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Abstract Regional situation of Zhejiang Province and connotation of Logistic Equation are introduced. According to the relevant statistical data
from 1978 to 2006, dynamic change and its driving forces of cultivated land area in Zhejiang Province are analyzed. Firstly, since the year 1978,
cultivated land area has shown a significant fluctuant decreasing trend in Zhejiang Province, China. Secondly, cultivated land at the two stages of
1984 -1988 and 1990 — 1995 decreases sharply. Large area of cultivated land is occupied by non-agricultural construction. Thirdly, economic devel-
opment, population growth and agricultural scientific and technological development are the main driving forces. Contradiction between land and hu-
man beings becomes more acute; and the load of cultivated land becomes increasingly heavy. Fourthly, cumulative reduction area of cultivated land
changes with time, showing a " S" -shaped curve and according with the Logistic Equation. Change of cultivated land of Jiangsu Province in future
is forecasted by Logistic Equation. Result shows that the cumulative reduction area of cultivated land will stop increasing until the year 2020 with the
total reduction area of 90.91 thousand hectares. Cultivated area of Zhejiang Province will either be stable at the level of 1 498. 24 thousand hectares
or will fluctuate around it. With the development of industrial structure, encroachment of urbanization and industrialization on cultivated land is not
ever-increasing, but will tend to stop at a certain stage. Overall consideration on land use demand for food safety and for urbanization and industrial-

ization may become possible with the advancement of technology and the increase of land inputs.
Key words Logistic Equation; Cultivated land demand; Prediction; Zhejiang Province, China

With the increase of population and the acceleration of ur-
banization and industrialization, it is an inevitable trend to trans-
form cultivated land to urban land, which is also an inevitable
stage in the process of modernization''*>'. Thus, contradiction
between the supply and demand of cultivated land is becoming
increasingly conspicuous. Researches on circulation of cultivat-
ed land in China are mainly focused on the judgment of cultivat-
ed land circulation and its impact on food security, that is, how
much cultivated land we have and how to protect it °~®', Be-
sides, another important issue is how to meet the need of land
use during the rapid development of urbanization and industriali-
zation. So far, there have been few researches on this. There-
fore, taking Zhejiang Province as an example, this paper ana-
lyzes the change in cultivated land after the reform and opening
up, forecasts the future demand of cultivated land, and ex-
plains that encroachment of urbanization and industrialization on
cultivated land is not ever-increasing, but will tend to stop at a
certain stage with the development of industrial structure. Over-
all consideration on land use demand for food safety and for ur-
banization and industrialization may become possible with the
advancement of technology and the increase of land inputs.

1 Overview of research area

Zhejiang Province is located in the southeast coast of Chi-
na, the south wing of the Yangtze River Delta. It is one of the
smallness provinces in China with only 105. 4 thousand square
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kilometers land area, accounting for 1.06% of the total land ar-
ea of China. Zhejiang Province is close to the East China Sea
in the east, connects Jiangsu and Shanghai in the north, Anhui
and Jiangxi in the west, and Fujian in the south. There are riv-
ers, islands, hills, basins, plains and mountains in Zhejiang
Province. Among them, mountains and hills account for 70. 4%
of the province’s land area; plains and basins account for
23.2% ; and rivers and lakes occupy 6.4%. Zhejiang Province
belongs to the sub-tropical monsoon climate with distinct four
seasons, abundant sunlight and sufficient rainfall, which is suit-
able for the growth of crops. Due to the advantageous location,
various landform types and suitable climatic condition, Zhejiang
Province is a comprehensive high-yield agricultural region, as
well as one of the most developed provinces in China. Zhejiang
Province has a high population density, but it is covered mainly
by the hilly land with very scarce resources of cultivated land.
Per capita cultivated land is less than a half the national aver-
age, which is less than the warning line of 0.053 hectare per ca-
pita by the FAO'"=*!. With the further deepening of reform and o-
pening up, the increasing of population, and the developing of ur-
banization and industrialization, large area of high-quality farm-
land will be occupied by non-agricultural construction.

2 Data source and research method

2.1 Data source Data are mainly from the 2007 Statistical Year-
book of Zhejiang Province and the China Statistical Yearbook™ ™" .
2.2 Research method Logistic Equation is used to forecast
the future demand for cultivated land in Zhejiang Prov-
ince "1, Logistic Equation is also called the growth function
and the " S" curve, put forward by P. F. Verhust, a mathemati-
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cian and biologist in Germany, in the year 1837. Later, Pearl,
an American biologist and demographer, use Logistic Equation
to conduct a large number of studies on biological reproduction
and growth. Therefore, Logistic Equation is also known as
Pearl Curve. Growth curve is a special curve used to describe
the process of biological growth. When a given population
grows in a limited environment, it grows fast at the beginning.
And then the growth rate gradually slows down due to the limit-
ed spatial resources and intraspecific competition of other es-
sential conditions. Finally, the growth stabilizes at a certain lev-
el, or fluctuates around the level. At this time, individual num-
ber of the given population becomes close to, or reaches, the
maximum capacity or load quantity of the current environmental
condition"*~"*/. This process can be extended to the general
things, which objectively describes the evolution law of things.
It is more reliable to use Logistic Equation to conduct long-term
prediction. Therefore, this method is widely used. The equa-
tion is y=71 -

a+be™.

3 Analysis on driving factors and dynamic

changes of cultivated land

Since the year 1978, overall change in cultivated land area
of Zhejiang Province has shown a significant decreasing trend
(Fig.1). Total cultivated land decreases from 1 838 thousand
hectares in 1978 to 1 589. 15 thousand hectares in 2006, a de-
crease of 248. 85 thousand hectares. Fig. 1 illustrates that there
are two stages of fast reduction in cultivated area of Jiangsu
Province. One stage is 1984 —1988. During this period, eco-
nomic development in Zhejiang Province is rapid. GDP increa-
ses from 32. 207 billion yuan in 1984 to 76. 576 billion yuan in
1988. Rapid economic development will inevitably lead to an in-
crease in land use. According to statistics, land use for collec-
tive construction, national construction and rural housing con-
struction reaches as high as 4 428. 87 hectares in the year
1988, causing rapid decrease in cultivated land. The other
stage is 1990 —1995. The fastest reduction in the total cultivat-
ed land occurs during this period. This is mainly due to the in-
crease of population, the continued outward expansion of the
city, and the fever of development zones and real estate. Culti-
vated land decreases sharply and large area of cultivated land
is occupied for non-agricultural construction™™’ .

In a word, after the reform and opening up, driving forces
for the change of cultivated land in Zhejiang Province are mainly
the following factors.

3.1 Factor of economic development Since the reform
and opening up, economic strength has developed rapidly in
Zhejiang Province; national capital construction projects have
increased; and development mode of urbanization expansion
has occupied a large area of cultivated land. Large-scale urban
construction leads to the expansion of city and the occupation
of fertile field around city. With the acceleration of urbanization
in rural areas, there exists the phenomenon of " housing fe-
ver" | as well as the construction of Economic and Technologi-
cal Development Zone and so on, which needs to occupy the
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Fig.1 Change of cultivated land area in Zhejiang Province

from 1978 to 2006
land, even fertile farmland.
3.2 Factor of agricultural scientific and technological de-
velopment According to the course of agricultural develop-
ment in China, scientific and technological progress is an im-
portant parameter of the increase in unit area grain yield. Since
the reform and opening up, Zhejiang Province has increased
the investment in agriculture, improved the quality of farmland,
built water conservancy projects, applied more fertilizers, and
brought forward intensive farming, so as to enhance the condi-
tion for agricultural production, and to increase the food produc-
tion and unit yield year by year. In addition, degree of agricul-
tural mechanization has significantly enhanced. And the unit ar-
ea grain yield has enhanced due to the scientific application of
chemical fertilizer and the promotion of improved varieties.
However, lured by huge profits, people start to look for land
management with high income, to conduct the readjustment of
land, and to transfer some cultivated land into garden, wood-
land and fish pond, which cause a further reduction of cultivat-
ed land™® """,
3.3 Factor of population growth Population, an external
pressure, plays a role of bidirectional control in the change of
cultivated land quantity. Human being is one of the most dy-
namic driving forces for the change of land coverage and land
use. On the one hand, growth of population needs more living
facilities and construction production of cultivated land. On the
other hand, growth of population also needs more food and
other basic guarantees provided by cultivated land. Moreover,
migrant floating population in Zhejiang Province is increasing in
recent years. With the development of economy and the im-
provement of people’s living standard, demand for both material
civilization and spiritual civilization is increasing. All these stim-
ulate the appearance of service industry and enlarge the land
use of tertiary industry. With the further increase in population,
area of cultivated land will continue to be reduced. This reverse
development has given rise to a more acute contradiction be-
tween land and human beings, and the load of cultivated land
becomes increasingly heavy!®® =%,

4 Prediction of cultivated land demand
Taking 1978 —2006 cumulative reduction area of cultivated
land as the ordinate ( dependent variable y), and time as the
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abscissa (independent variable x), we obtain a scatter dia-
gram (Fig.2). Curve of year and cumulative reduction area of
cultivated land is in line with the " S" curve. Hence, we select

174 to forecast the area of cultivated land,
a+be

where y is the cumulative reduction area of cultivated land, a
and b are regression coefficients, and x is year. Reciprocal of

the equation y =

X

the equation is obtained by letting y’ =17, x'=e™™. Hence, we

have a linear equation y' =a + bx’. Use least square method to

determine the coefficients a and b in regression linear equation .

a=0.11, b=4.275 2. Then, Logistic Equation (1) is obtained
1

0.11 +4.2752 ™",

by equation reduction: y=
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Cumulative reduction area of cultivated land in Zhe-
jiang Province from 1978 to 2006

Relevant index R =0.938, indicating that fitting result of
Logistic Equation is relatively good and the equation is credible.
Finally, based on the equation we established, demand of culti-
vated land area in future can be forecasted. Fig.3 shows the
cumulative reduction area of cultivated land in Jiangsu Province
in future by taking the year 2006 as the base year.
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Note. 0 —19 stand for the years 2006 —2025, respectively.
Fig.3 Logistic curve for cumulative reduction area of cul-
tivated land in Zhejiang Province from 2006 to 2025
Prediction result shows that the cumulative reduction area of
cultivated land will stop increasing until the year 2020 with the total
reduction area of 90. 91 thousand hectares. Cultivated area of
Zhejiang Province will either be stable at the level of 1498.24
thousand hectares or will fluctuate around it.

5 Conclusion and discussion

Analysis result shows that since the reform and opening
up, cultivated land area of Zhejiang Province has shown a sig-
nificant fluctuant decreasing trend. There are two stages with
rapid reduction of cultivated area: 1984 — 1988 and 1990 -
1995. Driving factors for the change of cultivated land are eco-
nomic development factor, population growth factor and agricul-
tural scientific and technological development factor. Cumula-
tive reduction area of cultivated land in Jiangsu Province from
1978 to 2006 changes with time, showing a " S" -shaped curve
and according with the Logistic Equation.

Prediction result shows that the cumulative reduction area
of cultivated land will stop increasing until the year 2020 with the
total reduction area of 90.91 thousand hectares. Cultivated are-
a of Zhejiang Province will either be stable at the level of
1 498.24 thousand hectares or will fluctuate around it. This
shows that cultivated land area of Zhejiang Province in the year
2020 will meet the needs of urbanization, industrialization and
food safety. Meanwhile, this also indicates that with the devel-
opment of industrial structure, encroachment of urbanization
and industrialization on cultivated land is not ever-increasing,
but will tend to stop at a certain stage; and with the advance-
ment of technology and the increase of land inputs, cultivated
land for ensuring food safety will decrease. Therefore, we be-
lieve that land demand for urbanization-industrialization and for
food safety may not always be at conflicting, and overall con-
sideration on the two may become possible.

Conclusion of is obtained based on the current level of pro-
ductive forces. In the future, prediction result may be changed
due to the continuous development of economy, the improve-
ment of productive forces and the increase of population.
Therefore, we will pay sustained attention to this issue.
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