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Evaluation of the Overall Level of New Urbanization in Hebei Prov-

ince Based on Factor Analysis and GIS
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Abstract  Urbanization is the result of economic and social development, but also an important indicator to measure the level of regional eco-

nomic and social development. Since the reform and opening up, the level of urbanization in Hebei province has been lagging behind the na-

tional average level. The 18th National Congress of the CPC proposed to develop new urbanization, and this paper evaluated the comprehensive

urbanization level of Hebei province combined with new connotation of urbanization. It constructed an evaluation index system of Hebei

Province’s urbanization comprehensive level, and then used the method of factor analysis with SPSS statistical analysis software to distinguish

the major influencing factors. Thirdly, it overlaid the result with spatial pattern, which calculated by the spatial visualization function of Arc-

GIS software, making the evaluation results presented in a more vivid way. Finally, it analyzed the driving factors of urbanization development

in Hebei Province and put forward some suggestions.
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1 Introduction

The 18th National Congress of the Communist Party of China clear-
ly proposed the concept of "new urbanization". The Central Eco-
nomic Work Conference further listed " speeding up the pace of ur-
banization" as one of six tasks of economic work in 2013. The re-
port of the Eighth Party Congress in Hebei Province pointed out
that accelerating the process of new urbanization is a major strate-
gic choice for Hebei Province to build a economically strong and
harmonious province''".

The so-called new urbanization refers to a process of urban
development, guided by the scientific development concept, and
driven by the new industrialization, aimed at pursuing rational
structure, high efficiency, perfect function, environment-friendli-
ness, social harmony and integration of urban and rural areas'".
The new urbanization should not be merely the " population urban-
ization" , and high rate of urbanization rate (urban population/to-
tal population ), but the urbanization of industry, population,
land, society and rural areas.

In view of this, when evaluating the level of urbanization in
11 prefecture-level cities of Hebei Province, we first consider the
situation of the relevant natural and social factors in the province,
to select the 9 indicators that can comprehensively reflect the de-
velopment of urbanization. Using the SPSS software, we perform
the factor analysis to get the score of the overall level of urbaniza-
tion in the cities of Hebei Province, and then use GIS to put the
score as the single factor layer to overlay the municipal administra-
tive layers for analysis, to generate the thematic map based on the

score of the overall level of urbanization, thereby revealing the
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spatial pattern of new urbanization level in the whole province. In
the evaluation, the indicators selected cover population, society,
ecology, land and other aspects; the display of evaluation results
is under the aid of GIS software, and the whole process reflects the

connotation of new urbanization evaluation.

2  Overview of the study area

Hebei Province is located in the northern part of the North China
Plain, with a total area of 187700 km’. As of the end of 2011,
there were 33 cities in the province, including 11 district-level cit-
ies and 22 county-level cities'” ; there were 114 counties, 1013
towns, and 946 townships, with a total population of 72. 41 mil-
lion, and the urbanization rate reached 45.6% .

Since the reform and opening up, the level of urbanization in
Hebei Province has showed an increasing trend, from 12.56% in
1978 t0 45.6% in 2011, and the province has gradually formed a
perfect urban system consisting of provincial central cities, region-
al central cities, small and medium-sized cities, counties and
towns.

However, compared with the national average (51.27% ), the
level of urbanization development in Hebei Province lags behind, so
improving the level of urbanization has become one of the main tasks

of current urban-rural coordination in Hebei Province.

3 Data sources

The data are from the direct or indirect statistics of Hebei provin-
cial administrative map, thematic maps and Hebei Statistical Year-
book (2012)™). The research platform is built based on dedicated
geographic information system software ( ArcGIS 9.3) and multi-

variate statistical software SPSS.

4 Research methods and content

In this paper, we select factor analysis method to analyze the over-
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all level of new urbanization in Hebei Province. The calculated
score of overall level is regarded as a layer to be superimposed on
the administrative map of Hebei Province, and GIS visualization
technology, data management and spatial analysis methods are
used to generate the thematic map based on the score of the overall
level of urbanization, thereby revealing the spatial pattern of new
urbanization level in the whole province. This data processing
technology roadmap based on factor analysis method and GIS can

be seen in Fig. 1.

Building of evaluation
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I
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Analysis and evaluation
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Fig.1 The data processing technology roadmap
4.1 Evaluation of the overall level of urbanization in Hebei
Province based on factor analysis Currently, the commonly
used methods for the evaluation of urbanization include AHP, Del-
phi method and factor analysis. The first two methods have differ-
ent degrees of subjectivity, possibly leading to the missing of the

original information”’. Factor analysis is a statistical method used

Table 1 Indicators for measuring the overall level of urbanization

to describe variability among observed, correlated variables in
terms of a potentially lower number of unobserved variables called
factors, and it is more objective. Factor analysis searches for such
joint variations in response to unobserved latent variables. The ob-
served variables are modelled as linear combinations of the poten-

[

tial 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. Computationally this tech-
nique is equivalent to low rank approximation of the matrix of ob-
served variables. Factor analysis originated in psychometrics, and
is used in behavioral sciences, social sciences, marketing, prod-
uct management, operations research, and other applied sciences
that deal with large quantities of data. Specific methods are as fol-
lows:

4.1.1

prominent contradiction between economic development and re-

Selection of indicators. In the context of increasingly

sources & environment, there is a need to pay more attention to
the content and quality of urbanization, overcome the extensive ur-
banization tendency, and choose the new urbanization road suit-
able for each city'®.

Therefore, taking the objective, scientific and comprehensive
evaluation as the starting point, this paper draws on the existing
integrated indicator system measurement results, and follows the
principles of systematicity, completeness, validity, scientificity
and operability, to select 9 indicators as the evaluation factors
from the connotation of new urbanization ( Table 1), so as to
measure the overall level of urbanization in the cities of Hebei

Province.

Goal Indicators

Evaluation of new urbanization in Hebei Province

The proportion of employed population in the secondary industry (x,)

The proportion of employed population in the tertiary industry (x,)
Per capita GDP(x;,)
The proportion of output value of the secondary industry(x, )

The proportion of output value of the tertiary industry(xs)

Per capita green coverage area in the built — up area//ha/104 persons(x,)

Per capita urban road area//104 m”(x,)

Per capila fiscal expenditure // yuan ()

Per capita investment in fixed assets //yuan(x, )

4.1.2 Extraction of the principal factors. In this study, we take
the indicators for 11 cities in Hebei Province as the samples, and
use the standardized data of 9 indicators as variables to build ma-
trix. The data are processed using SPSS 197",

First of all, we perform the suitability test of the sample da-
ta, and it is found that the significance level of correlation coeffi-
cient test ( chi-square value) is 0.000 <0.0001, that is, the cor-
relation matrix is not an identity matrix, and there is correlation
between the variables, indicating that the data in this study are
suitable for factor analysis.

Through the characteristic root of matrix and the correspond-

ing variance contribution rate, we select the principal component

and get the factor extraction results and factor regression coeffi-
cients. According to the principle of characteristic root > 1, the
principal component is selected.

Based on the calculation results using SPSS software, we
choose the first three characteristic roots as the principal compo-
nents ( Table 2), and the cumulative variance contribution rate
reaches 86.601% , basically retaining the original indicator infor-
mation, so we can choose the first three characteristic roots to
build the initial factor loading matrix (Table 3).

4.1.3 Rotated factor extraction. Given that the initial factor ex-
traction results can not clearly reflect the indicator information

contained in the principal component, the orthogonal varimax rota-
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tion is performed, and the rotated factor extraction results and fac- tor regression coefficients are shown in Table 4.
Table 2 Total variance decomposition table

The initial eigenvalues Extracting the sum of squares and loading Rotating the sum of squares and loading
Component Total Vari- Cumula- Total Vari- Cumula- Total Vari- Cumula-

ance // % tive // % ance // % tive // % ance // % tive // %
1 4.187 46.528 46.528 4.187 46.528 46.528 3.291 36.568 36.568
2 2.293 25.477 72.005 2.293 25.477 72.005 2.467 27.409 63.977
3 1.314 14.596 86. 601 1.314 14.596 86.601 2.036 22.623 86. 601
4 0.779 8.653 95.254
5 0.230 2.555 97.809
6 0.112 1.241 99.049
7 0.076 0.849 99.899
8 0.009 0.101 100. 000
9 7.764E -6 8.627E -5 100.000
Table 3 The initial factor loading matrix Table 4 Rotated factor loading matrix
. Component . . Component
Component matrix Rotating component matrix
1 2 3 1 2 3

Urban roads 0.892 Investment in fixed assets 0.914  0.233 0.121
Per capita fiscal expenditure 0.889  0.199 0.223 Per capita fiscal expenditure 0.893  0.285
Investment in fixed assets 0.875  0.292 0.231 Green coverage area in the built —up area 0.787  0.362 -0.117
Green coverage area in the built —up area 0.851 0.199 Per capita GDP 0.708 -0.312 0.112
The output value of the tertiary industry 0.694 -0.394 -0.529 Urban roads 0.687  0.573
The output value of the secondary industry  -0.691  0.430 0.511 The output value of the secondary industry  -0.172 -0.939 0.116
The employment in the tertiary industry -0.910 0.413 The output value of the tertiary industry 0.176  0.938
The employment in the secondary industry 0.897 -0.436 The employment in the secondary industry 0.9%4
Per capita GDP 0.388  0.443 0.514 The employment in the tertiary industry -0.993

4.1.4 Naming of factor variables. By Table 4, the principal
components are determined as follows:

(1) The first principal component has large absolute load fac-
tor on x5, %, x,, &y, and xy, so it can be defined as the social
urbanization factor;

(i1) The second principal component corresponds mainly to
%, , and x5, so it can be defined as the economic urbanization fac-
tor;

(ii1) The third principal component has large absolute load
factor on x,, and x,, so it can be defined as the population urban-
ization factor.

4.1.5 Calculation of the composite score and ranking. With the
variance contribution rate of selected principal factors as the
weight, the scores of various factors are integrated, to derive the

composite index of each sample F,. The formula is as follows:

3
F, = ZW,',‘ Vi/
j=1
where F; is the composite score of principal factor of city i; W is

Table 5 Principal factor loading

the load of city i on principal factor j; V; is the variance contribu-
tion rate of principal factor j selected by city i.

Thus we get the ranking of 11 prefecture-level cities in Hebei
Province based on the common factor score, as is shown in Table
6.

Three common factors reflect the level of urbanization in the
cities of Hebei Province from different aspects, but a common fac-
tor alone can not make a comprehensive evaluation of the status of
cities in the province, so the composite score F is calculated with
the variance contribution rate that common factors correspond to as
the weight .

3/\1 Fi
2N

where A, is the eigenvalue of the common factors.

F=

The score of overall level of urbanization and ranking of the

cities in Hebei Province is shown in Table 7.

Principal factor Indicator

Loading value

Meaning

Factor naming

Principal factor F;  Investment in fixed assets (x,)

Per capita fiscal expenditure (x;)

Green coverage area in the built — up area (x4)
Per capita GDP (x,)

Urban roads (x,)

Principal factor ¥,  The output value of the secondary industry (x,)
The output value of the tertiary industry (x5)
Principal factor F;  The employment in the secondary industry (x,)

The employment in the tertiary industry (x, )

0.914
0.893
0.787
0.708
0.687

-0.939

0.938
0.994

-0.993

Government’s regulatory capacity
Government’s regulatory capacity
Environment

Living standards of residents

The level of infrastructure

The level of economic development
The level of economic development
The level of population urbanization

The level of population urbanization

Social urbanization factor

Economic urbanization factor

Population urbanization factor
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Table 6 The ranking of the cities in Hebei Province based on the common factor score

F, (Economic factor)

City

F; (Population factor)

City F, (Social factor) City

Tangshan City 2.158 37 Shijiazhuang City
Qinhuangdao City 1.474 33 Langfang City
Shijiazhuang City 0.262 44 Qinhuangdao City
Chengde City 0.166 91 Zhangjiakou City
Cangzhou City 0.012 97 Handan City
Handan City —-0.431 57 Xingtai City
Baoding City -0.443 Chengde City
Zhangjiakou City -0.614 53 Baoding City
Hengshui City -0.67571 Cangzhou City
Langfang City -0.833 21 Hengshui City
Xingtai City -1.077 Tangshan City

1.640 05
1.298 29
1.249 85
0.230 48
0.219 98
-0.344 6
-0.527 51
-0.869 03
-0.903
-0.950 5
—1.044 02

Tangshan City
Baoding City
Langfang City
Handan City
Xingtai City
Zhangjiakou City
Qinhuangdao City
Shijiazhuang City
Cangzhou City
Chengde City
Hengshui City

1.176 64
1.167 71
1.119 43
0.845 78
0.527 56
-0.154 89
-0.581 75
-0.696 88
-0.719 75
-1.204 8
—1.479 05

Table 7 The score of overall level of urbanization and ranking

Score Ranking
Shijiazhuang City 0.51 3
Chengde City -0.27 6
Zhangjiakou City -0.29 7
Qinhuangdao City 1.06 1
Tangshan City 1.05 2
Langfang City 0.12 4
Baoding City -0.30 8
Cangzhou City -0.38 9
Hengshui City -0.89 11
Xingtai City -0.59 10
Handan City -0.02 5

4.2 The spatial pattern distribution of urbanization in Hebei
Province based on GIS From the above analysis, we get the
composite score of the level of urbanization of the cities in Hebei
Province. In order to facilitate the analysis of the driving forces
and judge whether the results are related to the spatial pattern dis-
tribution of the cities, this paper uses ArcGIS software to put the
scores as the single factor layer to be superimposed on the admin-
istrative map of Hebei Province, to generate the thematic map
based on the score of the overall level of urbanization. Here we
use GIS visualization technology, data management and spatial a-
nalysis.

4.2.1 Visualization technology. The basic meaning of GIS visu-
alization is to visually and vividly express and interactively process
a lot of abstract or invisible data generated in scientific computing
in the form of graphics image information, using the geometric fig-
ure, color, texture, transparency, contrast, animation techniques
and other means™ .

MacEachren uses geographic visualization to describe the
functions of maps in the context of the visual information process-
ing'”. Using the spatial visualization of GIS, we can visually un-
derstand the spatial distribution of data.

4.2.2 GIS data management and spatial analysis. GIS data not
only include spatial data, but also include attribute data, and the
attribute data are associated by ID number and spatial data. In
this paper, we intend to make thematic maps based on attributes,
so we first add the scores of three common factors and total scores

to the attribute table of 11 cities in Hebei Province, respectively,

Fig.3 F, factor regional distribution map
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Fig.4 F, factor regional distribution map
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Fig.5 The distribution map of the overall level of urbanization
in Hebei Province
and input the corresponding data to the corresponding attribute ta-
ble.

GIS spatial analysis can be divided into two levels. One is
the simple spatial search and spatial superimposition, and the oth-
er is the description and analysis of the spatial pattern. In this pa-
per, we use spatial superimposition and simple spatial pattern de-
scription function. The thematic maps on the newly added four at-
tributes are made as follows;

The classification thematic maps use the Natural Breaks
(Jenks) method, and the spatial pattern distribution of final com-

posite score is shown in Fig. 5.

4 Analysis of evaluation results of the overall level of
new urbanization in Hebei Province

Through Table 2 =7 and Fig.3 —5, the overall level of urbaniza-
tion in the cities of Hebei Province in 2011 can be clearly seen.
We consider the actual situation, history, location and other fac-
tors concerning the development of urbanization in the cities, and
interpret the above tables and figures.

Qinhuangdao City and Tangshan City get the high composite
scores. The social and economic factor scores of the former ranks
first, while the social and population factor scores ranks first.
Both are coastal cities, with high export-orientated level of econo-
my'"""; the level of infrastructure and government’s regulatory ca-
pacity are strong, and the level of urbanization is high.

The level of urbanization of the second category of cities is
general ( Shijiazhuang City, Langfang City and Handan City). For
these cities, the average score of the three principal factors is rela-
tively close, but except Handan City with the balanced develop-
ment, Shijiazhuang City has high social and economic factor
score, while Langfang City has high economic and population fac-
tor score. This is due to the fact that Shijiazhuang is a capital cit-
y, affected by government policies, and Langfang is near Beijing,
and the Beijing — Tianjin region creates jobs.

The level of development of the third category of cities lags
behind in the whole province, and the level of urbanization is low
(Chengde City, Zhangjiakou City, Xingtai City and Cangzhou Cit-
y). The level of urbanization of these cities is low. In addition,
the proportion of employed population in the secondary industry,
the proportion of employed population in the tertiary industry and
the proportion of non — agricultural population in these cities are
significantly lower than in the second category of cities. The popu-
lation urbanization factor is relatively low, and the economic ur-
banization is relatively backward.

The level of urbanization of the fourth category of cities is
very low (Hengshui City and Xingtai City). In terms of the level
of economy, health, science and technology, education and cul-
ture, these cities are the backward regions in Hebei Province. In
these areas, agriculture has a large share, and various urbaniza-
tion indicators of Hengshui City ranks behind in Hebei Province,
with low level of urbanization. The gap between Hengshui City and
other cities is very obvious.

The above analysis results indicate that the overall level of
urbanization of 11 prefecture-level cities of Hebei Province shows
different development models and uneven pace, which is closely
related to the location, economic development and national policy

of the 11 prefecture-level cities.

5 Recommendations for the development of urbaniza-
tion in Hebei Province

Hebei Province covers an area of 187 700 km” , and it has plains,
mountains and basins, so the spatial distribution of the city is
greatly influenced and the development of urbanization should suit

local circumstances.
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(1) Zhangjiakou City and Chengde City are located in the
western and northern parts of Hebei Province, with a lot of table-
land and mountains. The transportation is not convenient, and the
urban development is slow. They play a weak role in driving the
development of the surrounding areas. They should innovate upon
the ideas for development, and lead the urban transformation and
upgrading, to improve the urban facilities, functions, industries
and management'"’.

(ii) The four cities in the central and southern parts of Hebei
Province, Shijiazhuang City, Baoding City, Xingtai City and Han-
dan City, have vast plains, convenient transportation and rich re-
sources. Interaction between the cities should continue to in-
crease. In particular, as the center area, Shijiazhuang City should
exert its own strengths to accelerate the cultivation and develop-
ment of urban agglomerations, and drive the development of sur-
rounding cities'".

(iii) Qinhuangdao City, Tangshan City, Langfang City and
Cangzhou City, as the main cities undertaking industrial transfer,
should make use of the coastal advantages to develop the export-o-
riented economy, and use the advantages of location close to Bei-
jing and Tianjin to promote the urban construction around Beijing.

(iv) For Hengshui City, it should promote economic devel-
opment and use economic development to drive urbanization; focus
on improving the level of city planning and adjusting the adminis-
trative divisions.

(v) The development of entire province should be coordina-

ted, and it is necessary to play regional advantages, and promote
household registration system management to increase the urbani-
zation rate; adjust the industrial structure and vigorously develop

the tertiary industry.
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4 Conclusions

The above research and survey show that the majority of clams in
the market of Hongdao are from individual farmers’ decentralized
breeding. Due to low educational level of these decentralized
breeding farmers, their ability to accept new things, new tech-
nologies and new achievement is low, so it is particularly impor-
tant to guide their management.

Meanwhile, the Hongdao clam breeding industry has en-
tered a new stage of development, and the clam breeding trans-
forms from high input to high quality and high efficiency. The
development of clam breeding is increasingly dependent on tech-
nology and capital, and there is an urgent need to establish a
new model of breeding in line with the principles of ecology, in
order to promote the sustainable development of Hongdao clam
industry.

Therefore, the government should organize the clam breed-
ing farmers to visit, communicate and learn in other places, in
order to improve their management level. With the help of the

government, it is necessary to make breeding model transform

from extensive direction to intensive direction, so as to realize
the transformation of traditional clam breeding to scientific breed-
ing, and shift from quantity to quality and efficiency, thereby
improving the economic efficiency and sustainability of Hongdao

clam breeding industry.
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