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Abstract: This paper presents an integrated study of urban spatial expansion in the Hexi Corridor, Gansu Province, China based on TM, 

ETM remote sensing data in 1987, 1990, 1995, 2000, 2006 and 2011. The study explores the characteristics of urban spatial expansion 

and dynamic mechanism by using expansion speed index, expansion intensity index, compact index, fractal dimension, and extended 

flexibility index. We built the index system of influencing factors of urban spatial expansion by using the grey incidence model. The 

results showed that urban spatial expansion rate in the Hexi Corridor has been on the upward trend since 1987. Expansion intensity 

showed an obvious upward trend, however, the upward trend varied in different urban areas.  In addition, the urban structure was loose 

relatively, but the urban compactness was more obvious. The urban spatial form tended to be simple, and the urban land use tended to 

become more intensive. Urban spatial expansion experienced several stages: padding internally, external expansion and padding inter-

nally. The main driving factors of urban spatial expansion are not the urban water resources and the oasis scale, but one or several fac-

tors such as economy, traffic, population, resource and national policy. 
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1  Introduction 

The direct consequence of urbanization is urban spatial 
expansion which linked to the study of pattern-structure- 
process-mechanism in geography. The progress and 
pattern are vital characteristics of regional urbanization 
and urban regionalization (Ma et al., 2008). There are 
some underlying factors motivating the urban spatial 
expansion, which are nature, society, economy and cul-
ture (Huang et al., 2008). Researches on the progress, 
pattern, and mechanism have become the effective 
measure to identify the urban development phases and 
rules (Che et al., 2011). With the restructuring of the 
global economic integration and the influence of the 

knowledge economy, the internal mechanism of urban 
spatial structure has become more complex. In recent 
years, along with the rapid advance of the urbanization 
process in China, urban space has expanded sharply. 
Under the influence of internal and external factors, 
some different expanding characteristics have emerged 
gradually. In such cases, it is necessary and meaningful 
to study the urban spatial expansion.  

From the 1910s, geographers began to focus on urban 
space research. In recent years, some different countries 
and regions focused on the research of the scale, speed 
and pattern of typical urban spatial expansion, and the 
relationships between urban expansion and nature pro-
tection, demographic changes, and economic develop- 
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ment, the researchers summarized regional difference, 
background and reasons of urban spatial expansion 
(Kline et al., 2001; Weber and Puissant, 2003; Sato and 
Yamamoto, 2005; Mique-Àngel and Ivan, 2011). They 
simulated and predicted the urban space growth through 
the perspectives of people, environment, economy, re-
sources and the distribution of enterprise (Hassea and 
Lathrop, 2003; Martin and Sunley, 2006; Eric et al., 
2012). They used the methods of mathematical statistics, 
remote sensing, GIS, computer simulation model, com-
bining investigation and quantitative and qualitative 
analysis. The urban space has been studied in China 
since the 1980s. In recent years, the studies focused on 
the scale, speed, direction of spatial expansion, space 
variation characteristics, process of urban spatial exten-
sion (Zhang et al., 2006; Wang et al., 2008; Zhu and 
Feng, 2010; Zhao et al., 2011). Many comparative stud-
ies about the urban spatial expansion in different eco-
nomic development stages were carried out (Zhang et 
al., 2012), different urban space development pattern 
and driving mechanism were summarized (Liu and 
Shen, 2006; Liao et al., 2007; Wu et al., 2008; Shi et al., 
2009), and the urban spatial expansion were simulated 
and predicted by using the methods of the cellular 
automata model, genetic algorithm, neural network and 
system dynamics models (Li and Ye, 1999; He et al., 
2006; Yang and Li, 2007; Qiu and Chen, 2008; Kuang et 
al., 2011). The study area mainly concentrated on the 
economically developed areas and the typical undevel-
oped areas, while the central and western regions in 
China have not been studied deeply, especially in terms 
of the progress, pattern, and mechanism of urban spatial 
expansion. 

Oasis is the main region of human activities in the 
arid area, and the contradiction between human and 
ecological environment is obvious in the oasis area. 
Since the 1990s, the contradictions have been more and 
more severe with the resources exploitation and urban 
space growth in the oasis area of Hexi Corridor Gansu 
Province, China. In addition, this region met new de-
velopment opportunities because of new national poli-
cies, such as ′Western Development Strategy′, the con-
struction of national spatial development pattern and the 
reconstruction of the Lanzhou-Xinjiang Economic Belt. 
However, the research of spatial expansion in oasis cit-
ies and towns mainly focused on the characteristics, ur-
ban land expansion, mechanism, pattern evolution and 

variation rules in recent years (Zhang et al., 2005; 
Zhang et al., 2006; Dong et al., 2006; Liu et al., 2011; 
Shi et al., 2012), there is not enough integrated study 
about urban expansion and its driving mechanism. It 
was necessary to study the progress, pattern, character-
istics and mechanism of urban spatial expansion in the 
Hexi Corridor.  

In this study, we studied 20 units, including 19 county- 
level administrative regions and one prefecture-level 
city (Jiayuguan City) in the Hexi Corridor. The charac-
teristics of the urban spatial expansion were analyzed in 
this study by expansion speed index, expansion intensity 
index, compact index, fractal dimension and extended 
flexibility index, which were based on remote sensing 
data. We built the index system of influential factors, 
including economy, transportation, population, resources 
and other natural and social economic factors, and then 
we analyzed the driving factors of urban spatial expan-
sion by using the grey incidence model, which can sci-
entifically provide the theoretical basis for oasis cities 
and towns and urban development in arid areas.  

2  Study Area and Data Sources 

2.1  Study area 
The Hexi Corridor, a very important route connecting 
the west and east of Northwest China since ancient 
times, lies in Gansu Province and on the west of the 
Huanghe (Yellow) River in China. It is a long natural 
corridor, and the distance from north to south is 40–100 
km and from east to west is about 1120 km. It starts at 
Wushao Mountain in the east, and ends at Yumenguan in 
the west (Fig. 1). This region has a typical temperate 
desert climate: dry with very little precipitation, plenty 
of sunshine and fragile ecological environments. There 
are 19 county-level administrative regions (Jinchuan 
District, Liangzhou District, Ganzhou District, Suzhou 
District, Yongchang County, Minqin County, Gulang 
County, Tibetan Autonomous County of Tianzhu, Linze 
County, Shandan County, Minle County, Gaotai County, 
Yugur Autonomous County of Sunan, Jinta County, 
Yumen City, Dunhuang City, Guazhou County, Mongo-
lian Autonomous County of Subei and Kazak Autono-
mous County of Aksay) and one prefecture-level city 
(Jiayuguan City). The total area is about 2.76 × 105 km2, 
which account for 60.4% of the area of Gansu Province. 
Total population in 2011 was 4.82 × 106, which ac- 
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Fig. 1  Location of study area 

 
counted for 18.81% of that in Gansu Province. GDP 
reached 1.4791 × 1011 yuan (RMB) in 2011, accounting 
for 29.46% of the total economy in Gansu Province 
(Gansu Bureau of Statistics, 2012). 

2.2  Data sources 
The remote sensing data were obtained from the United 
States Geological Survey (USGS) website (http://glovis. 
usgs/Imgviewer) and scientific data service platform in 
Computer Network Information Center, Chinese Acad-
emy of Sciences (http://datemirror.csdb.cn), which in-
clude Landsat TM images (30 × 30 m) of the Hexi Cor-
ridor in July of 1987, August of 1990, July of 1995, July 
of 2006 and August of 2011 and Land ETM images (15 × 
15 m) in July of 2000. Based on the topographic map 

(1∶100 000) of the study area, we used cubic polyno-

mial model for geometric correction, and errors were 
kept within one pixel. By adopting the combination of 
visual interpretation and supervised classification 
method, we extracted the urban built-up area from 1987 
to 2011(Fig. 2).  

The accuracy of the extracted urban built-up area was 
verified based on the data in Gansu Province Develop-
ment Yearbook 2012 (Gansu Bureau of Statistics, 2012). 
The verification result showed Jinchuan District was 
98.40% which was the highest, Suzhou District, Jia-

yuguan City, Ganzhou and Liangzhou districts were 
90.54%, 85.48%, 79.77%, and 74.98% respectively. 
However, there were a large number of housing estates 
around the central area of Ganzhou and Liangzhou dis-
tricts, which were also calculated in the urban built-up 
area in the statistical data. So the data used in the paper 
extracted from the remote-sensing image were more 
accurate, it could reflect the actual urban expansion 
more truthfully and met the needs of our research. The 
socioeconomic data were obtained from Statistical 
Yearbook 1988; 1991; 1996; 2001; 2007; 2012 (Gansu 
Bureau of Statistics, 1988; 1991; 1996; 2001; 2007; 
2012). Traffic data were obtained from a document 
compiled by the Gansu provincial traffic network dia-

gram (1∶1000 000) and Gansu Provincial Highway 

Mileage Atlas in 2012. We overlaid the traffic data and 
administrative region boundaries for digital maps using 
GIS (Feng et al., 2009). Water resources data were pro-
vided by ′Environmental & Ecological Science Data 
Center for West of China, National Natural Science 
Foundation of China′ (http://westdc.westgis.ac.cn), 
which included the concurrent data of the ecological 
security evaluation in the Hexi Corridor and landscape 
planning research project. Besides, the water resources 
data in 2006 and 2011 were obtained from the Annual 
Report of Water Resources in Gansu Province.  
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Fig. 2  Urban spatial expansion in Hexi Corridor (1987–2011). Because there was a relocation in Kazak Autonomous County of Aksay 
in 1995, the built-up area is not labeled 

 
3  Methodology 

3.1  Characteristics of urban spatial expansion  
There are a number of indexes reflecting urban space 
expansion characteristics currently. Based on the re-
searches of predecessors, considering the complement 
and the availability of different indexes, expansion 
speed index is used to reflect the overall changes of ur-
ban land, and expansion intensity can reflect the average 
annual urban expansion speed and boost the compara-
bility of the expansion velocity during different periods 

(Chu et al., 2006). Besides, compact index can reflect 
the spatial agglomeration degree; fractal dimension of 
urban land shows the complexity and irregularity degree 
of the urban boundary; extended flexibility index can 
reflect whether urban land is intensive or not. In the pa-
per, we used the above indicators synthetically to reflect 
the spatial pattern and structure characteristics of urban 
space expansion (Zhang et al., 2006). 
3.1.1  Expansion speed index and expansion intensity 
index 
Expansion speed index Mue and expansion intensity in-
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dex Iue were normally used to analyze and describe the 
expansion of different urban lands, and compared the 
strength, speed and trend of the extension during differ-
ent periods (Chu et al., 2006; Che et al., 2011). The 
formula is as follows: 
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where ΔUi is the scale of urban land expansion for pe-
riod i; Δt is the time span; ULAi is the urban built-up 
area in the beginning of period i; TLA is the territorial 
area of the study region. 
3.1.2  Compact index 
Compact index was a parameter to reflect the object 
shape that could display the characteristics of urban land 
expansion. The perimeter of the plaques was compared 
with the circumference equaling to the area of the 
plaques (Wang et al., 2008). In general, it can be ex-
pressed as follows: 
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where Cij is the compact index of town i in the year j; Aij 

is the urban built-up area of town i in the year j; Pij is the 
perimeter of the urban built-up area of town i in the year 
j. Cij values are between 0–1. If the value is larger, the 
urban compactness is larger. whose compact index is 1. 
Larger compact index means lower transportation fee, 
and the improvement of utilization efficiency of urban 
infrastructure (Liu et al., 2011).  
3.1.3  Fractal dimension 
Fractal dimension of urban land shows the complexity 
and irregularity degree of the urban built-up area 
boundary (Wang et al., 2012). The formula is as fol-
lows: 
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where Dij is the fractal dimension of urban land of town 
i in the year j; Aij is the urban built-up area of town i in 
the year j; Pij is the perimeter of the urban built-up area 
of town i in the year j. The values of fractal dimension 
are between 1–2, and the bigger of fractal dimension, 

the more complex of urban form. When Dij < 1.5, urban 
morphology tended to be simple; when Dij = 1.5, the 
urban form was not stable because of the Brownian 
movement; when Dij > 1.5, urban form was compli-
cated. Fractal dimension can reflect the internal urban 
expansion ability with the compact index.  
3.1.4  Extended flexibility index 
Referring to the concept of elasticity in economics, we 
use extended flexibility index to discuss the coordinat-
ing relations between urban expansion speed and the 
population increase speed, and to reflect the rationality 
of urban expansion (Wang et al., 2008). Its formula is as 
follows: 

Δ

Δ
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ij
ij
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where Rij is the extended flexibility index of town i in 
the time j; ΔAij is the average annual growth rate of ur-
ban built-up area of town i in the time j; ΔPopij is the 
average annual growth rate of non-agricultural popula-
tion of town i in the time j. Related studies show that the 
reasonable extended flexibility index of towns in China 
is 1.12 (Chu, 2007; Zheng et al., 2009). 

3.2  Driving forces of urban spatial expansion  
Urban spatial expansion resulted from the inherent 
adaptability factors and external driving factors. The 
inherent adaptability factors included climate, topogra-
phy, hydrology, vegetation and the external driving fac-
tors included resources, economic, population and traf-
fic location. To represent the driving factors of urban 
spatial expansion in quantification, we chose the urban 
built-up area as an independent variable, and put the 
nature, society and economy as the dependent variable. 
Then an indicator system on driving factors was built up 
(Table 1) (Deakin et al., 2002; He et al., 2002; Tan et 
al., 2003; Liu et al., 2011; Cai et al., 2012). We used the 
grey incidence method to analyze the driving forces ex-
cept some qualitative driving forces, like policy. 

Economic and population factors were divided into 
gross and component (Table 1). We dealt with each 
economic factor on the basis of the constant in 1987 to 
eliminate the influence of different period. Non-agricul-
tural population mainly expresses the relationship be-
tween population urbanization and land urbanization. 
Urban water resources refer to the part of annual runoff 
for urban water supply deducted the water cost by eco- 
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Table 1  Indicator system on driving factors of urban spatial 
expansion 

Index level Driving factor 

GDP 

Added value of agriculture 

Added value of industry and construction industry

Economic factor 

Added value of commercial and service industry 

Traffic factor Accessibility index 

Total population Population 
factor Non-agricultural population 

Urban water resources Natural factor 

Oasis area 

 

logic and agriculture at a specific ratio. Although 
groundwater in this region also accounts for a certain 
proportion, we do not consider the influence of ground-
water in the paper. Oasis area reflected the relations 
between the heart of oasis and the urban spatial expan-
sion. The traffic factors had an important influence on 
urban development in the Hexi Corridor. An accessibil-
ity index displayed the relations between traffic and ur-
ban spatial expansion. Policy factor was discussed 
qualitatively. The urban spactial expansion is influenced 
by the categories of industrial parks which is one of the 
important driving factors. However, considering many 
industrial parks, such as Huangyang industrial park and 
Gaotai industrial park, are far from or located within 
urban area, which makes it difficult to extract the area of 
these industrial parks, we just applied the area to do 
qualitative analysis.  
3.2.1  Grey incidence analysis 
The grey system theory was originated from Deng Ju-
long in China in the early 1980s (Deng, 1985). The ba-
sic idea of grey incidence analysis was to determine the 
similarity degree according to the geometrical shape of 
different sequences. When the curve was closer, the 
corresponding sequences had greater correlation. The 
main feature was that we do not have to consider the 
sample capacity and the regularity of samples. The cal-
culated results only related to the change rate relative to 
the starting point rather than concrete numerical value 
(Liu et al., 2010). Therefore, this paper studied the main 
driving factors of urban spatial expansion in 1987–2011 
by using the relative degree of incidence with the initial 
value of the standardized data. The calculation steps go 
as follows (Liu et al., 2010; Xu and Liu, 2012; Liu et 
al., 2013): 

(1) Reference sequence and compared sequence 
Put the time series of the urban area as the reference 

sequence, Xi0 (k); put the influencing factors as the com-
pared sequence, Xij (k). The formula is as follows: 

 0 0 0 0( ) (1), (2), , ( )i i i iX k = X X X n   (6) 

 ( ) (1), (2), , ( )ij ij ij ijX k = X X X n   (7) 

where Xi0 (k) is the urban built-up area of town i in the 
year k; Xij (k) is the element j affecting urban spatial ex-
pansion of town i in the year k; i is the number of towns 
in the study region, i = 1, 2, …, p; j is the number of 
compared sequence, the number of elements influencing 
urban spatial expansion, j = 1, 2, …, m; k is the year. 

(2) Standardization processing of indexes 
Using the initial value method, each column data 

were divided by the first data in the column, then a set 
of fixed sequence could be obtained based on the de-
velopment speed. X'i0 (k) is the new reference sequence, 
and X'ij (k) is the new compared sequence, the formula is 
as follows:  
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(3) Calculation of the absolute difference between 
reference sequence and compared sequence  

X"ij (k) is the absolute difference between reference 
sequence and compared sequence, from the equations 
(6), (7) and (8), the following equation can be obtained: 

0( )= ( ) ( )ij ij iX k X k X k     (9) 

(4) The accumulative difference between reference 
sequence and compared sequence. |s'i0| is the accumula-
tive value of the reference sequence after dealing with 
the absolute difference. |s'ij| is the accumulative value of 
the compared sequence after dealing with the absolute 
difference. By calculating |s'i0|, |s'ij|, |s'ij–s'i0| through the 
Equation (10), (11), (12), the following equations can be 
obtained: 
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(5) Calculation of the relative degree of incidence  
ri0j is the relative degree of incidence. In general, the 

expression goes as follows: 
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3.2.2  Traffic accessibility index 
Traffic accessibility index was built based on the traffic 
density and convenience degree (Feng et al., 2009). 
Traffic density is the ratio of total road length and the 
land area; convenience degree is the distance between 
urban center and highway, railway, airport, etc (Table 2). 

We eliminate the influence of dimension by normal-
ized processing, endowing with corresponding weight of 
each indicator, then we can get the traffic density and 
convenience degree in each district and county in the 
study area. On this basis, the accessibility index is the 
half of the sum of traffic density and convenience de-
gree. 

=0.25 + 0.25 + 0.25 + 0.125 + 0.125h n r p cTD R R R R R  (14) 

=0.25 + 0.25 + 0.25 + 0.125 + 0.125a r h n pSL D D D D D (15) 

=1/2(  + )TAI TD SL   (16) 

where TAI, TD, SL are the traffic accessibility index, 
traffic density and convenience degree respectively; Rh, 
Rn, Rr, Rp and Rc are high-speed road density, the na-
tional road density, the railway density, provincial road 
density and the county road density, respectively; Da, 
Dr, Dh, Dn and Dp is the distance from the built-up area 
to airport, railway station, entry of the high-speed road, 
the national road and provincial road respectively. Ac-
cessibility index value is between 0 and 1, when it be- 

come closer to 1, that is to say, the degree of accessi-
bility become larger (Feng et al., 2009).  

4  Results  

4.1  Characteristics of urban spatial expansion 
4.1.1  Expansion speed index and expansion intensity 
index 
From Fig. 3, it can be seen that the expansion speed of 
the built-up area for Liangzhou District, Ganzhou Dis-
trict, Linze County, Yugur Autonomous County of Su-
nan, Yumen City and Guazhou County increased gradu-
ally in 1987–2000, and there was relocation in 1995 in 
Kazak Autonomous County of Aksay. The expansion 
speed of other 14 units all slowed down in the same pe-
riod. Influenced by ′Western Development Strategy′, the 
urban expansion speed of most studied regions reached 
the highest in 2000–2006, and had a little fall back in 
2006–2011. The urban expansion speed of other studied 
regions reached the highest in 2006–2011. The urban 
expansion in Yumen City and Suzhou District showed a 
dramatic high speed after 2000 because Yumen City 
moved to Yumen Town and Yumen Oilfield Administra-
tion Bureau moved to Suzhou District. The expansion 
speed of the oasis cities and towns in the Hexi Corridor 
in 1987–1995, 1995–2000 and 2000–2006 was 5.43%, 
4.43% and 10.54% respectively. According to Che 
(2011), in the Changjiang (Yangtze) River Delta, the 
urban expansion speed was 3.2%, 5.80% and 15.85% 
respectively in the corresponding periods. Compara-
tively speaking, the urban expansion speed of the Hexi 
Corridor slowed down after 1995. In overall terms, in-
fluenced by own conditions and regional development 
strategy, the urban expansion speed in the Hexi Corridor  

 

Table 2  Indicators of accessibility index  

Destination layer Criterion layer Indicator layer 

High-speed road density 

National road density 

Railway density 

Provincial road density 

Traffic density 

County road density 

Distance away from airport 

Distance away from railway station 

Distance away from entrance of high-speed road 

Distance away from national road 

Traffic accessibility index 

Convenience degree 

Distance away from provincial road 
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Fig. 3  Expansion speed index of oasis cities and towns in Hexi Corridor (1987–2011). 1, Jinchuan District; 2, Jiayuguan City; 3, Li-
angzhou District; 4, Ganzhou District; 5, Suzhou District; 6, Yongchang County; 7, Minqin County; 8, Gulang County; 9, Tibetan 
Autonomous County of Tianzhu; 10, Linze County; 11, Shandan County; 12, Minle County; 13, Gaotai County; 14, Yugur Autonomous 
County of Sunan; 15, Jinta County; 16, Yumen City; 17, Dunhuang City; 18, Guazhou County; 19, Mongolian Autonomous County of 
Subei; 20, Kazak Autonomous County of Aksay 
 

declined slowly first and then rise up fast in 1987–2011. 
On the whole, it presented a trend of increasing, but had 
a further widening gap with the eastern region of China. 

The expansion intensity of the oasis cities and towns 
in the Hexi Corridor had the similar trends and charac-
teristics (Fig. 4 and Fig. 5). During 1987–2011, the ur-
ban expansion intensity showed an increase trend, ex-
cept Suzhou District, Yongchang County and Shandan 
County showed a decline trend because extension speed 
decreased dramatically during 2006–2011. The expan-
sion intensities of cities or districts (Jinchuan District, 
Jiayuguan City, Liangzhou District, Ganzhou District, 
Suzhou District) were higher than those of counties, but 
Linze County, Shandan County, Minle County and 
Gaotai County had higher expansion intensities than 
Liangzhou and Ganzhou districts in 2000–2011, and 
Linze County had the highest ones in all periods. 
Suzhou District showed the abnormal trend in 
2000–2006 because Yumen Oilfield Administration Bu-
reau moved in. The expansion intensity of Jinchuan 

District, Jiayuguan City, Suzhou District, Ganzhou and 
Liangzhou districts were above 0.01. The average values 
of the expansion intensity in the study area were 0.004, 
0.006 and 0.014 in 1987–1995, 1995–2000 and 
2000–2006 respectively. During the same periods, the 
expansion intensity of Changjiang River Delta was 0.07, 
0.08 and 0.46 (Che et al., 2011). Thus it can be seen the 
land use scale is relatively small because there is a large 
area of gobi and desert and mountain in the oasis cities 
 

 
 

Fig. 4  Expansion intensity index of prefecture-level cities in 
Hexi Corridor (1987–2011). The codes are the same with Fig. 3 

 

 
 

Fig. 5  Expansion intensity index of oasis cities and towns in Hexi Corridor (1987–2011). The codes are the same with Fig. 3  
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and towns administrative area. Overall, the expansion 
intensity of the oasis cities and towns were small in arid 
regions. 
4.1.2  Compact index 
As shown in Fig. 6, because the oasis cities and towns 
were mainly distributed on the plains of Hexi Corridor, 
the urban spatial expansion had less restricted factors, 
and the urban space layout was relatively loose. The 
compact degree of the oasis cities and towns were 
smaller overall, and the biggest compact degree was 
0.577. The compact degree showed a decreasing trend 
about in 2000 except Jinchuan District, Jiayuguan City, 
Yugur Autonomous County of Sunan and Kazak 
Autonomous County of Aksay, which mainly related to 
industrial layout and urban expansion stage. Urban ex-
pansion was mainly based on expansion outward, and 
internal filling was complementary. Compared with the 
prefecture-level cities (except the mineral resource cit-
ies), county towns had more compact urban space form.    
4.1.3  Fractal dimension  
Figure 7 showed the fractal dimension change of oasis 
cities and towns in the Hexi Corridor in 1987–2011. The 

fractal dimension of all oasis cities and towns were less 
than 1.5, and urban space form tends to be simple, 
which corresponded with the small scale of oasis cities 
and towns. Overall, the fractal dimension showed a de-
cline trend except Yongchang County, Yugur Autono-
mous County of Sunan and Mongolian Autonomous 
County of Subei, and the style of internal filling expan-
sion is the main style of urban spatial expansion. The 
evolution of urban land use trends obviously intensified. 
The urban boundary in larger land use scale was more 
complicated, which result in that the fractal dimension 
of the prefecture-level cities were bigger than that of the 
county towns. Some counties, with outward expansion 
as the main, showed a rising trend of urban expansion in 
1995–2000, which identifies with the study conclusions 
of compact on the whole. Therefore, urban spatial ex-
pansion in the Hexi Corridor in 1987–2011 experienced 
several stages—padding internally, external expansion 
and padding internally. 
4.1.4  Extended flexibility index 
The extended flexibility index of oasis cities and towns 
in the Hexi Corridor during 1987–2011 was shown in 

 

 
 

Fig. 6  Compact index of oasis cities and towns in Hexi Corridor (1987–2011). The codes are the same with Fig. 3 
 

 
 

Fig. 7  Fractal dimension of oasis cities and towns in Hexi Corridor (1987–2011). The codes are the same with Fig. 3 
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Fig. 8. Generally speaking, the flexibility index of urban 
expansion was large, which was not reasonable. The 
average flexibility index during 2006–2011 was 2.39, 
and it was 4.38 in Dunhuang City, this was far from the 
ideal value (1.12). Only Gulang County and Kazak 
Autonomous County of Aksay were close to the ideal 
value during 2006–2011. As the rationality of the urban 
construction land expansion increased, the extended 
flexibility index declined gradually during 1987–1995 
except Gaotai County and Kazak Autonomous County 
of Aksay. Meanwhile, the speed of population growth 
was relatively faster than the growth of urban spatial 
expansion. The extended flexibility index of oasis cities 
and towns increased gradually during 1995–2006 which 
means the speed of urban land expansion was higher 
than the growth of urban population and the reasonable 
urban infrastructure expansion declined significantly. 
However, urbanization developed faster, and urban 
population increased rapidly after 2006. The extended 
flexibility index of most of the towns decreased which 
reflected the reasonable urban infrastructure expansion 
increased except Jinchuan District, Minle County, Gao-
tai County, Yugur Autonomous County of Sunan and 
Jinta County. Thus it can be seen that the scale of urban 
land use in the Hexi Corridor was large generally, and 
there was a serious waste of land resources in the urban 
development. Therefore, it was essential to implement 
the intensive urban land use mode.  

4.2  Driving forces of urban spatial expansion 
The driving forces of urban spatial expansion were ana-
lyzed quantificationally in this study by using the grey 
incidence model (Table 3). As shown in the results, the 

relative degree of incidence between urban expansion 
and economic factors and non-agricultural population 
was pervasively high. The economic factor was the main 
driving factor of the spatial expansion of oasis cities and 
towns. For the type of agriculture oasis cities and towns, 
the agriculture was their first driving force; for the re-
source-based cities and towns, like Jinchuan District, 
Jiayuguan City, the industry and construction industry 
were the main factor of the urban spatial expansion; for 
Suzhou District, the rapid development of new energy 
industry in recent years made industry as one of its main 
economic factors. Dunhuang City was a famous tourist 
city and Suzhou District was a developed business city, 
the commercial and service industry were their main 
economic factors.The relative degree of incidence be-
tween non-agricultural population and urban spatial ex-
pansion was higher generally. The increase of non-    
agricultural population directly promoted the urban resi-
dential, commercial, industrial, transportation and other 
related industry development, thus promoting the urban 
construction land expansion. Population urbanization 
and land urbanization promoted mutually, and the de-
mand for urban space of non-agricultural population 
were the direct cause for oasis cities and towns to ex-
pand (Liu et al., 2011). 

The relative degree of incidence between traffic ac-
cessibility index, total population, urban water reso-
urces, oasis area and urban expansion was low, whereas 
the urban expansion in Jinchuan District, Liangzhou 
District and Yongchang County were affected by trans-
portation. For population factors, the relative degree of 
incidence between total population and urban spatial 
expansion was lower generally, except Jinchuan District,  

 

 
 

Fig. 8  Extended flexibility index of oasis cities and towns in Hexi Corridor (1987–2011). The codes are the same with Fig. 3 
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Jiayuguan City and Liangzhou District. The total popu-
lation was not the main factor in the oasis cities and 
towns. There was not much relation between urban wa-
ter resources and urban spatial expansion, which indi-
cated that urban water resources were not the main 
driving force, although the urban location and layout in 
arid region were decided by the water resources. The 
relative degree of incidence between oasis area and ur-
ban expansion was also small, and even though oasis 
carries the mass production and living activities of hu-
man being in arid areas, the driving action for urban 
expansion was confined.  

As remote ethnic minority autonomous counties, the 
urban expansion of Yugur Autonomous County of Su-
nan, Mongolian Autonomous County of Subei and 
Kazak Autonomous County of Aksay were lack of ob-
vious driving forces except the commercial and service 
industry and non-agricultural population. The main 
driving force of these counties was the national and lo-
cal policies. Besides, Yumen City also was influenced 

by policy and financial support because of the resources 
exhaustion, although Yumen City showed the character-
istic of the commercial and service industry as the main 
driving force. Different types of industrial parks had 
some influence on the space expansion in the study area, 
especially after 2000. Owing to actualizing of the 
′Western Development Strategy′, special advantageous 
industries were supported, the number of industry parks 
was increased, and the scale was expanded rapidly, 
which exerted a great effect on the expansion speed, 
intensity and direction in some oasis cities and towns 
(e.g., Suzhou District, Yumen City, Linze County, 
Shandan County).  

Generally, although the urban location and layout in 
the Hexi Corridor were influenced by the spatial distri-
bution of water resources, the main driving force of ur-
ban spatial expansion in arid region was neither urban 
water resources nor the oasis scale since 1987. The im-
portant driving forces were economy, traffic, resources, 
population and national policy, and other factors. 

 
Table 3  Relative degree of incidence between urban expansion and driving factors in Hexi Corridor (1987–2011) 

Cities and Towns GDP 
Added value 
of agriculture 

industry 

Added value of 
industry and 
construction 

industry 

Added value of
commercial and
service industry

Traffic  
accessibility

index 

Total 
population 

Non- 
agricultural 
population 

Urban 
water 

resources

Oasis 
area

Jinchuan District 0.745 0.656 0.831 0.733 0.805 0.762 0.795 0.629 0.630

Jiayuguan City 0.756 0.624 0.796 0.686 0.674 0.798 0.871 0.572 0.523

Liangzhou District 0.704 0.727 0.643 0.677 0.852 0.762 0.948 0.642 0.657

Ganzhou District 0.715 0.800 0.621 0.654 0.696 0.644 0.896 0.559 0.612

Suzhou District 0.931 0.728 0.862 0.861 0.581 0.558 0.705 0.528 0.559

Yongchang County 0.650 0.759 0.657 0.633 0.751 0.592 0.710 0.598 0.563

Minqin County 0.884 0.910 0.590 0.734 0.629 0.562 0.775 0.629 0.588

Gulang County 0.686 0.921 0.583 0.594 0.624 0.595 0.781 0.644 0.569

Tibetan Autonomous 
County of Tianzhu 

0.727 0.708 0.618 0.612 0.667 0.574 0.731 0.542 0.581

Linze County 0.796 0.968 0.671 0.744 0.643 0.582 0.883 0.544 0.618

Shandan County 0.705 0.817 0.735 0.601 0.728 0.692 0.716 0.555 0.576

Minle County 0.775 0.995 0.627 0.655 0.665 0.608 0.885 0.558 0.553

Gaotai County 0.870 0.911 0.674 0.702 0.672 0.584 0.848 0.538 0.623

Yugur Autonomous 
County of Sunan 

0.699 0.689 0.538 0.835 0.627 0.547 0.611 0.544 0.621

Jinta County 0.661 0.777 0.655 0.605 0.664 0.657 0.941 0.573 0.616

Yumen City 0.785 0.698 0.762 0.979 0.548 0.514 0.521 0.527 0.537

Dunhuang City 0.722 0.775 0.703 0.817 0.653 0.677 0.738 0.567 0.594

Guazhou County 0.765 0.834 0.731 0.696 0.641 0.613 0.665 0.565 0.582

Mongolian  
Autonomous  

County of Subei 
0.553 0.678 0.536 0.662 0.710 0.711 0.794 0.645 0.617

Kazak Autonomous 
County of Aksay 

0.679 0.711 0.675 0.601 0.664 0.614 0.764 0.579 0.607
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5  Conclusions and Suggestions 

This paper analyzed the space expansion characteristics 
and driving forces of 20 units in the Hexi Corridor dur-
ing 1987–2011 by using remote sensing, GIS, related 
index model and grey incidence model. The results 
showed that: 1) Expansion speed of the oasis cities and 
towns in the Hexi Corridor showed a feature of ′decline 
slowly first and then rising fast′ during 1987–2011. 
Overall, it showed a trend of increasing, but has a wid-
ening gap with the eastern region of China. Expansion 
intensity of the oasis cities and towns tended to upward 
obviously, however, the scope was small and there was 
big difference between different oasis cities and towns. 
The distribution of urban space was relatively loose. But 
the compact tendency was apparent. The urban space 
form was simple, and the trend of urban land use evolu-
tion was intensifying. Urban spatial expansion experi-
enced several stages: padding internally, external expan-
sion and padding internally, which was not reasonable, 
and resulted in larger scale of land use. 2) Since 1987, 
the main driving forces of urban spatial expansion were 
neither the urban available water resources nor the oasis 
scale, which was the capacity of production and living 
activities in arid areas, but one or several factors of 
economy, traffic, resources, population and national 
policy in a particular situation. 

Therefore, based on the above research conclusions, 
there are some suggestions for reasonable urban exten-
sion as follows: first, during the urban spatial planning, 
the urban form compact should be taken into account to 
improve the utilization efficiency of infrastructure; sec-
ond, the urban land use should be intensive so that the 
land use efficiency will be improved correspondingly; 
third, the development of special competitive industries 
should be accelerated and the capacity of industrial 
concentration should be enhanced to promote economic 
development; fourth, the construction of urban trans-
portation should be accelerated to improve the urban 
traffic density and then promote urban space expansion. 
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