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Abstract Based on 10 years of statistics concerning economic development in Xi’an as the main part of Guanzhong — Tianshui Economic Zone,

this article builds the main indicator system to reflect economic development. Using two mathematical methods ( principal component analysis

and cluster analysis) , we carry out comprehensive evaluation analysis of the main economic indicators, point out the distribution differences in

the economic development level in this region, and make classification, in order to provide a scientific basis for the decision — making body to

lay down the relevant economic development strategies in accordance with the economic development level and geographical location.
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In June 2009, the National Development and Reform Commission
issued Guanzhong — Tianshui Economic Zone Development Plan,
bringing a new development opportunity for Shaanxi and Gansu.
Guanzhong — Tianshui Economic Zone includes Xi’an City, Tong-
chuan City, Baoji City, Xianyang City, Weinan City, Shangluo
City (some districts and counties) and Yangling Demonstration
Zone in Shaanxi Province, and the administrative regions under
the jurisdiction of Tianshui City, Gansu Province, covering 80 000
square kilometers. At the end of 2010, the permanent population
was 28.107 million.

Hanzhong and Ankang in southern Shaanxi, Yan’an and Yulin in

The directly involved regions include

northern Shaanxi, Pingliang, and Qingyang in Gansu.

Guanzhong — Tianshui Economic Zone, located in the center
of the Eurasian Continental Bridge, at the strategic point connect-
ing east and west, north and south, is the region with a good eco-
nomic foundation, superior natural conditions, long human history
and great development potential in China’s western regions. Du
Yuepingm made a comprehensive and systematic analysis of de-
velopment of Guanzhong — Tianshui Economic Zone, and he pro-
posed that it was necessary to seize the opportunity, work hard,
and make every effort to build Xi’an into an international metropo-
lis. Yan Xinrong">' discussed on how to change the mode of eco-
nomic development. In this paper, using the principal component
cluster analysis method, we carry out statistical analysis of the
economic development level.

Regional economy is a comprehensive geographical concept of
economic development, and also a comprehensive economic con-

cept arising from the interaction between internal factors of eco-
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nomic development and external conditions in a certain area. It is
restricted and influenced by the natural conditions, development
and utilization of resources, socio-economic conditions, economic
policies, and many other factors in the region. Regional economic
development not only means the expansion of the size of the
region’s national economy, but also means the improvement of eco-
nomic and social living standards. The regional economic effects
are not merely reflected in the economic indicators, and there is a
need to consider the overall social economic benefits and regional
ecological benefits. Therefore, the study of economic development
is of very important significance to the future development.

1 Data collection*~*

Xi’an City administers 13 districts and counties, and the differ-
ences in the resource endowments between regions lead to great
disparities the economic development. In order to scientifically,
objectively, accurately and reasonably measure the level of eco-
nomic development of the district and county, according to the sta-
tus of economic development in Xi’an City, this article selects sev-
en key indicators that reflect the economic situation, and establi-
shes the corresponding evaluation system.

The specific indicators are as follows: per capita GNP (X, ),
the indicator reflecting the level of economic growth; per capita to-
tal industrial output value (X, ) ; per capita total agricultural out-
put value (X;); per capita total tertiary industry output value
(X,); per capita revenue ( X5 ), the indicator reflecting the
government’s financial strength; total retail sales of social consum-
er goods (X, ), the indicator reflecting the level of social purcha-
sing power; fixed asset investment (X, ), the indicator reflecting
the level of investment.

According to the total amount of economic indicators and
population in the districts and counties of Xi’an City, we calculate

the above indicators, as shown in Table 1.
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Table 1 The major economic indicators for 13 districts and counties of Xi’an City in 2011
. Per capita Per capita total Per capita . Total retail sales Fixed asset
Per capita . . . total tertiary Per capita . L
GNP (X,) total industrial agricultural industry output revenue (X, ) ?f social ‘ investment
) output value output value value (X, ) i consumer goods (X;)

yuan (6) /yoan (X)) /yuan o () /10 e 10° yuan

Xincheng District 64 138. 11 15 254.09 0 38 308.29 3 472.126 3 419 069 2 884 809
Beilin District 70 585. 1 7 026.022 0 52738 4 325.036 3420 722 291 1287
Lianhu District 62 338.51 19 623.56 0 33 894.2 4 011.065 2 816 163 3 764 003
Bagiao District 34 586.6 17 185.57 2 406. 882 12 047.77 2 196.426 464 033 1 865 078
Weiyang District 58 115.6 21 541.78 284.6931 27 395.86 2 151.565 2 782 585 4 498 254
Yanta District 61 722.65 11 643.32 220.2903 39 544.23 2 232.326 3 800 048 7 677 355
Yanliang District 42 759.73 17 429.49 6 287.04 15 126.74 2321.421 232 089 1209 231
Lintong District 28 000.91 14 145.2 4284.632 8 252.501 948. 833 485 405 1 178 946
Chang’an District 29 806.44 11 785.16 2 657.554 12 465.83 1 652.839 1 100 538 3143 523
Lantian County 15 864.47 3 552.759 3 967.086 6193.611 410.919 7 354 500 770 932
Zhouzhi County 11 710.55 2 371.444 3 587.206 5025.623 274.076 7 23 7439 684 630
Huxian County 23 120.86 11 067. 14 3 803.044 6 633.841 801.325 388 564 1098 101

Gaoling County 56 158. 66 41 216.82 5049.21 6 078.139 2 088.607 158 619 1776 472

2 Evaluation methods

Due to differences in resource endowments between the districts
and counties, there are great differences in the economic develop-
ment, and also in the rate of contribution to overall economic de-
velopment of Xi’an. In order to objectively and comprehensively
understand the specific circumstance of economic development in
the districts and counties of Xi’an City to identify the degree of
difference between them, this article will use both principal com-
ponent analysis and cluster analysis.

Using the principal component analysis, the principal compo-
nent scores are calculated, and the economic development of cities
is reflected by the scores; using the cluster analysis to divide the
13 cities into several categories, the appropriate countermeasures
are proposed according to their respective economic development
level and geographical location.

Principal component analysis (PCA) ™™ proposed by Ho-
telling in 1933, is a statistical procedure that uses orthogonal
transformation to convert a set of observations of possibly correla-
ted variables 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
transformation is defined in such a way that the first principal com-
ponent has the largest possible variance (that is, accounts for as
much of the variability in the data as possible) , and each succee-
ding component in turn has the highest variance possible under the
constraint that it be orthogonal to (i.e., uncorrelated with) the
preceding components. Principal components are guaranteed to be
independent if the data set is jointly normally distributed. PCA is
sensitive to the relative scaling of the original variables.

Hierarchical clustering””

is a method of cluster analysis
which seeks to build a hierarchy of clusters. Strategies for hierar-
chical clustering generally fall into two types: Agglomerative : This
is a " bottom up" approach; each observation starts in its own
cluster, and pairs of clusters are merged as one moves up the hier-
archy. Divisive; This is a "top down" approach: all observations

start in one cluster, and splits are performed recursively as one

moves down the hierarchy. In general, the merges and splits are
determined in a greedy manner. The results of hierarchical cluste-
ring are usually presented in a dendrogram. Hierarchical cluste-
ring has the distinct advantage that any valid measure of distance
can be used. In fact, the observations themselves are not re-
quired; all that is used is a matrix of distances.
2.1 The evaluation process using principal component anal-
ysis  Assuming there are P observation objects, each with n indi-
cators, the raw data of n indicators are derived as follows:

X = (x,/)

(i) Standardization of raw data. In order to make the com-

pxn*

prehensive evaluation results objective and reasonable, it is neces-
sary to eliminate the impact of dimension and magnitude. The
standardization processing is commonly used

yi = (o =x,)/s;,0=1,2, -, p,j=1,2,,n
where x;, s; are the sample mean and sample standard deviation of
indicator j, respectively.

(ii) Calculation of correlation coefficient matrix of indicator

sample.
R= (rij ) nxn
where 7, is the correlation coefficient between indicator x, and in-
dicator x;.
P _ _
I{?](xkz_xz)(xki_xj) o
le: ’]:]729“'977"

i
N/iklgl(xki _Ei)z(xki _%)2

(iii) Calculation of eigenvalues and eigenvectors of the cor-
relation coefficient matrix. The eigenvalues and eigenvectors of the
correlation coefficient matrix are calculated. n eigenvalues of R
are denoted as A, =\, =---=A, =0, and the corresponding eig-
envectors are as follows:

w, = (uy, uy, yu,) 1=1,2, - n

(iv) Calculation of the contribution rate of eigenvalues and
extraction of principal component in accordance with the criterion
of cumulative contribution rate. When the cumulative contribution
rate of variance reaches 85% , the first m principal components are

taken:
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Y. =u,y, vupy, +-+uw,y, 1=1,2,,m

(v) Calculation of comprehensive evaluation values based on
multi — indicator and weighted comprehensive evaluation model.
The weighted sum of m principal components is calculated to get
the final evaluation value, and the weight is the variance contribu-

tion rate of each principal component.

vy = (g =%) /5,
where x, and s; are the sample mean and sample standard deviation

of indicator j. The standardized matrix is as follows:

Table 2 Eigenvalues and contribution rate

Extraction sums of

Initial eigenvalues .
mtial exgenvaiues squared loadings

noA\ Component
Y= zmilyl Total % of  Cumula- Total % of Cumula-
=l SA Variance tive// % Variance  tive//%
st
.. . . . X
2.2 Principal component analysis According to the data in ! 4.831 169.020  69.020  4.831 69.020  69.020
] 7] deri b ati X, 1.329 18.990 88.010  1.329 18.990 88.010
Table 1, using SPSS software'’’ , we can derive the correlation co- X, 0.574 8.202  96.212
efficient matrix of X, , X,, X5, X,, X;, X, and X, as follows: X, 0.186 2.663  98.876
1 X 0.069 0.988 99. 864
X,
0.452 1 6 0.009 0.132  99.995
X, 0.000 0.005 100.000
-0.640 0.151 1
R=| 0.846 —0.089 -0.831 1 Table 3 The standardized matrix
0.8%9 0.275 -0.637 0.847 1 Y, Y, Y; Y, Y, Y, Y,
0.802 -0.075 -0.917 0.%47 0.725 1 Xincheng District 1.04 0.03 -1.14 1.12 1.09 1.30 0.16
0.655 0. (m ~0.713 0. 679 0.452 0.810 1 Beilin District 1.36 -0.80 -1.14 2.02 1.75 1.30 0.17
. . . . . Lianhu District 0.96 0.48 -1.14 0.8 1.51 0.89 0.61
The eigenvalues, contribution rate and cumulative contribu- Bagiao District 042 0.23 —0.04 -0.51 0.10 -0.71 -0.36
tion rate of the correlation matrix R is shown in Table 2. Weiyang District 0.75 0.68 —1.01 0.44 0.06 0.87 0.99
From the above table, we can find that when the number of Yanta District 0.93 -0.33 -1.04 1.20 0.13 1.56 2.62
principal component is 2, the cumulative contribution rate reaches Yanliang District  -0.01  0.26 1.72.-0.320.20 -0.87 -0.70
L. L. Lintong District -0.74 -0.08 0.81 -0.75 -0.87 -0.70 -0.72
88.01% ( > 85% ), containing the vast majority of the needed Chang'an District  ~0.65 -0.32  0.07 ~0.49 -0.32 -0.28  0.29
information. Two principal components will be enough, so here we Lantian County -1.34 -1.16 0.67 -0.88 -1.29 -0.79 -0.92
take the first two as the first principal component and second prin- Zhouzhi County ~ -1.55 -1.28  0.49 -0.95 -1.39 -0.87 -0.97
cipal component, respectively. Huxian County -0.98 -0.39 0.59 -0.85 -0.98 -0.77 -0.76
o o ) ) Gaoling County 0.65 268 1.16 -0.88 0.02 -0.92 —-0.41
The original value of each indicator is standardized
Table 4 Factor loading matrix
. Per capita total Per capita total Per capita total . Total retail sales Fixed asset
Per capita S . L Per capita . .
GNP //yuan industrial output  agricultural output  tertiary industry revenue // yuan of social consumer investment
¥ value // yuan value // yuan output value // yuan venue/ry goods //10* yuan 10* yuan
The first “principal 4 gy 0.113 -0.877 0.958 0.856 0.966 0.797
component
The second principal
0.385 0.965 0.317 -0.151 0.274 -0.210 -0.087
component
Table 5 Principal component eigenvectors
. Per capita total Per capita total Per capita total . Total retail sales Fixed asset
Per capita . . . L Per capita £ social cons L
GNP //yuan industrial output  agricultural output  tertiary industry revenue //yuan ol social consumer nvestment
value // yuan value // yuan output value // yuan ’ goods //10* yuan 10* yuan
The first *principal 0.414 0.051 -0.399 0.436 0.389 0.439 0.363
component
The second principal
0.334 0.837 0.275 -0.131 0.238 -0.182 -0.075

component

From the factor loading matrix, we know that the standard-
ized eigenvector corresponding to the eigenvalue of R is (j =1,
2,) in the column j of this matrix.

l/. = aij/ VA;

Assuming Y, and Y, represent the first principal component

and second principal component, then:

Y, =0.414X; +0.051X; —0.399X; +0.436X, +
0.389X," +0.439X, +0.363X;
Y, =0.334X," +0.837X, +0.275X; -0.131X, +
0.238X," —0.182X, -0.075X,
X" (i=1,2, ,7) in the formula is the standardized indicator
of X/

i namely ;
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where x; is the mean of «,; S, is the standard deviation of x.
The first principal component Y, is mainly determined by X, ,
X;, X,, X5, X, X,, and their coefficients are much larger than
the coefficients of the other variables. Y, is the integrated expres-
sionof X, , X;, X,, Xs, X¢, X,. F, is mainly determined by X, ,
so the second principal component Y, mainly reflects the industrial

sector.

Table 6 Principal component scores and ranking

Thus, each principal component has a particular substantive
significance. From two perspectives, two principal components re-
flect the economic development level of the districts and counties,
so it is appropriate to use them to analyze and assess the economic
development level of the districts and counties. After the score of
principal components is calculated, then it is multiplied by the va-
riance contribution rate of principal component, thereby we get the
composite score for each city:

Y =0.7843Y, +0.2157Y,

Sample Xincheng District Beilin District Lianhu District Bagiao District Weiyang District Yanta District Yanliang District
Y, 2.428 1 3.171 0 2.446 9 -0.772 0 1.704 7 2.992 8 -1.3749

Y, -0.076 9 -0.626 3 0.449 2 0.288 1 0.266 0 -0.858 3 0.987 6

Y 1.887 6 2.3517 2.0159 -0.543 3 1.394 3 2.162 0 -0.865 2
Rank 4 1 3 7 5 2 9

Sample Lintong District Chang’an District Lantian County Zhouzhi County Huxian County Gaoling County

Y, -1.8677 -0.6691 -2.4475 —-2.5904 -2.0268 -0.9857

Y, -0.0188 -0.4485 -1.2132 -1.4128 -0.4163 3.0975

Y -1.4688 -0.6215 -2.1812 -2.3364 -1.6793 -0.1047

Rank 10 8 12 13 11 6

Based on the weighted composite value Y, we derive the

ranking of economic development indicators of 13 districts and
counties in the whole city. No. 1 is Beilin District, No. 2 is Yan-
ta District, and No. 3 is Lianhu District. The development scale
of the tertiary industry in these areas is large, occupying a large
proportion of the entire national economy, thus ranking forward.
Zhouzhi County, Lantian County and Huxian County have no ad-
vantages in this area, so they rank behind.
2.3 Cluster analysis According to the component scores of
principal component, we carry out cluster analysis of the regions,
and divide the 13 districts and counties of Xi’an City into three
categories.

The first category; Yanta District, Beilin District, Weiyang
District, Xincheng District and Lianhu District; The second cate-
gory: Gaoling County, Yanliang District, Bagiao District,
Chang’an District; The third category: Lantian County, Zhouzhi
County, Lintong District, Huxian County (Fig. 1).

Height
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Huxian County

Yanta Distrjct
Beilin District
Lantian County
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Lintong Distrjct
Yanliang Distrjct
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Chang’an Distrjct

Province helust (+)'ward")

Fig.1 Cluster analysis of the regions

The first category is the inner city of Xi’an; the second cate-

gory is the north and south of Xi’an City; the third category is the

east and west of Xi’an City. The inner city is developed rapidly,
with high economic level, and especially the tertiary industry is
booming, followed by urban north and south; east and west of city
are lagging behind. For the districts in the first category, the per
capita total agricultural output value is 100. 82 yuan; for the dis-
tricts in the third category, the per capita total agricultural output
value is 3910.25 yuan, indicating that in the economically back-
ward areas, there are more people engaged in agriculture, and the
development of industry and tertiary industry is relatively back-
ward. Thus, it can be seen that there are great differences in the
economic development level between the regions of Xi’an City.
How to bridge this gap? The development of secondary and tertiary
industries is backward in the economically backward areas, so
there is a need to vigorously develop industry and tertiary indus-
try, and accelerate urbanization. The more developed regions can
give technical help to backward areas, and the backward areas can

also provide the labor resources needed by the developed regions.

3 Conclusions and recommendations

In this paper, using principal component analysis and cluster anal-
ysis, we carry out comprehensive evaluation analysis of the eco-
nomic development level of 13 districts and counties of Xi’an City.
The results of these two analyses are basically the same, and the
results show that there are great differences in the economic devel-
opment level between the regions of Xi’an. Yanta District, Beilin
District, Weiyang District, Xincheng District and Lianhu District
are the center of Xi’an City. They should give full play to their ad-
vantages in science, education, commerce and industry, focus on
developing high — tech industries and equipment manufacturing to
constantly improve the city’s service function, and strive to keep

the economic development ahead. The development of secondary
(To page 8)
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D, (" complete foreclosure" ).

S Conclusions

Based on repeated game, this article considers the " good" or "
bad" type of enterprises, and studies the impact of vertical inte-
gration between one upstream enterprise and one downstream en-
terprise on the independent downstream enterprises in a duopoly
market. Meanwhile the suppliers can invest in reverse engineer-
ing, which will also affect the downstream enterprises’ innovation
and profits.

The study results show that when the cost is higher than the
threshold value B(IT' - IT") 6(A -28) , there will be no enter-
prise investing in reverse engineering; when the cost is lower than
the threshold value, the integrated enterprises will invest in re-
verse engineering; in the game of Time period 2, the downstream
enterprises’ innovation investment and profits increase with the in-
crease in the "good" probability of suppliers before vertical inte-
gration; after vertical integration, the independent downstream
enterprises’ innovation investment and profits decline, but the in-
tegrated enterprises’ innovation investment and profits increase; in
the game of Time period 1, the vertical integration makes the inde-

pendent downstream enterprises " totally foreclosed" .
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developing high — tech industries and equipment manufacturing to
constantly improve the city’s service function, and strive to keep
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is also consistent with the actual situation of Xi’an. Through the
division of the economic conditions of 13 districts and counties,
it provides data support for further economic development and

policy establishment in Xi’an City.
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