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ABSTRACT:
With the rapid development of economy, Chinese rural land-use is experiencing tremendous change, and the constant retreat of the
land-use area causes a huge reaction recently. In this paper, we take the change of crops area and the reasons why changes triggered
as the subject of our study. We use the technology of Remote Sensing (RS) to gain data of crops area of Ningbo in the period from
1986 to 2005, when China was conducting the reform and opening up and reconstruction of agriculture, which caused a lot of change
in crops area. We adopt Data Mining (DM) to gain knowledge and analyze this phenomenon, as well as predicate the tendency of the
crops area in the future. In this paper, the evolution algorithm of data mining is used to model the changes and the tendency of crops
coverage as time goes by. We take into account four factors: State Management (SM), Local Management (LM), Market (MK) and
Weather (WH). In our research, we found firstly the factor of “SM” is a dominant factor but its influence will decline in the future,
secondly the factor of “MK” is a rising and important factor, thirdly the factor of “LM” is in the rising stage but it wouldn’t have
more share than the factor of “MK”, and finally “WH” factor which accounts for a large proportion in the past and now is declining
to the lightest one. According to our experiment, it is predicated that Chinese crops area downward trend will decelerate, on the
contrary it will have a continuous rising until it gets to the optimization conditions and then realize the harmonious use of the land.
Most of these data is obtained by remote sensing data
acquisition technology and have verified accuracy. Secondly,
we need to clean the data using the basic method of DM.
Thirdly, we introduce Evolution Model, e.g. logistic model and
an improved one. The logistic model is for one isolated species,
this continuous version of this model was originally introduced
by Verhulst [Ricardo Lopez-Ruiz, Daniele Fournier-Prunaret] in
the nineteenth century as a counterpart to the Malthusian
theories of human overpopulation. And the improved one is a
discrete logistic model for the competition between two species,
which displays coexistence, oscillations, chaos and fractal
behavior of basins. In this paper, we will make experiments
using both models.

1. INTRODUCTION
China is a large country in agriculture. Agriculture is of benefit
to society, ecology, but with low economic returns. It is also a
high-risky and weak industry which can be easily affected by
the natural environment. Since the reform and opening up,
especially from 1990, with the rapid development of economy
and society and the strengthening of ecological construction, the
reduction of the area of arable land in China accelerated over
the past 20 years and is becoming an prominent problem. Not
only does it affect seriously the food security, but also it
endangers our social stability and harmony economic
development. Ningbo, which is in ZheJiang Province and is
famous with its beautiful, green and healthy scenery, is
experiencing great changes of the arable land from 1986 to
2005. In order to find the discipline of these changes and make
suggestions for the local government, we conducted a study on
precision agriculture which is experiencing a vigorous
development over the world. One of the purpose of precision
agriculture is to make scientific management of the farming
work. According to the data we got from the website of Ningbo
Municipal Statistics Bureau Survey Office of the National
Bureau of Statistics in Ningbo, we use evolution algorithms of
data mining (DM) to analysis the relationship and
interoperability between variable factors which have impacts on
the change, to discover the movement tendency of the land area,
to make a forecast report, and to provide a optimization guide
for policy makers and economic agents. The research of
precision agriculture needs the technology of remote sensing to
gain extensive historical data, and the method of data mining.

2.

BACKGROUND

After 20 years of reform and opening up, Chinese agriculture
has entered into a new stage, the integrative agricultural
production capacity has basically met the needs of food at this
stage. At the same time, the distribution of agricultural products
is not satisfied, e.g. the yield of grain, cotton is little because
more and more lands has been used to grow other economic
agricultural products, for example fruit, vegetable, which results
in some economic agricultural products is overmuch and some
non-economic products lack. The products can not entirely
adapt to the change of market, so the farmers’ income doesn’t
increase correspondingly than expected. After joining in the
WTO, the impact of economic globalization on Chinese
agriculture is becoming more obvious, and the solution of new
problems lies in the readjustment of agricultural structure, so a
new performance of agricultural restructuring launches in China,
including our study area of Ningbo.

The approach we used in this paper is that: firstly, we determine
the interested area of food and other economic crops and get
data from the website of Ningbo Municipal Statistics Bureau
Survey Office of the National Bureau of Statistics in Ningbo.
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From the late 1990s, with the loss of arable land in China the
adjustment of agricultural structure starts. According to the
land-use change survey data of Ministry of Land and Resources,
the adjustment of agricultural structure results in that the
quantity of arable land experienced three stages : "an increase a drastic reduction - slow to reduce" from 1997 and 2005. In our
research and investigation, we consider four factors of the
significant reduction of crops areas: market factors, state
management factors, local management factors, and natural
ecological factors (e.g. weather). In the following context we
will explore the way how these factors impact on the reduction
of the percentage of food crops areas and the increase of the
percentage of vegetables and other economic crops areas.
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Figure 1. The tendency of the percentage of the crops area

Data mining technologies and algorithms are wide used in
developed country, but is not much mature in China. Studies
show that these technologies and algorithms are helpful for the
management of farmland and forecast the output of crops. Some
algorithms or models are briefly listed here:
z
decision tree – CART (T.Waheed,R.B.Bonnell*., et al.),
z
the direct use of spatial data mining tools-SRSDM
(Sheng-sheng Wang.,et al.),
z
Bayesian network operator in the evolution (Kyung-Joong
Kim.,et al),
z
a classification based on the knowledge of genetics for
XCS,
z
one-dimensional Logistic model (Ricardo Lopez-Ruiz,
Daniele Fournier-Prunaret),
z
serial model of mining algorithms,
z
artificial neural networks.

3.1.1

All these methods have their own advantages and disadvantages.
In our study in Ningbo, we choose the Logistic model and an
improved one to explore the principle in the complex of
Chinese economy. Now agriculture, which is as the basic
industry, is breaking away from the traditional agricultural
model with the support from modern science and technology, is
facing globalization and the market economy after the reform
and opening up in China, and is facing with the global warming.
We try to answer the following questions: what kind of changes
will happen to agricultural structure, what are the main factors
that cause the changes, what kind of impact of the reduction of
land area will have on the change of Chinese economic
construction, national food security and income of the people.

3. MATERIALS AND METHODS
3.1 Experiment data
The experiment data we used are taken from the website of
Ningbo municipal Statistics Bureau Survey Office.
We
selected the “Sown Areas and Yield of Major Farm Crops over
the Years” in the agriculture statistical annual on the website,
which contains the area of grain, cotton, oil plants and
vegetables, which are classified into two species, the grain,
cotton and oil plants are classified into food crops, the
vegetables are classified into economic crops. All these data are
from 1986 to 2005, when China is experiencing the period of
"7th Five-Year Plan" to "10th Five-Year Plan". We figure out
the percentage of two species area which is expressed in fig1.
We will analysis the data to find rules in these data, and make a
forecast report of it.

Factors

The factors are taken from many papers and websites such as
http://www.agri.gov.cn/ and http://www.nongye.ningbo.gov.cn/,
and we classified these factors into four parts: state management
（SM）, local management (LM), whether (WH) and market
(MK). These factors have their own specific characteristics
which are described here:
1. SM: China is of large population, scarcity of arable land
reserve resources and the deep-rooted "three rural issues",
which request the central government to constitute different
agriculture structural adjustment policies focus on different
points in different periods. The SM factor plays a
fundamental role in the change of arable land area.
2. LM: Local government management is mainly based on
national policies, which develop the local policies to adjust
to the local conditions and to accomplish the assigned task.
It plays a direct role in the change of arable land area.
3. WH: Under the co-effect of the topography conditions
together with the other natural or man-made conditions, the
quality of the arable land is poor. While the land’s quality of
Ningbo is relatively good, but the main climate disasters
due to typhoon and flood brought by the coastal climate will
cause large-scale plant diseases and insect pests leads
massive reduction of output will influence the positivity of
farmers, and have impact on the change of arable land area
indirectly.
4. MK: For a long time, Chinese planting industry is mainly
on grain production which is a kind of land-intensive
industry and has difficulty in getting rapid growth in
economic benefits industry. Farmers have the profit-driven
trend on the land management, however, under the situation
of market economy, the usage of arable land resources is
similar to other economic activities, the factors of
production such as the capital, labor and land will flow to
the high-yield industry as long as there is any interest
difference. The MK factor is a very important factor that has
impact on the change of arable land area.
We list the discrete values of the four factors in some years in
table 1, where the value “M” represents for Middle, . “H”
represents for High, “L” represents for Low.
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Table 1. Discrete values of our factors
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Xn + 1 = μ Xn(1 − Xn)

3.1.2 Tendency of the experiment data
From 1986 to 1998, the change of the percentage of both two
kinds of crops area is little, because the agricultural
restructuring has not begun to work in this region yet, the most
important factor is weather; from 1999 to 2003, the agricultural
restructuring works, the percentage of both crops has undergone
enormous changes, the trends of the two percentages are going
in the opposite direction; And in the period from 2003 to 2005,
they emerged into a stable state again, the declining trend of
food crops in 2003 rebound after it met the minimum, while the
rising trend of the economic crops area also slowed, it
re-declined when it reached its highest point. We give the
expression of the tendency of each crop as following:
1. From 1986 to 1998, the tendency of the percentage of food
crops area experienced an age that the traditional Chinese
cultivated method is moved to the modern scientific farming
method, which helped us keeping in the status of
self-sufficiency. From 1999 to 2003, under the
reconstruction of agriculture, the tendency of the percentage
of food crops area is basically declined as a straight line
reaches to 39.218%, the minimum in 2003. In this period,
the food supply is reducing but still can keep
self-sufficiency because of the successful using of modern
farming methods. And in 2004 and 2005, the percentage of
food crops area is keeping stability, and the yield of the
food crops is maintained in an increasing situation, the
integrated capacity of food crops production is close to the
highest level in history. In China, the large population faces
with the reality that the quick declining of arable land area
is a very cruel issue. So far, the arable land area together
with the percentage of food crops area is down to the
minimum value which is never happened in history.
2. Since 1986, the economic crops area kept a stable situation
until 1997. From 1998 to 2003, the quick increase of the
percentage of area of vegetables was happened when the
percentage of food crops area decreased. In this period, the
country carried out the agriculture reconstruction. In the
next few years the value maintained a stable condition
again.

where

(1)

Xn = the value of the percentage of one crop
μ = growth rate

In order to assure 0< xn <1, μ should in the range 0<μ<4.. The
continuous version of this model was originally introduced by
Verhulst in the nineteenth century as a counterpart to the
Malthusian theories of human over population.
Secondly we introduce the multi-target logistic competition
model. Suppose two species ( xn, yn ) evolved according to a
logistic-type dynamics. If they share the same ecosystem and
they interact by each other, we can approach their evolutions by
the coupled system by formula (2):

xn + 1 = μ x ( yn ) xn (1 − xn ),
yn + 1 = μ y ( xn ) yn (1 − yn ).
where

(2)

xn = value of the percentage of economic crop area
yn = value of the percentage of food crop area
μx = the growth rate of the percentage of economic
crop area
μy = the growth rate of the percentage of food crop
area

The interaction between both species causes the growth rate µ(z)
varies with time. Thus, µ(z) depends on the population size of
the others. The simplest choice for this growth rate can be a
linear increasing µ1 or decreasing µ2 function that expands the
parameter interval in which the logistic map shows some
activity, which is 1≤µ≤4. Hence,

μ 1( z ) = λ 1(3 z + 1),
μ 2( z ) = λ 2(−3 z + 4).

After a complete analysis of the tendency of the percentage of
the two crops area, we give the quantifiable criteria of the four
factors. The discrete values of the attributes are high, middle
and low. We scored each factor in each year according to the
following criterion in a window width of 7 from 2 to 8, in order
to facilitate calculation.

(3)

These systems could be considered for further studies as the
necessary bricks to build up more complex networks among
interactive species. In particular, the model for the competition
is

⎧ L : 2 ≤ l ≤ 4;
⎪
⎨ M : 5 ≤ l ≤ 6;
⎪ H : 7 ≤ l ≤ 8.
⎩

xn + 1 = λ (−3 yn + 4) xn(1 − xn ),
yn + 1 = λ (−3 xn + 4) yn (1 − yn),

(4)

3.2 Methods
Here we proposed an appropriate optimization approach to
study the change tendency of the percentage of the crops area.
Firstly we use Logistic to model the tendency, which is
designed as a multi-target function, whose factors are classified
into four as described above.

where λ = strength of the mutual competitive interaction
When one of the species is null the typical logistic behavior is
found for the other species. We divided these all data into 3
parts. The first part are from 86 to 99, and the second part is
from 99-03, and the last part of the data is from 03 to 05. The
main topic of this paper is to find whether we can find a year
when the percentage of the crops area becomes stable. In the
following, we will give the performance of each model used in
these three phases.

The logistic model for one isolated species can be represented
by formula (1), where Xn represents for the population of an
isolated species after n generations. Here we use the value of
the percentage of one crop as Xn and this variable is supposed
in the range 0< xn <1.
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μ（l1, l 2, l 3, l 4）=α ⋅ l1 + β ⋅ l 2 + φ ⋅ l 3 + δ ⋅ l 4

1. The first phase is from 86~98. As it shown in fig 1, the
percentage of crops is in a stable situation. We get λ of these
two species shown in fig 2 according to the model (4). We
can expect that if λ is invariable the tendency of the species
will be also invariable, and vice versa. On the other hand,
the value of λ is different when the initial values of the two
variables are different.

where

(5)

µ = the function to calculate the value of λ
l = value of four variables

⎧α = 0.014;
⎪ β = 0.096;
⎪
⎨
⎪φ = 0.052;
⎪⎩δ = −0.057.

(6)

When we get the value of parameters of the function, we can get
λ of each year. In this period we can give the detail report of the
importance of each factor according to the absolute value of
these four parameters which have impact on four factors. The
most important factor is LM, next is MK and third is WH, and
the least is SM, which is also the same as our assumption. And
the factor MK is anti-related with λ , which means the bigger
the value of market factor is, the smaller the λ will be.

Figure 2. The value of λ of two species calculate according to
model (4) (µx means the λ of economic crops, the µy means the
λ of food crops)

3. Then we can make the prediction. From the result of the
experiment in the second phase, we can get λ of each year
according to model (2). And in this period, the value of λ is
different again, and the initial value of the two species is
also different, then we can experiment according to model
(1) to get the exactly year when the two species can have a
stable condition, whose the results is shown in fig. 4.

From the analysis above, only when the value of λ of the two
species is the same that the data can be modeled as an
competitive condition. In this phase, we can only use model (1),
and get the result that, when the growth rate is modified, the
dynamical behavior of the logistic model (1) is following:
① 3.93 < λ < 4.47, when the initial value of the
percentage of food crops area is around 75%;
② 1.00 < λ < 1.30, when the initial value of the
percentage of economic crops area is around 10%.
2. In the period from 1999 to 2002, for the tendency of the two
species, we experiment according to model (2), and the
result is shown in fig 3. And the result approves our
assumption ， i.e. the value of λ of the two species
approximate each other.

Figure 3. The value of λ of two species from 1999 to 2002
According to the result of the experiment, we got the value of λ
of several years, then we founded equation-group bases on
function (5). We have four equations and four variables l1, l2, l3
and l4, and then we can calculate the final results of the four
parameters, α, β, φ and δ, which is shown in (6).

Figure 4. Forecast of the percentage of economic corps area
(above) and food corps area (below)
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As shown in fig. 4, we can predicate that if we keep the value of
four parameters fixed, which means keeping the factors
invariability, the μ of the data will be in a stable situation in the
future years, but the value of μ is different between the
percentage of economic corps area and that one of food corps
area. It is predicated that they will be in a stable situation in
4~10 years. And the value of percentage of food crops area will
be at around 49.3% when the value μ is 1.973, and the
economic crops area will be at around 27.85% when the value
of μ is 1.386.

until the predication is done. However, the results should be
verified in the next stage.
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