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Abstract: This paper attempts to establish an evaluating index system of land comprehensive carrying capacity in Xi'an 
city involving three aspects, such as economic carrying capacity, social carrying capacity, and ecological carrying capaci-
ty, combined with the development goals and constraint factors of Xi'an city. Furthermore, the method of mean-squared 
deviation weight decision is adopted to evaluate the status and dynamic change of land comprehensive carrying capacity 
in Xi'an City under the process of urbanization. As the results indicate, the index of land comprehensive carrying capacity 
in Xi'an city shows an overall upward trend with a low starting point between 2001 and 2012. The index of land compre-
hensive carrying capacity in Xi'an city was at a high level in 2012, while that of ecological carrying capacity was at a low 
state with only 0.3521. Therefore, with the development of urbanization, it is significant to improve urban ecological envi-
ronment, and then to strengthen rational planning and adjustment of land use for enhancing land comprehensive carrying 
capacity, as well as for realizing sustainable urban development of Xi’an city in the future. 

Keywords: Urban land, Comprehensive carrying capacity, Urbanization, Xi’an city, Economic carrying capacity, Social carry-
ing capacity, Ecological carrying capacity. 

1. INTRODUCTION 

Urbanization  refers to the historical transformation of 
production mode and lifestyle of the humanity from the rural 
type to the urban type [1, 2]. Urbanization process that in-
volves all aspects of human life has attracted great concern 
of scholars. Recently, problems generated by the urbaniza-
tion process, such as evaluation of urban land comprehensive 
carrying capacity in the urbanization process, have become 
an important study issue in the current academics. Urban 
land comprehensive carrying capacity can be defined as a 
capacity limit for land resources to carry a variety of eco-
nomic and social activities in a given period, a given region, 
and in some relatively stable environment, scientific tech-
nology and socio-economic development conditions [3]. 
Evaluation of urban land comprehensive carrying capacity 
plays a significant role in reflection, instruction and guidance 
for the urban development prospect. Therefore, with the rap-
id development of urbanization process, it is necessary to 
study urban land comprehensive carrying capacity for im-
proving the efficiency and exploring the potential of urban 
land use, as well as for protecting the sustainable use of land 
resources.   

Xi'an is not only an important central city in the western 
region of China, but also a new starting point and a bridge-
head of the Silk Road economic zone [4]. In recent years, the 
land comprehensive carrying capacity of Xi’an has  
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increasingly confronted a severe challenge due to rapid ur-
banization and economic development, expansion of urban 
construction as well as the scale of urban population. 

Whether the capacities of population and economy adapt 
to the threshold that land resources carry has become a sig-
nificant prerequisite for the future sustainable development 
in Xi'an. Currently, researches on carrying capacity of re-
gional land primarily are emphasized on single factor carry-
ing capacity rather than on comprehensive carrying capacity, 
and thus the state of the regional carrying capacity cannot be 
fully reflected. In this paper, the fundamental factors, such as 
ecological environment, economic factors and social factors, 
are taken as the object of the study. The comprehensive as-
sessment method is adopted to evaluate and analyze the situ-
ation and dynamic change of land comprehensive carrying 
capacity in Xi’an city between 2001 and 2012, in order to 
provide a feasible reference for the future land use and sus-
tainable development of Xi'an city.  

2. OVERVIEW OF STUDY AREA AND DATA RE-
SOURCES 

2.1 Overview of Study Area 

Xi'an, also known as Chang'an, the capital of Shaanxi 
Province in China, is from North to South  about 116 kilo-
meters long and from West to East  204 km wide, located in 
the center of China's geographic territory, and in the middle 
of the plain of the Yellow River Basin. Till the end of 2012, 
9 districts and 4 counties were under the jurisdiction of  
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the city, which covers a total area of about 10,108 square 
kilometers including the urban area of about 3852 square 
kilometers. The total population of the city amounts to 8.06 
million. GDP has reached  488.41 billion Yuan, of which the 
primary industry, secondary industry and tertiary industry 
respectively account for 4.5%, 43.3%, and 52.2% respective-
ly. In 2013, the amount of total land resources in Xi'an was 
1,009,680.65 hm2, involving 830,358.41 hm2 agricultural 
land resources, which accounted for 82.24% of the total area 
of city; construction land was 155,574.90 hm2, accounting 
for 15.41%; unused land was 23,744.74 hm2 with the propor-
tion of 2.35%. Xi'an not only has the largest population, 
more economic aggregate and higher degree of moderniza-
tion in the Northwest of China, but also has become an im-
portant transport hub in the Northwest [5]. 

2.2. Data Resources 

The data of this paper is mainly from the “Xi'an Statisti-
cal Yearbook 2014” [5], “China City Statistical Yearbook 
(2002-2013)” [6], “China Urban Construction Statistics 
Yearbook 2013” [7] and “China statistical Yearbook 2013” 
[8]. Some data, which cannot be acquired from the Statistical 
Yearbooks and other documents, is calculated by a linear 
regression model. 

3.  ESTABLISHMENT OF EVALUATION INDEX 
SYSTEM 

3.1. Establishment Principles of Evaluation Index System 

Through evaluating urban land comprehensive carrying 
capacity, not only the capacity of land resources, which is 
able to carry the natural, economic and social subsystems 
within the given region, but also the extent of development 
and coordination between each subsystems could be fully 
and accurately measured. To achieve this goal, following 
principles must be obeyed in the design and selection of 
evaluation index system [9, 10]: 

Firstly, system coordination principle should be obeyed. 
Land comprehensive carrying capacity is regarded as a com-
prehensive capacity of land resources to carry several factors 
of ecological environment, economic and social develop-
ment. Hence, mutual restraint and interaction between sub-
systems of the evaluation index system should be systemati-
cally handled with multi-perspectives. 

Secondly, the combination principle of geographical sim-
ilarity and distinction should be emphasized. The similarity 
and the uniqueness of the given region should be taken into 
account at the same time to select study indicators of urban 
land comprehensive carrying capacity. Furthermore, charac-
teristics and functions of study area should be fully consid-
ered to highlight the effects of land carrying capacity for the 
design of evaluation index system. 

Thirdly, the system of land comprehensive carrying ca-
pacity is a complex system composed by a number of fac-
tors, thus, its evaluation index system should also represent 
corresponding layers. 

Fourthly, not only the data can be easily collected, but al-
so the authenticity and usability of statistics should be en-
sured for building an evaluation index system of land com-

prehensive carrying capacity in order to achieve the practical 
significance and operability of the evaluation index  
system. 

3.2. Establishment of Evaluation Index System 

In this paper, according to the concept of land compre-
hensive carrying capacity and design principles of its evalua-
tion index system above [11-13], additionally combined with 
characteristics of study area, the capacity of land resources 
for ecological environment and socio-economic development 
is focused on. Therefore, the indicators in three areas  men-
tioned above are selected to establish an evaluation index 
system of land comprehensive carrying capacity in Xi'an 
city, including three parts: ecological carrying capacity, eco-
nomic carrying capacity and social carrying capacity (see 
Table 1). 

By calculating the ratio of indicators of various subsys-
tems and their corresponding standard values, the capacity 
values of each indicator which are carried by land resources 
in a certain area, can be measured. The formula is as follows: 

  
xi =

ci

sci

i = 1,2,...,n( )              (1) 

In the formula1, xi indicates the carrying capacity index 
of land resources for the indicator of item i within a certain 
area, ci refers to the indicator of item i, sci is the correspond-
ing standard value of the indicator of the item i. 

3.3. Determination of Standard Values in Evaluation In-
dex System 

Since the land comprehensive carrying capacity indexes 
need to calculate the ratio of the selected indicators and 
standard values, it is essential to determine the standard val-
ue of each indicator, which  directly influences the scientific 
nature and rationality of evaluation results. In this paper, the 
standard value of each indicator is determined by the charac-
teristics of different indicators.  

For instance, per capita arable land, the world average 
cultivated land area per capita refers to the present average 
level of cultivated land resources used by humans. China 
cultivated land area per capita, which is far less than the 
world average level, is one  of the least cultivated land area 
countries. Thus, it is better to use the world average value 
of cultivated land area per capita than the national average 
value. Moreover, Xi’an is attached to the mega-cities in 
China [14]. Hence, the public green land area per capita 
should be compared with domestic and foreign cities at the 
same level. In addition, because the public green land areas 
of Chinese mega-cities are generally smaller than that of 
other international metropolis, it is more reasonable to 
choose the average value of typical mega-cities in devel-
oped countries as the standard value. Other indicators also 
follow this criterion [5-8, 15, 16], which can be seen in 
Table 1. 

3.3.1. Standardization of Evaluation Index 

The evaluation of land comprehensive carrying capacity 
involves several factors, such as ecological environment, 
socio-economic development and other factors, which have 



Evaluation on Urban Land Comprehensive Carrying Capacity The Open Cybernetics & Systemics Journal, 2015, Volume 9    1987 

different units of measurement and are difficult to be as-
sessed. Therefore, to eliminate the effects of different units 
on evaluation results, all indicators with different units must 
be converted into standardized indicators without any unit 
before the evaluation. Then all of the data are between 0-1, 
in order to facilitate a consistent approach to evaluate. In this 
study, evaluation indicators are divided into two categories 
involving cost category and benefit category. The cost indi-
cator refers to the property value of an indicator negatively 
correlated with carrying capacity, such as the water con-
sumption per 10k yuan GDP; while the benefit indicator is 
viewed as the property value of an indicator positively corre-
lated with carrying capacity, such as the GDP per capita. The 
method of maximum difference dormalization is adopted to 
standardize indicators, and then the unit of standardized in-
dicators is converted into 1. The formulas are as follows: 

a.  Standardized method of cost indicators: 

  
Zij =

x j max ! xij

x j max ! x j min

i = 1,2,...,n; j = 1,2,...,m( )       (2) 

b.  Standardized method of benefit indicators: 

  
Zij =

xij ! x j min

x j max ! x j min

i = 1,2,...,n; j = 1,2,...,m( )       (3) 

In formulas 2 and 3, Zij indicates the standardized data; xij 
is the original data; xjmax, xjmin are respectively the maximum 
and minimum indicators of Gj (Gj refers to the collection of 
indicators of j). 

3.3.2. Determination of Evaluation Index Weights 

Currently, there are two main methods of index 
weighting including subjective weighting and objective 
weighting [17]. As for subjective weighting methods, such as 

Table 1. Evaluation index system of land comprehensive carrying capacity in Xi’an city. 

Target 

layer 
Criteria layer Index layer Index calculation Property 

Standard determina-
tion 

Standard 
value 

Land com
prehensive carrying capacity A

1 

Carrying capacity of 
ecological environment 

B1 

water resource per capita 
(m3 / ppl.) C1 

total water resource/ total 
population 

benefit national average level 2000 

water consumption per 
capita (m3 / ppl.) C2 

total water consumption/total 
population 

benefit 
average level of simi-

lar cities 
400 

public green land area per 
capita (m2 / ppl.) C3 

public green land area / non-
agricultural population 

benefit 
average level of de-
veloped countries 

15 

cultivated land area per 
capita (hm2 /ppl.) C4 

cultivated land ar-
ea/agricultural population 

benefit 
international average 

level 
0.26 

water consumption per 10k 
Yuan GDP (m3 /10k Yu-

an) C5 
water consumption/GDP cost 

international average 
level 

120 

Economic carrying capac-
ity B2 

GDP per capita (Yuan/ 
ppl) C6 

GDP / total permanent resi-
dent population 

benefit 
standard level of de-

veloped countries 
300k 

GDP of construction in-
dustry (100 mil. Yuan) C7 

statistic data benefit 
average level of simi-

lar cities 
2000 

GDP of tertiary industry 
(100 mil. Yuan) C8 

statistic data benefit 
average level of simi-

lar cities 
10k 

GDP (100 mil. Yuan) C9 statistic data benefit 
average level of simi-

lar cities 
20k 

Social carrying capacity 
B3 

Population density 
(ppl./km2) C10 

total population/ total land 
area 

cost 
average level of simi-

lar cities 
1000 

residential building area 
per capita (m2 / ppl.) C11 

residential building area/ 
total population 

benefit 
maximum of similar 

cities 
100 

construction land area per 
capita (hm2 / ppl.) C12 

construction land area/ non-
agricultural population 

benefit 
standard level of de-

veloped countries 
400 

Urbanization 
rate（%）C13*100% 

nonagricultural population / 
total population 

benefit 
average level of de-
veloped countries 

75 

grain output per capita（kg 
/ ppl.) C14 

total yield of grain/ total 
population 

benefit 
international average 

level 
400 
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Delphi method, AHP, etc., index weight coefficient is mainly 
determined by the subjective experience of expert judgment. 
This method is used for a long time and is relatively mature 
but mainly depends on the observer's experience and is in-
fluenced much by subjective opinions. On the contrary, the 
objective weighting approaches involve principle component 
analysis, the mean square deviation method, etc., which do 
not rely on subjective judgment and are more accurate and 
reliable compared with subjective weighting methods.  Some 
mathematical methods are used to determine the weights of 
indicators based on the relationship of the initial data. The 
mean square deviation weight decision, of which the concept 
and calculation methods are both easy to understand and to 
spread, is the most important and most commonly used 
method to reflect the discrete degree of random variables. In 
addition, the index weight coefficient calculated by this ap-
proach is more precise and more applicable to multi-index 
evaluation. In this paper, the mean square deviation weight 
decision is applied to the determination of the index weights 
and to the evaluation of land comprehensive carrying capaci-
ty in Xi'an city. The computation process is as follows: 

At first, average values of random variables need to be 
calculated. 

  
E Gj( ) = 1

n
Zij

i=1

n

!               (4) 

Then mean square deviation values of indicators Gj need 
to be worked out.  

  
! Gj( ) =

2

Zij"E G j( )( )
i=1

n

#           (5) 

Finally, the weight of each indicator needs to be calculat-
ed. 

  

Wj =
! Gj( )
! Gj( )

j=1

m

"
              (6) 

4. EVALUATION AND ANALYSIS OF THE RESULTS 

In accordance with the established evaluation index sys-
tem, the land comprehensive carrying capacity of Xi'an city 
is assessed and analyzed. All indicators are primarily 
standardized by the formulas 2 and 3. Then the standard-
ized indicators are weighted by the formula 4, 5 and 6 (see 
Table 2).  

Finally, the linear weighted summation method is applied 
to multiple-index decision making and sorting to calculate 
carrying capacity of each index subsystem and land compre-
hensive carrying capacity index of Xi'an city, through Yi  
with the formula  as follows: 

  
Yi = Zij

j=1

m

! Wj        (7) 

Scores in Table 3 are between 0-1. The higher the score 
of carrying capacity index, the greater the capacity of land 
resources, which is able to carry a variety of human activi-
ties. If scores are higher than 0.6, which is set up as the 
standard score, it is indicated that the land comprehensive 
carrying capacity can meet the requirements of social, eco-
nomic and ecological sustainable development and vice 
versa. 

Table 2. Index system weights of land comprehensive carrying capacity in Xi’an city. 

Criteria layer Index layer Weights 

Carrying capacity of ecological environment  

B1 

Water resource per capita (m3 /ppl.) C1 0.1441 

Water consumption per capita (m3 /ppl.) C2 0.0512 

public green land area per capita (m2 /ppl.) C3 0.3323 

cultivated land area per capita (hm2 /ppl.) C4 0.0686 

water consumption of 10k Yuan GDP (m3 /10k Yuan) C5 0.4038 

Economic carrying capacity  

B2 

GDP per capita (Yuan/ ppl) C6 0.2165 

GDP of construction industry (100 mil. Yuan) C7 0.2423 

GDP of tertiary industry (100 mil. Yuan) C8 0.3002 

GDP (100 mil. Yuan) C9 0.2410 

Social carrying capacity  

B3 

Population density (ppl./km2) C10 0.0452 

residential building area per capita (m2 / ppl.) C11 0.6441 

construction land area per capita (hm2 / ppl.) C12 0.1630 

Urbanization rate（%）C13*100% 0.0568 

grain output per capita（kg / ppl.）C14 0.0910 
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The weights of indicators in Table 2 are inserted into 
formula 7 to calculate the index of land comprehensive car-
rying capacity and carrying capacity indexes of each subsys-
tem of Xi’an city in 2001-2012, which can be seen in  
(Fig. 1). 

According to the calculation results  mentioned above 
and classification standards in Table 3,  the status of land 
comprehensive carrying capacity and carrying capacity of 
each subsystem of Xi'an city in 2012 can be clearly recog-
nized: the index of land comprehensive carrying capacity 
was 0.6540, which was at a high level and indicated that the 
land comprehensive carrying capacity can meet the require-
ments of social, economic and ecological sustainable devel-
opment. Moreover, the indexes of economic and social car-
rying capacities were respectively 1 and 0.6095 being at a 
high level, while the index of ecological carrying capacity 
was at a low level with only 0.3527, which showed that the 
land comprehensive carrying capacity can meet the needs of 

social, economic and ecological sustainable development. In 
future, the carrying capacity of land resources for ecological 
environment should be greatly improved by carrying out 
some appropriate measures (see Table 4). 

From Fig. (1), a conclusion can be drawn that the in-
dex of land comprehensive carrying capacity in Xi'an city 
shows an overall upward trend with a low starting point 
between 2001 and 2012. The index has continuously 
raised from 0.1142 in 2001 to 0.6484 in 2008. And then it 
reduced in the following two years until 2010 at the point 
of 0.5542. In general, the indexes of land comprehensive 
carrying capacities in Xi'an city ranging from 0.1142 to 
0.3614 were relatively stable between 2001 and 2007; and 
there had been a leap of index change in 2008, which then  
stabilized at a range from 0.5542 to 0.6540 in 2008 - 
2010. From the perspective of carrying capacity index 
changes of each subsystem, the development trend of eco-
logical carrying capacity index closely approached that of 

Table 3. Classification evaluation criteria of urban land comprehensive carrying capacity. 

Score <0.2 0.2~0.4 0.4~0.6 0.6 0.6~0.8 >0.8 

Degree lower low medium normal high higher 
 

 
Fig. (1). Index change of land comprehensive carrying capacity and each subsystem carrying capacity of Xi’an city in 2001-2012. 

 
Table 4. Evaluation results of land comprehensive carrying capacity of Xi’an city in 2012. 

Classification A1 B1 B2 B3 

Score 0.6540 0.3527 1.0000 0.6095 

Degree high low higher high 
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land comprehensive carrying capacity index in 2001, 
2004-2007, and the differences of index were less than 
0.03. Both development trends in 2001-2011 were also 
very similar, but in 2012, the index of ecological carrying 
capacity had a larger decline. The indexes of social carry-
ing capacity showed almost no change from 2001 to 2003, 
and were always around 0.21.  The fluctuation began in 
2004, and there was a larger jump in 2008. Then it 
reached a maximum of 0.7923 in 2009. However, it sig-
nificantly dropped at 0.5562 in 2010, but also recovered 
in the subsequent two years. The index of economic car-
rying capacity which kept an exponential increase, 
showed a steady upward trend despite of its lowest start-
ing point. Until 2011, it exceeded 0.8 and accessed a 
higher level, which implied that economic carrying capac-
ity was better than social carrying capacity and ecological 
carrying capacity in the current development of Xi'an city. 

There was a sharp contrast between a steady rise of 
economic carrying capacity and a fluctuate advancement 
of social development and ecological carrying capacity, 
which resulted in a fluctuation of land comprehensive 
carrying capacity index of Xi'an city. To further enhance 
the land comprehensive carrying capacity, it is necessary 
not only to maintain the advantages of economic carrying 
capacity, but also to promote the rational and sustainable 
use of regional land planning and to improve the ecologi-
cal carrying capacity of regional land by aiming at the 
coordinated development of economy, society and ecolog-
ical environment. In addition, the investment in urban 
infrastructure and public facilities should  also be in-
creased. Employment opportunities and revenue should be 
created at the same time for promoting the development 
of social carrying capacity. 

CONCLUSION 

Urban land comprehensive carrying capacity can re-
flect the abilities of urban sustainability and healthy de-
velopment. Researches on urban land comprehensive car-
rying capacity of cities in different areas with different 
urban functions focus on different aspects, but as a sys-
tem, lack of any part of functions of land comprehensive 
carrying capacity can affect the operation of the whole 
system. Thus, on the basis of the current economic devel-
opment and progress, geographical advantages, economic 
base and technological strength of Xi'an city should be 
fully  utilized to further improve its potential resources 
and location, and to promote economic development, to 
create a new starting point of the Silk Road economic 
belt, as well as to enhance regional economic carrying 
capacity through technology innovation and development 
of culture, tourism and other industries. Meanwhile, in 
order to build an international metropolis oriented by the 
Silk Road economic belt, and to enhance regional social 
carrying capacity, the urban population size should be 
rationally regulated. Urbanization rate and employment 
opportunities should  also be increased. Moreover, reno-
vation and investment of urban infrastructure and munici-
pal public facilities should be raised. In addition, the eco-

logical environment carrying capacity in Xi'an city should  
also be strengthened by improving the urban ecological 
environment, intensifying the rational land use planning 
and regulation, increasing urban green space, forest and 
other ecological land area. Therefore, through the consol-
idation and enhancement of various carrying capacities, 
the urban land comprehensive carrying capacity can be 
ultimately improved, further protecting and realizing the 
sustainable development of Xi'an city in the future. 
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