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Spatial and temporal change of wetlands in Bohai rim during
2000—2008: An analysis based on satellite images
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Abstract: The coastal wetlands along the Bohai rim are undergoing rapid change. It is significant for regional planning to
aware of these spatial and temporal changes. Multi-years of Landsat TM data and some other remote sensing data are used to
conduct Human-Computer interaction visual interpretation of wetlands. Assisted by the collection of field samples, the
distribution and classification of wetlands along the Bohai Sea in 2000, 2005 and 2008 are extracted. The change rate model of
single type and the regional dynamic degree model are constructed under GIS to reconstruct spatial and temporal pattern and
dynamic pattern of the wetlands. The dynamic transfer matrix is constructed to reflect the dynamics reasons. The results show
that: the brine pan and reservoirs/aquiculture, which are all manmade wetlands, have the biggest area amount and the biggest
growth rate, with annual growth 205.52 km® and 146.10 km?, respectively. The reduction of bottomland and tideland are more
obvious than the other types. The Yellow River basin has the most significant wetland change, which is twice bigger than that of
Liao River basin and Hai River basin, and still growing larger. The dynamic degree of the Hai River basin has shown the
reducing trends. The wetland change driven by human activities is more obvious than the natural drive. The main wetland types
transfering are caused by human activities such as the reclamation, tideland or bottomland for aquiculture, constructed land or
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brine pan.
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1 INTRODUCTION

Wetlands encompass many different habitats and perform a
wide range of stabilizing functions, so wetlands are called earth
renal (Niu et al., 2009). Bohai rim is a gold coast in North
China, where coastal wetlands concentrated in this region (Liu
et al., 2001). Coastal wetlands grow on the region where land
and ocean meet and land ocean interaction is intensive. Costal
wetlands perform significant functions in preventing of wind,
minimization of flooding and erosion, maintenance of water
quality protection through particulate and nutrient retention,
climate regulation (Wetland in China, 2010). However, the
voice of construction of Bohai economic rim is booming in
recent years, its position in national coastal open up strategy
becomes more and more important. The conflict between
protection and exploitation of coastal wetlands is getting more
and more irreconcilable (Xie, et al., 2009). The study of spatial
and temporal changes of wetland classes is significant for
planning a reasonable protection of wetlands, ensuring the
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regional economic development, evaluating carrying capacity
of Bohai coast and keeping regional sustainable development.
Traditional wetland inventory needs a plenty of time,
manpower and material resources as well as the natural
conditions in some wetland regions make it difficult to conduct
extensive field measurements. What’s more, the past wetland
condition is hard to retrieve. Numerous studies have focused on
the wetland monitor using remote sensing images in the Bohai
rim. Liu, et al. (1999, 2000), Liu and Buheaosier (2000)
discussed the similarities and differences of wetlands in
Huanghe and Liache deltas by means of remote sensing,
geographical information system and global position system.
Based on the classification system of wetlands, the present
situation and distribution characteristics in the Liaohe and
Huanghe Deltas were studied through RS and GIS techniques
by Liu, ez al. (2001). Some strategies concerning protection of
ecological function of wetlands and solution to the problems of
the sustainable development between resources exploitation and
wetland protection were put forward. Jiang, et al. (2005)
analyzed the changes and driving forces of wetland resources
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using RS and GIS in Liaohe river delta. Zhao et al. (2007)
investigated the wetland from Bohai Gulf to Laizhou Bay by
GIS and Landsat. Most of them have, however, analyzed
wetlands in each river delta in 2007 or before. As a result, little
is known about wetlands in the whole Bohai rim in the latest
years.

Two time periods before and after the government launched
Eleventh Five-Year Plan for National Economic and Social

Development are selected as monitoring period (2000—2005

and 2005-2008). The monitor region is the whole Bohai rim.
Our work are to: (1) reconstruct spatial and temporal pattern
and dynamic pattern of the wetlands in the Bohai rim; (2) com-
pare the wetland dynamic pattern among three river basin;
(3) construct the dynamic transfer matrix to reflect the
dynamics reasons; and (4) offer long time series of remote
sensing dynamic monitoring data and evidences for the
protection of coastal wetlands and holistically coordinating
plans for the Bohai rim developing.

2 STUDY AREA AND MATERIALS

2.1 Study area

Bohai Sea is a “C”-shaped nearly enclosed sea. The Bohai
Rim is the geographical scope around the Bohai Sea involving
several administrative areas. The study area is selected
according to the administrative boundaries, involving 13 coastal
Prefectural-Level cities in three provinces and one city as
Liaoning Province, Hebei Province, Shandong Province and
Tianjin city, all of which are Dalian, Yingkou, Panjin, Jinzhou
and Huludao in Liaoning Province, Tangshan, Qinhuangdao,
Cangzhou in Hebei Province, Binzhou, Dongying, Weifang,
Yantai in Shandong Province and Tianjin, with a combined area
of 1.35 x 10"hm? (Liu, et al., 2006). The study area is located
in the north temperate zone, rich in wetland resources,
including the Yellow River, Liaohe River, Luan River, Haihe
River, Duliujian River, Ji canal, Daling River, Bohai sea,
beaches, estuaries, swamps, lakes, reservoirs, brine pan, paddy
field and other types of wetland. It is considered as one of the
most concentrated geographical area where China's coastal
wetlands and tidal distribute.

2.2 Data sources

The information of wetland is extracted from the remote
sensing images in three years: 2000, 2005 and 2008. The main
data sources are Landsat Thematic Mapper (TM) images with
30 m spatial resolution during June to September. The areas
lacking of data or low quality TM images are replaced by
China-Brazil Earth Resources Satellite Charge Coupled Device
(CCD) data and Environment Satellite 1 images. Data of land
transfer between wetland and other land are sourced from the
assistant data. The main assistant data are national land use
databases at a spatial scale of 1 : 100,000 in 2000, 2005 and

2008 (Liu, et al., 2002). Land use classes of this database

include arable land, woodland, grassland, water, constructed
land, unused land and sea.

3 METHODS

3.1 Classification system

Wetlands classification system in Bohai rim(Table 1) is
confirmed on the basis of two existing classification system,
International Wetlands Classification passed by Convention on
Wetlands(Convention of Wetlands compliance office of the
National Forestry Bureau, 2001) and coastal wetlands
classification system in 908 project order of the State Bureau of
Oceanic Administration (908 project office in the State Bureau
of Oceanic Administration, 2005). Besides, the classification
system is confirmed on principle of benefiting remote sensing
monitor and environment evaluation.

Table1 Wetlands classification system of the Bohai rim

code types Secondary code Secondary types
11 River
12 Lake
1 Natural 13 Tideland
Wetland 14 Bottomland
15 Suaeda salsa land
16 Reed land
21 Reservoirs/aquiculture
2 Constructed 2 Bri
Wetland Tine pan
23 Paddy field ¥

a) Paddy field (23) is usually considered as farmland, it doesn’t considered as
the study object in this study

3.2 Wetland extraction

Wetland landscape diversity in Bohai rim is obvious, which
make automated classification accuracy not satisfactory (Niu,
2009). Wetland classification in this study is conducted by
Human-Computer interaction visual interpretation, including
six technical processes: (1) Preprocessing of remote sensing
data, including NIR / R / G-band composition, geo-reference
and image mosaic. The Root Mean Squared Error (RMS error)
of geometric rectification is less than 2 pixels. (2)Base map of
wetland types in 2008 is produced basing on Human-Computer
interaction visual interpretation, assistant by the related
information of the land use vector data. Uncertainty patches are
signed for further corrections. (3) Field survey is conducted,
including a total of 128 patches, to evaluate the interpretation
accuracy and correct the uncertainty interpretation patches.
(4) Base map of wetland types in 2008 is revised according to
18 field survey patches aimed at these uncertainty interpretation
patches, and then map of wetland types in 2008 is finished.
Meanwhile wetland interpretation signs by remote sensing data
are established (Table 2). (5) Accuracy validation is conducted
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Table 2 Interpretation symbol of the wetlands in the Behai rim (standard false color composite)

NIR / R / G-band composition shape color texture distribution
River Naturally curved band Dark blue or Fine, uniform Vertical distributed in inland
sky blue and coastal areas
Dark blue or . :
Lake Natural boundary area sky blue Delicate, uniform Inland
Tideland Band or area Gray or white Relatively uniform Distributed along the coast
Natural
Wetland . .
Bottomland Naturally curved band White or light Relatively uniform By the edge} of rivers, lakes,
gray reservoiror ponds
Suaeda glauca B,
uae alina(;lca ge Irregular shape Brown red Relatively Rough Intertidal area
. o By the edge of eservoirs and
Reed land Irregular shape Pink Umfonn, with signs of other places where water
irregular water I
conditions are good
With artificial traces; Dark blue o
Reservoirs/aquiculture aquiculture takes sky bll:fe T Delicate, uniform Distributed in inland and coast
regular grid shape
_ Blue and Clear, box-shaped blue and  Mainly located in the coast, a
Constructed Brine pan Small regular box-like white white or triangular-shaped  smail amount distributed in
Wetland blue and white inland
Paddy field Regular shaped, with Scarlet Homogeneous Inland with good water

ridges and ditches

conditions

for map of wetland types in 2008 on the basis of 110 field
survey patches. The validation processes indicated an overall
attribute accuracy of 95%. (6) Wetland types in 2000 and 2005
are interpreted on the basis of the interpretation signs and
interpreter’s knowledge.

3.3 Spatial and temporal analysis models

Change rate of each wetland type, regional dynamic degree,
and dynamic transfer matrix are calculated in order to analysis
the spatial and temporal dynamic pattern of the wetlands in
Bohai rim.

(1) Change rate of each wetland type

Change rate of each wetland type C is calculated to compare
the dynamic differences among each types of wetland (Wang &
Bao, 1999; Liu & Buheaosier, 2000).

C W= Wai L1009 (D
where C; is the change rate of a certain wetland type during the
study period, W,; and W), are wetland area at the beginning and
the end of the study period, ¢ is the study period, when
measured by yea, the calculation results indicate annual change
rate of the wetland.

(2) Regional dynamic degree

Bohai rim belongs to Liao river basin, Hai river basin and
Huang river basin in Chinese firstly drainage basin zoning
(National Geometrics Center of China, 2005). Regional
dynamic degree § (Wang & Bao, 1999; Zhu & Li, 2003) is

calculated to indicate the characteristics and differences of the
wetland dynamic degree in each river basin. Dynamic of
wetland on spatial can be fractionized to three parts, stable
patches, transfer patches and new addition patches (Liu & He,
2002). Wetland dynamic amount or change rate of each wetland
type can only reflect the net value of the changes, and
concealed a certain amount of the wetlands which had transfer
in and out in the same study period.

Regional dynamic degree S reflects the spatial dynamic well,
which indicates the absolute value of wetland changes.

S =§(As,._ joui) / i(si)x1oo% )

i=

where § is the regional dynamic degree during the study period,
S;is the wetland area of the type i at the beginning of the study
period, AS;;. ,is the transfering out area of type i wetland and
transfer in area of type i wetland from non wetland. AS,;. . is
calculated separately in two conditions in order to avoid the
repeated statistic of the wetland transfer among different types
and meanwhile involve the land transfer between wetland and
non wetland.

The border of Liao river basin, Hai river basin and Huang
river basin is close to the provincial-level administrative
boundaries. Thus, regional dynamic degree is calculated
according to administrative boundaries of five cities in
Liaoning province, four cities in Shandong province, three
cities in Hebei province and Tianjin city, to indicate the
characteristics and differences of the wetland dynamic degree
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in each river basin.

(3) Dynamic transfer matrix

The dynamic transfer matrix of wetlands reflects the transfer
types of the wetland clearly. Thus it is of significant reference
value for driving mechanism of wetland changes. Wetland
vector data of three periods and land use vector data are
overlapped spatially to educe the wetland dynamic transfer
matrix during the two monitor periods, 2000—2005 and 2005

—2008.

Py Py Py
P
P]j PU

where i and j is the type serial number, P; is the transfer
percentage from type i to type j of total dynamics. When i=j,

pi=0.The sum of all ranks is 100%. z p; is the transfer
=l

percentage from i to all other land of total dynamics. Z p; is
i

the transfer percentage from j to all other land of total
dynamics(Guo et al., 2009).

4 RESULTS AND ANALYSIS

4.1 Spatial pattern and area statistics of wetland

Wetland monitoring results in Bohai rim by remote sensing
images in 2000, 2005 and 2008 is shown by Fig. 1. The amount
and distribution of each types of wetland take on different
characteristics. The area of each types of wetland is shown in
Table 3.

Wetland in 2008 is taken as a model to analyze the wetland
types and distribution characteristics. In 2008, in the Bohai rim
conducted monitoring, the total area of wetlands was 15,113.72
km®. As an artificial wetland, brine pan is the largest secondary
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Fig. | Map of wetlands of the Bohai rim in 2000, 2005 and 2008
(a) In 2000; (b) In 2005; (c) In 2008
Table 3 The wetland area and proportion in the Bohai Rim in 2000, 2005 and 2008
2000 2005 2008
types(code) ; .
area/km? percentage/(%) area/km’ percentage/(%) area/km percentage/(%)
River (11} 1156.75 8.62 1585.04 1093 1585.81 1049
Lake (12) 506.43 377 18.67 0.13 17.91 0.12
Tideland (13) 2262.53 16.86 1469.08 10.13 2041.39 13.51
Bottomland (14) 1687.79 12.57 1196.84 8.25 819.33 542
Suaeda glauca Bge land (15) 168.44 1.25 72.53 0.50 73.97 0.49
Reed fand (16) 1888.68 14.07 2025.23 13.97 2009.18 13.29
Reservoirs/aquiculture (21) 2834.48 21.12 3966.48 27.35 4003.3 26.49
Brine pan (22) 2918.64 21.74 4166.78 28.74 4562.83 30.19
sum 13423.74 100 14500.65 100 15113.72 100
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types of wetland, accounting for 30.19% of the total wetlands
area. Brine pan is found mainly along Laizhou Bay and Bohai
Bay. The second largest wetland types in Bohai rim is
reservoirs/aquiculture, which also belonges to artificial wetland
and accounts for 26.49% of the total wetlands area. It is
widespread in the Bohai rim. Tideland, reed land and river are
the three types that have similar area, and account for 13.51%,
13.29% and 10.49% respectively, of the total wetland area.
Tideland is mainly present along Liaodong Bay, Bohai Bay and
Laizhou Bay. Reed land is concentrated in three regions that are
Liaohe River Delta, Yellow River Delta and South/North
Dagang reservoir. Bottomland, Suaeda glauca Bge land and
lake are the three types that had the smallest area, and
accounted for 5.42%, 0.49% and 0.12%, respectively, of the
total wetland area. Bottomland is sparsely distributed over the
Bohai rim. Suaeda glauca Bge land is mainly present in the
intertidal zone of the Yellow River estuary and Liaohe River

estuary.
4.2 Dynamic amount and change rate

Under the driving of natural factors and human activities, a
certain amount of wetlands transferred into agricultural land or
urban land, while various transfer between each types of
wetlands also existed, which made the wetland quality and
quantity changing.

The total area of wetlands in the Bohai rim is increasing
gradually from 2000 to 2008. The main source of increase is
new brine pan and new reservoirs/aquiculture, which are all
artificial wetland. From 2000 to 2005, wetland in Bohai rim
increases 1076.91 kmz, with an average annual increase of
215.38 km®. From 2005 to 2008, wetland in Bohai rim
increases 613.07 km?, with an average annual increase of
204.36 km’. The area and the dynamic trends of the wetlands in
the Bohai rim during the 8 years conducting monitor, which is
divided into two study period, is shown in Fig.2.

The areas of four types of wetlands increase, which are brine
pan, reservoirs/aquiculture, river and reed land. The other four
types of wetland area decrease, which are bottomland, lake,
tideland and Suaeda glauca Bge land. Among the four types of
wetlands whose area increase, brine pan increases most drama-
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Fig. 2 The area of the wetlands in the Bohai rim during 2000-—2008

tically, which increase 1644.19 km’® within 8 years, with an
average annual increasing of 205.52 km’. The area of the
reservoirs/aquiculture increase 1168.82 km’, with an average
annual increasing of 146.10 km”. The areas of the river and reed
land increasing, respectively, by 429.06 km® and 120.5 km’,
with the average annual increasing of 53.63 km” and 15.06 km’.

Among the four types of wetlands whose area decrease,
bottomland and tideland are the two types whose areas decrease
most obviously. Tideland had reduced 793.45 km? from 2000 to
2005, and increase 572.31 km? from 2005 to 2008. Net area
decreasing within 8 years is 221.14 km® Bottomland had
decreased 868.46 km? within 8 years long from 2000 to 2008,
with an average annual decrease of 108.56 km? Lake and
Suaeda glauca Bge land had decreased 488.52 km? and 94.47
km? respectively, with the average annual decreasing of 61.07
km® and 11.81 km”.

Annual change rate of wetlands during the period from 2000
to 2008 is shown in Fig.3. Annual change percentage of lake
and Suaeda glauca Bge land is very large, aithough their
dynamics are very little. Annual decreasing percentage of lake
and Suaeda glauca Bge land achieve at 12% and 7%
respectively, which are all higher than the brine pan or the other
types of wetland whose dynamic amount is huge. These types
of wetland in little distribution amount and under huge dynamic
rate should be paid more attention to protect diversity of Bohai
rim wetlands.

10 +
g 3
2
s 0
2
E H
a4 -5
&
=10k
=15
=20t e o = ) S5 0 o o =
s o = - BE 3 £ 2
S5 8 8.3 = 8 =
a g ~ 8 2 5 /a
7] m
@ 2000—2005 0 2005—2008 § 2000—2008

Fig.3 Annual change rate of wetlands during 2000—2008 in the

Bohai rim

4.3 Spatial pattern of dynamic and regional diffe-
rences

The study indicates that: During the period from 2000 to
2008, 89 percent of the wetlands in the Bohai rim kept steady,
the other 11 percent had changed, some of which transfer to
another types of land and some transfer to another types of
wetland.

(1) Spatial pattern of dynamic: Spatial pattern of dynamics
of four wetlands are analyzed, whose amount changeings are
relatively obvious, and they are brine pan, reservoirs/ aquicul-
ture, bottomland and tideland (Fig.4).
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Fig. 4 Spatial and temporal dynamic patterns of the major types of wetlands in the Bohai rim

(a) 2000-—2005 Brine pan; (b) 2000—2005 Reservoirs/aquiculture; (c) 2000—2005 Bottomland; (d) 2000—2005 Tideland;
(€) 2005—2008 Brine pan; (f) 2005—2008 Reservoirs/aquiculture; (g) 2005—2008 Bottomland; (h) 2005—2008 Tideland

The dynamic of brine pan is mainly present in the Yellow
river basin, which is on the rise. During the period from 2000 to
2005, new added brine pan is found mainly along the seashore
in Weifang and Binzhou city. During the period from 2005 to
2008, new added brine pan decreased, and distributed mainly
along the seashore in Binzhou city.

The dynamic of reservoirs/aquiculture is widespread in the
Bohai rim. During the period from 2000 to 2005, new added
reservoirs and aquiculture in three river basins are all in large
amount, meanwhile reservoirs/aquiculture in the Haihe river
basin decreased in a certain amount. During the period from
2005 to 2008, new added reservoirs/ aquiculture is found mainly
in the Yellow River Delta areas, only a few new added
reservoirs/aquiculture is found in the Haihe river basin,
Shandong Peninsula and Liaodong Peninsula.

The dynamic of bottomland is present mainly in the Yellow
River and Haihe River Basin, taking decreasing trends, and
dynamic characteristics in two study period is different. During
the period from 2000 to 2005, the bottomland on both sides of
the Yongding River, the Zhangweixin River, in estuary of the
Zhangweixin River, and around the Shandong Peninsula
decreased more obvious. During the period from 2005 to 2008,
the bottomland is found decreasing centralized in the Taoer
river estuary in the Yellow River Basin. In the other regions,

there is no obvious bottomland decrease.

The dynamic of tideland is present mainly in the three Gulf
of Bohai rim, that are Bohai Bay, Laizhou Bay and Liaodong
Bay.

(2) Regional change percentages of wetlands indicate that
(Table 4):

Table4 Regional change percentages of wetlands for Bohai Rim

during 2000—2008/%
Regional change Liaohe Rive Basin Haihe River Basin Yellow River Basin
percentages (Liaoning) (Heibei and Tianjin) (Shandong)
10.79
2000—2005 5.99 _— 14.84
5.62 14.52
6.26
2005—2008 8.77 —_— 16.93
5.01 7.63

Wetland dynamic intensity and dynamic trend existed obvious
differences among the three river basins in Bohai rim. Regional
change percentage in the Yellow River Basin is bigger than that
in the other two river basins. Wetland dynamic trend in the
Yellow River and Liaohe River is on the rise. Regional change
percentage during the period from 2005 to 2008 is 2% bigger
than that during the period from 2000 to 2005. On the contrary,
the dynamics intensity of wetlands in the Haihe River Basin had
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been shown decreasing trend. Regional change percentage in the
Haihe River Basin during the period from 2005 to 2008 is 4.5%
smaller than that during the period from 2000 to 2005, especially
in Tianjin, the regional dynamics is reduced by nearly 7%.

4.4 Dynamic driving forces-dynamic transfer matrix

The dynamic transfer matrixes of wetlands in the three
major river basins during two study periods are calculated to
indicate what types of land that the wetlands transferred to,
shown in Table 5.

Table 5 Regional change percentages of wetlands for Bohai Rim
during 2000—2008(/%)

(a) Liao River Basin (2000—2005)

Ss Re Ri Ra T B Bp A G C N
Ss - - - - - - - - - -
Re - - - . 1 - - - - - -
Ra - 7 - - 15 3 6 25 - - 13
Bp - - - - 4 - - - - 1
A - - - 4 - - -
G - - - - - 1 - - - - -
C 1 4 2 1 - - 1
S - - - - - - - - - - -
(b) Haihe River Basin (2000—2005)
S Re Ri Re T B Bp A G C S
Ss - - - - - - - - - - -
Re - - - 1 - 2 - - - - -
Ri - - - - - - - - - - -
Ra - 5 - - 322 - 7 1 1 2
- - - - - - - - - 12
B - - - 2 - - - - -
Bp - - - - - - - 2 - - 1
A - 2 - 5 - - - - - - -
G - - - - - 1 - - -
C - - - 12 - 7 - - - 2
(¢) Yellow River Basin (2000—2005)
Ss Re Ri Ra T B Bp A G C s
Ss - - - - - -
Re - - - - 5 - - - -
Ri - - - 1 - - -
Ra 1 - - - 3 - 1 4 - - 2
T - - - - 13 5
1 7 4 1 1
Bp - 1 - 7 28 4 -
A - . R - R -
G - - - - R -
C - R - R -
S 9 2 - -

(d) Liao River Basin (2005—2008)

S Re Ri Ra T B Bp A G C §

Ss - - - - - - - - - - -
Re - - - 1 - - - - - -
Ra - - - - 7 1 - - - - 8
T - - - - - - - 56
Bp - - - - - - 2
A - - - - 5
G - - - - -
c - - - - 1 -
S - - 19 - - -
(e) Haihe River Basin (2005—2008)
SS Re Ri Ra T B Bp A G C §
Ss - - - - - - - - - - -
Re - - - 1 - - - - - - -
Ra - 1 - - - 5 - 8 - - -
- - - - - - - - - - 49
B - - 1 12 - - - 1 - - -
Bp - - - - - - - - - - -
A - - 5 - - - - - - - -
G - - - - - 1 3 - - -

C - 1 - 2 6 1 - - - - 3
s - . - . - - - . . . -
(f) Yellow River Basin(2005—2008)

Ss Re Ri Ra T B Bp A G C S
Ss - - - - - - - - - - -
Re - - - - - 2 - 2 - -
Ra - 2 - - 3 - 3 -
T - - - - - - 33
B - - 2 - - - - - - -
Bp 1 - 3 2 21 - 4 - -
A - 4 1 - - - -
G . - . - -
C - _ - - -
S - - 11 - - - -

where each row header (columns) are the types of land which
are Suaeda salsa land (Ss), Reed land (Re), River (Ri),
Reservoirs/aquiculture (Ra), Tideland (T), Bottomland (B),
Brine pan (Bp), Arable land (A), Grassland (G), Construction
land (C) and Sea (S).

The analysis shows that:

(1) In the Liaohe River Basin, reservoirs/aquiculture and
construction land increase and tideland decrease are the main
wetland dynamic characteristics.

During the period from 2000 to 2005, aquiculture increase
accounted for 69% of the total dynamic amount in the Liaohe
River Basin. The main land sources are arable land, tideland
and sea reclamation land, and account for 25%, 15% and 13%
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of the total dynamic amount in this Basin. Construction land
increasing account for 19% of the total dynamic amount in the
Liaohe River Basin. The main land sources are sea reclamation
land, aquiculture and tideland, and account for 11%, 4% and
2% of the total dynamic amount in this Basin.

During the period from 2005 to 2008, aquiculture increase
accounted for 16% of the total dynamic amount in the Liache
River Basin. The main land sources are sea reclamation land
and tideland, and account for 8% and 7% of the total dynamic
amount in this Basin. The main land sources of construction
land increase are sea reclamation land and tideland, and
accounted for 5% and 1% of the total dynamic amount in this
basin. In this period, the mutual transformation of coastal saline
and sea take a large proportion. The dynamic amount of sea
transferrs to the tideland account for 56% of the regional
dynamic, which mainly include tidal change, and certain
artificial tideland which is in the process of sea reclamation.

(2) In the Haihe River Basin, reservoirs/aquiculture and
construction land increasing and bottomland decreasing are the
main wetland dynamic characteristics.

During the period from 2000 to 2005, aquiculture increasing
account for 41% of the total dynamic amount in the Haihe
River Basin. The main land sources are bottomland, arable land
and reed land, and account for 22%, 7% and 5% of the total
dynamic amount in this Basin. Construction land increasing
account for 21% of the total dynamic amount in the Haihe
River Basin. The main land sources are aquiculture, bottomland
and sea reclamation land, and account for 12%, 7% and 2% of
the total dynamic amount in this Basin.

During the period from 2005 to 2008, the aquiculture
increasing accountes for 14% of the total dynamic amount in
the Haihe River Basin. The main land sources are arable land
and bottornland, and account for 8% and 5% of the total
dynamic amount in this Basin. The main land sources of
increasing construction land are tideland and sea reclamation
land, and account for 6% and 3% of the total dynamic amount
in this basin. The mutual transformation of coastal saline and
sea in the Hajhe River Basin also takes a large proportion,
which was mainly tidal change.

(3) In the Yellow River Basin, brine pan increase and
bottomland decrease are the main wetland dynamic charac-
teristics.

During the period from 2000 to 2005, brine pan increase
accounted for 40% of the total dynamic amount in the Yellow
River Basin. The main land sources are bottomland, tideland
and arable land, and account for 28%, 7% and 4% of the total
dynamic amount in this Basin,

During the period from 2005 to 2008, brine pan increasing
account for 37% of the total dynamic amount in the Yellow
River Basin. The main land sources are bottomland, arable land
and aquiculture, and account for 27%, 4% and 3% of the total
dynamic amount in this Basin.

The dynamic of wetland in Bohai rim, on the whole, are
mainly natural wetland transferred to artificial wetland, which

indicated that human activities driving forces are bigger than
natural forces. Reed land, as the type of wetland having the
most effective environmental adjustment ability, had been
protected well. Reed land decrease in the Liaohe River Basin
and the Haihe River Basin had been slowing down, but it had
been speeding up in Yellow River Basin. During the period
from 2000 to 2005, the decreasing reed land in the Liache River
Basin and the Haihe River Basin is mainly reclaimed for arable
land or aquiculture. During the following 3 years, however, it is
mainly used for industrial land. The one in the Yellow River
Basin is mainly reclaimed for arable land or aquiculture. In
addition, wetland increasing shows that the arable land
transferred to wetland in the Liaohe River Basin and the Haihe
River Basin are mainly aquiculture, but in the Yellow River
Basin some of it is used for brine pan. In the Liaohe River
Basin, the process trend of arable land being occupied by
aquiculture or brine pan had been slowing down, but in the
Haihe River Basin and Yellow River Basin, arable land are still
occupied for the constructions of aquiculture or brine pan.

5 CONCLUSIONS AND DISCUSSIONS

The purpose of this paper is to describe wetland dynamics of
Bohai rim in recent years basing on remote sensing images
within three years, 2000, 2005 and 2008. Conclusions of the
research are summarized as follows.

(1) In 2008 in the Bohai rim under monitoring, the total area
of wetlands is 15,113.72 km? which is mainly artificial
wetlands. Brine pan and reservoirs/aquiculture are the two
types that have the largest area, and account for 30.19% and
26.49%, respectively, of the total wetland area.

(2) During the period from 2000 to 2008, the wetlands in
Bohai rim increases, which was driven by human activity more
significantly. Brine pan increases most dramatically, with an
average annual increase of 205.52 km’. Reservoirs/aquiculture
increase with an average annual increasing of 146.10 km’.
River and reed land area increase, respectively, with the average
annual increasing of 53.63 km” and 15.06 km”. Bottomland and
tideland are the two types that have the largest decreased area.

(3) Lake and Suaeda salsa land are in little distribution
amount but under huge dynamic rate, arrive at 12% and 7%
respectively, which are all higher than brine pan or other types
of wetland whose dynamic amount is huge.

(4) Regional change percentage in the Yellow River Basin is
bigger than that in the other two river basins. Wetland dynamic
trend in the Yellow River is on the rise. Regional change
percentage during the period from 2005 to 2008 is 2% bigger
than that during the period from 2000 to 2005. On the contrary,
the dynamics intensity of wetlands in the Haihe River Basin
shows in decreasing trend. Regional change percentage in the
Haihe River Basin during the period from 2005 to 2008 is 4.5%
smaller than that during the period from 2000 to 2005. The
Yellow River Basin’s regional change percentage is not only
big but aiso on the rise, so more attention should be paid on
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ecological environmental protection during the future
development, in order to maintain the sustainable development
of wetland resources.

(5) The dynamic of wetland in Bohai rim are driven mainly
by human activities. The major dynamic patterns are that sea,
tideland or bottomland are reclaimed to aguiculture, constructed
land or brine pan. Reed land, as the type of wetland having the
most effective environmental adjustment ability, had been
protected well. During the period from 2000 to 2005, the
decreased reed land in the Liaohe River Basin and the Haihe
River Basin was mainly reclaimed for arable land or
aquiculture, but during the period from 2005 to 2008, it is
mainly used for industrial land. The decreased reed land in the
Yellow River Basin is mainly reclaimed for arable land or
aquiculture.

Although the results show that the wetland in the Bohai rim
increased, most of the increasing wetland is artificial wetland.
The climate adjust capacity of artificial wetland are
significantly weaker than natural wetland, such as reed. What’s
more, artificial wetland destroyed the natural curvature of the
coastline, changed coastal habitats land, which will directly
affect biodiversity. These types of wetlands which are in little
distribution amount but under huge dynamic rate, such as lake
or Suaeda salsa, should be given more attention and reasonable
protection.

However, the accuracy of wetland extraction basing on
remote sensing images exist uncertainty. Such as tideland
extraction, especially, depended on tidal changes seriously. In
the further, we will focus on improving the precision of the
extraction method of tideland.
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