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Abstract — The evaluation of intensive utilization of construction land in small cities is an important aspect of their development in 
our country. The overall understanding of land utilization conditions in small cities can provide planning and management 
information for comprehensive and reliable technical basis. According to the division of urban function areas and the adoption of 
different evaluation indices, we construct kernel principal component analysis model and determine the evaluation index weight to 
construct the intensive utilization evaluation system. Also we conduct evaluation research on 7 functional areas including residence, 
commerce, industry, education, administration and office spaces.  Also, especially as Yushu City is a large grain-producing city, we 
used statistics and field investigation data from GIS. The results show that Yushu has a relatively high intensive utilization level 
and reasonable spatial structure arrangement, with certain potential for extension in an objective way. 
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I. INTRODUCTION 

Land is the material basis for living and development of 
human, as well as non-renewable natural resource. At 
present, China is in rapid economic and social development 
stage; because of the acceleration of industrialization and 
urbanization pace, construction land is extremely scarce 
resource [1-2]. When the conflict between demand and 
supply of land resource is gradually upgraded, there is 
change in land utilization structure. The rapid development 
of urbanization is one of the main factors for great reduction 
of cultivated land resource in our country, and the condition 
of occupation of cultivated land in a large amount will be 
continued. Small cities are the main forces of urbanization in 
our country, and most developed small cities have been 
equipped with the basic functions of large cities, but still 
with extensive expansion method, and the construction land 
utilization level is still in low degree utilization stage [3-5]. 
Based on this background, the change of extensive 
development method and the advocacy of intensive and 
economical utilization of land are the inevitable approach to 
effectively reduce the occupation of urban development to 
cultivated land. 

At present, the evaluation on intensive utilization of 
construction land is mainly concentrated in large cities and 
development zones, and there is little research achievement 
on intensive utilization state of construction land in small 
cities. At the same time, in the past researches, the intensive 
utilization evaluation system and index of construction land 
are relatively single [6-8]; however, as for cities, there shall 
be different systems and indexes for evaluation of intensive 
utilization degree according to different functional areas. 
During the land intensive utilization evaluation research, the 
weight assignment of evaluation index is the key and 

difficulty of the research. This article takes Yushu City as the 
example, on the basis of construction land field investigation, 
related data collection and division of functional areas, as 
well as the research on the method determined by evaluation 
index weight, to explore the optimum model of weight, to 
establish the evaluation system on intensive utilization 
degree of construction land in Yushu City, and conduct 
quantitative evaluation, to provide case reference for the 
perfection and modification of related technical index and 
standard in the research of intensive utilization of land in 
small cities in our country. The research on intensive and 
economic utilization evaluation of urban construction land in 
Yushu City and the exploration of intensive land utilization 
mode can play a demonstrated role in Changchun City and 
other small cities in northeast China. 

II. INTRODUCTION IN THE STUDY AREA  

Located in north central Jilin Province, Yushu City is 
located in the center of the trigonum composed by 
Changchun City, Jilin Cit and Harbin City. It is at 
126°01′42″-127°05′09″ east longitude and 44°30′35″-
45°15′00″ northern latitude. It is near to Shulan City to south 
and southeast, and near to Dehui City across the Songhua 
River to the southwest, and borders on Fuyu City to the west, 
and borders on Shuangcheng City to the north and northwest, 
and borders on Wuchang City of Heilongjiang Province to 
the east and northeast with Lalin River; 85km long in south-
north and east-west, with border line of 345km. The 
permanent resident population of Yulin in 2012 is 1.195 
million. 

The gross regional domestic product in 2012 is 34.051 
billion yuan; the aggregate fixed investment is 15.512 billion 
yuan. The gross regional domestic product and fixed 
investment of Yushu City during 2009 – 2012 are in 
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continuous progressive increase tendency, in which the 
average annual growth rate of gross regional domestic 
product during 2009 – 2012 is 18.17%; the average annual 
growth rate of fixed investment is 19.99%. 

III. RESEARCH METHOD 

A. Division of Functional Areas 

In order to construct the evaluation system, the division 
of urban functional areas is the basic work of quantitative 
evaluation of urban land utilization situation; by revealing 
the intensive utilization level of different functional areas, it 
reflects the overall intensive utilization situation of urban 
land. This article firstly explains the high-resolution remote 
sensing image of Yushu City in December 2013 (Figure 1) 
with ARCGIS software, and then divides the construction 
land into170 functional areas of 6 categories including 
residence, commerce, industry, education, administration & 
office and special functions areas, in basic principles of land 
utilization classification consistency, administrative division 
relative integrity and benchmark land price 
consistency(Figure 2). 

 

 

Figure 1 high-resolution remote sensing image of Yushu City 

 
 

We can see from the division result that the division of 
functional areas is in accordance with the land utilization 
spatial layer structure and the commerce functional areas are 
mainly distributed in central urban area, with little in outside 
urban areas, but uniform in various streets; the residence 
functional areas are developed and distributed from central 
urban area to outside urban area, with the largest area 
proportion; industrial functional areas and special functional 
areas are mainly distributed in the periphery of the urban 
area, with large single functional area, and concentrated and 
linked between functional areas; education functional areas 

are mainly distributed in Zhengyang Street, Huachang Street 
and Chengjiao Street, principle of secondary schools. 
Administrative & office areas are mainly distributed in 
Huachang Street. 

     

 

Figure 2 the units for Yushu construction land evaluationEvaluation 
Index 

The construction of intensive utilization evaluation index 
system of construction land in small cities shall not only 
reveal the connotation of intensive land utilization, but also 
reflect the current situation of intensive land utilization of 
different types of functional areas in an overall and objective 
way; aiming at different functional area types, there shall be 
different emphasis on the evaluation index [9]; according to 
regulations on evaluation of intensive and economic 
utilization of various types of construction lands in our 
country, conduct evaluation index setting on residence 
functional area, commerce functional area, industrial 
functional area, education functional area, administration & 
office functional area and special functional area (Table1), to 
reflect the intensive utilization level of construction lands in 
a comprehensive way. 

B. Ideal Value and Standardization 

The determination of the ideal evaluation index of 
evaluation index is the emphasis and difficulty of the 
research, and the reasonable selection of ideal value has 
direct influence on the scientific nature and reliability of the 
evaluation result [9]. The ideal value of various evaluation 
indices is comprehensively determined under the premise of 
in accordance with related laws and regulations, national and 
local technical standards and related planning, in 
consideration of the practical utilization situation of 
construction land, in combination of “Overall Plan for Land 
Utilization in Yulin City”, “Urban Comprehensive Planning 
of Yushu City”, “Design Specifications of Urban Residence 
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Areas”, “Residential Housing Specifications”, “Urban Land 
Classification and Planning and Construction Land 
Standard”, “Urban Public Facilities Planning Specifications”, 
“Industrial Project Construction Land Control Index” (issued 

by Land and Resources Bureau [2008] No. 24) and 
“Construction Planning Area Index of General Institutes of 
Higher Education” (construction standard [1992] No. 245) 

TABLE I. THE INDEX SYSTEM OF QUANTITATIVE EVALUATION FOR THE CONSTRUCTION LAND UTILIZATION IN YUSHU 

Type of functional area Index Index meaning

Residence functional 
area 

Comprehensive plot ratio 
Total area of various types of buildings in the residence functional areas (10 thousand m2) / land area of 
residence functional areas (hm2)

Population density 
Residence population in the residence functional areas (person) / land area of residence functional area 
(hm2) 

Infrastructure completion Supporting degree of infrastructure in the residence functional area including water, electricity and road
Residence land price 
realization level

Unit land market price of residence functional areas in current conditions (yuan/m2) / unit land market 
price realized in planned conditions of the residence functional areas (yuan/m2) 

Building density 
Building area of various buildings in residence functional areas (10 thousand m2) / land area of residence 
functional areas (hm2)

Commerce functional 
area 

Comprehensive plot ratio 
Total area of various buildings in commerce functional areas (10 thousand m2) / land area of commerce 
functional areas (hm2)

Infrastructure completion Supporting degree of infrastructure in commerce functional area including water, electricity and road
Commerce land price 
realization level

Unit land market price of commerce functional areas in current conditions (yuan/m2) / unit land market 
price realized in planned conditions of commerce functional areas (yuan/m2) 

Industrial functional 
area 

Comprehensive plot ratio 
Total area of various buildings in industrial functional areas (10 thousand m2) / land area of industrial 
functional areas (hm2)

Infrastructure completion Supporting degree of infrastructure in industrial functional area including water, electricity and road
Total fixed asset of unit 
land 

Original price of industry enterprises fixed asset in industrial functional area (10 thousand yuan) / land 
area of industrial functional area (hm2)

Gross industrial output 
value of unit land 

Total industrial output value in industrial functional areas (10 thousand yuan) / land area of industrial 
functional area (hm2)

Education functional 
area 

Comprehensive plot ratio 
Total area of various types of buildings in education functional area (10 thousand m2) / land area of 
education functional area (hm2)

Infrastructure completion Supporting degree of infrastructure in industrial functional area including water, electricity and road
Number of students 
served by unit land 

Total number of students served in education functional area (person) / land area of education functional 
area (hm2) 

Building density 
Building area of various buildings in education functional areas (10 thousand m2) / land area of education 
functional areas (hm2)

Administration & 
office functional area 

Comprehensive plot ratio 
Total area of various buildings in administration & office functional areas (10 thousand m2) / land area of 
administration & office functional areas (hm2)

Infrastructure completion Supporting degree of infrastructure in industrial functional area including water, electricity and road

Special functional area 
Comprehensive plot ratio 

Total area of various buildings in special functional areas (10 thousand m2) / land area of special 
functional areas (hm2)

Building density 
Total area of various buildings in special functional areas (10 thousand m2) / land area of special 
functional areas (hm2)

TABLE II. THE IDEAL VALUE FOR EVALUATION INDEX IN URBAN INTENSIVE UTILIZATION OF CONSTRUCTION LAND IN YUSHU 

Functional area (code) Index (unit) Ideal value

Residence functional area 

Comprehensive plot ratio 1.5-2.25 
Population density (person/hectare) 235-358 

Infrastructure completion (score) 100 
Residence land price realization level (%) 100% 

Building density (%) 30-45 

Commerce functional area 
Comprehensive plot ratio 1.2-3.0 

Infrastructure completion (score) 100 
Commerce land price realization level (%) 100% 

Industrial functional area 

Comprehensive plot ratio 0.5-1.0 
Infrastructure completion (score) 100 

Total fixed asset of unit land (10 thousand yuan/hectare) 512.84 
Total industrial output value in unit land (10 thousand yuan/hectare) 1526.37 

Education functional area 

Comprehensive plot ratio 0.6-1.2 
Infrastructure completion (score) 100 

Number of students served by unit land (person/hectare) 90-185 
Building density (%) 30-35 

Administration & office functional area 
Comprehensive plot ratio 1.5-3.0 

Infrastructure completion (score) 100 

Special functional area 
Comprehensive plot ratio Planned index

Building density (%) Planned index
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(Table II), in which the ideal index value of special 
functional area shall be in accordance with the functional 
areas corresponding to the planned usage. After 
determination of ideal index value, according to the standard 

value proportion reckoning algorithm, taking education 
functional area as an example, conduct standardization to 
various ideal values (Table III). 

TABLE III.  THE STANDARDIZED TABLE OF DEAL VALUE IN FUNCTIONAL AREAS FOR EDUCATION 

Serial 
number 

Land 
area

（hm2
） 

Current index value Standardized index value 
Intensive 

land 
utilization 

index 

Comprehen
sive  

Infrastructure 
completion 

 
Number of 

students served 
by unit land 

(person / hm2) 

Building 
density 

(%) 

Comprehensive  
Infrastructur
e completion 

Number of 
students 

served by 
unit land 

Building 
density 

Plot ratio Plot ratio 

1 11.07  0.45  100.00  245.35  0.13  75.00  100.00  132.62  41.67  91.38  
2 1.34  0.91  100.00  314.26  0.31  100.00  100.00  169.87  100.00  119.56  
3 1.16  1.80  100.00  146.27  0.39  150.00  100.00  100.00  111.49  122.88  
4 1.45  1.15  100.00  181.04  0.39  100.00  100.00  100.00  111.09  101.33  
5 0.65  0.95  100.00  211.27  0.33  100.00  100.00  114.20  100.00  103.98  
6 3.29  0.58  100.00  228.79  0.16  96.67  100.00  123.67  52.90  99.54  
7 0.28  1.51  100.00  950.80  0.43  125.83  100.00  513.95  123.63  229.85  

 

C. Index Weight Calculation Based on Kernel Principal 
Component 

In consideration that different evaluation indexes are 
selected for different functional areas during the evaluation 
process, therefore, there are relatively less evaluation indexes 
in various functional areas. in order to determine the weight 
value of evaluation index in a reasonable way, the kernel 
principal component analysis method is adopted for this 
research for the calculation of weight. In statistics, the 
principal component analysis is an effective data analysis 
method, which converts data from higher space to lower 
space, to avoid the mutual overlapping of massive 
information [10]. However, principal component analysis 
conducts a group of linear transformation, and suitable for 
solving linear problems only; besides, it is required that the 
number of samples shall be far larger than that of the 
variables; therefore, when the number of samples is 
relatively less, it is impossible to obtain the characteristic 
parameters with higher comprehensiveness. Kernel principal 
component analysis (KPCA) is widely applied because of the 
extremely strong nonlinear processing ability and no 
requirement to the number of samples. 

In order to research on the nonlinear relationship between 
intensive utilization degree and various evaluation indexes, it 
is assumed that there is correlativity between the intensive 
utilization degree  and various evaluation index 
combinations , in which are 
parameters to be obtained, i.e., the evaluated weight values. 
In order to establish the statistic model of this nonlinear 
relationship, it is available to utilize kernel functional theory 
to convert data to high-dimensional or infinite-dimensional 
characteristic space, and select appropriable kernel 
functional model and the parameters, to express the 
nonlinear correlativity in the input space with the linear 
relationship in characteristic space [11]. According to kernel 
principal component principle, the calculation procedures are 
as follows: 

(1) Select 20 experts in related field to rate for index 
weight value, and obtain sample data and standardized input 
sample; 

 (2) Select the kernel function of KPCA, and calculate the 
kernel matrix K, and Gaussian radial basis function is 
selected in this time;  

 (3) Calculate the characteristic value and characteristic 
vector of kernel matrix K; 

 (4) Calculate the accumulative rate of contribution of 
characteristic value ; according to the given extraction 
efficiency p, extract the characteristic vectors corresponding 
to principal components with number of I when ≥p, and 
take it as the weight value corresponding to various 
evaluation indexes. 

 
TABLE IV. THE EVALUATION INDEX WEIGHTS IN URBAN 

INTENSIVE UTILIZATION OF CONSTRUCTION LAND IN YUSHU 
 

Type of functional 
area 

Index 
Weight 
value 

Residence 
functional area 

Comprehensive plot ratio 0.39 
Population density 0.29 

Infrastructure completion 0.13 
Residence land price realization level 0.12 

Building density 0.07 

Commerce 
functional area 

Comprehensive plot ratio 0.49 
Infrastructure completion 0.19 

Commerce land price realization level 0.32 

Industrial 
functional area 

Comprehensive plot ratio 0.42 
Infrastructure completion 0.21 

Total fixed asset of unit land 0.10 
Total industrial output value of unit land 0.27 

Education 
functional area 

Comprehensive plot ratio 0.43 
Infrastructure completion 0.17 

Number of students served by unit land 0.28 
Building density 0.12 

Administration 
& office 

functional area 

Comprehensive plot ratio 0.70 

Infrastructure completion 0.30 

Special 
functional area 

Comprehensive plot ratio 0.69 
Building density 0.31 
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Based on the above model, various evaluation index 
weights of intensive utilization of construction land in Yushu 
City are shown as in Table IV. 

 

D. Calculation of Intensive Utilization Index of 
Functional Area 

Taking education functional area as the example, it 
conducts calculation to economic utilization index according 
to formula (1). 

 
n

i i
i=1

λ = β F 100                          (1) 

Whereλ is the intensive utilization index of the functional 
area; iβ is the evaluation index weight value of the ith 

item; iF is the standardized value of evaluation index of the 
ith item; and n is the evaluation index number, and n=7. 
According to formula (1), the intensive utilization index 
result of education functional area is shown as in Table 3. 

IV. EVALUATION RESULT AND ANALYSIS 

According to the above calculation method of intensive 
utilization index to education functional area, we conduct 
index calculations to other functional areas respectively; 
according to the calculations results, the total score 
frequency graph method is adopted to conduct division to 
land utilization index values of different types of functional 
areas, to determine the standards of four types including over 
use, intensive use, moderate use and low use, and finally 
form intensive utilization types evaluation result of various 
functional areas as shown in Table 5, and the spatial 
distribution as shown in Figure 2. 

TABLE V THE CORRESPONDING TABLE FOR THE RESULTS OF FUNCTIONAL 
AREAS 

Types of 
functional 

areas 

Low use Moderate use Intensive use Over use 

Area Ratio Area Ratio Area Ratio Area Ratio

Residence 
functional area 

148.20 19.56 238.34 31.46 296.71 39.17 74.32 9.81 

Commerce 
functional area 

0.00 0.00 0.00 0.00 13.32 62.54 7.98 37.46

Industrial 
functional area 

22.58 14.85 112.92 74.29 16.51 10.86 0.00 0.00 

Education 
functional area 

0.00 0.00 0.00 0.00 14.37 74.63 4.88 25.37

Administration 
& office 

functional area 
0.00 0.00 2.15 9.15 18.57 78.90 2.81 11.95

Special 
functional area 

109.78 41.78 99.14 37.73 41.62 15.84 12.21 4.65 

Total 280.56 22.69 452.56 36.60 401.10 32.44 102.20 8.27 

 

 
Figure 2 the type of land utilization 

According to various evaluation index calculation results 
of various functional areas, except for special functional 
areas and industrial functional areas, the land utilization 
strength of construction land is relatively high, especially 
commerce land, education land and administration & office 
land; the infrastructure and living facilities are relatively 
complete, and the comprehensive plot ratio, building density, 
infrastructure completion and living facility completion are 
with relatively high index realization degree. As for 
industrial functional area, land utilization strength and land 
utilization benefit are the main factors with influence on the 
intensive utilization level; because of the influence of the 
urban location and regional economic development level, 
there is a relatively low industrial land input-output strength 
in Yushu City, which is mainly embodied on the indexes 
such as the unit land fixed asset investment and unit land 
industrial output value of industrial functional areas, which 
results in the relatively low overall intensive utilization level 
of industrial functional areas. as for education functional 
areas, in consideration that secondary vocational schools are 
mainly distributed in downtown areas with relatively high 
building density, and the number of students served by unit 
land is relatively large, which results in the current situation 
of over use in most education functional areas in Yushu City. 
The special functional areas are mainly influenced by land 
component, and land utilization strength is the decisive 
factor for limitation of the intensive utilization level, with 
very low intensive utilization level in general.  

In spatial structure, it is located in the old area of the 
center circle layer; it is developed early, with perfect 
infrastructure, dense population and high utilization strength; 
most of the land utilization types are over use or intensive 
use, and most of the lands with utilization types of moderate 
use or low use are distributed in the peripheral urban areas 
which are developed late, with imperfect infrastructure, 
sparse population and low construction strength. Besides, the 
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residence lands located in downtown areas or the ones which 
are newly constructed in suburb are reasonably planned and 
designed, with high land intensive utilization level.   

Generally speaking, the urban land intensive utilization 
condition in Yushu City appears circle layer variation 
tendency, i.e., it appears the gradually decrease tendency of 
intensive utilization level from the downtown areas to the 
peripheral areas. Yushu City has relatively high economic 
and intensive utilization level on urban construction land, 
with clear functional areas, reasonable spatial structure 
arrangement and certain potential for expansion, which can 
meet the construction land requirements in the near future. 
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