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Abstract: The change in land development intensity is an important perspective to reflect the variation in regional social and economic 

development and spatial differentiation. In this paper, spatial statistical analysis, Ordinary Least Squares (OLS), and Geographically 

weighted regression (GWR) methods are used to systematically analyse the spatial-temporal characteristics and driving forces of land 

development intensity for 131 spatial units in the western China from 2000 to 2015. The findings of the study are as follows: 1) The land 

development intensity in the western China has been increasing rapidly. From 2000 to 2015, land development intensity increased by 3.4 

times on average. 2) The hotspot areas have shifted from central Inner Mongolia, northern Shaanxi and the Beibu Gulf of Guangxi to the 

Guanzhong Plain and the Chengdu-Chongqing urban agglomeration. The areas of cold spots were mainly concentrated in the Qing-

hai-Tibet Plateau, Yunnan, and Xinjiang. 3) Investment intensity and the natural environment have always been the main drivers of land 

development intensity in the western China. Investment played a powerful role in promoting land development intensity, while the 

natural and ecological environment distinctly constrained such development. The effect of the economic factors on land development 

intensity in the western China has changed, which is reflected in the driving factor of construction land development shifting from eco-

nomic growth in 2000 to economic structure, especially industrial structure, in 2015. 
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1  Introduction 

Land use change is an important topic that has gained 
interest in recent years because of its role as a driver of 
environmental change (Foley et al., 2005). Land use 
change encompasses two aspects: changes in land cover 
and land development intensity (Erb et al., 2014). Cur-
rent research on land use change mainly focuses on land 
cover change, such as its spatial-temporal characteris-

tics, driving mechanisms, patterns and processes, and 
ecological and environmental effects (Galicia and Gar-
cía-Romero, 2007; Kroll and Haase, 2010; Zia, 2012; 
Zachary, 2013; Houghton and Nassikas, 2017; Arowolo 
et al., 2018). In comparison, research on land develop-
ment intensity has not received much attention over the 
past few years. Land development intensity is defined as 
the extent of land being used, which is also an indication 
of the amount and degree of land development in an 
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area and a reflection of the comprehensive effects that 
the natural environment and human activities have on 
land (Quintas-Soriano et al, 2016; Cegielska et al., 
2018; Wellmann et al., 2018; Yang et al., 2019). 

At present, many developing countries in the world are 
experiencing rapid industrialization and urbanization, 
which greatly stimulates the growing demand for land, 
especially construction land. The remarkable land use 
change that occurred in China over past decades has been 
primarily characterized by the astonishing expansion of 
construction land (Long et al., 2007; Liu et al., 2015a; 
Huang et al., 2017b). According to the statistical year-
book, the area of China’s construction land has increased 
from 362 600 km2 in 2000 to 385 930 km2 in 2015 (Na-
tional Bureau of Statistics of China, 2016). This demand 
is driven by multidimensional factors, such as population 
growth, industrial development, urbanization, investment, 
and national policies (Gao et al., 2018). However, the 
growth of construction land is limited by the scarcity of 
land resources. The eventual consequence must be a high 
concentration of various elements in the limited land 
space, which leads to enhancement of land development 
intensity. Therefore, research on land development inten-
sity can reflect changes in social and economic develop-
ment, this research also provides an important perspective 
to explore the spatial pattern heterogeneity of socio- 
economic development.  

The concept of land development intensity has tradi-
tionally been used in and has developed from agriculture 
(Erb et al., 2013). The commonly accepted concept of 
land development intensity in agriculture can be denoted 
as the degree of yield amplification caused by human 
activities or socioeconomic inputs, including: labour, 
resources, water, energy, and capital (Liiri et al., 2012). 
A large number of studies have been carried out focus-
ing on agricultural land development intensity, including 
dynamic change (van der Sluis et al., 2016), measure-
ment analysis (Dietrich et al., 2012), spatial pattern (Yin 
et al., 2019), driving forces (Teixeira et al., 2014), and 
impacts on ecology and the environment (Margriter et 
al., 2014). A variety of different data were used in the 
research, such as agricultural census, land use/cover 
maps, satellite images, field surveys, and statistics data 
(Persson et al., 2010). Multiple approaches were applied 
in related studies, including spatially explicit maps (Yan 
et al., 2017), comparative analysis (Lu et al., 2012), 
measuring models (Ferdous and Bhat, 2013), and re-

mote sensing technology (Howison et al., 2018). Com-
pared with agricultural land development intensity, the 
research on other types of land (e.g., construction land, 
urban land, and industrial land) is relatively scarce.  

Land development intensity is an important topic in 
the field of land studies in China. During China’s rapid 
economic development and urbanization in the past 
decades, the change in construction land has become not 
only the most significant aspect of land use change but 
also the focus of land use research. A broad array of 
studies have been carried out in recent years, mainly 
focusing on the spatiotemporal changes (Jiang et al., 
2016), spatial pattern (Xie et al., 2017) and driving 
forces (Liu et al., 2015b) of construction land, construc-
tion land expansion and cultivated land protection (Liu 
et al., 2015a), assessment of construction land potential 
(Xu et al., 2011; Dang et al., 2015), and economic effi-
ciency of construction land (Ye et al., 2018). The inten-
sity of urban construction land use has been widely ad-
dressed by an increasing number of scholars (Gong et 
al., 2014; Liang et al., 2018). Compared with construc-
tion land, the research on land development intensity is 
still relatively scarce. Relevant researches mainly focus 
on the spatial-temporal characteristics of the land de-
velopment intensity in a province or city (Tan et al., 
2011; Shen et al., 2019), while systematic research on 
driving mechanisms of land development intensity at 
regional or national scales has been pursued relatively 
less often. In addition, there are few studies on the 
measurement, spatial-temporal dynamics, and spatial 
heterogeneity of construction land, and there are even 
fewer studies on land development intensity as a reflec-
tion of the pattern of socio-economic development. It is 
worth noting that Liu provides a systematic regional 
case research on the evolution of the pattern and spatial 
differentiation mechanism of construction land devel-
opment intensity in Northeast China (Liu et al., 2018). 

Since the Reform and Opening Up of China in 1978, 
the eastern coastal areas of China have rapidly developed. 
Meanwhile, the gap between the eastern coastal and cen-
tral and the western inland areas have also begun to 
widen. To promote balanced development, the central 
government of China began to implement the Grand 
Western Development Program in 2000. Since then, the 
western China has rapidly developed, with the level of 
urbanization rising from 28.7% in 2000 to 48.7% in 2015, 
and the gross domestic product (GDP) per capita rising 
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from 4624 to 39 210 yuan (RMB) (National Bureau of 
Statistics of China, 2011; 2016). The rapid development 
caused a high rate and massive scale of construction land 
expansion. The largest area of increase was observed in 
the western China from 2010 to 2015, which showed an 
expansion of 10.6 ×103 km2, or 43.0% of the total in-
crease of construction land area in China (Ning et al., 
2018). The increase in area and intensity for construction 
land may not only alter socio-economic development 
patterns in the western China but also create a potential 
threat to the vulnerable ecological environment. There-
fore, a clear and systemic understanding of land devel-
opment intensity in the western China is a crucial task to 
optimize development pattern here and achieve sustain-
able development in the new period. The main research 
objective of this paper is to analyse the dynamic charac-
teristics and spatial patterns of land development intensity 
and reveal spatial heterogeneity and its driving forces in 
the western China since the implementation of the Grand 
Western Development Program. It is hoped that this paper 
provides decision support for exploring socio-economic 
development patterns, optimizing land use and promoting 
sustainable development in the western China.  

2  Materials and Methods 

2.1  Study area 
The Grand Western Development Program in China 
covers 12 provinces, autonomous regions, and munici-
palities, including Sichuan, Shaanxi, Gansu, Qinghai, 
Yunnan, Guizhou, Chongqing, Guangxi, Inner Mongo-
lia, Ningxia, Xinjiang, and Tibet. The study area is 
composed of 131 administrative units with a total area 
of 6.87 million km2, accounting for 72% of the whole 
country (Fig. 1). In 2015, the total population of the 
western China was 371 million, and the gross domestic 
product (GDP) was 14.5 trillion yuan (RMB), account-
ing for 27.1% and 20.1% of the country totals, respec-
tively (National Bureau of Statistics of China, 2016).  

 

Fig. 1  Location of the western China 
 

2.2  Data source and processing 
The land use data of the western China were 
downloaded from Data Center for Resources and Envi-
ronmental Sciences of Chinese Academy of Sciences 
(RESDC) (http://www.resdc.cn). The land use data were 
acquired by a user-computer interactive interpreting 
method based on Landsat TM/ETM at different stages. 
We mainly extracted construction land of the western 
China, including urban built-up lands, rural settlements, 
and other construction lands (e.g., industrial parks, 
transportation facilities, mining areas, etc.) in 2000 and 
2015. The construction land area of each administrative 
unit in the western China was calculated using the tabu-
late area tool in ArcGIS 10.2. The socio-economic data 
were obtained from the statistical yearbooks of the 
western provinces of China in 2001 and 2016. Topog-
raphic and ecological data were also obtained from the 
Data Center for Resources and Environmental Sciences 
of Chinese Academy of Sciences. The slope was calcu-
lated using a 250 m digital elevation model. The forest 
ecosystem area of each administrative unit was obtained 
from spatial distribution data of China’s terrestrial eco-
system types in 2000 and 2015. Details of the above 
data are shown in Table 1. 

 
Table 1  Detailed information of the data 

Data Year Component Source Resolution 

Construction land 2000/2015 Urban built-up land, rural settlement land, other  
construction land 

Landsat TM/ETM 1000 m 

Forest ecosystem 2000/2015 Woodland, shrubbery, sparse Woodlot, other forest 
land 

Landsat TM/ETM 100 m 

DEM 2000  Shuttle Radar Topography Mission 
(SRTM) 

250 m 

 



 HUANG Xin et al. Spatial-temporal Dynamics and Driving Forces of Land Development Intensity in the Western… 19 

 

2.3  Methodology 
2.3.1  Land development intensity 
The concept of land development intensity was proposed 
in Major Function-Oriented Zone Planning (MFOZ Plan-
ning) of China in 2010 and used in the evaluation of con-
struction land development and MFOZ Planning at dif-
ferent scales (Fan et al., 2010). Land development inten-
sity (LDI) is a comprehensive reflection of human con-
struction activities, which is measured by the ratio of the 
area of regional construction land to the total area of the 
region. The calculation formula is as follows: 

/LDI CLA TA  (1) 

where LDI is land development intensity, CLA is the 
area of regional construction land, and TA is the total 
area of the region. 
2.3.2  Spatial statistical analysis 
Spatial autocorrelation and Hot Spot Analysis are used 
to reveal spatial patterns and agglomeration characteris-
tics of LDI. Moran’s I statistic is used to detect whether 
nearby areas have similar or dissimilar attributes overall, 
which represent positive or negative spatial autocorrela-
tion, respectively (Wang, 2015). Moran’s I is calculated 
as: 
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where N is the total number of areas, wij is the spatial 
weight linking area i and j, xi and xj are the LDI values 

for area i and j, respectively, andx is the mean of the 
LDI values.  

The Getis-Ord Gi* statistic in the Hot Spot Analysis 
tool of ArcGIS was used to indicate the clustering of 
high or low LDI values. A large Gi

* value (a positive Z 
score) indicates clustering of high values. A small Gi

* 
value (a negative Z score) indicates clustering of low 
values. Gi

* is calculated as: 
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where d is critical distance from each other, wij is the 
spatial weight linking area i and j, xi and xj are the LDI 
values for areas i and j, respectively.  
2.3.3  Driving forces analysis 
Against the background of accelerated urbanization and  

industrialization, construction land use changes are 
tightly interrelated with human production activities 
(Liu et al., 2015a; Dadashpoor et al., 2019). The growth 
of urban population is one of the driving forces for the 
expansion of urban built-up land (Oueslati et al., 2015; 
Mustafa et al., 2018). Regions with more urbanization 
level have a greater demand for construction land, 
which will lead to higher land development intensity. 
Regional economic growth promotes the growth of 
various factors, which will also generate demand for 
construction land such as industrial land, residential 
land, and transportation facilities (Seto et al., 2011). The 
development of the manufacturing industry will produce 
a certain demand for construction land and promote land 
development intensity. The service industry is usually 
concentrated in the urban built-up area. Therefore, cen-
tralized development of the service industry may have a 
negative effect on the increase of construction land 
(Chen et al., 2016). Government investment is one of 
the main drivers of regional development and urbaniza-
tion. In particular, investment could play an important 
role in the development of transport and infrastructure in 
the western China (Liu et al., 2009). Transportation and 
infrastructures can directly drive the expansion of re-
gional construction land, which has a positive effect on 
land development intensity. The western China is char-
acterized by great topographic fluctuations and vulner-
ability in the ecological environment. Adverse topog-
raphic conditions and strict ecological protection will 
limit the land development intensity to a certain extent. 
Therefore, in view of the actual characteristic and de-
velopment status of the western China, this paper uses 
land development intensity (LDI) as the dependent 
variable and selects independent variables from 
above-mentioned natural and socio-economic factors 
(Fig. 2, Table 2). 

 

Fig. 2  Analytical framework of driving forces to land develop-
ment intensity in the western China 
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Table 2  Independent variables to analyse the driving forces of land development intensity 

Factors Independent variables Calculation methods 

Population Urbanization level Urban population/total population  

Per capita GDP GDP/total population Economy 

Per capita fiscal revenue Regional fiscal revenue/total population 

Per unit area fixed assets investment Total fixed asset investment/total area Investment 

Per unit area fiscal expenditure Local fiscal expenditure/total area 

Industrialization level Added value of the secondary industry/GDP Industry 

Development of service industry Added value of the tertiary industry/GDP 

Topographic conditions Average slope value according to DEM Environment 

Ecological constraints Forest ecosystem area/total area 

 
2.3.4  Geographically weighted regression 
In the absence of spatial autocorrelation or spatial de-
pendence, the ordinary least squares (OLS) regression 
model can be used. When spatial dependence is pre-
sent, the residuals are not independent from each other, 
and the OLS regression is no longer applicable. Geo-
graphically weighted regression (GWR) is a partial 
regression model that introduces a spatial nonstation-
ary location and spatial regression coefficients. The 
spatial position is embedded into the regression coeffi-
cients, which not only describe the relationship be-
tween explained and explanatory variables but also 
reflect the spatial variation of their relationship. It is an 
effective modelling technique used to treat spatial non-
stationarity (Su et al., 2012). The model can be ex-
pressed as: 

0
1

( , ) ( , )
n

i i i k i i ik i
k

y u v u v x  


    (4) 

where yi is the dependent variable, that is, LDI value, xik 

is the independent variable, εi is the random error or re-
sidual, (ui, vi) is the location of i, and βk (ui, vi) is the 
regression coefficient of explanatory variables.  

GWR uses a locally weighted least squares method to 
estimate the parameters, and the resulting regression 
coefficients are usually not constant but vary with re-
spect to changes in spatial position, which reflects the 
nonstationarity of the spatial relationship (Gao and Li, 
2011). The regression parameters of any point can be 
estimated by the following formula (Su et al., 2012): 

1( , )=( ( , ) ) ( , )T T
i i i i i iu v X W u v X X W u v Y   (5) 

where W is a diagonal matrix with diagonal elements 
being the weight of observations for location i. Usually, 
a monotone decreasing function of the distance is used 
to assign weights to observations (Wang, 2015). 

3  Results 

3.1  Spatiotemporal variation of LDI 
We calculated LDI for each administrative unit in 2000 
and 2015. Fig. 3 shows the distribution of LDI values in 
the western China for 2000 and 2015. The maximum, 
minimum, and average values of LDI were 0.1196 
(Wuhai, Inner Mongolia), 0.0001 (Ali, Tibet), and 
0.0140, respectively, in 2000. In 2015, the maximum, 
minimum, and average values of LDI were 0.2307 
(Chengdu, Sichuan), 0.0001 (Ali, Tibet), and 0.0476, 
respectively. Compared to 2000, the average value of 
LDI in 2015 increased by 3.4 times. 

In 2000, high LDI values only appeared in a few cit-
ies such as Wuhai, Xi’an, Chengdu, and Beihai. The LDI 
values in most administrative units were generally low. 
In 2015, the high-value areas of LDI increased signifi-
cantly, mainly concentrated in the eastern cities of the 
western China, such as Shaanxi, Sichuan, Chongqing, 
and Guangxi. Overall, the values of LDI in the western 
areas of the western China such as Tibet, Qinghai, and 
Xinjiang have not changed much. The LDI values of the 
above areas were always low from 2000 to 2015. In ad-
dition, the variation coefficient of LDI values decreased 
from 1.4170 to 0.9112 from 2000 to 2015, indicating 
that the gap in land development intensity among the 
different regions has narrowed. 

3.2  Hotspot analysis of LDI 
The global Moran’s I was calculated for LDI in the 
western China in 2000 and 2015. The Moran’s I was 
0.134 and 0.353, respectively, with a Z score of 5.012 
and 12.359. The result shows that LDI is not spatially 
independent but displays a stronger clustering of similar 
LDI. This result also provides a basis and support for 
validity of the GWR model. 
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Fig. 3  Spatial patterns of land development intensity in western China in 2000 (a) and 2015 (b)  

 
To reveal the distribution of hot spots and cold spots 

for LDI, we calculate the Getis-Ord Gi
* of LDI in the 

western China in 2000 and 2015. The natural breaks 
method in ArcGIS 10.2 was used to divide Getis-Ord 
Gi

* statistics into five categories from high to low. Fig. 4 
shows the spatial distribution of hot spots and cold spots 
areas for LDI in 2000 and 2015. Overall, the Getis-Ord 
Gi

* of LDI show a relatively high value in the eastern 
area and a low value in the west. In 2000, LDI hot spots 
were mainly concentrated in central Inner Mongolia, 
northern Shaanxi, and south-eastern Guangxi, whereas 
cold spots were located in south-eastern Qinghai-Tibet 
Plateau and Yunnan Province. In 2015, LDI hot spots 
were more concentrated and were mainly distributed in 
the central and southern Shaanxi Province and the 
Chengdu-Chongqing Urban Agglomeration. The area of  

cold spots spread to the whole Qinghai-Tibet Plateau 
and southern Xinjiang.  

3.3  Driving forces of LDI 
The original nine variables in Table 2 were standardized 
using the Z score method in SPSS. Meanwhile, multi-
collinearity for some variables was found through the 
variance inflation factor (VIF) test. We then used prin-
cipal components analysis (PCA) to create independent 
factors and limit the number of variables. A varimax 
rotation was applied to minimize the number of original 
variables that load highly on any one factor and increase 
the variation among factors, thus making these new fac-
tors more statistically independent than the original 
variables. We extracted three and four factors based on a 
combination of standard criteria: eigenvalues > 1 in  

 

Fig. 4  Spatial patterns of Gi
* Z score for LDI in the western China in 2000 (a) and 2015 (b)  
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2000 and 2015, respectively. Three factors explained 
75.38% of the total variance in the original nine vari-
ables in 2000, and four factors explained 89.34% of the 
total variance in the original nine variables in 2015. In 
2000, PCA yielded three factors with primary loadings: 
economic development, investment intensity, and natu-
ral environment. In 2015, PCA yielded four factors with 
primary loadings: economic development, investment 
intensity, industrial structure, and natural environment, 
as shown in Table 3. 

In this paper, LDI was taken as the dependent vari-
able, and the principal factors-based PCA was taken as 
the independent variable. OLS analysis was conducted 
on the influencing factors of land development intensity 
in the western China in 2000 and 2015. Table 4 shows 
that both models pass the significance test (P < 0.01). 
The adjusted R2 values are 0.4482 and 0.8316 in 2000 
and 2015, respectively, which indicates that both OLS 
regression models fit well.  

In the OLS regression model of 2000, all factors pass 
the significance test of 99%. Three factors have a signifi-
cant impact on land development intensity, and the posi-
tive and negative effects are basically consistent with the 
theoretical hypothesis. It can be found that economic de-
velopment has a positive driving effect on land develop-
ment intensity in the western China. However, compared 
with investment intensity, the regression coefficient of 
factor 1 is relatively small, indicating that land develop-
ment intensity in the western China is mainly driven by 

investment. A large amount of fixed asset investment and 
fiscal expenditure has been invested in infrastructure con-
struction in the western China, which has greatly pro-
moted land development intensity in the region. The re-
gression coefficient of the natural environment factor is 
negative, indicating that the natural environment in the 
western China has played a certain role in constraining 
and limiting land development intensity. 

In the OLS regression model of 2015, the economic 
development factor fails the test, and the other three 
factors pass the significance test of 99%. By comparing 
the regression coefficients of various factors, it can be 
found that the regression coefficient of investment in-
tensity is as high as 0.8846. This indicates that land de-
velopment intensity in the western China in 2015 is still 
mainly dependent on capital investment. Industrial 
structure factors also have a positive effect on land de-
velopment intensity. The constraints of the natural envi-
ronment are hard to change, and still restrict construc-
tion land development in this region. Overall, compared 
with 2000, the regression model in 2015 shows that in-
vestment intensity is still the primary driving force of 
land development intensity in the western China, and 
the effect is further enhanced. Industrial structure is a 
new driving factor in 2015, but its regression coefficient 
is relatively small, indicating that its role is limited. In 
the regression models for 2000 and 2015, the natural 
environment has always been the key limiting factor on 
land development in the western China. 

 

Table 3  The principal drivers of land development intensity 

Year Factors Indicators and correlation coefficient 

Factor 1: economic development Per capita revenue (0.908), per capita GDP (0.907), industrialization level (0.815), urbanization level (0.718)

Factor 2: investment intensity Per unit area fixed assets investment (0.838), per unit area fiscal expenditure (0.811) 

2000 

Factor 3: natural environment Ecological constraints (0.885), topographic condition (0.827) 

Factor 1: economic development Per capita GDP (0.942), per capita fiscal revenue (0.935), urbanization level (0.787) 

Factor 2: investment intensity Per unit area fixed assets investment (0.969), per unit area fiscal expenditure (0.969) 

Factor 3: industrial structure Industrialization level (0.864), development of service industry (–0.969) 

2015 

Factor 4: natural environment Ecological constraints (0.891), topographic condition (0.809) 

 
Table 4  Results of the OLS model for land development intensity 

Year Independent variables Coefficients Probability R2 Adjusted R2 

Factor 1: economic development 0.2548 0.0001 

Factor 2: investment intensity 0.5798 0.0000 

2000 

Factor 3: natural environment –0.2443 0.0002 

0.4608 0.4482 

Factor 1: economic development 0.0633 0.0786 

Factor 2: investment intensity 0.8846 0.0000 

Factor 3: industrial structure 0.1691 0.0000 

2015 

Factor 4: natural environment –0.1468 0.0000 

0.8367 0.8316 
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3.4  Spatial heterogeneity of driving forces 
The GWR model of land development intensity in the 
western China in 2000 and 2015 was carried out in Ar-
cGIS 10.2. Since the economic development factor in 
2015 did not pass the significance test, it was excluded 
from the GWR model. The results of the GWR model 
are provided in Table 5. The adjusted R2 values of the 
GWR model for 2000 and 2015 are 0.686 and 0.884, 
respectively, which are better than those obtained with 
the OLS model. To compare the influencing characteris-
tics of various variables on land development intensity, 
detailed statistics parameters of the GWR model are 
given in Table 6. The statistical results for 2000 show 
that the positive coefficient proportion of the economic 
development factor and the investment intensity factor 
are more than 90%, while the negative coefficient pro-
portion of natural environment factor is more than 80%, 
which indicates that the spatial heterogeneity of these 
variables on land development intensity is not very sig-
nificant. The statistical results for 2015 show that the 
positive effect of investment intensity is further streng-
thened. Land development intensity for all spatial units 
is significantly affected by the investment intensity fac-
tor. The positive coefficient proportion of the industrial 
structure factor is also more than 90%. Compared with 
2000, the impact of the natural environment on land 
development intensity decreased slightly. 

To express the spatial heterogeneity of the various 
driving factors, their coefficients are estimated and 
mapped from the GWR model for 131 administrative 
units in the western China in 2000 and 2015. The natural 
breaks method in ArcGIS 10.2 is used to classify the 

coefficients in Fig. 5 and reveals the spatial pattern of 
the impacts on land development intensity of various 
driving forces including economic development, in-
vestment intensity, industrial structure, and natural en-
vironment.  

Economic development. In 2000, the regression coef-
ficient of the economic development factor showed a 
gradual decrease from northeast to southwest and from 
southeast to northwest. Two positive high-value clusters 
were formed in Inner Mongolia and the Beibu Gulf re-
gion of Guangxi, while the regression coefficients of 
other regions were relatively lower. By comparison, the 
spatial distribution of the high-value areas for the re-
gression coefficient of economic development is consis-
tent with the hot spot areas of land development inten-
sity, while the distribution of the low-value areas is 
roughly the same as the cold spot areas, indicating that 
the local economic development factor has a significant 
impact on land development intensity. 

Industrial structure. In 2015, the economic develop-
ment factors did not pass the significance test, and the 
industrial structure which was embodied in the industri-
alization level and development of the service industry, 
became the significant influencing factor, indicating that 
the driving forces of land development intensity have 
changed from economic level to economic structure. 
The high value of the regression coefficient for the in-
dustrial structure factor is concentrated in the 
Chengdu-Chongqing urban agglomeration and northern 
Xinjiang, indicating that land development intensity in 
the above areas is highly sensitive to the change in in-
dustrial structure. 

 
Table 5  Results of the GWR model for land development intensity 

Parameter Bandwidth Residual squares Sigma AICc R2 Adjusted R2 

2000 496609.2693 28.9849 0.5603 261.1381 0.7804 0.6860 

2015 605887.5066 11.7888 0.3406 116.4943 0.9107 0.8840 

 
Table 6  Statistical parameters of the GWR model for land development intensity 

Year 
Independent 

variables 
Minimum Upper quartile Median Lower quartile Maximum 

Percentage of 
positive (%) 

Percentage of 
negative(%) 

Factor 1 –1.1780 0.2036 0.2632 0.3784 0.6722 96.99 3.01 

Factor 2 –0.1668 0.2572 0.4870 0.6427 1.7397 99.25 0.75 

2000 

Factor 3 –0.7624 –0.4116 –0.2173 –0.1280 0.3932 12.78 87.22 

Factor 2 0.4851 0.7645 0.7891 0.8640 1.2307 100.00 0.00 

Factor 3 –0.1688 0.1302 0.1696 0.2274 0.4398 93.98 6.02 

2015 

Factor 4 –0.5168 –0.3296 –0.2695 –0.1878 1.4713 15.79 84.21 
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Fig. 5  Spatial distributions of the coefficients of GWR models in the western China in 2000 and 2015. a. Factor 1: economic devel-
opment in 2000; b. Factor 2: investment intensity in 2000; c. Factor 3: natural environment in 2000; d. Factor 2: investment intensity in 
2015; e. Factor 3: industrial structure in 2015; f: Factor 4: natural environment in 2015 

 
Investment intensity. In 2000, the regression coeffi-

cient of the investment intensity factor showed a gradual 
decrease from northeast to southwest. Two positive 
high-value clusters were formed in central and eastern 

Inner Mongolia and the north of Shaanxi, and a 
low-value cluster was formed in Tibet. Compared with 
2000, the spatial distribution of the regression coeffi-
cient for the investment intensity factor changed greatly 
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in 2015. The regression coefficient of this factor showed 
a gradual increase from east to west. Multiple clusters 
with high regression coefficients appeared in the west. 
This result shows that the land development intensity in 
the western China is highly sensitive to investment in-
tensity. The development of construction land driven by 
investment is weakening in the eastern China, while it is 
obviously enhancing in the western China. 

Natural environment. In 2000 and 2015, the spatial 
distribution pattern of the regression coefficients for the 
natural environment factor tended to be similar and 
showed a gradual decrease from west to east. This result 
fully shows the impact and constraints of the natural and 
ecological environment on land development intensity 
in the western China. Compared with 2000, the regres-
sion coefficient of the natural environmental factor in-
creased slightly in 2015, indicating that the constraint of 
the natural and ecological environment on land devel-
opment intensity decreased to some extent. Meanwhile, 
the hierarchical characteristic of the regression coeffi-
cient distribution for the natural environmental factor 
was more obvious in 2015, indicating that the impacts of 
the local natural environment on land development in-
tensity tended to be similar. 

4  Discussion 

Since the Grand Western Development Program in 
2000, the western China has witnessed rapid socio- 
economic development. From 2000 to 2015, the total 
GDP of the western China grew from 1 666 billion yuan 
to 14 502 billion yuan. Correspondingly, the proportion 
of the total GDP contributed by the western China in-
creased from 17.13% to 20.10%. The Grand Western 
Development Program has improved inequality between 
China’s coastal and inland areas. In the context of rapid 
social and economic development, the amount of con-
struction land in the western China has grown rapidly. 
From 2000 to 2015, the area of construction land in the 
western China increased from 34 600 km2 to 112 700 
km2. Correspondingly, the proportion of construction 
land in the western China in the total amount of con-
struction land increased from 9.56% to 29.21%. In the 
past 15 years, the growth of construction land in China 
has mainly been concentrated in the western China.  

According to the analysis of driving forces from OLS 
and GWR, although the economic factor is one of the 

driving forces of land development intensity the way it 
works has changed. From 2000 to 2015, the driving 
factor of land development intensity in the western 
China changed from economic development to indus-
trial structure. This change is consistent with the current 
transformation trend of China's economic development 
from being driven by economic growth to being driven 
by modification of the economic structure. 

Investment intensity and the natural environment 
have always been the drivers of land development in-
tensity in the western China in 2000 and 2015. Due to 
superior location conditions, China’s coastal areas have 
attracted many foreign investments and achieved rapid 
development after the reform and opening. By contrast, 
the western China has been unable to attract much for-
eign investment. After the Grand Western Development 
Program, the western China gained huge policy advan-
tages, and the central government began to invest a great 
deal of capital in here. In particular, a large amount of 
investment has been poured into transportation and 
other infrastructures, which has promoted the land de-
velopment intensity in the western China. Since 2000, 
many major projects have been built, such as the Qing-
hai-Tibet railway, the West-East power transmission 
lines, and the West-East natural gas transmission line. 
Furthermore, the transportation infrastructure has de-
veloped rapidly. From 2000 to 2015, the length of rail-
way in operation in the western China increased from 22 
109 km to 48 005 km, the length of highway from 553 
874 km to 1847 479 km, and the length of expressway 
from 3 677 km to 44 412 km. (National Bureau of Sta-
tistics of China, 2016) In conclusion, the growth of con-
struction land in the western China is mainly driven by 
investment in national infrastructure. 

Although the amount of construction land in the 
western China has grown rapidly, it is still greatly con-
strained by terrain and other natural conditions. The 
western China covers 6.87 million km2, accounting for 
71.5% of the country’s total area. However, nearly half 
of the land in the western China is desert, Gobi, or 
mountainous areas. In fact, the area of construction land 
in the western China accounts for only 1.64% of the 
total western area. In addition, the ecological environ-
ment in the western China is very sensitive and the eco-
logical function is very important. In 2015, the compre-
hensive vegetation coverage of grassland and forest 
coverage rates were 50.6% and 18.5%, respectively. In 
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the thirteenth Five-year Plan for China’s western devel-
opment and new spatial planning, ecological conserva-
tion and national ecological security are the main goals. 
It is foreseeable that the development of construction 
land in the western China will still be restricted to some 
extent. 

China’s Grand Western Development Program has 
been implemented for many years, and the growth of 
construction land and regional land development inten-
sity in the western China has also undergone great 
changes. Existing relevant studies mainly focus on the 
overall land use change in the western China or typical 
areas (Zheng et al., 2004; He et al., 2006; Ma et al., 
2012). However, research on the construction land 
change and land development intensity in the western 
China is still rare. This paper explores the spa-
tial-temporal dynamics and driving forces of the land 
development intensity in the western China from 2000 
to 2015. The research results reveal the spatial and tem-
poral evolution rules of the land development intensity 
in the western China since the implementation of the 
Grand Western Development Program, which provides 
systematic research for understanding the change of the 
land development intensity in the western China. 

Most scholars have realized that land development 
intensity is synthetically influenced by various factors. 
However, many studies still analyse the effect of each 
individual indicator (e.g. population density, GDP, fiscal 
revenue, urbanization level, etc.) on land development 
intensity (Huang et al., 2017a; Li et al., 2018). In this 
paper, the principal component analysis method is used 
to extract the comprehensive factors affecting land de-
velopment intensity, which can better reflect the com-
prehensive driving force of land development intensity. 
Multiple linear regression is a commonly used method 
to explore the driving forces of land development inten-
sity (Di et al., 2015; Wang et al., 2018). The multiple 
regression model can only identify the positive and 
negative effects of the influencing factors on the overall 
land development intensity. However, it cannot analyse 
the degree of the influencing factor on each research 
unit. In this paper, OLS and GWR models are used to 
not only identify the driving forces of land development 
intensity, but also explain the spatial differences of the 
driving forces to further reveal the differentiation 
mechanism of influencing factors in different spatial 
units. 

China’s Grand Western Development Program is an 
important regional policy, which plays a crucial role in 
promoting the development of the western China, re-
ducing inequality between the eastern coastal and the 
western areas, and improving poverty in the western 
China. Meanwhile, the western China is an important 
ecological function area. The increase of land develop-
ment intensity is bound to enhance the pressure on re-
sources and ecological environment. Land development 
intensity has become a very important obligatory target 
in the National Land Planning (2016–2030). Controlling 
the land development intensity, strengthening the eco-
logical civilization construction, and implementing land 
spatial planning are also significant contents of China’s 
land management system in the future. This article has 
important practical significance and decision-making 
support for the governance of land development inten-
sity, supply of construction land, optimization of land 
development patterns, and formulation of land man-
agement policies in the western China. 

5  Conclusions 

Since the implementation of the Grand Western Devel-
opment Program, the land development intensity in the 
western China has been increasing rapidly. From 2000 
to 2015, land development intensity increased by 3.4 
times on average. The pattern of land development in-
tensity has changed significantly. The hot spot areas 
have shifted from central Inner Mongolia, northern 
Shaanxi, and the Beibu Gulf of Guangxi to the two main 
urban agglomerations, the Guanzhong Plain and the 
Chengdu-Chongqing urban agglomeration. The areas of 
cold spots were mainly concentrated in the Qing-
hai-Tibet Plateau, Yunnan, and Xinjiang, which have not 
changed significantly. 

The main driving factors of land development inten-
sity in the western China include economic develop-
ment, investment intensity, and natural environment in 
2000, while the main driving factors are investment in-
tensity, industrial structure, and natural environment in 
2015. Investment intensity and the natural environment 
have always been the main driving factors affecting the 
land development intensity in the western China. In-
vestment played a powerful role in promoting land de-
velopment intensity in the western China, while the 
natural and ecological environment distinctly con-
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strained land development intensity. Although economic 
factors are the driving factors of land development in-
tensity in western China in 2000 and 2015, its critical 
factors have changed significantly, which is reflected in 
the driving factor of land development intensity shifting 
from economic growth in 2000 to economic structure, 
especially industrial structure, in 2015.  
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