutritional requirements of the Chinese, with a surplus that could feed 7.46 x 10°
more people than the actual population in 2003.

In summary, as shown in Figure 1, opening to the outside world has im-
proved China’s agricultural support capacity. For instance, compared open con-
ditions in 2010 with self-sufficient conditions, the support capacities of energy
from cereals, total energy, protein, superior protein and fat increased by 0.68%,
4.17%, 3.39%, 7.73% and 11.51%, respectively.

4.4. Changes in the Degree of External Dependence of
China’s Agricultural Support Capacity

As shown in Figure 3, based on the agricultural support capacity, measured by
the energy, protein and fat, the external dependence of China’s agricultural
support capacity had been very low between 1961 and 1985, with average annual
degrees of external dependences of only 3.51%, 3.60% and 2.37%, respectively.
However, over the past two decades (1986-2013), the external dependence of the
protein, superior protein and fat support capacity has increased at average an-
nual rates of 3.16%, 7.99%, 4.26%, with average annual degrees of external de-
pendence of 4.08%, 5.49% and 8.95%, respectively.

The degree of external dependence of the support capacity of energy from ce-
reals was rather low from 1961 to 2013, with an average annual degree of exter-
nal dependence of 3.33%, the lowest of which was 0.20% and the highest was
6.96%, it indicates a stronger self-support capacity of energy from cereals in
China. In contrast, the change in the degree of external dependence of the supe-
rior protein support capacity was significant, as an average annual degree of ex-
ternal dependence was lower than 0.10% before 1972, but grew slowly from 1973
to 1995 at an average annual rate of 5.01%, with a maximum degree of external
dependence of 1.73%. This increased rapidly from 1996 to 2013 at an average
annual rate of 9.74%, and was greater than 10% after 2008. Similar to superior
protein, change in the degree of external dependence of the fat support capacity
was also significant, which was lower between 1961 and 1986 with an average
annual of 2.42%, and continued to increase at an average annual rate of 2.36%
between 1987 and 2013 with an average annual of 9.14%, and was greater than
10% after 2004 and reached to 11.46% in 2013. In summary, the degree of exter-
nal dependence of the superior protein and fat support capacity after 2008 and
2004, respectively, have been too high, and were over the national food security
warning level. This indicates that China’s agriculture support capacity, measured

by the superior protein and fat, is strongly dependent on worldwide resources,
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and that the structure of China’s agricultural products is not reasonable, over the

past 10 years.

5. Conclusions

* China has been achieved self-sufficiency for cereals since 1970. The degree of
external dependence of the support capacity of energy from cereals was rela-
tively low between 1961 and 2013, with an average annual of 2.91%, which
indicates a stronger self-support capacity of energy from cereals in China.
China imports various cereals every year to improve food diversity and to
provide feed for the animal breeding industry.

* Since 2007, the energy, protein, superior protein and fat provided by domes-
tically produced food has been sufficient to feed the Chinese population, and
there has even been surplus. In 2010, China had an actual population of 13.60
x 10%, and even without foreign resources, the energy provided by China’s
agricultural products could feed 17.18 x 10° people.

* Before 2007, the demand for the protein, superior protein and fat, based only
on domestically produced food, was not completely met. As a result, the
Chinese had to survive on the lower nutritional levels, or to rely on the net
import of agricultural products to meet these nutritional requirements. Chi-
na’s agricultural product trade has been characterized by a higher import to
export ratio, particularly over the past ten years, and the degree of external
dependence of the superior protein and fat support capacity were too high
and greater than the national food security warning level, which reached
11.13% and 11.46%, respectively, in 2013. This indicates that China’s agri-
cultural support capacity, as measured by the superior protein and fat, is
strongly dependent on worldwide resources, and that the structure of China’s
agricultural products is not reasonable.

* Compared open conditions in 2010 with self-sufficient conditions, the actual
support capacities of the energy from cereals, total energy, protein, superior
protein and fat from food in China increased by 0.68%, 4.17%, 3.39%, 7.73%
and 11.51%, respectively. Opening to the outside world has strengthened
China’s agricultural support capacity and helped meet the needs for domestic

food diversity, in addition to regulating food surpluses and deficiencies.
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