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A Prediction Model of Peasants’ Income in China
Based on BP Neural Network
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Abstract According to the related data affecting the peasants’ income in China in the years 1978 —2008, a total of 13 indices are selected, such as
agricultural population, output value of primary industry, and rural employees. Based on the standardized method and BP neural network method,
the peasants’ income and the artificial neural network model are established and analyzed. Results show that the simulation value agrees well with
the real value; the neural network model with improved BP algorithm has high prediction accuracy, rapid convergence rate and good generalization
ability. Finally, suggestions are put forward to increase the peasants’ income, such as promoting the process of urbanization, developing small and
medium-sized enterprises in rural areas, encouraging intensive operation, and strengthening the rural infrastructure and agricultural science and

technology input.
Key words BP Neural Network, Peasants’ income, Forecast, China

There are many research achievements about peasants’ in-
come. Xiong Zhanglin et al. take 31 provinces, autonomous re-
gions, and municipalities as the samples, select disaster area,
cultivated land area, fertilizer input and other 13 factors affect-
ing the income of peasants, and use factor analysis method to
analyze the influencing factors of peasants’ income. Result
shows that the common factors affecting the peasants’ income
are the expanded reproduction factor, agricultural production
factor, information utilization factor, and reduction factor. The
peasants’ education degree and the peasants’ ability of grasp-
ing the information have relatively great impact on peasants,
and can effectively promote the income increase of peas-
ants'”. Zheng Sufang et al. select indices affecting the
peasants’ income in China, such as agricultural output, price of
agricultural products, and per capita sowing area, use econo-
metric model to find out that the major factors improving the
peasants’ income are the non-agricultural income of peasants
and the price of agricultural products, based on the comprehen-
sive analysis on various factors from the quantitative point of
view®'. Shen Juhong selects the related data affecting the
peasants’ income in Ningxia in the years 1990 —2005, establi-
shes the principal component regression model about peasants’
income, uses the data in the year 2005 to forecast, and obtains
that the forecasting value is very close to the real value'®'.
Wang Yana et al. use the stepwise regression method to ana-
lyze the factors affecting the peasants’ income. Analysis result
shows that the transfer of rural surplus labor force and the edu-
cation level of peasants have the most significant impact on the
per capita net income of peasants’®’. Previous researchers
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mainly use the linear mode, but the factors affecting the
peasants’ income are various; the income growth of peasants is
complex with the characteristics of nonlinearity. Artificial Neural
Network has strong self-learning ability, is good at generaliza-
tion, association, analogy and reasoning, and can analyze
macroscopic statistical laws from a large number of statistics.
With strong fault tolerance and robustness and great parallel
computing ability, Artificial Neural Network becomes an effec-
tive means for non-traditional modeling and is widely ap-
plied”®~®!. Therefore, based on the nonlinear characteristics of
BP neural network, factors affecting the peasants’ income are
analyzed and suggestions to increase the peasants’ income are
put forward. Among them, the forecasting method of per capita
net income in rural China based on the neural network with im-
proved BP algorithm has made full use of the characteristics of
high regression accuracy, good convergence and rapid arith-
metic speed, as well as the strong nonlinear mapping capability
of neural network. It overcomes the shortcomings of BP algo-
rithm, improves the speed and accuracy of forecasts, and
makes up for the shortages of biased estimation in the forecast
of peasants’ income by linear model. The research results can
be used as references for the decision-making of the relevant
government departments and are of great theoretical and practi-
cal values.

1 Index selection, data source and re-

search method

1.1 Index selection According to the previous research re-
sults, factors affecting the peasants’ income (independent vari-
ables) in rural China are agricultural employees X, ( x 10*),
output value of primary industry X, ( x 10° yuan), employed
persons in rural areas X;( x10*) , fixed asset investment in ru-
ral areas X, ( x10° yuan), output value of farming, forestry,
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animal husbandry, and fishery X, ( x 10° yuan) , agricultural
machinery power X;( x10* kW) , effective irrigation area X, ( x
10° hm?) , fertilizer input X, ( x10* t) , investment in hydropow-
er construction in rural areas X, ( x10* yuan) , original value of
productive fixed assets X, (yuan/household) , total sowing ar-
ea of crops X,, ( x10° hm?) | grain output X,, ( x10* t), and
disaster area X,; ( x 10° hm®). The dependent variable is the
per capita net income of peasant households Y (yuan).

1.2 Data source The research data are from the State Sta-
tistics Bureau.

1.3 Research method

1.3.1 Standardized method. Due to the different physical
meanings of influencing factors, the index selected has no uni-
fied dimension and dimensionless unit, so that the dimensions
of data are different. When inputting variables, the right conclu-
sion can hardly be obtained. In order to make the index more
comparable, dimensional treatment on data is needed before
the application of neural network. Generally speaking, due to
the great data span colleted, the input data should be within
[ =1, 1] during the practical application of neural network, in
order to effectively avoid the saturation region of Sigmoid func-
tion and to enhance the training speed.

1.3.2 BP neural network method

1.3.2.1 The fundamental principle of BP neural network. The
neural network model of Error Back Propagation (BP) algo-
rithm is a multilayer feedforward network with one-way commu-
nication. Except the input layer, the network has one or more
hidden layers and there is no coupling in the same level nodes.
The input signal in turn passes through the nodes at hidden lay-
er to the nodes at output layer. Node output at each layer only
affects the output at the next layer. When given the network an
input mode, it is transferred from the node at input layer to the
node at hidden layer, and then to the node at output layer. Fi-
nally, after the treatment of node at output layer, an output
mode is produced. If the expected output is not obtained at
the output layer, we can turn to the reverse propagation
process and the error signal is turned back through the original
connection path. Based on modifying the weights and thresh-
olds of neurons at different layers, calculation is carried out in
turn to the output layer, and then the forward propagation
process is carried out. Repeated use of the two processes can
make error achieve the requirements of people; and then the
learning process is ended. During the practical application, a
set of training samples are prepared and each of them in-
cludes both input sample and ideal output samples. The train-
ing is ended when all the errors between network output and i-
deal output are within the expectation of people. Otherwise,
the reverse propagation process of error is used to modify the
weights and thresholds, and to make the network output con-
sistent with the ideal output. Repetition training is needed until
the overall error of sample reaches the accuracy that people
expected; and the weights and thresholds after adjustment are
kept for calculation.

1.3.2.2 Selection of input layer, output layer, and the nodes
of hidden layer. A total of 13 indices affecting the per capita net

income of peasant households are used as the input vectors of
BP neural network. The per capita net income of peasant
households in rural China is taken as the output vector. There-
fore, there are 13 nodes at input layer and 1 node at output lay-
er. Theory has proved that there is only one network at hidden
layer that can reach the approximation of any rational function
with an arbitrary order of accuracy, so that one hidden layer is
selected during the network construction of the prediction model
of per capita net income of peasant households in rural China.
During the prediction of per capita net income of peasant
households, BP network with 1 —30 nodes at hidden layer is
constructed. Based on pilot calculation, it is obtained that the
idea hidden units are 9 according to the test results reported.
1.3.2.3 Determination of training function. Due to its disad-
vantages, BP neural network should be improved. In this re-
search, trainlm ( Levenberg-Marquardt optimization method ) ,
traingdm ( momentum gradient descent back propagation algo-
rithm) , trainbr ( Levenberg-Marquardt optimization method and
Bayesian regularization method) are compared and analyzed.
And then, we select the traingbr training method, which has
relatively high fitting accuracy, and rapid convergence rate.
Training performance function of modified neural network is
used to improve the generalization ability and to avoid the over-
training. Modified algorithm of BP neural network is used to an-
alyze the data of per capita net income of peasant households
in rural China; and the prediction model based on BP neural
network is established.

2 Result and analysis

2.1 Simulation results Data in the years 1978 — 2003 are
used as the training samples; and data in the years 2004 —
2008 are used as the test samples. Simulation is carried out by
the improved BP neural network. It should be noticed that after
the training of pretreated data, inverse transform of the results
of network output should be carried out in order to obtain the re-
al value. Anti-preprocessing algorithm is x=(y +1) x[ max(x) -
min(x) ]/2 + min(x). Table 1 reports the comparison between
the real value and the simulation value. Y is the real value
(yuan), Y, is the simulation value (yuan), R is the residual
error (yuan), and RE is the relative error (% ). In order to an-
alyze the impacts of influencing factors on the per capita net in-
come of peasant households, network training is used to obtain
the weights between input layer and hidden layer, as well as
the weights between output layer and hidden layer. According
to the calculation methods by Gao Renxiang et al. '’ , Table 2
reports the impact proportions of factors on the per capita net
income of peasant households in rural China.

2.2 Simulation analysis Specific analysis includes the fol-
lowing three aspects:

(1) Table 1 shows that the average relative error between
the real value and the simulation value in training sample is
1.0%, and the residual range is between -2.7% and 3.8%.
The average relative error between the real value and the simu-
lation value in test sample is 0.4% and the the residual range is
between 10.8% and 14.6 % and the range of relative error is
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between 0.2% and 0.5%. Thus, both the training sample and
test sample have relatively small relative errors.

Table 1 Comparison between the real value and the simulation
value

Year Y Y, R RE
1978 133.6 132.5 1.1 0.823 4
1980 191.3 190.2 1.1 0.5750
1985 397.6 398.3 -0.7 -0.176 0
1990 686.3 684.9 1.4 0.204 0
1991 708.6 701.7 6.9 0.9738
1992 784.0 775.3 8.7 1.109 7
1993 921.6 912.8 8.8 0.954 9
1994 1221.0 1174.0 47.0 3.849 3
1995 1577.7 1 565.8 11.9 0.754 3
1996 1926.1 1914.5 11.6 0.602 3
1997 2090.1 2013.6 76.5 3.660 1
1998 2162.0 2153.0 9.0 0.416 3
1999 2210.3 2120.4 89.9 4.067 3
2000 2 253.4 2234.7 18.7 0.829 9
2001 2 366.4 2351.2 15.2 0.642 3
2002 2475.6 2 463.1 12.5 0.504 9
2003 2622.2 2692.6 -70.4 -2.6850
2004 2936.4 2921.8 14.6 0.497 2
2005 3254.9 3243.5 11.4 0.350 2
2006 3587.0 3572.4 14.6 0.407 0
2007 4140.4 4127.5 12.9 0.311 6
2008 4 760.6 4749.8 10.8 0.227 3

Table 2 Proportion of input variable to the output value in neural

network

Y Proportion Y Proportion
X, 0.2 X5 1.9

X, 0.6 X, 1.2

X, 41.2 Xio 0.9

X, 25.4 X 24.6

X 0.5 X 0.4

Xs 1.6 X 0.1

X, 1.7

(2) Table 2 shows that the proportions of employed per-
sons in rural areas, the fixed asset investment in rural areas,
and the overall sowing area of crops have the greatest propor-
tion, which are 41.2% ,25.4% and 24.6% , respectively. Other
influencing factors of peasants’ income have relatively small
proportions. Among them, the agricultural employees, the out-
put value of primary industry, the grain output, and the disaster
area have the proportions of 0.2%, 0.6%, 0.4%, and0.1%,
respectively. Proportion of employed persons in rural areas is
the greatest, because the income source of peasants has
changed from the household operating income in the past to the
payment of labour. The fixed asset investment in rural areas
has relatively great impact on the income of peasants. This is
because peasants lacked the inner dynamics of using advanced
agricultural technology in the past, the capital and technology
input were replaced by the labor input, and the extensive man-
agement was carried out by traditional techniques and experi-

ences. In recent years, development and implementation of ad-
vanced and useful agricultural technologies have greatly en-
hanced the efficiency of agricultural production. The overall so-
wing area of crops has relatively great impact on peasants’ in-
come, because the sowing area of crops has an important influ-
ence on the agricultural sustainable development, grain securi-
ty, and ecological environment of China.

3 Policy suggestion

According to the result of neural network training, it can be
seen that the income of peasants is mainly affected by the em-
ployed persons in rural areas, the fixed asset investment in ru-
ral areas, and the overall sowing area of crops. Since there are
also problems such as insufficient selection of indices, the fol-
lowing suggestions are put forward in order to increase the in-
come of peasants.
3.1 Promoting the process of urbanization Promoting the
process of urbanization can properly arrange the rural surplus
labor force, alleviate the conflict between many rural popula-
tions and little arable land, create more job opportunities for the
rural surplus labor forces, and increase the income of peas-
ants. Urbanization can stimulate the investment and consump-
tion needs of rural residents, solve the problems of low labor
capacity and insufficient demand to a certain extent, and speed
up the economic development. Moreover, urbanization of rural
areas can promote the structure upgrading and cluster develop-
ment of rural industries, and create conditions for the transform
of agricultural production mode and the intensive development
of agriculture.
3.2 Developing small and medium-sized enterprises in ru-
ral areas Developing small and medium-sized enterprises can
combine the rural industrialization and urban industrialization to-
gether. At present, peasants work in small and medium-sized
enterprises and their stable income has become an important e-
conomic source of rural households. Besides, small and medi-
um-sized enterprises in rural areas is rooted in the rural areas,
can serve the peasants, is closely related to the agriculture,
peasants and rural areas, and is the most effective, stable and
convenient channel for the transfer of rural surplus labor force.
3.3 Encouraging intensive operation Encouraging inten-
sive operation can circulate the land into the large households
with operating skills and business experience. On the one
hand, it can improve the agricultural productivity, enhance the
economies of scale, and promote the development of agricul-
tural industrialization. On the other hand, it can free some of
the labor forces from the rural areas, and let them work in sec-
ondary industry or tertiary industry.
3.4 Strengthening the rural infrastructure and agricultural
science and technology input Firstly, we should enlarge the
total investment, improve the road, water conservancy and oth-
er infrastructures in rural areas, and enhance the condition of
agricultural production. Secondly, we should change the invest-
ment structure, increase the input in agricultural technology and
agricultural industrialization, give more finance support for the

(To page 94)
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tion, so they are more open-minded and they fight more appar-
ently against the prevalence and harm of the man-oriented cul-
ture. At the macro level, the demand of the equal right of man
and woman may get the social respect usually, but at the ca-
reer level, the new generation migrant workers may confront
with the career plights because of the suppress of man-oriented
social structure. According to the relevant report, part of new
generation migrant workers feel they do not have enough space
in the job-market dominated by man, so they often down to the
pornography industry or some other informal or illegal industry.
For these career lets them feel that they are equal to man and
they can compete with man equally in certain degree at least. It
can be concluded that, the man-oriented social atmosphere has
increased the uncertainty, unsafe and low security factors of
new generation migrant workers. And thus the female workers
have to bear more individual risks when realizing the rural-urban
migration'®’ .

Except for the career plight, some social problems such as
courtship problems, marriage problems, pregnancy plights and
some other problems of new generation migrant workers
caused by the gender difference will directly relate to whether
we can construct the moral framework which is in line with hu-
manity and whether we can lift the social culture level to the
modern height. From this perspective, the problems concern-
ing female workers are of great importance to the new genera-
tion migrant workers.

4 Conclusions

The problem of migrant workers, characterized by the Chi-
nese feature, is the problem formed in a certain history environ-
ment since Chinese reform and opening up. There is no experi-
ence in the foreign countries to learn from directly, so the gov-
ernment should not only take the spot survey as the basis and
the creative thoughts as the research direction, but also rely on
the noble humanity to guide the stipulation of relevant social
policies. The research analyses the social problems concerning
" migrant workers" from the three aspects of " social discrimina-
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circulation after production and the information system con-
struction before production, enhance the agricultural science
and technology content, fundamentally enhance the competi-
tiveness of agricultural markets, and raise funds to the agri-
cultural technology extension and the agricultural researches
in order to enhance the development potential.
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