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Statistical Analysis and Evaluation of the Economic Development in

Shaanxi Province
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Abstract Based on 8 indicators of economic development and according to the economic situation of cities in Shaanxi Province, this paper an-

alyzes the data using PCA (Principle Component Analysis) and FA (Factor Analysis) with the help of R software. Using the test of Kendal’s

W coefficient of concordance, the consistency of results from both methods is tested. Finally, Cluster Analysis is used to classify the results and

some advices are proposed for the development of cites in Shaanxi Province.
Key words Principle component analysis, Factor analysis, Kendall’s W coefficient

Shaanxi Province is located in the eastern part of Northwest China.
As the "bridgehead" of Development of the West Regions, it as-
sumes the role in connecting east and west, south and north, and
it has a very important strategic position. However, due to the
differences in geographical environment and the distribution of re-
sources, there is disparity in the regional economic development,
so the statistical analysis and comprehensive evaluation of the eco-
nomic development in 10 regions of Shaanxi Province, it is of great
significance to formulating the macroeconomic policies and even
the development of the entire Northwest region. By reading the lit-

[1-31 it is not difficult to find that the evaluation results of

erature
the same region are not quite similar using the different evaluation
methods. In order to overcome the one-sidedness of single evalua-
tion method, this article uses principal component analysis and
factor analysis to carry out comprehensive evaluation of regional
economy in Shaanxi Province, so the evaluation results obtained

will be more objective and reliable.

1 Selection of evaluation indicators
In accordance with the principles of scientificity, systematicness,
typicality and operability, we select the following 8 indicators in-
fluencing the economic development of various cities in Shaanxi
Province from the economic development scale, the economic de-
velopment structure and the economic development benefits'* ; the
total GDP (10® yuan), the total retail sales of social consumer
goods (10° yuan) , total imports and exports (10* $ ), the output
value of secondary industry (10° yuan) , the output value of tertia-
ry industry (10° yuan), investment in fixed assets (10° yuan),
the local revenue (10° yuan), and per capita GDP (yuan).

The data for empirical analysis in this paper are from Region-

al Statistical Yearbook of Shaanxi Province in 2012° | and some
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data are calculated. The relevant data are shown in the table be-

low.

2 Empirical analysis

2.1 Principal component analysis Principal component anal-
ysis (PCA) is a statistical procedure that uses orthogonal transfor-
mation to convert a set of observations of possibly correlated varia-
bles into a set of values of linearly uncorrelated variables called
principal components. The number of principal components is less
than or equal to the number of original variables. This transforma-
tion is defined in such a way that the first principal component has
the largest possible variance (that is, accounts for as much of the
variability in the data as possible), and each succeeding compo-
nent in turn has the highest variance possible under the constraint
that it is orthogonal to (i.e., uncorrelated with) the preceding
components. Principal components are guaranteed to be independ-
ent if the data set is jointly normally distributed. PCA is sensitive
to the relative scaling of the original variables.

The steps of principal component analysis are as follows :

(1) Standardizing the original data;

(i1) Calculating the sample correlation coefficient matrix;

(iii) Calculating the characteristic root, variance contribu-
tion rate and the eigenvector;

(iv) Selecting the principal component;

(v) Calculating the comprehensive evaluation value based on
multi-indicator and weighted comprehensive evaluation model.

By standardizing the original data, we get the standardized
matrix B (omitted ), calculate the correlation coefficient matrix
(omitted ) , and calculate the eigenvalues of the correlation ma-
trix, variance contribution rate and eigenvectorm (Table 2).

From the above table, it is found that when the number of
principal component is 2, the cumulative contribution rate has
reached 98.2% ( >85% ), including the vast majority of the in-
formation needed, and two principal components have been e-
nough. So here we take the first two as the first principal compo-

nent and second principal component, respectively.
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Table 1 Raw data

X, X, X, X, X, X, X,
Xi'an 3862.6 1965.98 1257852 1674.31 2015. 13 3346.26 318.55 45 475
Tongchuan 232.63 54.56 1017 147.41 67.81 145.96 18.89 27 806
Baoji 1175.75 358.23 82 268 749.25 297.94 1 008.03 51.44 31 579
Xianyang 1361.32 345.1 46 641 740.4 368.46 1263.1 58.56 27 751
Weinan 1028.97 278.96 17 390 545.19 323.31 912.94 4.3 19 424
Shangluo 362.95 92.18 33 666 163.03 129.31 308.36 16.49 15 513
Ankang 407.17 129.72 1 740 183.13 152.03 304.49 17.34 15 477
Hanzhong 647.48 184. 4 4595 267.58 237.61 411.33 23.55 18 952
Yulin 2292.25 240.95 10 048 1 629.66 550. 68 1378.73 180.25 68 358
Yanan 1113.35 131. 14 3684 815.45 211.21 815.21 120.73 50 807

Table 2 The loading matrix and variance contribution rate of principal
component analysis

Principle components . Contri-  Cumulative

Indicators Eigen- bution contribution
F, F, values rate // % rate // %

X, 0.383 0.068 6. 688 0.836 0.836
X, 0.357 -0.349 1.171 0. 146 0.982
X, 0.347 -0.384
X, 0.347 0.380
X; 0.374 -0.232
X 0.380 -0.088
X, 0.379 0.130
X 0.240 0.710

Let Y, and Y, represent the first principal component and
second principal component, respectively, then:

Y, =0.383X, +0.357X, +0.347X, +0.347X, +0.374X, +
0.380X, +0.379X, +0.240X,

Y, =0.068X - 0. 349X, - 0. 384X, +0. 380X, —0. 232X, —
0.088X, +0. 130X, +0. 710X,

According to the variance contribution rate of the principal
component (o;, a,) (Table 2), the expression of composite
score of the city is as follows: Y =B,Y, + B,Y,, where B, =

a

——— The results are shown in Table 3.
o +a,

Table 3 Principal component score and composite score

Principal Principal Composite Ranking

component 1 component 2 score ©
Xi’an 6.579 9 -1.259 5 5.411 8 1
Tongchuan -1.918 5 -0.1195 -1.650 4 8
Baoji -0.278 9 0.096 4 -0.2229 5
Xianyang -0.134 0 -0.053 3 -0.1220 4
Weinan -0.778 4 -0.4400 -0.7279 6
Shangluo -1.8821 -0.697 5 -1.705 6 10
Ankang -1.8430 -0.682 3 -1.670 0 9
Hanzhong -1.499 5 -0.543 2 -1.3570 7
Yulin 1.8302 2.4209 1.918 2 2
Yan’an -0.0759 1.2779 0. 1258 3

2.2 Factor analysis Factor analysis is a statistical method
used to describe variability among observed, correlated variables
in terms of a potentially lower number of unobserved variables

called factors. For example, it is possible that variations in four

observed variables mainly reflect the variations in two unobserved
variables. Factor analysis searches for such joint variations in re-
sponse to unobserved latent variables.

The observed variables are modelled as linear combinations of
the potential factors, plus "error" terms. The information gained
about the interdependencies between observed variables can be
used later to reduce the set of variables in a dataset. Computation-
ally this technique is equivalent to low rank approximation of the
matrix of observed variables. Factor analysis originated in psycho-
metrics, and is used in behavioral sciences, social sciences, mar-
keting, product management, operations research, and other ap-
plied sciences that deal with large quantities of data.

Its analysis steps are:

(i) Standardizing the raw data;

(i1) Calculating the correlation coefficient matrix of varia-
bles;

(iii) Calculating the eigenvalues, variance contribution rate
and eigenvectors;

(iv) Estimating the factor loading matrix ;

(v) Building factor score model to derive sample score.

When conducting factor analysis, we need to first carry out
KMO test and Bartlett’s test of sphericity on data, as shown in Ta-
ble 4.

Table 4 KMO and Bartlett’s test of sphericity

KMO test value 0.711
Bartlett’s test of sphericity Test value 169.616
Degree of freedom 28
P value 0

Usually, when KMO test value <0.5 or Bartlett test Sig value
>0. 010, it is not suitable for factor analysis. From Table 4,
KMO statistic is 0. 711, and Bartlett test Sig value is 0, indicating
that the data are suitable for factor analysis.

After the standardization of raw data, we get standardized
matrix B (omitted) , correlation coefficient matrix (omitted) , and
calculate the eigenvalues, variance contribution rate of correlation
coefficient matrix and factor loading matrix, as shown in Table 5.

From Table 5, it is found that the cumulative variance contri-

bution rate of the first two eigenvalues reaches 96. 9% , providing
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most of the information of the original indicators, so it is appropri-

ate to select the first two factors.

Table 5 Factor loading matrix and variance contribution rate

Principle components X Contri- Cumulative

Indicators Figen- bution contribution
F, F, values rate // % rate // %

X, 0.759 0.648 4.856 0.607 0.607
X, 0.972 0.225 2.895 0.362 0.969
X, 0.982 0.153
X, 0.490 0.869
X, 0.934 0.351
X 0. 845 0.514
X, 0.732 0.642
X 0 0.920

Since the factor loading matrix on the original variables is not
easy to explain, we use the orthogonal rotation with the maximum
variance to rotate the factor loading matrix.

The expression of factor scores can be obtained as follows ac-
cording to Table 5:

F, =0.759X, +0.972X, +0.982X, +0.490X, +0.934X; +
0.845X, +0.732X,

F, =0.648X, +0.225X, +0. 153X, +0.869X, +0.351X; +
0.514X, +0.642X, +0. 92X,

Then according to the variance contribution rate of the princi-
pal component (a;, o,) (Table 5), the expression of composite
score of the city is as follows: F =g, F, + B,F,, where B, =

Q; .
. The results are shown in Table 6.
o o,

Table 6 Factor scores and composite scores

Principal Principal Composite Ranking
component 1 component 2 score
Xi’an 14.6309 8.615 8 12.3813 1
Tongchuan -3.9497 -2.968 2 -3.5826 10
Baoji -0.653 2 -0.3101 -0.524 9 5
Xianyang -0.244 5 -0.203 4 -0.229 2 3
Weinan -1.3275 -1.4874 -1.3873 6
Shangluo -3.470 1 -3.3733 -3.4339 9
Ankang -3.398 1 -3.298 6 -3.360 9 8
Hanzhong -2.7752 -2.670 3 -2.736 0 7
Yulin 2.209 8 4.7570 3.162 5 2
Yan’an -1.022 4 0.938 6 -0.289 0 4

2.3 Testing of the results The cities of Shaanxi Province are
ranked in terms of the economic development level using two meth-
ods. In order to examine whether the analysis results of the two
methods are consistent, now we use multivariate Kendall’s W Con-
cord coefficient test method to test'”’.

The following hypotheses are proposed :

H, : The analysis results of the two methods are inconsistent;
H, : The analysis results of the two methods are consistent.

Statistic is as follows:
128

W:i
K (N -N)

where S is the quadratic sum of the difference of rank-sum (R;) of
evaluated sample j under k evaluation methods, and the average
values.

Namely ;

N N k

S =,-§1[Rj - (E“IRJ)/NP; R7 ZE‘IR@'/
where R; is the rank of sample j in evaluation method i; k£ is the
number of samples to be evaluated.

Here k=2, j =10. R software is used for programming: W =
0.978, and significance degree is 0.002 <0.05, therefore, it re-
jects the null hypothesis, and the analysis results of the two meth-
ods are believed to be consistent.

The arithmetic mean of scores of the two methods is calculat-

ed, and the final score and ranking of the cities are obtained, as
shown in Table 7.

Table 7 Composite score and ranking

Composite score Ranking

Xi’an 8.896 55 1
Tongchuan -2.6165 10
Baoji -0.3739 5
Xianyang -0.175 6 4
Weinan -1.057 6 6
Shangluo -2.569 75 9
Ankang -2.51545 8
Hanzhong -2.046 5 7
Yulin 2.540 35 2
Yan’an -0.081 6 3

2.4 Cluster analysis Cluster analysis or clustering is the task
of grouping a set of objects in such a way that objects in the same
group (called a cluster) are more similar (in some sense or anoth-
er) to each other than to those in other groups (clusters). It is a
main task of exploratory data mining, and a common technique for
statistical data analysis, used in many fields, including machine
learning, pattern recognition, image analysis, information retriev-
al, and bioinformatics. Cluster analysis itself is not one specific
algorithm, but the general task to be solved. It can be achieved by
various algorithms that differ significantly in their notion of what
constitutes a cluster and how to efficiently find them. Popular no-
tions of clusters include groups with small distances among the
cluster members, dense areas of the data space, intervals or parti-
cular statistical distributions.

Clustering can therefore be formulated as a multi-objective
optimization problem. The appropriate clustering algorithm and
parameter settings (including values such as the distance function
to use, a density threshold or the number of expected clusters) de-
pend on the individual data set and intended use of the results.
Cluster analysis as such is not an automatic task, but an iterative
process of knowledge discovery or interactive multi-objective opti-
mization that involves trial and failure. It will often be necessary
to modify data preprocessing and model parameters until the result
achieves the desired properties.

According to the composite scores of the cities in Table 7,

the ten cities are clustered, and the results are shown in Fig. 1.
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Fig.1 Clustering results

According to the composite scores of the cities, Shaanxi Prov-
ince can be divided into five categories:

(i) Xi’an falls within one category;

(ii) Yulin falls within one category;

(ii1) Yan’an falls within category;

(iv) Weinan, Baoji and Xianyang fall within one category;

(v) Tongchuan, Hanzhong, Shangluo and Ankang fall within
one category.

As can be seen from the system clustering diagram, there are
great differences in the level of economic development between the
cities of Shaanxi Province. Xian is developed region; Yulin,
Yan’an, Weinan, Xianyang, and Baoji are comparatively devel-
oped regions; Tongchuan, Hanzhong, Ankang and Shangluo are
underdeveloped regions.

Classification category has obvious geographical similarity,
that is, there is a close relationship between the degree of develop-

ment of these cities and their location.

3 Conclusions and recommendations

According to the composite scores and clustering analysis results,
coupled with the study results of previous scholars'®’ | we can see
that there are strong geographical features in the economic devel-
opment of cities in Shaanxi Province: Xi’an has the highest level of
economic development, followed by the northern regions of Shanxi
Province; other cities in the Guanzhong area are in the middle
ranks; the southern regions of Shanxi Province have the lowest lev-
el of economic development. So Shaanxi Province can be roughly
divided into four gradient regions of economic development.

(1) The first gradient developed region: Xi’an. Xi’an is the
capital of Shaanxi province, and a sub-provincial city in the
People’s Republic of China. One of the oldest cities in China,
with more than 3100 years of history, the city was known as
Chang’an before the Ming Dynasty. Xi’an is one of the Four Great
Ancient Capitals of China, having held the position under several

of the most important dynasties in Chinese history, including

Zhou, Qin, Han, Sui, and Tang. Xi’an is the starting point of the
Silk Road and home to the Terracotta Army of Emperor Qin Shi
Huang.

It is a tourist city, and the development of its tertiary industry
ranks first in the province; its economic strength is also second to
none in Shaanxi Province and even the whole western region. In
terms of the composite score, the gap between it and the second
place city Yulin is also very significant, therefore, Xi’an should
strengthen communication and contact with the surrounding cities
and drive their economic development while maintaining its rapid
development.

(i1) The second gradient comparatively regions; Yulin and
Yan’an. Northern Shaanxi’s economic development is rapid in re-
cent years, especially for Yulin City. In the context of Develop-
ment of the West Regions, these regions have given full play to
their own advantages, and used rich mineral resources and devel-
oped industry to drive the economic development of the entire re-
gion.

At the same time, they take full advantage of the unique eth-
nic customs and tourism resources, to promote the rapid develop-
ment of the tertiary industry in northern Shaanxi region. By virtue
of good economic development model, Yan’an City has been con-
sistently ranked in the forefront of Shaanxi Province.

(iii) The third gradient regions with stable development:
Baoji, Xianyang and Weinan. These three cities are located in the
Guanzhong area, with better opportunities for development.
" Xi’an — Xianyang Integration" is a new opportunity for the devel-
opment of Xianyang City. Weinan City is a city with moderate lev-
el of economic development in the Guanzhong area.

Its tourism resources are abundant, but its level of industrial
development is relatively backward, so the overall economic level
is still relatively low.

(iv) The fourth gradient underdeveloped regions: Tong-
chuan, Hanzhong, Ankang and Shangluo. In these regions, the
economic foundation is weak, and the industrial development is
relatively backward, but there is a wealth of water resources, min-
eral resources and biological resources.

It is necessary to strengthen exchanges and cooperation with
other economic zones, use the superior resources to develop indus-

try, and take a suitable economic model.
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japonica. Bureau of science and technology in Chuzhou city
placed the introduction, experiment and demonstration of new
varieties of japonica and new technology as well as the research
of matching technologies on the list of key research projects. Ag-
ricultural committee took the work of transforming indica to ja-
ponica as the priority, strengthened service and supervision as
well as widely carried out the construction of demonstration are-
as. Agricultural machinery bureau enhanced the technical inte-
gration of mechanized transplanting and matching service as well
as quickened the promotion of mechanization of japonica rice pro-
duction. Other agriculture-related departments like water conser-
vancy and land resources enhanced the construction of agricultur-

al infrastructure, strengthened propagation service and promptly
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sent key information like agricultural technology, weather as well
as supply and demand to major households through agricultural
information platform. Furthermore, cooperatives and specialized
serving teams have developed quickly and provided matching
service, such as seedling cultivation, mechanized farming,
mechanized transplanting, mechanized preservation and reaping
for those scaled rice farmers, which has promoted the dramatic

development of japonica rice production.
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