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ABSTRACT 
 
Great changes of coastal wetland in Pearl River Estuary have 
taken placed since 1970s. To investigate the spatial and 
temporal variations of coastal wetland in Pearl River Estuary, 
Landsat-MSS images in 1975 and Landsat-TM images in 
1995 & 2005 were processed, and a wetland database of 
these three periods was established based on these satellite 
images. Since the changes of coastal wetland had significant 
relationship with coastline changes, a model for coastline 
changes detection was established. By means of GIS and RS, 
temporal and spatial changes of coastal wetland in Pear 
River Estuary were studied in this work. The result showed 
that: (1) During period of 1975~1995, coastal wetland area 
decreased by 3.3%, and decreased by 18.3% during 
1995~2005; (2) Among 6 administrative districts of the 
study area, wetland dynamic degree could be sorted in a 
descending order as: Zhuhai, Shenzhen, Macao, Dongguan, 
Zhongshan and Guangzhou; (3) The centroids of wetland in 
Pearl River Estuary coastal zone moved 0.6km in the north 
direction during 1975~1995, and 6.1km in the southeast 
direction during 1995~2005; (4) Due to the changes of 
coastlines in Pearl River Estuary, the area of sea reclamation 
during 1975~2005 in Zhuhai, Macao, Zhongshan, 
Guangzhou Dongguan, Shenzhen was 12439.29, 502.60, 
2946.45, 5372.21, 1815.96 and 6317.88 hectares 
respectively; (5) Average distance of coastline changes 
during 1975~2005 was 651.2m in Zhuhai, 187.1m in Macao, 
1304.7m in Zhongshan, 802.8m in Guangzhou, 193.3m in 
Dongguan and 523.1m in Shenzhen. To conclude, this work 
demonstrates the importance of satellite images to monitor 
the temporal and spatial changes of coastal wetland. 
 

Index Terms—Pearl River Estuary, Coastal Wetlands, 
Dynamic Degree, Centroid Displacement 
 

1. INTRODUCTION 
 
Wetlands are honored as "kidney of the globe", "species 
gene pool" and “the cradle of humanity” [1]. They are the 
most productive ecosystems in the world compared to 

terrestrial ecosystems and marine ecosystems. They provide 
important ecosystem functions such as nursery habitats for 
fish and crustaceans, resting and feeding area for migratory 
birds, they also support biodiversity, filter containments, 
dissipate water energy, and offer intrinsic values such as 
aesthetics and education [2]. Coastal wetland is an important 
kind of wetland and natural landscape with abundant natural 
resources and unique environmental effect [3], but about 30 
to 50% of the area of earth's major coastal environments has 
been degraded during past decades [4]. Wetland is one of 
the most important natural resources of Pearl River delta. 
During the period of 1975~2005, substance changes have 
taken place in the coastal wetland of Pearl River Estuary as 
the result of natural and anthropogenic factors. Many 
researchers choose one part of Pearl River delta for research 
[5~7]. However, few studies have focused on the spatial and 
temporal changes of coastal wetland in Pearl River Estuary. 
Based on GIS and RS, the spatial and temporal changes of 
coastal wetland in Pearl River Estuary in the past three 
decade are researched. 
 

2. STUDY SITES 
 
The study area, Pearl River Estuary coastal zone covers an 
inland area of 5 km buffers from the costal lines, and 
extends to the -6m depth line in shallow sea, and the area is 
about 390,000 hectares. It is located at the middle south of 
Guangdong Province of China (as Figure 1 shows). The bell-
shaped Pearl River Estuary receives and carries most of the 
outflow from the Pearl River, eventually flow into the South 
China Sea. The climate here is summer and winter monsoon 
alternating, year-round high temperatures. Since economic 
liberalization was adopted in the late 1970s, the area has 
become one of the leading economic regions and a major 
manufacturing center of China. Including two Special 
Economic Zone: Zhuhai and Shenzhen; and an Open Coastal 
City: Guangzhou. 
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Figure1. Study area 

 
3. DATA AND METHODOLOGY 

 
3.1 Data 
 
In order to analysis the spatial and temporal changes of Pearl 
River Estuary in the past three decades, three periods data 
sources were collected, including Landsat MSS images in 
1975; Landsat TM in 1995 and 2005(the remote sensing 
images were downloaded from the USGS website: 
http://glovis.usgs.gov). 
 
3.2 Data Processing 
 
Remote sensing images processing was carried out by means 
of PCI Geomatica10.0. In this research all the remote 
sensing images were rectified to WGS-84 coordinate system, 
and the spatial rectify error is less than 0.5 pixels. Wetland 
data of the year 1975, 1995 and 2005 were extracted by 
visual interpretation based on these geometric rectified 
remote sensing images. The interpreted data were modified 
and edited through field investigation and sampling by GPS 
to reach interpreted precision of 93%, and the interpreted 
accuracy of wetland in 1995 and 1975 is 90% and 88% 
respectively. The data processing packages mainly included 
ArcGIS9.0, SPSS 16.0 and PCI Geomatica10.0. 
According to the ecological classification principles and the 
classification of China and abroad [8~12], wetland in Pearl 
River Estuary is divided into natural wetland and 
constructed wetland according to the interfering degree of 

human activities. Natural wetland also divided into mud flat, 
mangrove, lake, river and shallow sea; and constructed 
wetland is divided into reservoir, aquaculture water, paddy 
field and pond. 
 
3.3 Methodology 
 
Land use dynamic degree model and cenctrids of wetland is 
applied to study the temporal and spatial changes of wetland. 
A model of average coastline displace model was also 
applied. 
 
3.3.1 Wetland Dynamic Degree  
In order to understand the rate of regional wetland changes 
and their characteristics differences, the wetland dynamic 
degree was calculated by administrative districts in Pearl 
River Estuary. Regional difference in wetland change 
characteristic can be determined by using the land use 
dynamic degree model that could be mathematically 
expressed by the following relationship [13~14]: 
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Where S is the wetland dynamic degree over time t; Si is the 
ith type wetland area at the beginning of the monitoring 
period, n is the number of the wetland types, and Si-j is 
the total area of the ith type wetland that is converted into 
others (other wetland types or non-wetland). 
 
3.3.2 Spatial Changes of Wetland  
Spatial changes of wetland can be described by the centroid 
displacement of land use resource distribution [15]. The 
cenctrids of wetland distributions in these three periods can 
be calculated as follows: 
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Where Xt and Yt are the abscissa and ordinate centroid of 
wetland distribution in t period respectively. Xi and Yi are the 
abscissa and ordinate of the centroid of wetland type i in the 
same period; tiC  denotes the area of each wetland patch; 
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denotes the total wetland area in t period. 

 
3.3.3 Coastline Changes of Pearl River Estuary 
The changes of coastlines can be described by average 
displace distance, it can be calculated as follows: 
As Figure 2 shows, coastline changes distance  can be 
nearly considered as: 

0/ itii lsd                 (4) 
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Where id  is the coastline changes distance, itol is the length 

of coastline in the t0 year which changed into coastline  1itl  

in the year of t1. Then the average distance 
_
d  of coastline 

changes in an administrative district can be calculated as: 
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Figure2.  Model of coastline changes. 

 
4. RESULTS 

 
4.1 Wetland Distribution 
 
The distribution of wetland in these three periods as figure3 
shows. 

 
Figure3. The distribution wetland in 1975, 1995, and 2005. 

 
The wetland area in the year of 1975, 1995, 2005 is 319512, 
308946, 252392 ha separately. During period of 1975~1995, 
coastal wetland area decreased by 3.3%, while it decreased 
by 18.3% during 1995~2005. It is obviously that the wetland 
decrease rate during the later stage much more than that of 
the earlier stage.     
 
4.2 Spatial and Temporal Changes 
   

According to the equation (1), the wetland dynamic degree 
during 1975~2005 in the 6 administrative districts as figure4 
shows: 

 
Figure 4. Dynamic degree of coastal wetland in each administrative 

district during 1975~2005. 
 

The centroids of each wetland patch were extracted from 
wetland vector data based on ArcGIS9.0, and the centroids 
coordinates of each periods were calculated by equation (2) 
and (3). The centroids of wetland in the three different 
periods are shown in figure5. During 1975~1995, the 
cenrtoids of coastal wetland moved 0.005  to the north 
direction and 0.001 to the east direction, by a linear 
distance of 0.6km, which was related to the large-scale 
movement of enclosing tideland for cultivation. However, 
during 1995~2005, the wetland centroids moved 0.055 to 
the south direction and 0.01 to the east direction, by a 
linear distance of 6.1km, which was mainly because of 
inland wetland changed into non-wetland(such as 
construction site or factories). 

 
Figure5. Spatial changes of coastal wetland in Pearl River Estuary. 

 
4.3 Changes of Coastlines 
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The coastline changed mainly caused by sea reclamation. By 
compared the coastline in 1975 and 2005, the area of 
coastline displacement can be acquired (as figure6 shows).  
And the area of coastline displacement long the inland 
coastline in Zhuhai, Macao, Zhongshan, Guangzhou, 
Dongguan and Shenzhen is 12439.29 502.60 2946.45
5372.21 1815.96 6317.88 hectares respectively.  

 
Figure6.  The distribution of coastline changes from 1975 to 2005. 
 
According to the equation (4, 5), the average distance of 
coastline changes is 651.2m in Zhuhai, 187.1m in Macao, 
1304.7m in Zhongshan, 802.8m in Guangzhou, 193.3m in 
Dongguan and 523.1m in Shenzhen. 
 

5. DISCUTION 
 
After the analysis of coastal wetland spatial and temporal 
change in the nearly three decades, and the comparison 
between early and late stages, it can be seen that coastal 
wetlands in Pearl River Estuary have been significantly 
changed. These changes reflect an accelerating depletion of 
wetland. Coastal wetland depletion disturbed the ecological 
functions of wetland, which will cause a series of 
environmental problems, such as flood, coastal erosion, loss 
of habitat for aquatic species and so on. Wetland protection 
measures and long-term planning for the study area is an 
urgent task. 
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