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Abstract: Based on remote sensing and GIS techniques, land use maps in 2000, 2005 and 2010 in China′s coastal zone were produced, 

and structural raster data of land use were further generated to calculate land use intensity comprehensive index (LUICI) for analyzing 

land use spatial-temporal characteristics at 1 km scale. Results show that: 1) from the perspective of spatial patterns of landforms at a 

macro scale, there is a significant difference in land use intensity between the north and the south of China′s coastal zone. Hotspots of 

changes mainly concentrated in metropolitan areas, estuaries and coastal wetlands; 2) elevation is an important factor that controlling 

land use spatial patterns at local scale. Land use intensity is much higher within areas below the elevation of 400 m and it decreased 

significantly as the elevation increasing; 3) there is a significant land-ocean gradient for land use intensity, which is low in island and 

near-shore areas, but high in the regions that 4–30 km far away the coastline because of much intensive human activities; however, in 

recent decades land use intensity had been promoted significantly in low near-shore area due to extensive sea reclamations; 4) signifi-

cant differences of land use intensity were also found among provincial administrative units. A rising trend of land use intensity was 

found in provincial-level administrative units from 2000 to 2010. To sum up, elevation, land-ocean gradient, socio-economic status and 

policy are all influencing factors to the spatial patterns and temporal variations of land use intensity in China′s coastal zone. 
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1  Introduction 

Coastal zone is a high complex region on the earth, 
which is situated on the multi-interface of ocean, land, 
air, and biosphere. In this region, ecosystem with high 
productivity and high economic assets provides breed-
ing ground, nest site and food habitat for birds, fish, 
shellfish and other wildlife (Beatley et al., 2002). It has 
high levels of socio-economic development and high 
population density, it homes about 60% of the world's 
population (Field et al., 2002); however, under the 

background of global climate change and sea level ris-
ing, the ecosystem and environment are much fragile in 
the coastal zone. Therefore, it has become an important 
′window′ on the earth to global change researches. Mul-
tidisciplinary researchers worldwide have pay more and 
more attentions to the coastal zone in recent years, espe-
cially to coastal land use changes (Hadley, 2009; Mat-
theus et al., 2010; Teixido et al., 2010; Hepcan et al., 
2011; Käyhkö et al., 2011). Land-Ocean Interactions in 
the Coastal Zone (LOICZ) is a core project focusing on 
key problems of the global change research, and high-
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lighted the coastal land use changes and environmental 
effects in its new phase of implemental targets in 2003 
(Kremer et al., 2005). 

Land use intensity is proposed to describe the width 
and depth of land resources development and the inten-
sive level of land resources. It reflects not only the 
natural attribute of land resources, but also the compre-
hensive effect that the natural environment and human 
activities impact on land resources. Therefore, land use 
intensity is a most important part of land use and land 
cover change (LUCC) research (Zhuang et al., 1999; 
Lambin et al., 2000; Liu et al., 2003). At present, a large 
number of direct and indirect researches about land use 
intensity have been carried out at the regional, national 
and global scales. The relevant researches can be sum-
marized as follows. 1) Quantitative description of land 
use intensity and its change by the category index 
method (Wang et al., 2010; Zhou et al., 2011; Quan et 
al., 2013). 2) Quantitative analysis of influence factors 
or driving mechanism for the pattern and change of land 
use intensity (Wang, 2000; Cui et al., 2011). 3) Reveal-
ing the spatial-temporal characteristics of land use in-
tensity by mathematical models (Zhuang and Liu, 1997; 
Ferdous and Bhat, 2013). 4) Investigating the ecological 
effects of land use intensity changes (Bierschenk et al., 
2012; Krausmann et al., 2013; Li et al., 2013; Macchi et 
al., 2013). However, researches focused on spa-
tial-temporal dynamics of land use intensity in China′s 
coastal zone have not been reported so far. 

The coastal zone in China covers across more than 20 
latitudes, including temperate, subtropical and tropical 
climate zones from north to south (Hou and Xu, 2011) 
and its mainland coastline extends about 1.8 × 104 km, 
which endows China with very predominant geographi-
cal advantages. Therefore, since the beginning of the 
′Reform and opening-up′ policy in 1978, the coastal area 
in China has been witnessed very rapid social-economic 
developments and much prominent economic vitality in 
the world. However, the rapid industrialization and ur-
banization, the immoderate sea reclamation and the irra-
tional exploitation of natural resources have exerted 
enormous pressures on land and waters, biological re-
sources, natural environment and ecosystems in China′s 
coastal zone. At present, much more attentions have 
been paid to the land use change studies in China′s ter-
restrial regions and a few studies have been reported 
focused on coastal zone at small or medium scale. 

Scarcely any studies about recent land use change in 
China′s coastal zone at macro or national scale could be 
found.  

Therefore, we created land use classification maps in 
2000, 2005 and 2010 in China′s coastal zone based on 
remote sensing and GIS techniques, and generated cor-
responding land use intensity comprehensive index 
(LUICI) maps at 1 km scale to analyze the spatial-         
temporal characteristics of land use intensity. The find-
ings of this paper will not only constitute the basis for a 
more profound exploration on the characteristics of land 
use change in China′s coastal zone, but also provide 
possibilities to improve the ability of integrated man-
agement of coastal zone. 

2  Materials and Methods  

2.1  Study area 
Currently, there is not a uniformly accepted standard for 
the scope of coastal zone, and every country or region 
has its own definition. In this paper, we defined it as the 
coastal zone of China′s mainland and offshore islands, 
involving Shanghai and Tianjin municipalities, Hong 
Kong and Macao special administrative regions and part 
of Liaoning, Hebei, Shandong, Jiangsu, Zhejiang, Fu-
jian, Guangdong and Guangxi provinces (Fig. 1). 

2.2  Data and processing 
Remote sensing data include Landsat TM/ETM+ images 
(59 scenes in 2000, 52 scenes in 2005 and 62 scenes in 
2010), downloaded from United States Geological Sur-
vey (USGS) global visualization viewer (http://glovis. 
usgs.gov/). Landsat TM/ETM+ images were all captured 
in the growing season, with a good quality (total cloud 
cover < 5%). According to previous researches on land 
use changes in coastal zone (Dobson et al., 1995; Euro-
pean Environment Agency, 1995; Hou and Xu, 2011; 
Gao et al., 2011; Sun et al., 2012), we improve the clas-
sification system of land use in China′s coastal zone. In 
detail, it includes farmland, forest, grassland, city, rural 
settlement, isolated industrial-mining, inland fresh-
waters, coastal saltwater, saltern, mariculture, unused 
land and shallow water. This classification system takes 
consideration of both land and sea regions at the na-
tional coastal zone, and puts an emphasis on the wetland 
subdivisions (Ramsar Convention on Wetlands, 1971; 
Gao et al., 2010; Cai et al., 2012).  
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Fig. 1  Location, districts and terrain of study area 

 

Due to significant diversity, complexity and regional 
discrepancy of coastal land uses in China, automatic 
classification method can not guarantee the land use 
mapping accuracy at a large scale. Therefore, visual in-
terpretations are carried out on remote sensing images to 
produce land use maps in ArcMap 9.3 environment at 

scale of 1:100 000 in this paper. Furthermore, reference 
materials including ground-truthing data, Google im-
ages, DEM data, vegetation maps, topographic maps, 
historical land use maps, are utilized to provide auxil-
iary information for classification accuracy controls. 
The original land use map of 2000 comes from the Land 

Use Database in China at the scale of 1:100 000 (Insti-
tute of Geographic Sciences and Natural Resources Re-
search, Chinese Academy of Sciences), and its accuracy 
is more than 95% (Liu et al., 2003). Subsequently, we 
modified the data based on Landsat ETM+ images of 
2000 according to the new classification system. The 
dynamic information of land use is detected by com-
parison of images of 2000 and 2005 at first, and then 
land use map of 2000 is updated to get the land use data 
of 2005. The overall precision of land use map is above 

95%, which testified by out-door surveys during 
2007–2008 and Google earth information. The same 
work flow is applied to the land use data of 2010. 

2.3  Methods 
Comprehensive index of land use intensity was used to 
express the land use intensity quantitatively, which 
could be calculated as follows (Zhuang and Liu, 1997). 

 
  1

100   100, 400


   
n

i i
i

L C A L  (1) 

where L is land use intensity comprehensive index in a 
certain region; Ai is the grade index of land use type i; Ci 
is the area percentage of land use type i; n is the number 
of land use types.  

According to the influence degree of human activi-
ties, land use can be divided into four levels with corre-
sponding grade index (Liu et al., 2005), in which unused 
land and shallow water are assigned a factor value of 1; 
forest, grassland, inland freshwaters and coastal saltwa-
ter are assigned a value of 2; farmland, saltern and 
mariculture are assigned a value of 3; and city, rural set-
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tlement and isolated industrial-mining are assigned a 
value of 4.  

Land use change results in temporal variations of 
land use intensity, therefore, the changing trend of land 
use intensity comprehensive index can quantitatively 
reveal the development characteristics of regional land 
utilization, which is expressed as follows (Liu et al., 
2005): 

Lb – a = Lb – La (2) 

where Lb and La are the land use intensity comprehen-
sive indices in time points of b and a, respectively. If 

Lb – a > 0, the land use is in the stage of developing; 
otherwise, the land use is in the stage of adjusting or 
regressing. 

In this paper, in order to reveal the spatial-temporal 
dynamics of land use intensity, we transformed the land 
use vector map into grid dataset of land use at 1 km 
scale firstly, and then calculated land use intensity com-
prehensive index at 1 km scale by Equation (1). The 
creation of structural grid dataset of land use at 1 km 
scale is as follows: Firstly, to create a fishnet at scale of 
1 km. Secondly, to combine the land use vector map of a 
specific period with the fishnet to calculate the area of 
each land use type in each grid cell. Thirdly, to record 
the area of a certain kind of land use with a grid data 
layer at 1 km scale. Therefore, the land use vector map 
of each single period is converted into structural grid 
dataset of land use at 1 km scale among which a raster 
map layer records the area of one land use type. 

3  Results and Analyses 

3.1  Spatial-temporal characteristic of land use in-
tensity in coastal zone 
There is a significant spatial distinction in land use in-
tensity between the north and south coastal zones in 
China (Fig. 2). Generally, it is divided into two parts by 
the line of Hangzhou-Jiaxing-Huzhou Plain-Ningshao 
Plain. The land use intensity is much higher in the north 
(including Hangzhou-Jiaxing-Huzhou Plain and Ning-
shao Plain), except the mountainous and hilly areas, and 
it is lower in the south, except the river delta and low 
plain regions. What′s more, the overall spatial pattern of 
land use intensity at macro spatial scale remains stable 
during 2000 and 2010. 

During 2000 and 2005, there was a dramatic growth 
in metropolitan areas, such as Tianjin-Tangshan region, 
Changjiang (Yangtze) River Delta (in and around 
Shanghai Municipality), Fuzhou-Quanzhou-Xiamen 
region, Zhujiang (Pearl) River Delta (in and around 
Guangzhou City), and northern Laizhou Bay (Fig. 3). 
Meanwhile, a dramatic decrease can be found in the 
west of Leizhou Peninsula. From 2005 to 2010, the land 
use intensity continually increased in the northern 
coastal zone, including Tianjin-Tangshan region, coastal 
zone of Hebei and Shandong Provinces; but the increase 
of land use intensity in the south was not that obvious as 
north, only a small area around Fuzhou City and 
Guangzhou City presented minimal increasing changes. 
In addition, an exceptional dramatic decrease of land 

 

 
Fig. 2  Spatial patterns of land use intensity comprehensive index (LUICI) in 2000 (a), 2005 (b) and 2010 (c) 
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Fig. 3  Land use intensity comprehensive index (LUICI) change from 2000 to 2005 (a) and from 2005 to 2010 (b) 

 

use was seen in the Huanghe (Yellow) River Delta of the 
western Laizhou Bay. 

3.2  Inter-provincial spatial-temporal discrepancies 
of land use intensity  
The inter-provincial spatial and temporal discrepancies 
of land use intensity in China′s coastal zone are also 
found to be significant in this study (Fig. 4). Land use 
intensity was generally higher in the north, including 
Hebei, Shandong, Jiangsu, Shanghai and Tianjin, where 
LUICI were higher than 285; while it is much lower 
(below 260) in Zhejiang, Fujian, Guangdong and 
Guangxi provinces along the south coast with the lowest 
value appeared in Fujian that less than 235. Because of 
the high proportion (> 60%) of construction land, the 
highest value of LUICI appeared in Macao. From 
2000–2010, the LUICI of each provincial-level admin-
istrative unit in the coastal zone showed an increasing 
trend, which can be clear seen from 2000 to 2005, while 
from 2005 to 2010, LUICI generally remained stable. 

3.3  Elevation differentiation of spatial and tem-
poral pattern in land use intensity 
There is significant elevation differentiation in the 
coastal zone of China, which includes both broad and 
flat plains, beaches, and steep mountains or hills. Based 
on 1-km resolution DEM data, the whole terrain of 
China′s coastal zone was separated by equal distance of 
10 m height intervals, and LUICI of three different time 
phases were extracted for each range of elevation (Fig. 5).  

 

Fig. 4  Changes of land use intensity comprehensive index 
(LUICI) in different regions 

 

Fig. 5  Average value of land use intensity comprehensive index 
(LUICI) in different elevation-zones 

 

It is found that the coastal area with the elevation be-
tween 10–20 m has the highest land use intensity, where 
the value reached 300; the area between 20–30 m was 
the second highest with the value of LUICI declined to 
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290. Because there are widespread distribution of wet-
lands and beaches in the area where elevation is lower 
than 10 m, the average value of LUICI was only about 
280. From the perspective of time phases, during 
2000–2005, due to massive sea reclamation leading by 
urban exploitation, the increase of land use intensity in 
this area was much more significant. The LUICI was 
continually descending until the elevation reached 400 
m, but the responses of land use intensity to elevation 
decayed markedly where the elevation is above 400 m.  

To further analyze the relationship between land use 
and terrain, the land use intensity was divided into three 

levels, high-intensity (300–400), medium-intensity (200– 
300) and low-intensity (100–200). Figure 6 showed the 
distribution of different land use intensity levels in 
various elevation zones. 1) The highest proportion of 
high-intensity was beneath 40 m in 2000, 2005 and 
2010, and it decreased sharply when the elevation was 
above 40 m; besides, it only accounted for less than 1% 
where elevation is higher than 300 m. From 2000 to 
2010, the area proportion of high-intensity continually 
increased in all elevation zones. 2) The highest area 
proportion of medium-intensity appeared in the area 
with elevation between 40–400 m in 2000, 2005 and 

 

Fig. 6  Area percentages of three grades of land use intensity comprehensive index (LUICI) in different elevation-zones in 2000 (a), 
2005 (b) and 2010 (c) 
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2010. From 2000 to 2010, the area proportion of me-
dium-intensity showed a decreasing trend in the areas 
beneath 100 m, and a sustained growth above 1000 m 
elevation. The proportion increased during 2000–2005 
and decreased during 2005–2010 in the region where 
elevation is between 100–1000 m. 3) Low-intensity 
mainly distributed above 400 m in 2000, 2005 and 2010, 
and this proportion increased as elevation increasing. 
During 2000–2005, the area proportion of low-intensity 
showed a decreasing trend, however, during 2005–2010, 
its proportion increased, except the regions between 
10–100 m and above 1000 m. 

3.4  Land-ocean gradient of land use intensity 
Coastline of China′s mainland was buffered equidis-
tantly to landward side at an interval of 2 km, and buffer 
zone from coastline to the sea was regarded as island 
area. Consequently, we obtained 52 bands of buffer 
zones and extracted average value of LUICI in different 
bands (Fig. 7). The land use intensity of island area was 
the lowest, with an average value less than 160. The 
value was only about 240 in the buffer zone that 0–2 km 
far away from the coastline, which is basically the low-
est region in the mainland zones. Land use intensity in-
crease as distance increased within the region 2–8 km 
far away from the coastline, and it reached a peak in the 
6–8 km buffer zone. LUICI decreased sharply with dis-
tance increasing in the region 8–36 km away from the 
coastline. However, in the region further than 36 km, 
LUICI exhibited an obvious fluctuation. During 
2000–2010, LUICI has different degrees of growth in all 
buffer zones; meanwhile, it has a significant stage char-
acteristic at five-year interval. 

Figure 8 illustrated area ratios of three levels of land 
use intensity, including high-intensity (300–400), me-
dium-intensity (200–300) and low-intensity (100–200) 

 

Fig. 7  Average value of land use intensity comprehensive index 
(LUICI) in different distance from shoreline 

in different buffer zones. High-intensity mainly concen-
trated in the region 4–20 km away from the coastline in 
2000 and 2005; while in 2010, it concentrated in the 
region 2–20 km away from the coastline. During 
2000–2010, the area proportion of high-intensity in-
creased significantly in all buffer zones. The highest 
area proportion of medium-intensity occurred in the 
buffer region 20–30 km in 2000; while in 2005 and 
2010, its highest proportion was found in the area far 
away 70–80 km from the coastline. During 2000–2010, 
the medium-intensity proportion continued increasing in 
island area, and decreasing in the mainland buffer zones. 
The area proportion of low-intensity was more than 70% 
in island area. From 2000 to 2005, its proportion de-
clined significantly in all zones, especially in island area 
and the region 0–40 km away from the coastline; 
meanwhile, the proportion showed a fluctuation change 
in the region further than 40 km. 

4  Discussion 

4.1  Impacts of natural environment factors on 
land use intensity 
The close correlation between terrain and land use in-
tensity indicates that elevation has very strong impacts 
on land use intensity in China′s coastal zone. This is 
mainly due to the law that elevation often determines 
the accessibility of human activities and the way of hu-
man utilization on land resources. Low-flat regions are 
commonly the main areas with intense human activities 
and usually have long-term development histories. In 
these regions, farmland and built-up land are widely 
spread and the land use intensity is extensively high. 
While high-elevation regions are mainly dominated by 
forest, grassland and a small amount of farmland due to 
the unsuitable natural environment conditions for mas-
sive artificial land use activities. Therefore, land use 
intensity is relatively low in those areas. Northern 
coastal zone in China contains large plains with gentle 
terrain, and its primary land use type is farmland; fur-
thermore, it has a bunch of big and small cities, rural 
settlements and isolated industrial-mining as well. 
Southern coastal zone in China mainly compose of large 
area of mountains and hills, and its primary land use 
types are forests and grasslands, with a low proportion 
of cities, rural settlements and isolated industrial-mining 
sites, which normally concentrated in estuarine deltas. 
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Fig. 8  Area percentages of three grades of land use intensity comprehensive index (LUICI) in different distance from shoreline in 2000 
(a), 2005 (b) and 2010 (c) 

 

At macro scale, landform determines the essential 
features of the spatial pattern of land use intensity, and 
the land-ocean gradient further influence the spatial pat-
tern of land use intensity. Within low elevation coastal 
area, most near-shore regions are dominated by large 
areas of coastal wetlands, tidal flat, lagoons and delta 
plains, which are easily affected by natural disasters 
(such as floods, storm surges and typhoon), shoreline 
erosion and sea water intrusion; therefore, the regional 
land use intensity is low. For example, affected by coast 
erosion and salinization during 2005–2010, land loss, 
saltern and farmland abandonment (mainly converted 
into grassland and unused land) were significant in the  
northeastern Huanghe River Delta, which lead to an ob-

vious decrease of regional land use intensity. 

4.2  Impacts of socio-economic factors on land use 
intensity 
As mentioned above, natural environment factors de-
termine the fundamental spatial patterns of land use in-
tensity at macro spatial scale; while socio-economic 
development is the major driving factor of land use in-
tensity change at multi-scale. The stimulating effects of 
market economy had strong impacts on land resources 
utilization, which drives land use changes widely and 
greatly and, most often, lead to the significant increasing 
of land use intensity. Land use policies promulgated by 
central and regional government have put great empha-
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sis on farmland protection and ecological land protec-
tion, which suppressed the growth rate of built-up area 
and the increasing speed of land use intensity. Fast ur-
banization has been a significant feature of social-       
economic development in China since the late 1970s. 
The study area covers the most developed three metro-
politan areas in China, which are Beijing-Tianjin-    
Tangshan metropolitan area, Changjiang River Delta 
metropolitan area and Zhujiang River Delta metropoli-
tan area. From 2000 to 2005, fast urbanization in and 
around the three metropolitan areas leaded to an obvious 
increase of land use intensity.  

The temporal variation of land use intensity necessar-
ily go with land use change. Therefore, the development 
stage of regional land resource utilization determines the 
changing tendency of land use intensity. For example, in 
the Huanghe River Delta, unused land transformed into 
grassland and farmland, grassland transformed into 
farmland, reservoir and ponds transformed into 
mariculture; therefore, land use intensity increased re-
markably. However, in some mountainous area in the 
southern coastal regions, most laboring population 
moved to cities and towns to gain the higher economic 
income, which led to the farmland abandonment and the 
decreasing of land use intensity.  

From 2000 to 2005, in near-shore regions, large areas 
of shallow water and wetlands transformed into saltern, 
mariculture, and lots of ports were constructed or real 
estate area were developed. Meanwhile, in regions far 
from the shoreline, industrialization and urbanization 
prompted large areas of forest, grassland and farmland to 
transform into built-up area. Therefore, the area propor-
tion of high-intensity increased in all elevation-zones and 
buffer-zones, while area proportion of medium-intensity 
and low-intensity significantly decreased. From 2005 to 

2010, medium-intensity and low-intensity area of land 
use went on transforming into high-intensity in near-shore 
region. However, benefited from the stringency of poli-
cies aiming to farmland and ecological land protection, 
remarkable achievements have been made in ecological 
restoration of forest and grassland in high elevation re-
gions which led to the growth phenomena of low-intensity; 
meanwhile, the magnitude of urbanization and infrastruc-
ture construction has been restricted. Therefore, the growth 
of land use intensity during 2005–2010 was obviously 
inferior to that during 2000–2005. 

It is worthwhile to be noticed that land use intensity 
in different provincial-level administrative units exhib-
ited obvious distinctions, even under similar natural en-
vironmental conditions. Therefore, we divided the study 
area (except Hong Kong and Macao for their special 
relationships between social-economic development and 
land use condition comparing with other provin-
cial-level administrative units in mainland of China) 
into two groups to analyze the relationships between the 
per capita GDP and LUICI by using a linear fit method: 
the first one is the low-elevation coastal regions, includ-
ing coastal area in Hebei, Shandong, Jiangsu, Shanghai 
and Tianjin; and another one is the high-elevation coastal 
regions, including coastal area in Liaoning, Zhejiang, 
Fujian, Guangdong and Guangxi. The results show that 
the overall trend in the low-elevation coastal regions are 
rising and has a goodness of fit (R2 = 0.6041) (Fig. 9a). 
Meanwhile, it also shows rising trend and has a goodness 
of fit (R2 = 0.6500) in the high-elevation coastal regions 
(Fig. 9b). The results of the two groups both show that 
there is a positive correlation between land use intensity 
and per capita GDP, which affirms that the variation of 
land use intensity was significantly affected by socio- 
economic factors. 

 

Fig. 9  Relationship between land use intensity comprehensive index (LUICI) and per capita GDP in coastal areas of Hebei, Shandong, 
Jiangsu, Shanghai, Tianjin (a), and Liaoning, Zhejiang, Fujian, Guangdong, Guangxi (b) in 2010  
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5  Conclusions 

This paper investigated the spatial-temporal characteri-
stics of land use intensity in the coastal zone of China 
from 2000 to 2010 based on land use intensity com-
prehensive index, and discussed the major factors that 
have impact on spatial-temporal changes of land use 
intensity.  

There is an obvious distinction in the spatial pattern 
of land use intensity between the northern and southern 
coastal area in China because, divided by the line of 
Hangzhou-Jiaxing-Huzhou Plain-Ningshao Plain, land 
use intensity is generally high in the north while low in 
the south. Elevation is a key factor that controls the 
spatial patterns of land use intensity at macro spatial 
scale. Land use intensity was higher (mainly the re-
gions of high and medium intensity) in the region be-
neath 400 m elevation, and decreased significantly 
with the increase of elevation. The land use intensity is 
high in region 4–30 km away from the coastline, where 
human activities are much intensive. In addition, the 
exploration intensity of land resources had been gradu-
ally increasing year by year in island area. There is an 
obvious distinction of land use intensity in different 
provincial-level administrative units, in which Macao 
possesses the highest land use intensity, followed by 
Tianjin and Shanghai. Overall, from 2000 to 2010, it is 
a development period of land use in China′s coast area; 
however, it shows significant stage characteristics at 
five-year interval because land resources were devel-
oped more rapidly during 2000–2005 than that during 
2005–2010. 

In brief, there are several factors that affect the spa-
tial-temporal variations of land use intensity in China′s 
coastal zone. Elevation determines the overall spatial 
patterns of land use intensity at macro spatial scale. 
While land-ocean gradient is another key factor that has 
significant impacts on the spatial pattern of land use 
intensity. Socio-economic development and policy are 
main driving forces for temporal changes of land use 
intensity. Economic development stimulates the in-
creasing of land use intensity via urbanization, infra-
structure construction and so on; while, policies aiming 
at the protection of farmland and ecological land sup-
press the increasing of land use intensity or even lead to 
its decreasing. 
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