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Analysis of the Main Factors Influencing Food Production in China

Based on Time Series Trend Chart
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Abstract Based on the annual sample data on food production in China since the reform and opening up, we select 8 main factors influencing

the total food production ( growing area, application rate of chemical fertilizer, effective irrigation area, the affected area, total machinery power

, food production cost index, food production price index, financial funds for supporting agriculture, farmers and countryside) , and put them

into categories of material input, resources and environment, and policy factors. Using the factor analysis, we carry out the multi-angle analysis
of these typical influencing factors one by one through the time series trend chart. It is found that application rate of chemical fertilizer, the

growing area of food crops and drought-affected area become the key factors affecting food production. On this basis, we set forth the corre-

sponding recommendations for improving the comprehensive food production capacity.
Key words Food production, Influencing factors, Time series trend chart, Recommendations

The comprehensive food production capacity and food security oc-
cupy an important strategic position in China, and attract the close
attention of the government and academic circles. The 18th Na-
tional Congress of the Communist Party of China stated: " we
should accelerate the development of modern agriculture, and im-
prove overall agricultural production capacity to ensure national
food security and effective supply of major agricultural prod-
ucts" "', In recent years, China’s total food production has shown
an increasing trend but the growth is unstable, and in the context
of simultaneous development of industrialization, informatization,
urbanization and agricultural modernization, it is necessary to sci-
entifically judge the comprehensive food production capacity and
development trend in China, conduct in — depth empirical analysis
of the factors affecting China’s food production, and explore the
key factors restricting China’s food production, in order to provide
a theoretical basis for the development of scientific and rational
food production policy. There are numerous factors that affect food
production, which can be divided into macro, meso and micro lev-
els.

There are mainly three macro factors as follows:

(i) Institutional innovation, such as the implementation of
household contract responsibility system and abolition of agricul-
tural tax and other taxes in the 1980s;

(ii) Policy orientation, such as the minimum food purchase
policy since 1998, direct food subsidies and purchasing and stor-
age policy since 2004 ;

(iii) Advances in science and technology, such as fine vari-

ety breeding, efficient cultivation technology promotion, increas-
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ing mechanization, and especially the invention of hybrid rice
technology, greatly increasing rice yields.

Since the macro factors have the features of great influence
and discontinuity, the fluctuation in food production is usually ab-
normal *’ .

The major meso factors include food crop planting area, food
yield per unit area, area affected by disasters, the skills of work-
ers, retail food prices, the state food purchase prices, production
costs and income and so on.

The micro factors mainly include various agricultural inputs
in the production process, such as land, fertilizer, machinery, la-
bor, and capital. These factors are factors that directly affect food
production.

In this paper, we roughly put the above three levels of factors
influencing food production into three quantifiable categories: cat-
egory of material input, category of resources and environment,
and category of policy factors. In order to analyze the factors influ-
encing total food production, we use the statistics closely related to
food production in the period 1978 —2011, combined with the time
series trend chart, to carry out the empirical analysis of food pro-
duction and its influencing factors. Based on the annual sample
data on food production in China since the reform and opening up,
we select 8 main factors influencing the total food production
(growing area, application rate of chemical fertilizer, effective ir-
rigation area, the affected area, total machinery power , food pro-
duction cost index, food production price index, financial funds
for supporting agriculture, farmers and countryside ), and put
them into categories of material input, resources and environment,
and policy factors. Using the factor analysis, we carry out the
multi-angle analysis of these typical influencing factors one by one
through the time series trend chart. It is found that application
rate of chemical fertilizer, the growing area of food crops and
drought-affected area become the key factors affecting food produc-

tion. On this basis, we set forth the corresponding recommenda-
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tions for improving the comprehensive food production capacity.

1 Category of material input

The material input factors have the most direct impact on food
yields, mainly including the application rate of chemical fertilizer
per unit area, total agricultural machinery power per unit area and
the agricultural technology input per unit area.

In many influencing factors, the contribution of chemical fer-
tilizer is very obvious. From the specific data, the setting of differ-
ent variables in different periods in different regions and the statis-
tical analysis of model may lead to different results"™ .

In order to fully understand the impact of chemical fertilizers
on food yield, we conduct analysis from the following aspects:

(1) Analysis from the perspective of the relationship between
annual total application rate of chemical fertilizer and total food
production. Based on the data of annual food production in the pe-

riod 1978 - 2011,

regression model, chemical fertilizer has the greatest impact on the

among the influencing factors selected by the

food production, with the correlation coefficient of 5. 05. The
chemical fertilizer plays the most prominent role in increasing
yields, thereby affecting total food production.

It is found from Fig. 1 that since the reform and opening up,
the application rate of chemical fertilizer in China has continued to
grow at a higher rate, significantly exceeding the growth rate of to-
tal food production. The total food production was increased from
304. 76 million tons to 571.21 million tons in 2011, an increase of
87.43% , while in the same period, the application rate of chemi-
cal fertilizer was increased from 8. 84 million tons to 60.27 million

tons, an increase of 5. 82 times and an average annual increase of

5.8%.
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Data source: China Rural Statistical Yearbook , Compilation of Nation-
al Agricultural Costs and Returns (2006, 2011 and 2012).
Fig.1 The food production, application rate of chemical fertil-
izer and total agricultural machinery power in the period
1978 -2011
(ii) Analysis from the perspective of the relationship between
the change in application rate of fertilizer per unit area and the
change in food production per unit of fertilizerAs can be seen from
Fig.2, the application rate of fertilizer per unit area in the period
1978 —2011 continued to grow rapidly, from 73.3 kg/ha in 1978
to 545.1 kg/ha in 2011, an increase of 6.44 times over the 33 -

year period, with an average annual growth of 6. 1% .
in the period 1978 —2011,
cal fertilizer continued to decline. Compared with 34.48 in 1978,
it fell t0 9.48 in 2011,

fertilizer was reduced to 27.5% at the beginning of the reform and

By contrast,

the food production per unit of chemi-
and the yield increase effect of chemical

opening up.
Calculations show that in the period 1978 — 1989, for each
additional one percentage point of application rate of chemical fer-

, and by

converting the current national average at the time, the food pro-

tilizer, the food production would increase by 0. 198%

duction would be increased by 4.5 kg when the chemical fertilizer
input was increased by 1 kg; in the period 1990 —2000, for each
additional one percentage point of application rate of chemical fer-

, and by

converting the current national average at the time, the food pro-

tilizer, the food production would increase by 0. 177%

duction would be increased by 2.4 kg when the chemical fertilizer
the food
production was only increased by 2 kg when the chemical fertilizer

input was increased by 1 kg; in the period 2001 —2011,

input was increased by 1 kg. The regression results show that over
time, the correlation between food production and chemical fertil-

izer gradually declines.

Application rate of fertilizer per unit area
—+— Food production

140 000 —== Growing area 60
—— Food production per unit of fertilizer 5
120 000 5007 s =
sz 58
22100 000 =
g = 40 = Q=
2w :._‘; =
gESOOOO 30;%?5
2 260 000 2222
g 3 0Eg 5=
8 =
35 40 000 Z50s
20 000 {03 B
&

0

e ey e SRS

NI I

Year

Data source: China Statistical Yearbook, and China Agriculture Year-
book.
Fig.2 The food production, growing area, application rate of
fertilizer per unit area and food production per unit of
fertilizer in the period 1978 —2011
(ii1) Analysis from the perspective of food production incre-
ment and fertilizer increment. Fig. 3 shows that there are great in-
ter-annual fluctuations in the fertilizer increment and food produc-
tion increment in China, and the fluctuations in the fertilizer in-
crement and food production increment are basically synchronized.
However, the value of fertilizer increment is positive, while the
value of food production increment is positive or negative™ .
Fig. 3 also shows that in the years with substantial in-
crease in food production, the application rate of chemical fertiliz-

1988 — 1989, 1995,

in the years with sub-

er also rose significantly, such as 1982,
2001, 2004, 2007 and 2011.

stantial decrease in food production, the increase in the applica-

Meanwhile ,

tion rate of chemical fertilizer also was not significant, such as

1984 — 1985, 1991, 1993, 1997, 1999 —2000, 2003"".
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Data source: China Rural Statistical Yearbook.
Fig.3 Food production increment and fertilizer increment in the
period 1978 -2011

Fig. 2 shows that the total agricultural machinery power was
increased from 117 million kilowatts in 1978 to 977 million kilo-
watts in 2011, an increase of 7. 35 times. China’s food production
mode achieves the historic leap from human and livestock power to
mechanical operation. High degree of mechanization of agriculture
has brought another problem: most of the agricultural machines do
not fully play the due role, and especially in the slack season, the
agricultural machinery is mostly idle.

The regression model shows that although the degree of mech-
anization of agriculture is related to food production, the impact is
not large, because the degree of mechanization mainly affects the
production efficiency, such as planting and harvesting speed, and

its role in increasing the food yield is not obvious.

2 Category of resources and environment

The food industry is a complex, global collective of diverse busi-
nesses that supply much of the food energy consumed by the world
population. Only subsistence farmers, those who survive on what
they grow, can be considered outside of the scope of the modern
food industry. Agriculture is the process of producing food, feeding
products, fiber and other desired products by the cultivation of
certain plants and the raising of domesticated animals (livestock ).

The practice of agriculture is also known as " farming". Sci-
entists,, inventors and others devoted to improving farming methods
and implements are also said to be engaged in agriculture. More
people in the world are involved in agriculture as their primary
economic activity than in any other, yet it only accounts for twenty
percent of the world’s Gross Domestic Product ( GDP). A vast
global transportation network is required by the food industry in or-
der to connect its numerous parts. These include suppliers, manu-
facturers, warehousing, retailers and the end consumers.

There are also companies that add vitamins, minerals, and
other required necessities during processing to make up for those
lost during preparation. Wholesale markets for fresh food products
have tended to decline in importance in OECD countries. This al-
so occurred in Latin America and some Asian countries as a result
of the growth of supermarkets, which procure directly from farmers
or through preferred suppliers, rather than going through markets.

The constant and uninterrupted flow of product from distribu-

tion centers to store locations is a critical link in food industry op-
erations. Distribution centers run more efficiently, throughput can
be increased, costs can be lowered, and manpower better utilized
if the proper steps are taken when setting up a material handling
system in a warehouse. With populations around the world concen-
trating in urban areas, ' food buying is increasingly removed from
all aspects of food production.

This is a relatively recent development, having taken place
mainly over the last 50 years. The supermarket is the defining re-
tail element of the food industry. There, tens of thousands of prod-
ucts are gathered in one location, in continuous, year-round sup-
ply. Restaurants, cafes, bakeries and mobile trucks also provide
opportunities for consumers to purchase food.

Food preparation is another area where the change in recent
decades has been dramatic. Today, two food industry sectors are
in apparent competition for the retail food dollar. The grocery in-
dustry sells fresh and largely raw products for consumers to use as
ingredients in home cooking. The food service industry by contrast
offers prepared food, either as finished products, or as partially
prepared components for final "assembly" . Modern food production
is defined by sophisticated technologies. These include many are-
as. Agricultural machinery, originally led by the tractor, has
practically eliminated human labor in many areas of production.

Biotechnology is driving much change, in areas as diverse as
agrochemicals, plant breeding and food processing. Many other
types of technology are also involved, to the point where it is hard
to find an area that does not have a direct impact on the food in-
dustry. Computer technology is also a central force, with computer
networks and specialized software providing the support infrastruc-
ture to allow global movement of the myriad components involved.

It mainly includes the growing area of food crops, effective
irrigation area and the area affected by disasters. In the above
three factors, undoubtedly the growing area of food crops has the
greatest impact on total food production.

Based on the time series data of China’s food production since
the reform and opening up, it can be seen that there is a signifi-
cant positive correlation between total food production and the
growing area of food crops, as shown in Fig. 5. Measurement re-
sults show that the correlation coefficient between food production
and the growing area of food crops is positive (0.352), smaller
than the expected value, mainly because in the period 1978 —
1985, the growing area of food crops was substantially decreased,
while the total food production over the same period was signifi-
cantly increased due to implementation of family contract responsi-
bility system.

If calculating the correlation coefficient between food produc-
tion and the growing area of food crops by stages, it will be more
persuasive. In the period 1985 — 1990, the correlation coefficient
was 0.496; in the period 1991 — 1998, the correlation coefficient
was 0.519; in the period 1998 —2003, the correlation coefficient
was 0.553; in the period 2004 — 2012, the correlation coefficient

was 0. 586, indicating that the growing area of food crops is one of
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the main factors affecting total food production.
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Fig.4 Food production, effective irrigation area and affected

area in the period 1978 —2011
Fig. 4 describes the changes in the growing area of food

crops, effective irrigation area and area affected by disasters in
China from 1978 to 2011. Fig.4 shows that except 1978 and 2003,
the growing area of food crops was 100 million to 120 million hec-
tares annually, and there was a downward trend. The most signifi-
cant decrease occurred in the period 1998 —2003, when the grow-
ing area declined for consecutive 6 years, and there was corre-
sponding decline in food production.

Since 2004, the country has attached great importance to food
production and food security, strengthened the protection of arable
land resources, constantly adjusted and optimized the agricultural
structure, so that the growing area of food crops is stably increased
and the total food production is also dramatically increased.

The statistics show that the food production is often synchro-
nized with the increase or decrease in the growing area, which can
be clearly understood from the perspective of food growing area in-
crement and food production increment, as shown in Fig. 5.

Fig. 5 shows that in the period 1978 —2012, the food produc-
tion and the growing area showed the consistent change trend,
which demonstrates that the changes in the growing area of food

crops have a significant impact on food production'®’
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Data source: Website of National Bureau of Statistics.
Fig.5 The food growing area increment and food production in-
crement in the period 1978 —2011

With the increasing contribution rate of agricultural science
and technology as well as the adoption of high-quality varieties and
advanced cultivation technology, the impact of growing area on
food production will be gradually reduced within a certain range.
For the effective irrigation area, water conservancy is the lifeblood
of the agricultural economy, and the increasing effective irrigation
area will undoubtedly play an important role in increasing food
production.

As shown in Fig. 6, since 1978, the effective irrigation area
in China has shown a slow growth trend, and after 2000, the
growth rate slowed down significantly. Every year a lot of existing
irrigated farmland is occupied due to various factors, so the effec-
tive irrigation area is increased slowly. Meanwhile, the effective
irrigation area accounts for about half of total sowing area, that is,
the role of effective irrigation area in increasing the food yield has
been largely reflected in the factor of food growing area, so the re-
gression model excludes the factor of effective irrigation area in
this paper.

The area affected by disasters seems to have a significant im-
pact on food production, but in reality it is not the case. As we all
know, the natural disasters will directly affect the food production,
but the impact of floods and droughts on food production is not the
same'”'. From the historical data, the impact of the droughts on
food yield is greater than the impact of the floods on food yield.
The correlation coefficient of the impact of droughts and floods on
food production is shown in Table 3.

Table 1 shows that the food production change is significantly
correlated with droughts, and the area affected by disasters, and
the correlation coefficient is —0.613 and —0.596, respectively;
correspondingly, the food production change is not significantly
correlated with floods, and the area affected by disasters'® . Fig. 6
describes the impact of droughts and floods on food production in

China during the period 1990 —2010.
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Fig.6 The impact of drought and flood on food production in
the period 1990 —2010
Fig. 6 reflects that the increase in the area affected by
droughts is basically synchronized with the decrease in food pro-
duction, while the change in the area affected by floods is poorly
synchronized with the change in food production. It shows that the
impact of droughts and floods on food production varies, and

droughts occur in the high frequencies. The droughts in China are
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concentrated in the northeast and central regions, so strengthening

the drought resistance work in these regions is of great significance

to China’s food production.

Table 1 The correlation coefficient matrix of drought-affected area and flood-affected area

The amount of
change in the

The amount of
change in the

The amount of The amount of
change in the  change in the

The amount of
change in the

The amount of
change in the

Ttems area covered area covered area covered area affected  drought-affected flood-affected
by disasters by drought by flood by disasters area area
The amount of change Pearson correlation —-0.688 -0.613 -0.098 —-0.696 -0.596 -0.157
in the food production coefficient
Significance 0.000 0.001 0.648 0.000 0.002 0.465
(two-tailed )
Number of samples (N) 24 24 24 24 24 24

Data source; Ma Wenjie. Study on the Comprehensive Food Production Capacity in China'™' | Science Press, 2010 edition, page 106.

3 Category of policy factors

The fluctuations in China’s food production are consistent with the
changes in agricultural policy. The food purchase prices, and pro-
duction material prices are the factors having the greatest impact
on food production in the policy system, followed by the proportion
of agricultural expenditure to fiscal spending, changes in the or-
ganizational system and the government’s macro-control®’.
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Data source: China Rural Statistical Yearbook , and China Agricultural
Price Survey Yearbook (2011).

Fig. 7 Food production, production cost index, production

price index and retail price index in the period 1978 —
2011
The using amount of agricultural production materials will al-
so have a great impact on food production, and increasing the in-
vestment in agricultural production materials will help to increase
food production, and also increase the prices of agricultural pro-
duction materials. Fig. 7 shows that in the period 1978 - 2011,
there was a strong correlation among China’s food production, pro-
duction cost index, producer price index and retail price index.
When the prices of agricultural means of production rise or
food prices fall, the expected benefits of grain growers will drop,
and the rational growers will reduce investment in land, leading to
a decline in food production; on the contrary, it will promote food
production in the coming year.
As shown in Fig. 8, the changes in food production price are
basically synchronized with the retail price, but the changes in
food production lag behind. It is found that the food production in

the current year and food retail price index and production price

index in the previous year are greater than the correlation coeffi-
cient between the food production and food price index in the cur-
rent year, because the grain growers often determine the food pro-
duction input in the current year based on the food price in the

previous year.
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Fig.8 Changes in the food production, production price and re-
tail price in the period 1978 —2011

Agricultural expenditure is mainly reflected by the financial
funds for supporting agriculture, farmers and countryside. The ex-
penditure will have an impact on the food production, but the im-
pact is not significant. Meanwhile, the role of three categories of
scientific and technological expense in increasing food yields is
weaker than that of the total financial investment, because the sci-
entific and technological expense will take a longer time to play
the role"’.

So it is necessary to reasonably arrange the budget and agri-
cultural inputs, constantly increase financial support for agricul-
ture, optimize the structure of financial support for agriculture,
and give full play to the allocation efficiency of financial re-
sources, to enhance potential for agricultural development and

provide a lasting impetus for food production.

4 Recommendations

4.1 Continuing to play the role of fertilizer in improving
food production and promoting the scientific fertilization
techniques It is necessary to change the outdated fertilization
techniques, accelerate the development and application of efficient

and environment-friendly fertilizer, promote the precision fertiliza-
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tion technology, and use soil testing method to improve the effec-
tive utilization of fertilizers, and fundamentally increase food pro-
duction.

4.2 Further improving the long-term mechanism of arable
land protection and mobilizing all levels of government to at-
tach importance to agriculture, increase food production and
In the

process of industrialization, informatization and urbanization, it is

promote farmers’ enthusiasm for growing grain

necessary to promote the modernization of agriculture, coordinate
the development, utilization and protection of arable land re-
sources, strictly protect agricultural land, especially basic farm-
land, increase land reclamation and consolidation, and explore the
control mechanism for general land use planning.
4.3 Strengthening the agricultural infrastructure construc-
tion to improve the comprehensive agricultural production
capacity It is necessary to further strengthen agricultural and ru-
ral infrastructure building, and especially accelerate the construc-
tion of water conservancy facilities, to improve the overall condi-
tions for food production; continue to improve flood control and
drought resistance plans, and strengthen the hydrological monito-
ring and early warning and forecasting system, to improve the abil-
ity to prevent flood and disaster; improve the irrigation and drain-
age systems, accelerate the transformation of water conservation,
and promote the modern rural water conservancy construction.
4.4 Accelerating the development of agricultural science
and technology to promote the shift in food production mode
It is necessary to accelerate the agricultural technology innova-
tion and promotion, actively explore the diversified service organi-
zations, and further improve the agricultural science and technolo-
gy extension network, to constantly increase food yields, reduce
unit factor inputs, promote food production to take a resource-sav-
ing and environment-friendly track, and achieve a fundamental

change in the way of food production.

5 Conclusions

Based on the annual sample data on food production in China since
the reform and opening up, we select 8 main factors influencing
the total food production ( growing area, application rate of chemi-
cal fertilizer, effective irrigation area, the affected area, total ma-
chinery power , food production cost index, food production price
index, financial funds for supporting agriculture, farmers and cou-
niryside) , and put them into categories of material input, re-
sources and environment, and policy factors. Using the factor
analysis, we carry out the multi-angle analysis of these typical in-
fluencing factors one by one through the time series trend chart. It
is found that application rate of chemical fertilizer, the growing ar-
ea of food crops and drought-affected area become the key factors
affecting food production.

On this basis, we set forth the corresponding recommenda-
tions for improving the comprehensive food production capacity. In
the process of industrialization, informatization and urbanization,
it is necessary to promote the modernization of agriculture, coordi-
nate the development, utilization and protection of arable land re-
sources, strictly protect agricultural land, especially basic farm-
land, increase land reclamation and consolidation, and explore the
control mechanism for general land use planning.

It is necessary to accelerate the agricultural technology inno-
vation and promotion, actively explore the diversified service or-
ganizations, and further improve the agricultural science and tech-
nology extension network, to constantly increase food yields, re-
duce unit factor inputs, promote food production to take a re-
source-saving and environment-friendly track, and achieve a fun-
damental change in the way of food production.

So it is necessary to reasonably arrange the budget and agri-
cultural inputs, constantly increase financial support for agricul-
ture, optimize the structure of financial support for agriculture,
and give full play to the allocation efficiency of financial re-
sources, to enhance potential for agricultural development and

provide a lasting impetus for food production.
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