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Abstract-This paper used Landsat ETM images as the main data source, and ENVI, GIS and the mathematical statistics method
(dynamic degree, land use transition matrix) to analyze spatiotemporal changes of land use and land cover in Baoan, Shenzhen, from
2000 to 2010. Conclusions were as follows. (1) The major land use in the study area was green land. Industrial and storage land
experienced the largest increase among the six land classes; external transport land experienced the second largest increase. Water
experienced the largest reduction among the six classes, followed by “other” land and green land. (2) Construction land experienced
a slow increase, followed by a rapid increase; green land reduced rapidly between 2000 and 2005, followed by a slower reduction
between 2005 and 2010. The area of water increased in the early period and decreased in the later period. (3) The increase in
construction land came mainly from industrial and storage land, green land, external transport land, and other lands. The increase
in industrial and storage land came mainly from construction land, green land, and other lands. The decrease in green land and
water area came mainly from the expansion of industrial and storage land, construction land, other land, external transport land.
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l. INTRODUCTION

Many of the researches on global geophysical changes have focused on regional land use and land cover changes.
Comprehensive study of these changes on the regional or local scales could provide a wealth of information for global land use
and land cover changes [1-4]. In addition, land-use change is closely related to both socioeconomic development and
environmental changes. Since 1978, when China initiated economic reform and an open-door policy, rapid land use and land
cover changes have taken place in many areas of the country [5, 6]. It has been well documented that drastic land-use change,
especially the conversion of green land for industrial, storage, or building use, has occurred in the course of environmental
changes, industrialization, and urbanization throughout the country [7-10]. Regional land-use changes in the eastern developed
regions of China, in particular, have received a great deal of attention [5], [11-14].

However, land-use changes in Baoan, which were outside the old Special Economic Zone of Shenzhen, have attracted little
attention. Baoan serves an important economic function, as well as a pivotal role in the overall economic development strategy
and design of urban functions, in Shenzhen. It is also a critical link between the Shenzhen economic radius and the mainland.
Both economic development and environmental changes have strongly influenced land-use changes. In addition, as in Hong
Kong, there is always a major planning challenge in determining efficient land uses in a hilly area with limited flat land [1].

This study used high-resolution remote sensing imaging (Landsat ETM images) as the main data source, and utilized the
ENVI GIS and mathematical statistics method to analyze spatiotemporal changes in land use/cover in Baoan, Shenzhen, from
2000 to 2010.

Il. STUDY AREA

A. Natural Environment

Baoan District is located in the South China Sea, Guangdong, and is one of the seven districts of Shenzhen City. It is
located at longitude 113°46’ to 114°37’ E, latitude 22°27' to 22°52’ N. The total land area is 733 km? (accounting for 37% of
the total land area of Shenzhen ), with a coastline length of 30.62 km. It is connected to the Pearl River estuary in the west, the
Shenzhen Special Economic Zone in the south, Dongguan City in the north, and Mirs Bay in the east, near the New Territories
and Yuen Long areas of Hong Kong. Baoan is located in south of the Tropic of Cancer and has a subtropical oceanic
climate-mild with plenty of sunshine, an average annual temperature of 22 °C, and an annual average precipitation of 1667 mm.
The Baoan District has complex terrain, with low hills mainly in the northeast, hills and table | and in the central and northern
areas, and mainly alluvial plains and some hilly remnants in the west, while the southwest coast is mostly muddy shoreline,
with rich ocean beach resources.

B. Economic Development

Baoan, along with Hong Kong, Shenzhen, Guangzhou, and the Pearl River international port city, is an important part of
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China’s industrial belt. Baoan is expected to become the largest high-tech industrial area and an advanced manufacturing base
of Shenzhen. It will also be an important export base for high-tech industries and a logistics hub, while also functioning as a
base for leisure, tourism, and eco-tourism.

I11. DATA AND METHODS

A. Database

The data set was provided by International Scientific Data Service Platform, Computer Network Information Center,
Chinese Academy of Sciences (http://datamirror.csdb.cn) [15]. To reconstruct the land-use change history during 20002010,
we collected Landsat ETM images at the end of three years-2000, 2005, and 2010. Using ENVI software, we illustrated the
land-use change patches by comparing the ETM images (shown as a combination of bands of 543 RGB) from 2000, 2005, and
2010. In addition, topographic maps, statistics, the land-use maps for 2000/2005/2010, and the standard land classification
system were used as supporting information to identify the types of land-use changes for each patch[16].

B. Methods

The basic idea of this research was to retrieve the district boundary of different image phases using Landsat ETM+ data, and
then to analyze the land use/cover change (Fig. 1, Fig. 2, and Fig. 3). A detailed description of the data processing is as follows.

B incustry and storage land [l water [ other lands
B green land Bl <xternal transport land [l construction land

Fig. 1 Class distribution of land use in Baoan in 2000U1]
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Fig. 2 Class distribution of land use in Baoan in 2005[U2]
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Fig. 3 Class distribution of land use in Baoan in 2010 [U3]
1) Remote Sensing Image Pre-Processing:

In order to retrieve the boundary efficiently, image pre-processing included geometric correction of remote sensing images,
study area boundary adjustment, and image enhancement.

Geometric correction and registration: normally, the remote sensing images purchased from the satellite earth station have
already been subjected to crude radiometric and geometric correction; therefore, the remote sensing images only need to be
subjected to the more precise geometric correction and registration. In this study, image transformation and geometric
correction were performed using ERDAS IMAGINE 9.3 software, and control-point correction was used for geometry precise
adjustment [17], with reference to the administrative division’s photographs of Baoan.

Study area boundary adjustment: the map of Baoan District was digitized using GIS software ARC-GIS 9.3. After setting
its coordinates and projection, the Baoan District polygon vector file, including the boundary, was produced. Based on the
vector file, the image range of the study area was then extracted using the spatial analyst tool in ArcGIS. In this study area, the
borders of the Baoan District expanded through both land reclamation and river deposition. The southwest corner of the port,
for example, was reclaimed. Although the coastal waters of the Pearl River tributaries were not part of this reclamation, they
were still included in the administrative division map of Baoan District, and in our study. The research area also included the
Guangming New District. After image cropping, the image range of the study area was extracted, resulting in Landsat images
of the study area as at the end of 2000, 2005, and 2010.

2) Land Use / Land Cover Classification System:

The supervised classification is the most common method in obtaining land use/cover information. In this research, after
data pre-processing, a training sample was selected according to the characteristics of the spectrum. Then, the maximum
likelihood classification method was applied to the Landsat ETM (Enhanced Thematic Mapper) data by using Envi4.8. This
land-use classification was conducted through a combination of computer automation and artificial visual interpretation to
guarantee consistency and accuracy of data processing.

Based on the “land use classification” national standards (GB/T21010- 2007) of China [18] and “reference land cover
classification specification,” the land uses of Baoan District were divided into six types: green land, construction land,
industrial and storage land, external transportation land, water and irrigation facilities land, and other land (Fig. 1, Fig. 2, and
Fig. 3). Green land includes farmland, woodland, grassland, gardens, and parks. Construction land includes business land,
public administration and public services land, residential land, and road construction within the city. Industrial and storage
land includes land used for industry and storage. External transportation land includes airports, ports, national highways, state
roads, rails, and intercity highways. Water and water-conservancy projects include rivers, lakes, reservoirs, coastal and inland
beaches, canals, and land used for hydraulic structures. Other land includes free land, bare land, ridges, and other special lands.

The classifications were identified using the land use and planning maps of the Baoan District, as well as the study area
land cover characteristics and remote sensing information penalty. Because some lands that are currently being developed were
hard to classify, they were categorized as “other” land.
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3) Classification Accuracy Assessment:

Confusion Matrix tools in the ENV14.8 software were used to test the accuracy of classification results from remote sensing
images. From this process, we obtained the total classification accuracy and Kappa index. The classification results that met
the accuracy requirements could either be fed into the next stage of processing, or be returned to the previous
stage-re-adjustment of the classification template followed by re-analysis. The accuracy of classification results for the three
periods of SPOT images was tested and the results are shown in Table I. For the year 2000, the total accuracy was 97.4852%
and the Kappa index was 0.9391. For 2005, the total accuracy was 97.4933% and the Kappa index was 0.9652. For 2010, the
total accuracy was 97.3072% and the Kappa index was 0.9453. All of the Kappa index values met the requirements of
minimum precision of 0.7 [19].

TABLE | EVALUATION ACCURACY OF MAXIMUM LIKELIHOOD

Remote Sensing Image The Total Accuracy Kappa Index
Year 2000 97.49% 0.9391
Year 2005 97.49% 0.9652
Year 2010 97.31% 0.9453
IV.RESULTS

A. Baoan District, 2000-2010 Land Use/Cover Change Analysis

Based on data derived from remote sensing images, the distribution of the various types of land uses and land cover in
Baoan for the years 2000, 2005, and 2010 is shown in Figure 4; exact numerical values and the percentages of change are
shown in Tables 11, I11, and IV. From these tables and figures, the following conclusions can be drawn.

2000 2005 2010

Oindustry and storage land EGreenland
BExternal transport land EVater

Fig. 4 Class distribution summary of 2000, 2005, and 2010 in Baoan

TABLE Il QUANTITATIVE CHANGES IN BAOAN LAND USE FROM 2000 TO 2005

2000 Area Percentage 2005 Area Percentage Increased Area Change Rate

Land Use Types Ckm?) (%) Ckm?) (%) (km?) %

Greenland 388.12 55.14 284.42 39.90 -103.70 -26.72

Water 70.25 9.98 54.58 7.66 -15.68 -22.32
Construction land 120.36 17.10 122.88 17.24 2.52 2.09
Industry and storage land 29.14 4.14 118.47 16.62 89.33 306.56
External transport land 9.36 1.33 14.99 2.10 5.63 60.11
Other land 86.59 12.30 117.58 16.49 31.00 35.80

Total 703.83 100.00 712.92 100.00 9.09 1.29

TABLE 11l QUANTITATIVE CHANGES IN BAOAN LAND USE FROM 2005 TO 2010

2005 Area Percentage 2010 Area Percentage Increased Area Change Rate

Land Use Types (km2) (%) (km?) (%) (km?) %

Greenland 284.42 39.90 255.98 35.33 -28.44 -10.00

Water 54.58 7.66 39.47 5.45 -15.11 -27.69
Construction land 122.88 17.24 149.52 20.63 26.64 21.68
Industry and storage land 118.47 16.62 199.46 27.53 80.99 68.37
External transport land 14.99 2.10 29.65 4.09 14.66 97.83
Other land 117.58 16.49 50.55 6.98 -67.04 -57.01

Total 712.92 100.00 724.63 100.00 11.71 1.64
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TABLE IV QUANTITATIVE CHANGES IN BAOAN LAND USE FROM 2000 T0 2010

2000 Area Percentage 2010 Area Percentage Increased Area Change Rate

Land Use Types Ckm?) (%) Ckmd) (%) (km?) %

Greenland 388.12 55.14 255.98 35.33 -132.14 -34.05

Water 70.25 9.98 39.47 5.45 -30.79 -43.83
Construction land 120.36 17.10 149.52 20.63 29.16 24.23
Industry and storage land 29.14 4.14 199.46 27.53 170.32 584.52
External transport land 9.36 1.33 29.65 4.09 20.29 216.75
Other land 86.59 12.30 50.55 6.98 -36.04 -41.62

Total 703.83 100.00 724.63 100.00 20.80 2.96

1) Changes among the six major land use types varied greatly.

2) Although the amount of green land shrank from 55% in 2000 to 35% in 2010, it was still the predominant type of land in
Baoan at the end of 2010. This high percentage reflects the commitment to retaining the natural landscape and green land in
Baoan.

3) Industrial and storage land showed the largest increase among the six land classes, increasing gradually from 2000 to
2010 (Fig. 4, Table I1). The first increase, from 2000 to 2005, represents a 306.6% increase, and the second increase, from
2005 to 2010, a 68.4% increase. It showed that the speed of industrial development in Baoan slowed down after the initial
spurt; 2000-2005 was the golden age of large-scale industrial development in Baoan.

4) While Baoan was dominated by green land and construction land in 2000 and 2005, this predominance changed to green
land and industrial and storage land in 2010. Water suffered the largest percentage reduction of any class, with a 22.3%
reduction from 2000-2005 and 27.7% reduction from 2005-2010 (Table 1I, Table Ill). The second most reduced land was
“other” land; its total reduction was 36.0 km2 from 2000 to 2010—a reduction of 41.6%. The major land appropriation for
cities and towns of Baoan came from other land, mainly reclaimed beaches. The smallest reduction from 2000 to 2010 was for
green land, which was reduced by 132.1 km2—a reduction of 34.0%.

5) Industrial and storage land, external transportation land, saw the largest increases, among the six land classes. From
2000 to 2010, industrial and storage land increased by 584.5% and external transportation land, by 216.7%. From 2000 to 2005,
industrial and storage land increased by 89.3 km2 (306.6%); from 2005 to 2010, it increased by 81.0 km2 (68.42%). The
increase in external transportation land was comparatively slowing from 2000 to 2005, at 60.1%, but from 2005 to 2010, it
grew by 97.8%.

6) From 2000 to 2010, the total land area of Baoan itself had increased by 20.8 km2 (3.0%), primarily from western land
reclamation.
B. Analysis of Dynamic Changes of the Structure of Land Uses

1) Transfer Matrix Calculation of Land-Use Areas:

Simply looking at the increases and decreases in the various types of land areas, it is difficult to perceive the changes in the
internal structure of land use. To reveal the characteristics of the internal transfer of land use types, land use statistical
transition matrices of the area were developed (Tables V-VII) based on the land use maps of 2000, 2005, and 2010 in Baoan
and by using the module overlay analysis capability of the spatial analysis feature of ArcGIS software.

TABLE V TRANSFER MATRIX OF LAND USE TYPES IN BAOAN DISTRICT OF SHENZHEN, 20002005 (KM?)

Year 2005
Transfer Matrix Construction External Green Industryand | Other Water Total
Land Transport Land Land Storage Land Lands
Construction 61.35 3.30 10.27 31.91 12.11 1.04 119.99
Land
External 1.03 493 1.26 0.88 073 0.17 9.01
Transport Land

Year 2000 Green Land 23.53 4.80 252.77 35.16 71.92 6.61 394.79
Industry and 9.68 0.40 415 9.24 481 0.10 28.36

Storage Land
Other Lands 22.34 0.99 11.01 30.99 20.27 047 86.07
Water 752 0.49 9.35 10.93 7.33 31.62 67.24
Total 125.44 14.91 288.81 119.12 117.18 4001 | 705.46
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TABLE VI TRANSFER MATRIX OF LAND USE TYPES IN BAOAN DISTRICT OF SHENZHEN, 2005-2010 (kM?)

Transfer Matrix Year 2010
Construction External Green Industry and Other Water Total
Land Transport Land Land Storage Land | Lands
Construction Land 71.97 2.72 4.58 42.29 3.26 0.73 125.54
External Transport Land 1.47 7.30 1.97 3.66 0.47 0.05 14.92
Year Green Land 15.66 2.98 212.78 29.77 23.20 4.38 288.77
2005 | |ndustry and Storage Land 36.64 2.34 5.21 70.59 3.55 093 | 119.27
Other Lands 22.72 2.27 25.43 49.30 16.85 0.85 117.41
Water 0.67 8.71 6.21 4.78 2.17 2241 44.94
Total 149.10 26.31 256.18 200.39 49.50 29.35 | 710.84

TABLE VII TRANSFER MATRIX OF LAND USE TYPES IN BAOAN DISTRICT OF SHENZHEN, 2000-2010 (KMZ)

Year 2010
Transfer Matrix Construction External Green | Industryand | Other | .. Total
Land Transport Land Land Storage Land | Lands
Construction Land 60.15 3.71 6.60 46.00 2.94 0.63 120.02
Externaltransport Land 0.86 4.97 1.12 1.64 0.35 0.11 9.05
Year Green Land 37.66 6.08 228.53 84.17 35.93 2.77 395.14
2000 | Industry and Storage Land 10.49 0.42 3.22 12.88 1.33 0.04 28.37
Other Lands 31.21 1.16 8.70 39.88 4.93 0.23 86.10
Water 8.63 6.49 8.52 15.85 4.07 25.66 69.22
Total 149.00 22.83 256.68 200.42 4955 | 29.43 | 707.90

Table V shows the context of land use changes in Baoan from 2000 to 2005. The increase in construction land came mainly
from industrial and storage land, and to lesser and decreasing extents from green land, external transportation land, and other
lands. The increase in industrial and storage land came mainly from construction land, other land and green land. The decrease
in green land came mainly from the expansion of construction land, and industrial and storage land. The decrease in water
areas came mainly from the expansion of industrial and storage land, green land, construction land and other land.

Table VI shows the context of land use changes in Baoan from 2005 to 2010.The increase in construction land came mainly
from industrial and storage land, green land and other lands. The increase in industrial and storage land came mainly from
construction land, green land and other land. The decrease in green land came mainly from the expansion of industrial and
storage land, other land, and construction land. The decrease in water areas came mainly from the expansion of external
transportation land, green land, industrial and storage land and other land.

Table VII shows the context of land use changes in Baoan from 2000 to 2010. The increase in construction land came
mainly from industrial and storage land, green land, external transportation land and other lands. The increase in industrial and
storage land came mainly from construction land, green land and other lands. The decrease in green land came mainly from the
expansion of industrial and storage land, construction land, other land, external transportation land and water. The decrease in
water areas came mainly from the expansion of industrial and storage land, construction land, green land, external
transportation land and other lands.

2) Dynamic Degree Analysis of Land Use:

The land-use dynamic degree can describe quantitatively the rate of regional land-use change, greatly facilitating the
comparison of regional differences and the prediction of future trends. The dynamic degree of a single type of land use can be
expressed as the change in the area of a particular land-use type, in a particular area, within a particular time period, and its
formula is expressed as:

:Ua;Ub.l.loo%
Ub T

where K is the land-use dynamic degree in the study period; Ub and Ua are the areas of the land-use types at the beginning and
end of the study period, respectively; and T is the time period for the study. When T is set to one year, K is the annual rate of
land-use change in the study area. The land-use dynamic degrees of each type were calculated for each pair of annual periods
between 2000 and 2010 (Table VIII).
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TABLE VIII DYNAMIC OF SINGLE LAND-USE TYPES IN BAOAN

2000 Area (km?) 2005 Area (km?) 2010 Area (km?)  2000-2005 2005-2010 2000-2010

Greenland 388.12 284.42 255.98 -5.34 -2.00 -3.40

Water 70.25 54.58 39.47 -4.46 -5.54 -4.38
Construction Land 120.36 122.88 149.52 0.42 4.34 242
Industry and Storage Land 29.14 118.47 199.46 61.31 13.67 58.45
External Transport Land 9.36 14.99 29.65 12.02 19.57 21.67
Other Land 86.59 117.58 50.55 7.16 -11.40 -4.16

Total 703.83 712.92 724.63 0.26 0.33 0.30

V. DISCUSSION

Compared to 2000, the land uses in 2010 changed dramatically. Green land was reduced by about 34.05%; water and water
facilities, by 43.83% (Table IV, Fig. 5). These changes were due primarily to agricultural structure adjustment and
urbanization. Urban development led to the filling in of many small waterways, and the original dense western river network
was shifted into other land uses, especially construction land. Industrial and storage land increased significantly, at a
magnitude of 6, while external transportation land doubled. Residential areas, business services, and other urban construction
land increased by about 24.23%. The major contributors to this increase were rapid economic development and population
growth, with the accompanying expansion of housing, roads, and industrial construction. These changes were supported by
urban development planning and other government policies. One notable trend was that the area for “other” lands increased
during the period of 2000-2005, whereas in the 2005-2010 period, it decreased; this shift reflects the construction boom for
factories and residences that began in 2005.

The variation trendency ol Bacan land-use in 2000-2010

R
area (m’)

i
- \ —m—Greenland
- — —a—Water
920

—S—Construction land
=#¥—Industry and storage land
—e—I[xternal transport land
—>¢—0ther land

Fig.5 Variation trends in Baoan land use, 2000-2010

V1. CONCLUSIONS

1) The major land use in the study area was green land (at least 35%). Industrial and storage land experienced the largest
increase among six land classes. External transportation land experienced the second largest increase, after industrial and
storage land. Water experienced the largest reduction among the six classes, followed by “other” land and green land.

2) From 2000 to 2010, the dynamic degree of each single type of land use reflected the speed of changes in land use classes.
It can be seen that construction land experienced a slow increase and then a rapid increase; green land reduced rapidly at first
and then more slowly; and the area of water increased in the early period and decreased in the later period. The overall trend of
the other land from 2000 to 2010 was to decrease.

3) As can be seen from the land use transition matrix in Baoan from 2005-2010, the increase in construction land came
mainly from industrial and storage land, green land, external transportation land, and other lands. The increase in industrial and
storage land came mainly from construction land, green land, and other lands. The decrease in green land and water areas came
mainly from the expansion of industrial and storage land, construction land, external transportation land, and other land.
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