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Abstract: China has experienced a period of rapid economic growth during the past few decades
especially in Shanghai. The rapid urbanization has caused great change for land use and cover change
(LUCC), which is a prominent feature of global change. This paper focuses on land use history and
the driving forces of LUCC in Shanghai from 1990 to 2010. We evaluated the LUCC of Shanghai based
on three period Landsat images using the land use transition matrix model, the land use dynamic
degree model, and the land use degree model. Then we analyzed the potential driving forces from
different dimensions. The results show that the most obvious pattern of LUCC is the increase of
built-up area and the decrease of arable land. The land use change dynamic from 2000 to 2010 is
much greater than that from 1990 to 2010. The main driving forces of LUCC are human activity and
social economic development.
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1. Introduction

Land use and land cover change (LUCC), a prominent feature in the field of global change [1],
is the direct effect on the natural environment provoked by human activities [2]. Approximately more
than 45% of the Earth’s surface changed into other kinds of land use type due to human impact [3].
The land use and cover change also affect the public health and climate through the changes of earth’s
surface, which is an important aspect of sustainable development [4,5]. Since the 1990s, this has
received growing attention from domestic and foreign experts and scholars [6]. The society has
experienced significant urbanization including a huge trend of human migration from the country
to big cities, which has caused a great change of land use [7–10]. Countries with emerging market
economies like China have experienced rapid change from being an agricultural country to becoming
an industrialized country [11]. LUCC has a significant effect on the ecology, environment, economy,
and society and has already caused disastrous effects all over the world [12]. The National Research
Committee (NRC) of America first pointed out the worldwide research framework of LUCC as early
as 1990. Some scholars like B.L. Turner of Clark University in USA and D. Skole at the University of
Michigan mainly studied the driving force of LUCC, the land use’s effect on land cover, the temporal
and spatial change of LUCC, and worldwide forecast model research on LUCC [13–15].

There are numerous studies on the LUCC in different regions using statistic models [16,17].
Existing studies mostly take place on the macro scale and use remote sensing, GIS, and fractal and
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geo-information map analysis to describe the evolution of regional land use patterns. On small scales,
mathematical models have been developed to research land use change such as the diffusion limited
aggregation model, cellular automata model, multi-agent model, and more. The early stage of research
on the LUCC model is the dynamic static model, which is mainly based on central place theory and
has significant limitations since this kind of model assumes the system is static and lacks concern
about the history and future development of urban land use [18–22]. Since the 1930s, there has been
rapid development of the static model of urban space with a focus on spatial change [6]. This kind of
static model can reflect the spatial distribution of the components of urban land use systems and the
interaction among those elements. However, the disadvantage is that it cannot explain the dynamic
evolution process of urban land use [23]. In recent years, with the remarkable progress of computer
hardware and GIS technology, research on urban land use models is developing rapidly especially
with regard to big data and geospatial data. The early, dynamic top-down model has been gradually
replaced by the bottom-up model of urban land use, which was based on the study of characteristics
of urban land use evolution on small scales [24–26].

In order to better manage land use planning, it is crucial to understand the driving forces behind
the LUCC. Du et al. described the land use change patterns of Jiangsu province in China and analyzed
the driving forces using socio-economic patterns [27]. Xu et al. used the logistic regression model
to analyze the impact of potential driving forces behind the LUCC [28]. Li et al. characterized the
spatiotemporal pattern of LUCC and summarized the landscape aspect driving forces [29]. Sahana et al.
mainly discussed the driving forces of forestry changes as an aspect of ecology [30]. Li et al. took Tibet
as a case study to analyze the driving forces of LUCC in undeveloped regions in Western China [31].
The existing research about the driving forces mainly uses static models to describe the LUCC spatial
or temporal patterns and later analyzes the driving forces for the specific regions [32–35].

To summarize, existing literature has numerous models to describe the change situation of land
use globally, but there is a gap in describing the relationship between LUCC and social driving forces
especially in places developing quickly. In this paper, LUCC was quantified for the past 30 years in
Shanghai, which is a highly urbanized city with a high economic development speed. This paper
analyzes urban areas at large scales with the support of remote sensing and GIS technology to study
the spatial pattern of main land use and analyze the land use pattern and evolution characteristics
during the past 30 years. This study aims to optimize the future land use type and structure, promote
the efficiency of land resource protection, and provide useful guidance for planning departments to
make reasonable decisions. The results and conclusions about this LUCC can be adapted to similar
regions experiencing fast economic growth.

2. Materials and Methods

2.1. Study Area

Shanghai is located in Eastern China and spans from longitude 120◦51′E to 122◦12′E and latitude
30◦40′N to 31◦53′N. It is located in the west Pacific Ocean on the east coast of the Asian continent and in
front of the Yangtze River Delta city circle (see Figure 1). The city is west of the East China Sea, south of
the Yangtze River, and north of Hangzhou Bay. The total land area is 6340.5 km2. The geomorphology
is mainly plains with some minor hilly areas in the southwest region. The elevation is low with an
average of four meters above the sea level. At the end of 2016, there were 16 districts in Shanghai City
including Huangpu, Xuhui, Changning, Jing’an, Putuo, Hongkou, Yangpu, Pudong New, Minhang,
Baoshan, Jiading, Jinshan, Songjiang, Qingpu, Fengxian, and Chongming. Shanghai is the largest
economic center city in China and one of the largest metropolitan cities. Shanghai has one of the largest
populations in the world [35,36].

At the end of 2015, the residential population of Shanghai was 24,152.7 thousand among which
the household registered population was 14,336.2 thousand. The regional gross domestic product
(GDP) was 2356.09 billion Yuan (CNY) and was experiencing a yearly increase of 7%. The study
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area is a part of the alluvial plain of the Yangtze River Delta, which has an average elevation of four
meters. Shanghai belongs to the subtropical monsoon humid climate with mild air, moderate rainfall,
long hours of sunshine all year round, and four distinctive seasons. The yearly average temperature is
around 17 ◦C. The urban area lacks natural vegetation but has numerous water networks since the
surrounding area includes the Yangtze River and the East China Sea while the urban area includes the
Suzhou River and Chuanyang River [37].
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2.2. Data

• Land Use Data

This paper uses Landsat images of Shanghai from the National Science & Technology
Infrastructure of China, National Earth System Science Data Sharing Infrastructure (http://www.
geodata.cn) [38]. The accuracy of evaluation of land use type is higher than 94.3%, which is suitable
for the precision of 1:100,000 scale geography map [37]. The time phases of three land use datasets are
1990, 2000, and 2010. All the images for three time phases provided use the Krasovsky_1940_Albers
coordinate system, which is usually used to analyze large-scale regional research. All images were
corrected to the Xian_1980_3_Degree_GK_CM_120E coordinate system (Xi’an, China) before further
analysis, which is used to do research on an urban scale.

• Social Economy Data

This paper uses Shanghai Statistical Yearbook data from 1990 to 2011, from the National Bureau
of Statistic of China. The dataset is produced by the National Earth System Science Data Sharing
Infrastructure (http://www.geodata.cn) [38] Yangtze River Delta Science Data Center, which serves as
Shanghai’s annual socioeconomic dataset. This dataset covers all districts in Shanghai and includes
economic, social, demographic, agricultural, urban construction, and environmental protection
statistics. It reflects the yearly national economic and social development in Shanghai. The storage
format is an Excel document.
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2.3. Methods

2.3.1. Land Use Classification

The original dataset includes six categories: arable land, forest, grassland, water, urban built up
land, and unused land, which are further classified into 31 detailed categories. This paper determined
the classification system of land use in Shanghai city, which is composed of eight primary land
use categories including arable land, forest, grassland, water area, urban and rural residential area,
other build up area, intertidal area, and other. According to the technical specification for land
use investigation including land use purpose, management characteristics, utilization, and land use
classification, we distinguished the differences of land use type and determined their similarities.
Because the intertidal zone is a significant land reserve resource of Shanghai, we separated the intertidal
area from the water area during data processing (see Table 1).

Table 1. The classification system of land use in Shanghai City.

Code Name Explanation

1 Arable land Land for growing crops

2 Forest Land for growing trees, shrubs, and bamboo as well as coastal mangrove forest

3 Grassland Land for growing grasses, sedge, and shrubs

4 Water area Natural land and water conservancy facilities

5 Urban and rural
residential area

Large, medium, and small cities and towns above the built-up area and various
types of residential land

6 Other built-up
area

Urban build up area, excluding residential areas, such as transportation facility
area, public building area, industry area, commercial area etc.

7 Other Other kinds of land use including unused land

8 Intertidal area Land exposed to water that has not been used for years

With the support of ArcGIS software (ESRI, Redlands, CA, USA), we generated three phases of
Shanghai land use and cover change datasets (see Figure 2) as well as calculated and analyzed the
dynamic change information of Shanghai land use and cover change. Then we generated relevant
thematic maps.

2.3.2. Land Use Transition Matrix Model

The land use transition matrix model is used to describe the changes in land use type between
two study periods [39]. We calculated the transition matrix of Shanghai’s land use type to analyze the
changing methods as well as the future trends of its land use. The formula for the land use transition
matrix model is shown below.

Sij =

 S11 · · · S1n
...

. . .
...

Sm1 · · · Smn

 (1)

where S is the area, i and j are the land use type before and after the transition, i is equal to 1, 2, 3, . . . ,
m, and j is equal to 1, 2, 3, . . . , n. Based on the land use transition matrix model, we generated the
reduced amount of each land use type, the increased amount of each land use type, and the amount of
each type’s change.

2.3.3. Land Use Dynamic Degree Model

To study the general trend of land use variation, we used the land use variation dynamic degree
model to do the analysis [40,41]. It shows the annual rate of land use change. If the value is above zero,
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it shows what this kind of land use type is gaining from other types. Otherwise, if the value is below
zero, it shows a loss situation. The formula is below.

S =

{
n

∑
ij
(

dSi−j

Si
)

}
× (1/t)× 100% (2)

where Si is the total area of i land use type in the study area, dSi−j is the total area of transition land
from land type i to type j within the study period time, t is the study time period, and S is the variation
dynamic degree of the study area within the time period t.Sustainability 2018, 10, x FOR PEER REVIEW  5 of 15 
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2.3.4. Land Use Degree Model

The difference in land use degree of the study area is a comprehensive result of the changing
variety among land use types. Land use degree and its difference can quantitatively express the
comprehensive level and the future trend of land use in a certain study area. Zhuang [42] pointed out
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a mathematical method to analyze the land use degree, which separates the land use type into four
categories depending on the social effect based on the comprehensive natural situation. It gives each
section a certain index and summarizes the quantitative model expression. This analysis method is
suitable for analyzing the regional land use degree. The land use degree model formula is below.

∆Ib−a = Ib − Ia =

{(
n

∑
i=1

Ai ×Cib

)
−
(

n

∑
i=1

Ai ×Cia

)}
× 100 (3)

where Ia and Ib are the land use degrees of the study area at times a and b, Ai is the index for land
use type i (the grading index will be discussed in detail in the following discussion section), Cia and
Cib are the percentages of area of land type i to the total area for time a and b. If the value of ∆Ib−a is
positive, the land use of this study area is developing. Otherwise, it is experiencing a recession period.

3. Results

3.1. The Temporal and Spatial Variation Trend of Land Use and Cover Change

The spatial and temporal characteristics of land use and land cover in the past twenty years in
Shanghai city were analyzed using the spatial superposition of land use data.

Using the Arc/Info Grid software module (ESRI, Redlands, CA, USA), the spatial data of land
use were compared and we generated the spatial distribution of land use types in three periods of
Shanghai from 1990 to 2010 (see Figure 3). The clear variation of land use type was the expansion of
built-up area in the Minhang District and the Baoshan District and the expansion of intertidal area
along the Yangtze River as a result of deposits from sediment at Yangtze River estuary and Hangzhou
Bay. The intertidal area also changed into built-up area, which has caused land use variation. From
2000 to 2010, we can see the change from the figures below. This change of land use type is more clear
than from 1990 to 2010. The main change during this period occurred in the Baoshan District, Jiading
District, Songjiang District, Minhang District and Pudong District in the city center. There was also
intertidal area expansion along the Yangtze River.
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With a further analysis of the three phases of land use change maps, we conducted a deeper
comparison of the changes (see Figure 4). We found that from 1990 to 2000, there was a reduction
of arable land, forest, grassland, and intertidal area and an increase in water area, urban and rural
residential area, and other built-up area among which the reduction of arable land and the increase of
urban and rural residential area was more significant than the others. From 2000 to 2010, there was a
reduction of arable land, water area, and other land and an increase in forest, grassland, urban and rural
residential area, other built-up area, and intertidal area among which the decrease of arable land and
the increase of urban and rural residential area and intertidal area were more significant than the others.

Looking at the area of each land use type change from 1990 to 2010, the change of urban and rural
residential area land use type is the clearest. The urban and rural residential area covered 12.4% of the
total area of Shanghai in 1990, which changed to 16.73% in 2000. This was an increase of 408.01 km2.
In 2010 it covered 25.53%, which was an increase of 1115.46 km2. The second apparent change is the
arable land. It covered 60.83% of all city area in 1990, but decreased to 56.82% in 2000 and further
decreased to 45.20% in 2010. This was a reduction of 1146.94 km2. The water area showed an increasing
trend at first and then a decreasing trend. It covered an area of 20.6% in 1990, increased by 22.83 km2

to 20.9% in 2000, and decreased by 103.65 km2 to 19.07% in 2010.
From the data mentioned above, we can conclude how the main characteristics of Shanghai land

use changed from 1990 to 2010. There is an overall reduction trend in the area of arable land, but the
arable land is still one of the main types of land use in Shanghai. The area and percentage of urban
and rural residential area and other built-up area have a significant increase. Water area reduced
significantly while the intertidal area increased rapidly. Additionally, other land use types changed
into arable land and other types of land.
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We can conclude that there are three main changes in the types of land use change by analyzing
three phrases of land use and cover change data in Shanghai. First is the change from one land use
type to another. For example, natural grassland changes into arable land or arable land changes into
urban and rural residential area. The changing results reflect an improvement of the land use degree
and the overall urbanization. The second is the change from one land use type to another and then
changing again to a third type after a certain period. Only the original type and the final type will
be considered in this study. Multiple changes of land use type fully reflect the rapid development of
urbanization of Shanghai in recent years since the land use type change is extremely frequent due
to highly concentrated urban construction. The third phrase is the change from one land use type to
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another but then turning back into the original type after a certain period of development. For example,
natural grassland is occasionally reclaimed into arable land for agriculture use but returned back to
grassland or forest due to government-established policies about the conversion of degraded farm
land into forest and grassland. Another example is when some water area in the metropolitan area was
filled and changed into urban construction during the process of urbanization, but years later, turned
back into water area due to a government-held city river dredging project. This kind of change in land
use type only has influence on short-term land use change research and there is little significance for
long-term research. Thus it is an invalid land use type change during the long term.

3.2. The Land Use Transition Matrix from 1990 to 2010

We used the tabulate command of ArcGIS software to calculate the Markov chain transmission
matrix of land use in Shanghai with a further goal of analyzing the changing trend of land use types
(see Tables 2 and 3). Over twenty years, a steady reduction of arable land changing to other land use
types was the most significant feature of land use change in Shanghai. Moreover, the main pattern was
the transformation into urban and rural residential areas and other built-up areas. From 1990 to 2000,
the reduction of arable land was 420.07 km2 of which 82.15% changed into urban and rural residential
area and 13.04% changed into other construction land. From 2000 to 2010, the reduction of arable land
was 965.70 km2 of which 79.2% changed into urban and rural residential area and 17.88% changed into
other construction land. This reflects that from 1990 to 2010, the biggest change of arable land was into
urban and rural residential area and other construction area due to the development of urbanization
and industrialization as well as the construction of metropolitan areas, which occupy a large amount
of arable land. Only some of the land changed into forest, grassland, and intertidal area.

The transition trend between forest, grassland water area, and arable land is also significant.
Arable land is one of the main sources changing to forest as well as forest changing back to arable
land. From 2000 to 2010, 10.92 km2 of arable land changed into forest and grassland while an area of
3.78 km2 of forest and grassland changed back to arable land. This shows that there is a considerable
amount of transition between forestry land, grassland, and arable land. In addition, the intertidal area
provides a certain amount of arable land every year due to Shanghai’s specific geographic situation
along the Yangtze River. From 1990 to 2000, the changing direction of intertidal area was toward
becoming arable land and water area among which 73.5% of intertidal area changed into arable land.
From 2000 to 2010, the intertidal area mainly changed into arable land, other built-up land, and water
area. The biggest change was toward arable land with 37.9% of the intertidal area changing into arable
land. During the 20-year time period, the main change of intertidal area was to arable land with an
area of 88.0 km2 reclaimed into arable land. Moreover, the grassland changed into water area and
intertidal area from 1990 to 2000, because the Shanghai government promoted the building of some
parks within the urban area and along the Yangtze River, which had some collapsed area.

Table 2. Transition matrix of land use in Shanghai from 1990 to 2000 (km2).

1990/2000 Arable
Land Forest Grassland Water

Area

Urban and
Rural

Residential
Area

Other
Built-Up

Area
Others Intertidal

Area

Arable land 4483.83 0.21 0.45 17.30 345.07 54.77 0.00 2.27
Forest 0.14 103.30 0.00 0.24 1.34 1.00 0.00 6.47

Grassland 11.39 0.00 8.68 21.25 0.82 2.90 0.00 17.51
Water area 0.29 0.02 0.16 316.72 0.15 0.30 0.00 0.01

Urban and rural residential area 0.75 0.01 0.00 0.03 998.83 0.01 0.00 0.00
Other built-up area 0.03 0.00 0.00 0.00 0.03 51.78 0.00 0.00

Other 0.00 0.00 0.00 0.00 0.00 0.00 17.77 0.00
Intertidal area 64.41 0.00 0.00 21.52 0.24 1.46 0.00 162.25
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Table 3. Transition matrix of land use in Shanghai from 2000 to 2010 (km2).

2000/2010 Arable
Land Forest Grassland Water

Area

Urban and
Rural

Residential
Area

Other
Built-Up

Area
Others Intertidal

Area

Arable land 3607.22 9.69 1.23 15.77 764.87 172.63 0.00 1.51
Forest 1.66 90.97 0.00 0.26 9.13 1.54 0.00 0.00

Grassland 2.12 1.97 0.00 1.03 0.06 0.31 0.00 0.13
Water area 29.52 0.83 8.64 1537.08 11.41 22.73 0.00 77.01

Urban and rural residential area 12.61 0.73 0.00 0.98 1320.02 12.36 0.00 0.00
Other build up area 5.41 0.00 0.00 0.31 10.87 95.96 0.00 0.00

Other 12.19 0.00 0.00 0.00 0.00 5.58 0.00 0.00
Intertidal area 23.63 0.00 1.36 15.98 2.67 18.66 0.00 134.98

3.3. The Land Use Dynamic Degree

The land use variation dynamic degree model is used to study the intensity of land use and cover
change variation to analyze the dynamic changes of land use types. Based on the land use situation,
the land use transition matrix model, and the land use variation dynamic degree model described
above in Section 2, we calculated the single land use variation dynamic degree of Shanghai from 1990
to 2000 and 2000 to 2010 (see Table 4).

We can see that from 1990 to 2000 the single land use dynamic degree of other built-up area was
the highest at 11.72%. Next was grassland with a value of −8.51%. Among the rest, the degree value
of urban and rural residential area (3.47%) and intertidal area (−2.04%) is significant. From 2000 to
2010, the single land use variation dynamic degree of other built-up area was also high and increased
to 21.37%, which is an increase of 1.82 times from 1990 to 2000. The dynamic degree change of other
types had a value of −10 with the single land use variation dynamic degree of grassland (8.87%) and
intertidal area (6.04%) changing from negative to positive at a very high variation. The dynamic degree
of urban and rural residential area increased continuously by 5.74% and is 1.65 times higher from 1990
to 2000. The overall land use variation dynamic degree of Shanghai from 2000 to 2010 was 2.46 times
higher from 1990 to 2000.

The entire land use variation dynamic degree of Shanghai from 2000 to 2010 was more pronounced
than that from 1990 to 2000. Grassland and intertidal area changed from decreasing to increasing and
the increased amount was larger than before. Forest areas also changed from decreasing to increasing,
but the variation dynamic degree was decreasing. Urban and rural residential areas and other built-up
areas were continuously increasing, and the increasing size was much larger than before. Arable
land decreased continuously and the size was larger than before. As a whole, within these 20 years,
the land use and cover change situation in Shanghai was active due to rapid economic development
and urbanization.

Table 4. Single land use variation dynamic degree of Shanghai from 1990 to 2010.

Land Use Type

Year 1990–2000 Year 2000–2010

Change Area
(Unit km2)

Land Use Variation
Dynamic Degree (%)

Change Area
(Unit km2)

Land Use Variation
Dynamic Degree (%)

Arable land −329.72 −0.68 −817.23 −1.79
Forest −8.89 −0.79 0.64 0.06

Grassland −53.02 −8.51 5.59 6.04
Water area 22.83 0.14 −103.66 −0.62

Urban and rural residential area 345.52 3.47 769.94 5.74
Other built-up area 60.48 11.72 239.52 21.37

Other 0.00 0.00 −17.70 −10.00
Intertidal area −50.68 −2.04 175.78 8.87

Sum 871.14 1.08 2130.04 2.66
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3.4. The Temporal Evolution of Land Use Degree

In the Database of Natural Resource of China (DNRC), Liu et al. pointed out a classification and
grading standard of land use degree from the perspective of ecology by dividing land use into four
categories (see Table 5) [43].

Table 5. Classification and grading of land use.

Classification Type Unused Forest, Water and
Grassland Farmland Urban Area

Land use type Others Forest, grassland, water
area, and intertidal area

Arable
land

Urban and rural residential
area, other built-up area

Index of land use 1 2 3 4

The land use degree model can show us the spatial-temporal changes of land use degree in the
study area. Based on the land use degree model, we generated the land use degree of all land use
types from 1990 to 2010 incorporating the three phases of the dataset (see Table 6). We can see that the
overall trend of land use degree increased from 1990 to 2010, which reflects that Shanghai is located in
the Yangtze River Delta city circle, which is one of China’s economic centers. Human activity has a
relatively large effect on land use there. With rapid development of economy, society and urbanization,
the effect made by human beings will continue to increase.

Urban and rural residential areas and other built-up areas are continuously increasing, which
reflects that Shanghai has experienced a great success in urbanization since 1990 since the land use
of urban settlement increased gradually. Intertidal areas changed from negative in 2000 to positive
in 2010, which reflects that Shanghai’s intertidal area is in a developing process due to the physical
geography. Arable land, forest, and grassland are all experiencing a decreasing period, which shows
that during the rapid process of urbanization in Shanghai, large amounts of arable land, forest, and
grassland are changed into urban built-up areas.

The reason for the increase of the whole city’s land use degree of Shanghai is mainly unused area
changing into forest and grassland, forest and grassland being reclaimed into arable land, and arable
land changing into urban and rural residential area. Some areas may have a decline in land use degree
due to local policy returning arable land back to forest or grassland.

Table 6. Land use degree of Shanghai.

Land Use Type Year 1990–2000 Year 2000–2010

Arable land −0.12 −0.35
Forest −0.00 −0.00

Grassland −0.01 0.00
Water area 0.01 −0.04

Urban and rural residential area 0.17 0.35
Other built-up area 0.03 0.11

Other 0.00 −0.00
Intertidal area −0.01 0.04

Whole city 0.06 0.12

4. Discussion

The results above provide detailed analysis of the spatial and temporal characteristics of land
use in Shanghai during the 20-year period from 1990 to 2010. In general, the reason for the change
of land use are probably social factors or government policies affecting social development, changes
in the natural environment such as natural factors affecting the intertidal area, and scientific and
technological factors affecting the development of humanity and society. However, the land use
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change in Shanghai caused by the above three factors is relatively slow. The Chinese population
migration from rural regions in West China to urban area in East China and the strong economic and
population growth of Shanghai should be the main driving forces. We consider human activity and
social economic development as the most important factors causing land use change when analyzing
the driving forces within a small time scale, which will be discussed in more detail below [44].

4.1. Driving Force of Human Activity

The driving forces of human activity are mainly due to population increases, economic factors,
and the macroeconomic policy of government. Urban and rural population increase and its ratio
is an important factor to reflect the urban population pressure. Based on the National Bureau of
Statistics of China, Shanghai Yearbook [37], the population of Shanghai, percentage of population
increase, and percentage of population working in agriculture are shown in Table 7 and Figure 5.
The data reflects that the development of Shanghai’s population and the percentage of non-agricultural
population is far above the national average and suggests this will increase in the future. Additionally,
the population growth is nonlinear and accelerating. The rapid development of Shanghai’s urban area
will lead to deterioration of the environment, a rapid rise in land prices, traffic congestion, and rising
living costs. As a result, people have begun to move to the suburbs of Shanghai such as Pudong New
District and Minhang District to promote the urbanization process of Shanghai, which also affects
change on land use.

Table 7. Population of Shanghai.

Permanent Population.
Unit: Ten Thousands

Percentage of
Population Increase

Percentage of
Non-Agriculture Population

1990 1334 67.4%
1995 1414 5.9% 70.8%
2000 1608.6 13.76% 74.6%
2005 1890.26 17.51% 84.5%
2010 2302.66 21.82% 88.9%
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People’s living standards are one of the main driving forces of land use change. According to the
National Bureau of Statistics of China, Shanghai Year book (2015) [37], Shanghai’s per capita housing
area was 20.01 m2 per person in 1990, which increased to 33.02 m2 per person in 2000 and 64.70 m2 per



Sustainability 2018, 10, 426 12 of 15

person in 2010. Thus, urban built-up will need more built-up land to meet basic needs as urbanization
progresses and people’s living standards develop. Due to the increase in per capita housing area and
population development, urban built-up will need to expand the amount of built-up land and occupy
more arable land, which would convert arable land into built-up land. With the reduction of arable
land, people need to open up wasteland to expand the arable land to meet rising food demands. As a
result, forest and grassland need to be converted to arable land, which would decrease the amount
of forest area significantly. At the same time, the grain yield per unit area of arable land improved
and reduced the pressure on arable land to a certain extent. This is due to the improvement of human
society, science technology, and agriculture efficiency. As a whole, arable land is still one of the main
land use types of Shanghai. Under the national policy of returning arable land to forest and returning
arable land to grassland, some arable land turned back to forest and grassland, which increased the
size of artificial forestry land and artificial grassland.

Due to Chinese reform, there have been an increasing number of events and international
conferences that may have a certain effect on land use in Shanghai. For example, the international
Formula One World Championship events and the World Expo in 2010 all caused a change of land use
surrounding the conference area.

4.2. The Driving Force of Social Economy Development

Socioeconomic development is one of the main driving forces of land use and cover change
during the process of urbanization. From 1990 to 2010, Shanghai’s economic situation maintained a
rapid growth trend. The GDP in 1990 was 78.16 billion yuan, which increased to 477.11 billion yuan
in 2000 and increased again to 1716.59 billion in 2010. The GDP grew by a factor of 20.96 times over
20 years. Per capita GDP also increased during the study period. It was 5911 yuan per person in 1990,
30,047 yuan per person in 2000, and 76,074 per person in 2010 [37].

With the rapid development of the economy, the industrial structure is also under constant
transformation and optimization. The proportion of the agriculture decreases rapidly and the
proportion of the industry also decreases while the proportion of services continues to improve.
In 1990, the proportions of the agriculture, industry, and services were 4.38%, 64.68% and 30.94%.
In 2000, these factors were 1.61%, 46.27%, and 52.12%. By 2010, they changed to 0.66%, 42.05% and
57.28%. The industrial structure of Shanghai holds industry and services as the main contributors and
agriculture a supplement (see Figure 6).
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With fast economic development and changes in industrial structure, the transition of rural
area to urban area is further accelerated, the urbanization of the population increases, the urban
scale expands, and investments in urban built-up increase. Thus, the need for urban built-up area is
increasing, which promotes the transformation of the old city and the expansion of new areas in the
city. Reviewing the development of Shanghai in the past 20 years, especially after 2000, investment
in real estate has been rapidly increasing. In this period, a lot of large-scale infrastructure projects
were completed such as the Shanghai-Hangzhou high-speed railway, metro line two in the downtown
area, the International Conference Center, Pudong International Airport, and more. This economic
development has promoted the process of urbanization and industrialization, which has led to an
expansion of urban built-up land and a decrease of arable land. This has led to clear changes of land
use patterns.

5. Conclusions

In this study, taking the land use and cover dataset of Shanghai from 1990 to 2010 as an example,
we analyzed the temporal and spatial dynamic characteristic of land use through mathematical models.
More specifically, we analyzed the land use type, land use degree, and land use type transmission
matrix model. From the discussions above, land use change is significant in Shanghai from 1990 to
2010. The clearest change is the increase of urban and rural residential area. On the contrary, the arable
land decreased between 1990 and 2010. This method of using remote sensing and ArcGIS software
to analyze LUCC evolution can accurately and objectively collect data and provide a novel idea and
method for researching land use and cover change in the future. The LUCC of other region can also be
applied with this method.

Shanghai, the fastest growing city in the Yangtze River Delta city circle in the Eastern coastal
area of China, will continue to maintain a good economic and social development trend in the future,
achieve better economic structure, and improve comprehensive strength. This is certain to further
increase pressure to protect arable land, which may lead to higher requirements for Shanghai’s land
use structure optimization and environmental protection. The findings have implications for future
land use planning. The land use change trend in large cities will change with the development
of society and economy. In the future, we should focus on promoting the vitality of the existing
built-up land, optimize land use structure, make efforts to realize the high-efficiency of land use
patterns, and pay attention to the sustainable use of land under the framework of social, economic,
and ecological benefits.

Acknowledgments: Acknowledgement for the data support from Yangtze River Delta Science Data Center
National Earth System Science Data Sharing Infrastructure, National Science & Technology Infrastructure of
China (http://nnu.geodata.cn). We would also like to acknowledge the funding of the National Natural Science
Foundation of China (41601449; 41501431; 41771421).

Author Contributions: Ge Shi had the original idea for this study, wrote the paper, completed the literature
review and analyzed the data. Lianqiu Yao drew the analysis figure and read literature. Nan Jiang reviewed
the paper structure and gave advice to the methodology design. All authors contributed to data collection and
methodology. All authors have read and approved the final manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Huang, C.; Zhang, M.; Zou, J.; Zhu, A.X.; Chen, X.; Mi, Y.; Li, Y. Changes in land use, climate and the
environment during a period of rapid economic development in Jiangsu province, China. Sci. Total Environ.
2015, 536, 173–181. [CrossRef] [PubMed]

2. Agarwal, C.; Green, G.L.; Grove, M.; Evans, T.; Schweik, C. A review and assessment of land-use change
models: Dynamics of space, time and r 2006 The Authors Journal compilation r 2006. J. Relig. Stud. 2000, 79,
136–141.

3. Vitousek, P.M.; Mooney, H.A.; Lubchenco, J.; Melillo, J.M. Human domination of earth’s ecosystems. Science
1997, 277, 494–499. [CrossRef]

http://nnu.geodata.cn
http://dx.doi.org/10.1016/j.scitotenv.2015.07.014
http://www.ncbi.nlm.nih.gov/pubmed/26204053
http://dx.doi.org/10.1126/science.277.5325.494


Sustainability 2018, 10, 426 14 of 15

4. Foley, J.A.; Defries, R.; Asner, G.P.; Barford, C.; Bonan, G.; Carpenter, S.R.; Chapin, F.S.; Coe, M.T.; Daily, G.C.;
Gibbs, H.K.; et al. Global consequences of land use. Science 2005, 309, 570–574. [CrossRef] [PubMed]

5. Barton, H.; Beddington, J. Land use planning and health and well-being. Land Use Policy 2009, 26, S115–S123.
[CrossRef]

6. Li, X. A review of the international researches on land use/land cover change. Acta Geogr. Sin. 1996, 553–558.
[CrossRef]

7. Kalnay, E.; Cai, M. Impact of urbanization and land use on climate change. Nature 2003, 423, 528–531.
[CrossRef] [PubMed]

8. Ebisemiju, F.S. Patterns of stream channel response to urbanization in the humid tropics and their
implications for urban land use planning: A case study from southwestern Nigeria. Appl. Geogr. 1989, 9,
273–286. [CrossRef]

9. Vanum, G. Impact of urbanization and land use changes on climate. Int. J. Phys. Soc. Sci. 2012, 2, 414–432.
10. Wei, Y.D.; Ye, X. Urbanization, land use, and sustainable development in china. Stoch. Environ. Res.

Risk Assess. 2014, 28, 755. [CrossRef]
11. Zhan, J.; Huang, J.; Zhao, T.; Geng, X.; Xiong, Y. Modeling the impacts of urbanization on regional climate

change: A case study in the Beijing-Tianjin-Tangshan metropolitan area. Adv. Meteorol. 2013, 2013, 849479.
[CrossRef]

12. Brenkert, A.L.; Malone, E.L. Modeling Vulnerability and Resilience to Climate Change: A Case Study of
India and Indian States. Clim. Chang. 2005, 72, 57–102. [CrossRef]

13. Lambin, E.F.; Turner, B.L.; Geist, H.J.; Agbola, S.B.; Angelsen, A.; Bruce, J.W.; Coomes, O.T.; Dirzo, R.;
Fischer, G.; Folke, C.; et al. The causes of land-use and land-cover change: Moving beyond the myths.
Glob. Environ. Chang. 2001, 11, 261–269. [CrossRef]

14. Giles, P.T.; Burgoyne, J.M. Skole DL and Tucker CJ, 1993: Tropical deforestation and habitat fragmentation in
the Amazon: Satellite data from 1978 to 1988. Science 260, 1905–1910. Prog. Phys. Geogr. 2008, 32, 575–580.
[CrossRef]

15. Turner, B.L.; Skole, D.; Sanderson, S. Land Use and Land Cover Change. AMBIO 1992, 21, 122.
16. Yang, X.; Zheng, X.Q.; Chen, R. A land use change model: Integrating landscape pattern indexes and

markov-ca. Ecol. Model. 2014, 283, 1–7. [CrossRef]
17. Brändle, J.; Langendijk, G.; Peter, S.; Brunner, S.H.; Huber, R. Sensitivity analysis of a land-use change model

with and without agents to assess land abandonment and long-term re-forestation in a swiss mountain
region. Land 2015, 4, 475–512. [CrossRef]

18. Evans, T.P.; Manire, A.; Castro, F.D.; Brondizio, E.; Mccracken, S. A dynamic model of household
decision-making and parcel level landcover change in the eastern Amazon. Ecol. Model. 2001, 143, 95–113.
[CrossRef]

19. Zhou, R.; Zhang, H.; Ye, X.Y.; Wang, X.J.; Su, H.L. The delimitation of urban growth boundaries using the
clue-s land-use change model: Study on Xinzhuang town, Changshu city, China. Sustainability 2016, 8, 1182.
[CrossRef]

20. Overmars, K.P.; Verburg, P.H.; Veldkamp, T. Comparison of a deductive and an inductive approach to specify
land suitability in a spatially explicit land use model. Land Use Policy 2007, 24, 584–599. [CrossRef]

21. Solecki, W.D.; Oliveri, C. Downscaling climate change scenarios in an urban land use change model.
J. Environ. Manag. 2004, 72, 105–115. [CrossRef] [PubMed]

22. Schotten, K.; Goetgeluk, R.; Hilferink, M.; Rietveld, P.; Scholten, H. Residential construction, land use and
the environment. Simulations for the Netherlands using a gis-based land use model. Environ. Model. Assess.
2001, 6, 133–143. [CrossRef]

23. Zhang, F.; Xiaojun, W.U.; Xue, H. The Application of CAS Theory in Central Place Theory. Microcomput. Appl.
2005, 2, 002.

24. Bai, W. A comprehensive description of the models ofland use and land cover change study. J. Nat. Resour.
1997, 12, 169–175.

25. Martínez, F.J.; Henríquez, R. A random bidding and supply land use equilibrium model. Transp. Res.
Part B Methodol. 2007, 41, 632–651. [CrossRef]

26. Puertas, O.L.; Henríquez, C.; Meza, F.J. Assessing spatial dynamics of urban growth using an integrated
land use model. Application in Santiago metropolitan area, 2010–2045. Land Use Policy 2014, 38, 415–425.
[CrossRef]

http://dx.doi.org/10.1126/science.1111772
http://www.ncbi.nlm.nih.gov/pubmed/16040698
http://dx.doi.org/10.1016/j.landusepol.2009.09.008
http://dx.doi.org/10.11821/xb199606009
http://dx.doi.org/10.1038/nature01675
http://www.ncbi.nlm.nih.gov/pubmed/12774119
http://dx.doi.org/10.1016/0143-6228(89)90028-3
http://dx.doi.org/10.1007/s00477-013-0820-0
http://dx.doi.org/10.1155/2013/849479
http://dx.doi.org/10.1007/s10584-005-5930-3
http://dx.doi.org/10.1016/S0959-3780(01)00007-3
http://dx.doi.org/10.1177/0309133308096755
http://dx.doi.org/10.1016/j.ecolmodel.2014.03.011
http://dx.doi.org/10.3390/land4020475
http://dx.doi.org/10.1016/S0304-3800(01)00357-X
http://dx.doi.org/10.3390/su8111182
http://dx.doi.org/10.1016/j.landusepol.2005.09.008
http://dx.doi.org/10.1016/j.jenvman.2004.03.014
http://www.ncbi.nlm.nih.gov/pubmed/15246577
http://dx.doi.org/10.1023/A:1011531120436
http://dx.doi.org/10.1016/j.trb.2006.08.003
http://dx.doi.org/10.1016/j.landusepol.2013.11.024


Sustainability 2018, 10, 426 15 of 15

27. Du, X.; Jin, X.; Yang, X.; Yang, X.; Zhou, Y. Spatial pattern of land use change and its driving force in Jiangsu
province. Int. J. Environ. Res. Public Health 2014, 11, 3215–3232. [CrossRef] [PubMed]

28. Xu, J.; Li, G.; Chen, G. Driving force analysis of land use change based on logistic regression model in mining
area. Trans. Chin. Soc. Agric. Eng. 2012, 28, 247–255.

29. Li, Y.; Liu, G. Characterizing spatiotemporal pattern of land use change and its driving force based on gis
and landscape analysis techniques in Tianjin during 2000–2015. Sustainability 2017, 9, 894. [CrossRef]

30. Sahana, M.; Ahmed, R.; Jain, P.; Sajjad, H. Driving force for forest fragmentation explored by land use change
in song watershed, India. Spat. Inf. Res. 2016, 1, 1–11. [CrossRef]

31. Li, X.; Ma, Y.; Xu, H.; Wang, J.; Zhang, D. Impact of land use and land cover change on environmental
degradation in lake Qinghai watershed, northeast Qinghai-Tibet plateau. Land Degrad. Dev. 2010, 20, 69–83.
[CrossRef]

32. Zhang, M.L. Lucc of Linyi city and its driving force in recent decade. J. Univ. Jinan 2007, 3, 016.
33. Du, G.; Zhang, S. Spatializing population data of Jilin province: Facing the research on driving force of lucc.

In Proceedings of the 2011 International Conference on Remote Sensing, Environment and Transportation
Engineering, Nanjing, China, 24–26 June 2011.

34. Guo, B.; Chen, Y.; Yao, Y.; He, Y.; Zhang, J. A review of the research on the driving force of land use and land
cover change. Chin. Agric. Sci. Bull. 2008, 4, 089.

35. Guixun, B.Y.; Xiong, L. Introduction on the Comprehensive Planning of Shanghai. Urban Plan. Forum 2002, 4, 1–5.
36. Gui, Y.; Cui, Z. The change of residential committee in the process of community construction: A case study

of shanghai city. J. Huazhong Univ. Ofence Technol. Ed. Socialences 2000, 3, 1–11.
37. National Bureau of Statistics of the People’s Republic of China. China Statistical Bureau. 2015. Available

online: http://www.stats.gov.cn/tjsj/ndsj/2015/indexch.htm (accessed on 20 June 2017).
38. National Science & Technology Infrastructure of China. National Earth System Science Data Sharing

Infrastructure. 2015. Available online: http://www.geodata.cn (accessed on 20 June 2017).
39. Bell, E.J. Markov analysis of land use change—An application of stochastic processes to remotely sensed

data. Socio-Econ. Plan. Sci. 1974, 8, 311–316. [CrossRef]
40. Wang, S.Y.; Liu, J.Y.; Zhang, Z.X.; Zhou, Q.B.; Zhao, X.L. Analysis on spatial-temporal features of land use in

China. Acta Geogr. Sin. 2001, 56, 639–647.
41. Zhu, H.Y.; Li, X.B.; He, S.J.; Zhang, M. Land use change in bohai rim: A spatial-temporal analysis. J. Geogr. Sci.

2001, 11, 305–312.
42. Zhuang, D.; Liu, J.Y. Study on the model of regional differentiation of land use degree in China. J. Nat. Resour.

1997, 12, 105–111.
43. Liu, J.; Liu, M.; Deng, X.; Zhuang, D.; Zhang, Z.; Luo, D. The land use and land cover change database and

its relative studies in China. J. Geogr. Sci. 2002, 12, 275–282.
44. Hong, J.; Jiang, N.; Xue-Ying, Y.U. An analysis of land use change and driving force—A case study of

Shanghai city. Remote Sens. Land Resour. 2002, 14, 58–61.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/ijerph110303215
http://www.ncbi.nlm.nih.gov/pubmed/24646864
http://dx.doi.org/10.3390/su9060894
http://dx.doi.org/10.1007/s41324-016-0062-6
http://dx.doi.org/10.1002/ldr.885
http://www.stats.gov.cn/tjsj/ndsj/2015/indexch.htm
http://www.geodata.cn
http://dx.doi.org/10.1016/0038-0121(74)90034-2
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Area 
	Data 
	Methods 
	Land Use Classification 
	Land Use Transition Matrix Model 
	Land Use Dynamic Degree Model 
	Land Use Degree Model 


	Results 
	The Temporal and Spatial Variation Trend of Land Use and Cover Change 
	The Land Use Transition Matrix from 1990 to 2010 
	The Land Use Dynamic Degree 
	The Temporal Evolution of Land Use Degree 

	Discussion 
	Driving Force of Human Activity 
	The Driving Force of Social Economy Development 

	Conclusions 
	References

