
1 INTRODUCTION 

The topography and geomorphology as well as hy-
drodynamic environment were gradually formed in the 
past thousands of years of evolution. The main three 
estuary types of the automatic adjustment and the 
geomorphological characteristics formation mecha-
nism including the river dominant, the tide dominant 
and the wave dominant have been elaborated by Li[1]. 
It pointed out that, through factors contained in the 
system such as velocity, slope, water depth, estuary 
width and the composition of the sediment, the func-
tion of the estuary was constantly adjusted and formed 
some kinds of most optimal morphology to satisfy and 
meet the demand of energy input, output and transfer 
from two directions of the river and sea. Deposition, 
biological and chemical features are also important 
characteristic elements of the estuary because the dif-
fusion and self-cleaning of the pollutants, ecological 
species and environmental mutations also have intrin-
sic connections with the estuarine system [2]. In recent 
years, the tidal flat reclamation and the construction of 
wading engineering such as port terminals have 
changed the estuary morphology sharply, leading to 
ecological wetland shrunk rapidly. According to sta-
tistics [3], the area of land reclamation from the sea 
reached to 34 thousand hm2 in the Yangtze River es-
tuary from 1978 to 2002. In the Yellow River Delta, 
due to beach reclamation, indiscriminate catching and 

sediment mining, the wetland wildlife resources were 
greatly reduced and the wetland environment was 
destroyed[4]. In 1980s, due to the large area of wetland 
reclamation in Liaohe delta, the landform of the orig-
inal wetland has been considerably changed, which 
substantially leads to the reduction of natural wetland 
area while artificial wetlands such as rice fields are 
gradually increased [5]. Human reclamation activities 
have not only directly caused the decrease of wetland 
area but also have caused the degradation of the wet-
land’s habitat environment and the decline of biodi-
versity and ecological functions [6]. The fundamental 
reason is that the reclamation and the construction of 
estuary engineering and so on have changed the envi-
ronmental condition of hydrology, hydrodynamics and 
sediment transportation. While sediment scouring and 
silting variations that caused by fluctuation of tidal 
channels and flow conditions in the estuary area often 
lead to great disasters. Therefore, it is necessary to do 
basic research on the pattern of the water and sediment 
movement characteristics and its natural adaptability, 
while weight and balance the reclamation and wetland 
protection [7].   

The shrink of intertidal zone and wetlands in the 
estuary area directly changed the sea topography and 
hydrodynamic boundary conditions, which also led to 
the change of tidal prism and water exchange in the 
bay. Tidal prism is an important index for the bay 
environment evaluation, which reflects the 
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self-purification capacity of the bay and decides the 
exchange strength between the bay and the open sea, 
and also plays a significant role on the environment, 
ecology, sediment scouring and silting in the bay[8].
The ADCP (Acoustic Doppler Current Profiler) 
method was used to cruse and observe the Jiaozhou 
Bay estuary and obtain the tidal prism by Qiao[9].
Chen et al. [10] used both methods of charts and ADCP 
to calculate tidal prisms of the Jiaozhou Bay, and then 

compared and analyzed the results. Ye et al. [11] sepa-
rated intertidal zone and water area, calculated the 
tidal prism and water exchange time of Sansha Gulf. 
Wu et al. [12] used remote sensing image data to obtain 
the water area of Haikou Port and then calculated the 
tidal prism changes. Considering the situation of rec-
lamation in the estuary, Yang et al. [13] improved the 
traditional calculation formula of tide, recalculated 
and analyzed the tidal prism of Jiaozhou Bay.  

Figure 1. Sketch of the Lingdingyang bay
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In the recent thirty years, engineering constructions 
such as of sea reclamation, together with significant 
changes of the estuary shoreline as well as hydrologic 
and topographic conditions, have substantially affect-
ed the tidal prism and water exchange of the bay. Most 
research results [14][15][16][17][18] are focused on the as-
pects of estuary hydrodynamics, water environment, 
water geomorphology and hydrology, which are 
closely and indirectly related to the tidal prism chang-
es although still lack of fruits about it straightfor-
wardly. Therefore, based on summarizing and analyz-
ing the existing research results, combining with the 
hydrodynamic evolution and changes of water envi-
ronment in the waters of the Pearl River estuary, this 
article discusses the process of the tidal prism evolu-
tion and the present condition of the estuary, adopting 
the method of combining historical data, empirical 
formula, field data and mathematical model. 

2 OVERVIEW ON WATER AREA AND SHORE-
LINE EVOLUTION OF LINGDINGYANG BAY 

2.1 Historical evolution of tidal water area 

As shown in Figure 1, the landform of the Lingding-
yang bay generally maintained the pattern of “three 
beaches and two troughs” in the recent 100 years. The 
evolution of scouring and silting in the sea area is that 
the west beach is extending, the middle beach is ex-
panding, the east beach is stable, and the west and east 
troughs are narrowing [19][20]. Analysis to the topo-
graphic data and remote sensing image data of the 
Pearl River delta between 1966 and 1996 by Liu et al.
[21] shows the land area which is reclaimed during that 
period is 344 km2. The average annual land area 
which is reclaimed is 11km2, most of which are dis-
tributed in the west bank of the bay, the Modaomen 
estuary area and the Huangmao coast. By using the 
GIS software, Chen et al. [15] comprehensively ana-
lyzed the nautical chart and the remote sensing images 
of the Pearl River estuary in the past 20 years, that is, 
it was conducted from 1974 to 1997. It shows that the 
beach area of the inner Lingdingyang waters which is 
shallower than 5 meters has shrunk 112 km2 during 
the past 23 years. The water area of the deep troughs 
which is deeper than 5 meters has generally shown a 
declining trend. Owning to the artificial maintenance 
dredging, it is only decreased by 24 km2 during the 
years. The overall area shrinking trend of the bay is 
very obvious. The water area was decreased by 136 
km2 during the past 23 years. Especially from 1989 to 
1997, it shrunk 109 km2 in past 8 years and it was 
annually decreased by 13.6 km2. Xu et al. [14] shows 
that from 1953 to 1998, the area of inner Lingding-
yang bay which is above theoretical depth datum is 
increased by about 175.34 km2, among which from 
1974 to 1998, it was increased by 112.6 km2, ac-
counting for 64.2%. It averages that continuous silta-
tion and land reclamation have caused the water area 
to shrink constantly, which is the most prominent 

especially since 1990s. Simultaneously, deep trough 
area which is below 5 meters under the surface shows 
that the trend of constant was decreased by 19.6 km2

on total from 1974 to 1998, and becoming narrower 
and deeper with the improvement of water and sedi-
ment transport capacity. 

Comparing Chen et al[15]’s and Xu et al[14]’s data on 
the evolution of the shoal and trough in the Lingding-
yang estuary, their results are basically the same, 
namely the area of inner Lingdingyang which is above 
5 meters under the surface was respectively decreased 
by 112.0 km2 and 112.6 km2 from 1974 to 1998. Deep 
trough areas of the elevations of sea bed which were 
below 5 meters from the surface have respectively 
decreased by 24.0 km2 and 19.6 km2 with a little dif-
ference between them.

2.2 Historical evolution of Lingdingyang coastline 

The historical evolution of the Pearl River Delta can 
be described as the processes such as the sediment 
which is constantly piling up outside the estuary, the 
coastline which is constantly pushing towards the sea, 
the river course which is constantly extending, the 
estuary which is correspondingly moving outside and 
the branching bay which is gradually silting up. The 
artificial land reclaiming as well as the joint enclosing 
and floodgate building have accelerated the speed of 
the delta’s deposition and the coastline’s evolution 
over the recent 100 years. The related data analysis [21] 

shows that most shores of the east coast of Lingding-
yang bay have advanced 700 to 1,450 meters toward 
the sea during 30 years since 1966. The average total 
advancing range is 1,330 meters, namely 44 meters a 
year. In the west coast, the shoreline deposition speeds 
of the west and north deltas, where the Jiaomen mouth, 
Hongqili mouth and Hengmen mouth are located and 
growing fairly fast. Take the ratio of the increased land 
area, which is the land reclaimed in this area, and the 
width of the delta’s front line, the west and north del-
tas on the west coast of the bay have advanced 4.7 km 
towards the sea during 30 years since 1966, with an 
average about 156 meters a year. Xu et al.’s [14] analy-
sis on the coast line’s changes of inner Lingdingyang 
bay between 1978 and 1999 shows that the coastlines 
on the west and east sides have shown the comprehen-
sively advancing trend towards the sea. The main 
reasons are the renovation of Jiaomen mouth, Hongqi-
li mouth and Hengmen mouth, as well as the land 
reclamation of Chiwan bay, Dachanwan bay and 
Jiaoyiwan bay on the east coast, especially changes on 
the west coast. Water areas in special years between 
1978 and 1999 showed that the water area was de-
creased by 201.46 km2 during the 21 years due to the 
advancing shoreline with decreasing by 9.59 km2 a
year. According to Shen, et al[22], the estuary’s natural 
extension was the main trend of the Lingdingyang bay 
evolution before the 1980s. After that, it turned to the 
rapid extension of the estuary, which is mainly caused 
by the land reclamation. The water area of Lingding-
yang bay has shrunk by about 22% during the 20 years 
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but the general pattern of “three shoals and two 
troughs” keeps almost unchanged.  

According to the results mentioned before, during 
the 20 years, namely from 1978 to 1999, the land rec-
lamation around the coast of Lingdingyang was the 
main cause of the constantly advancing coastline to-
wards the sea, then it led to the rapid shrink of Ling-
dingyang’s water area, and the advancing speed of the 
west coastline was much faster than the east.

3 TIDAL PRISM EVOLUTION AND ANALYSIS 
OF THE LINGDINGYANG BAY 

3.1 Calculation method of tidal prism 

Typically, the tidal prism refers to the volume of the 
seawater that a bay can take in on the average tidal 
range condition. The calculation formula is shown as 
follows:
� �P H S                                 (1)
In this formula: P stands for the tidal prism on the 

average tidal condition; ∆H stands for the average 
tidal range; S stands for the average water area (i.e. 
the average value of the area is between the average 
high tidal level and the low tidal level). The difference 
between the average high tide level and the low tide 
level can be obtained according to the observed data 
of the tide station for many years. However, the cal-
culation of S is more complex. Usually, only the 0 
meter line (the theoretical lowest tidal elevation) and 
shoreline (the highest tidal elevation) are marked on 
the topography map, between which the average high 
tidal level and the low tidal level needed to be calcu-
lated. This article will calculate the historical evolu-
tion of the tidal prism at the Lingdingyang bay 
through the analysis of historical evolutions of its 
water area and shoreline.

3.2 Water area of the Lingdingyang bay 

The water area calculations of the Lingdingyang bay 
in different periods are mainly based on remote sens-
ing image data. The result of the statistics on the 
shoreline evolution of the Lingdingyang bay during 
the 29 years from 1978 to 2007 is shown in Table 1:

Table 1. Statistics of tidal prism evolution in the bay 

Years
Decreased 
water area

Decreased ratio of 
the tidal prism

km2 %
1978~1988 55.14 2.7
1988~1992 61.09 3.0
1992~1995 66.13 3.2
1995~1999 23.9 1.2
1999~2003 28.98 1.4
2003~2007 18.6 0.9
Total 253.83 12.3

Analysis shows that because of the land reclama-

tion(such as Hongkong Airport), the water area of the 
whole Lingdingyang bay was totally reduced by about 
253.83 km2 during the 29 years with average decreas-
ing rate of 8.75 km2 per year. The fastest period of 
reclamation was from 1988 to 1995, in which the total 
reclamation area during the 7 years was about 127.22 
km2, accounting for 50.1% of the total reclamation 
area during the 29 years, and leading to the 18.17 km2

reduction of water area per year. After 1995, the rec-
lamation area in the Lingdingyang bay was reduced 
year by year. The total reclamation area that located at 
the west area of the west trough, including Jiaomen 
estuary, Wanqingsha, Hengmen estuary, west bank and 
Qi'ao island, is about 165.7 km2, accounting for 65.3% 
of the total reclamation area of the Lingdingyang bay. 
The total reclamation area is near the east area of the
east trough, it includes Jiaoyi bay, east bank of Ling-
dingyang, Dachan bay, Chiwan bay and Shenzhen Bay, 
and it is about 71.8 km2, accounting for 28.3% of the 
total reclamation area of Lingdingyang waters. There-
fore, the major reclamation area of the Lingdingyang 
bay is the waters near the west bank. According to Xu 
et al [14], the water area of the inner Lingdingyang was 
reduced by about 201 km2 from 1978 to 2000 with 
total 17.7% reduction. Shen, et al [22] show that the 
water area of Lingdingyang reduced by about 22% 
during the 20 years since 1980. Calculations show that 
the water area of the Lingdingyang bay was reduced 
by about 206.3 km2 from 1978 to 1999 in the article; 
it’s very similar to the results of different researchers. 

3.3 Tidal evolution of the Lingdingyang bay 

Besides, considering the water area of tidal prism, the 
changes of the tidal dynamics, namely the average 
tidal range, should also be considered. By comparing 
the relations between the field tidal range and tidal 
prism passing through the Humen mouth from 1978 to 
1979 and from 1999 to 2001, Xu et al [14] showed that 
tidal prism was substantially decreased during medi-
um and neap tides afterwards, while the tidal range 
and tidal prism basically unchanged when the tidal
prism reaches 15 000m3/s. It shows that the dynamical 
condition which keeps the tidal channel stable changes 
a little. As to the whole topographical features of 
Lingdingyang waters, although many land reclamation 
areas and the shoreline changed a lot, the topography 
of Lingdingyang waters basically keeps its original 
surrounding pattern. After the managing and dredging 
red lines of the Lingdingyang bay were marked out, 
the land reclamation areas are mainly concentrated on
the shoal area near the west bank within the lines. The 
main tidal channels of the Lingdingyang bay, namely 
the west trough and the east trough, are slightly af-
fected in the past 30 years, showing little change of 
the average fluctuation of the tidal ranges in the whole 
Lingdingyang waters. 

According to the tidal prism calculation formula (1), 
when the average tidal range changes a little, the 
changes of the tidal prism are mainly reflected in the 
changes of the tidal areas. According to calculation, 
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the current water area of the Lingdingyang bay is 
about 1,801.7 km2. It is totally reduced by 253.83 km2

from 1978 to 2007. So as shown in Table 1, the water 
area of the bay in 1978 was about 2,055.53 km2 ac-
cording to the tidal prism reduction ratios which can 
be calculated in different periods compared with 1978. 
It is obvious that the tidal prism of Lingdingyang wa-
ters has been reduced by about 12.3% in nearly 30 
years since 1978 with 0.41% of average annual reduc-
tion. 

4 MATHEMATICAL MODELS OF THE LING-
DINGYANG BAY 

4.1 Mathematical model and scope for simulation 

The article adopts the two-dimensional hydrodynamic 
mathematical model of average water depth under the 
orthogonal curvilinear coordinates, which can be re-
ferred to the document [23]. The partially differential 
equation of two-dimensional mathematical model of 
tidal flow can be described as the following formation: 

1 1 1 2 1 2 1

2 22 2
n n n n n

E A B F

t x y x y

� � � � �� � � � �� � � � �� � � � �
� � � � � (2) 

The simulated water area of the Pearl River estuary 
is shown in Figure 1 with the maximum length being 
about 63 km from west to east and 145 km from north 
to south. The number of body-fitted orthogonal curvi-
linear grids is respectively adopted with 436×665 
along and  directions with the maximum grid 
size of 250 m ×140 m and the minimum size of 30 m 
× 8 m. The initial starting condition for numerical 
simulations is the stationary state. The four mouths in 
the upper boundary (Humen, Jiaomen, Hongqimen 
and Hengmen) are set as the field flux boundary. The 
tidal levels of the open seas’ boundaries are set by 
field values through the interpolation method. The 
current speed adopts the second boundary conditions 
(Neumann boundary condition), namely the bounda-
ry’s current speed of each time is set as the calculated 
value on the adjacently interior grid points. The shore 
boundary is set as the no-slip boundary condition. 

4.2 Model verification 

Here, it selected three tidal types to validate models
which are the spring tide in August 13 to 14, 2007, the 
medium tide in August 16 to 17, 2007 and the neap 
tide in February 14 to 15, 2001. There are 12 stations 

� �
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Figure 2. Water level verification curves at stations

Time (h) 
21:00     2:00       7:00      12:00      17:00     22:00 

Ve
lo

ci
ty

 (m
/s

) Open Sea 1# Measured 
Calculated 

Time (h) 
21:00     2:00       7:00      12:00      17:00     22:00 

Ve
lo

ci
ty

 (m
/s

) Dahao Island Measured 
Calculated 

Time (h) 
21:00     2:00       7:00      12:00      17:00     22:00 

Ve
lo

ci
ty

 (m
/s

) Lingding2#Measured 
Calculated 

Time (h) 
21:00     2:00       7:00      12:00      17:00     22:00 

Fanshi 

Ve
lo

ci
ty

 (m
/s

) Measured 
Calculated 

Figure 3. Velocity verification curves at stations

01006-p.5



MATEC Web of Conferences 

used to validate the tide levels and 14 stations to valid 
the velocity and the flow direction. The verification 
curves of numerical results with field data of some 
stations (as shown in Figure 1, 4 tidal level stations 
and 4 tidal current stations) during the spring tide are 
shown in Figure 2, Figure 3 and Figure 4 with other 
detailed verification referred to the report [23].

According to the model verification results, it ap-
peared consistently with the field data regardless of 
water levels, velocities and flow directions, which 
showed the practicability of the mathematical model 
and its capability of simulating real tidal flow in the 
Lingdingyang bay.

5 TIDAL PRISMS CALCULATED FROM 
MEASURED DATA 

By using the measured tidal levels during the spring 
tide and medium tide in 2007 and the neap tide in 
2001, the tidal prism of the Lingdingyang bay can be 
calculated through the formula (1). According to sta-
tions in the bay, Neilingding Island, Chiwan and Jinx-
ingmen stations are just located respectively in the 
middle of the bay. Therefore, the measured tidal levels 
of these three stations bear better representativeness to 
calculate tidal range. It shows that, including all shoals, 
the total water area of the Lingdingyang and Shizi-

yang bays within the Pearl River estuary is about 1900 
km2. Due to flood or ebb, the area of shoals is not the 
same, leading to the difference of tidal water areas.
The high and low tidal levels and the tidal ranges of 
the typical tidal stations during the spring, medium 
and neap tides are shown in Table 2. According to the 
mathematical model, the average tidal areas from 
those corresponding to the different tidal levels were 
calculated. Then, adopting the tidal ranges, the tidal 
prisms during the tide types are calculated.

Results show that during the spring tide, the total 
tidal prism of the Lingdingyang bay is respectively 
2.970, 2.797 and 2.946 billion m3, and the averaged 
tidal prism during the spring is 2.904 billion m3. Dur-
ing the medium tide, the total tidal prism is respec-
tively 2.540, 2.427 and 2.615 billion m3 with the av-
eraged tidal prism being 2.527 billion m3. During the 
neap tide in February 2001, the total tidal prism is 
respectively 1.883 and 2.002 billion m3 with the aver-
aged tidal prism being 1.924 billion m3. The tidal 
prism during the spring tide is 13% larger than that 
during the middle tide, and during the middle tide, it is
23.9% larger than that during the neap tide. According 
to the results, the average water area is the largest 
during the neap, larger during the medium and the 
least during the spring. The main reason is that the 
exposed area of the shoal is very large during ebb in 
the spring, leading to the big reduced extent of the 
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Figure 4. Direction verification curves at stations

Table 2. Tidal prisms calculated by measured data

Tide type Stations
Avergae
high level

Avergae 
low level

Average 
water area

Average 
tidal range

Tidal 
prism

Average tidal 
prism

m m km2 m 108m3 108m3

Spring

Neilingding 
Island 0.66 -0.95 1844.91 1.61 29.70

29.04Jingxingmen 0.50 -1.02 1840.07 1.52 27.97
Chiwan 0.45 -1.16 1830.07 1.61 29.46

Middle

Neilingding 
Island 0.62 -0.75 1853.69 1.37 25.40

25.27Jingxingmen 0.54 -0.77 1852.74 1.31 24.27
Chiwan 0.42 -1.00 1841.33 1.42 26.15

Neap Jingxingmen 0.48 -0.51 1865.04 0.99 18.45 19.24Chiwan 0.35 -0.73 1853.30 1.08 20.02

01006-p.6



EMME 2015 

correspondingly average tidal waters area.

6 ANALYSIS OF TIDAL PRISM CALCULATED 
BY THE MATHEMATICAL MODEL 

6.1 Cross sections arranged for tidal prism 

Based on the mathematical model, cross sections are 
arranged in the estuary to record the inward and out-
ward flux in different time to calculate the total tidal 
prism during one tidal current cycle. As shown in 
Figure 1, there are 11 characteristic cross-sections 
arranged in the Pearl River estuary named respectively 
by Lingdingyang bay mouth, Anshidun waterway, 
Jinxingmen, Neilingding, Chiwan, Shenzhen bay, 
Humen, Qingzhou, Jiuzhou, West Waterway and 
Tonggu. There are mainly two factors considered: on 
one hand, make sure to extract accurately from the 
results of the numerical simulations, so the arrange-
ment of the sections must coincide with a grid line; on 
the other hand, be good for analyzing the characteris-
tics of different water areas in the Lingdingyang bay. 

6.2 Tidal prism characteristics of the bay 

Based on the results by numerical simulation, flux in 
or out of the 7 main cross sections with time as well as 
the total tidal prism during a tidal cycle were recorded 
and shown in Table 3, Table 4 and Table 5 with the 
following characteristics. 

(1)During a tidal cycle, the average tidal prisms of 
the Lingdingyang bay (sum of flux in and out of the 
Lingdingyang bay mouth and Anshidun waterway) in 
the spring, medium and neap tides were respectively 
2.788, 2.471 and 1.953 billion m3. Compared with the 
tidal prisms shown in Table 2 and calculated based on 
formula (1), their differences are respectively -77, -56 
and 29 million m3 with the error limited within 5%. It 
verified the accuracy and effectiveness of the mathe-
matical model and set the cross sections.  

(2)During the spring, medium and neap tides, the 
average tidal prisms that passes through the Ling-
dingyang bay mouth and the Anshidun waterway sec-
tions respectively accounts for 87.7% and 12.3% of 
the total tidal prism of the Lingdingyang bay. There-
fore, the main tidal entrance of the bay is the Ling-
dingyang bay mouth section. The tidal prism that 
passes through the Anshidun waterway section only 
accounts for a smaller proportion.  

(3)Because of belonging to the type of irregular 
semidiurnal tide, the total tidal prism passing through 
the Lingdingyang bay mouth section during the first 
flood (1.983 billion m3) is greater than during the first 
ebb (6.82 billion m3) while those during the second 
flood (3.091 billion m3) are significantly less than 
during the second ebb (4.021 billion m3) in a tidal 
current cycle of the spring. The same phenomenon 
was also existed in the medium and neap tides and 
more obvious under larger tidal range. 

(4)The Neilingding cross section, between the Qiao 

island and the Neilingding island, is the main tide 
channel for the inner Lingdingyang bay with the av-
erage flux in and out of it, accounting for about 59.1% 
of the total tidal prism of the inner bay. The Chiwan 
section between the Neilingding Island and Chiwan 
bay is the second channel with its flux, accounting for 
about 28.8%. While the Jinxingmen section is the 
smallest with the flux in and out of which accounts for 
about 12.1%. The proportions of the inner Lingding-
yang bay accepting seawater are respectively 58.2%, 
60.3% and 62.4% of the total tidal prism of the whole 
bay in the spring, medium and neap, showing the in-
creasing trend with the decreasing tidal range and the 
average is about 60.3%.  

(5)The average proportion of the tidal prism that 
passes through the Humen section takes about 5.3% of 
the whole in the spring, medium and neap, which 
shows the slightly increasing trend along with the 
decreasing tidal range. It also indicates that the tidal 
prism of Shiziyang bay takes 5.3% of the total tidal 
prism. The average tidal prisms of Shenzhen bay were 
respectively 57, 44 and 28 million m3 in the spring, 
medium and neap, only accounting for average 1.8% 
of the total tidal prism. 

(6)The averaged proportion of flux in and out of 
west waterway and Qingzhou cross sections takes 
about 46.6% of the total tidal prism of the Lingding-
yang bay, indicating that the deep water area in the 
Lingdingyang bay entrance is the main tidal channel. 
The Jiuzhou cross section located at the shoal area 
only takes about 16.7% of the total tidal prism. 

(7)The averaged proportion of flux in and out of 
Tonggu cross section takes about 12.2% of the total 
tidal prism, indicating that there is some tidal volume 
exchange between the east trough and the west trough 
through the section. The tidal prism of the section 
during flood is significantly greater than that during 
ebb, showing that part of the tidal prism exits from the 
Anshidun waterway cross section. 

6.3 Effect of the water area evolutions on tidal prism 

According to the above analysis of the historical data 
on the water area’s evolution of the Lingdingyang bay, 
the water area is totally decreased by 253.83 km2 with 
tidal prism decreasing by about 12.3% during 30 years 
from 1978 to 2007. The tidal prisms calculated by the 
field data during the spring, medium in 2007 and neap 
in 2001 are decreased by about 0.407, 0.354 and 0.270 
billion m3 compared with 1978. According to Xu et 
al.[14], tidal dynamics of the medium and neap was 
decreased more by the decreasing water area of the 
bay, so the tidal prism in medium and neap is de-
creased more than that in spring. The substantial de-
crease of the tidal prism is one of the main reasons 
that cause the overall deterioration of the water eco-
logical environment in the Lingdingyang bay.  

From 1978 to 2007, the land reclamation mainly 
occurred within the inner Lingdingyang bay with the 
reclamation area reaching to 224.3 km2, accounting 
for 88.4% of the total reclamation in the whole Ling-
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dingyang bay. It indicated that there was higher de-
creasing proportion of the tidal prism in the inner 
Lingdingyang bay than other water areas. According 
to the numerical simulations, the tidal prisms of the 
inner Lingdingyang bay during the spring, medium 
and neap tidal types were respectively 1.623, 1.491 
and 1.219 billion m3, and they were decreased by 
about 0.36, 0.313 and 0.23 billion m3 compared with 
1978. Owing to the “three shoals and two troughs" 
pattern, the reclamation area of the west shoal and east 
shoal is respectively 165.7 km2 and 71.8 km2, ac-
counting for 65.3% and 28.3%of the total reclamation, 
and it also shows that the decreasing tidal prism 
mainly occurred in the inner Lindingyang bay, of 
which the west shoal took the main position. 

7 CONCLUSIONS 

The historical evolution of the water area and the 
shoreline of the Lingdingyang bay were analyzed with 
the calculated tidal prisms in recent years. From 1978 

to 2007, the water area of the bay was decreased by 
about 253.83 km2. The reclamation peak period was in 
the past 7 years from 1988 to 1995 with the reclama-
tion area accounting for about half of the total recla-
mation area in the past 30 years and mainly occurring 
in the west shoal of the inner Lingdingyang bay, after 
which the reclamation area was decreased rapidly year 
by year. By using formula (1), tidal prisms were cal-
culated based on the water areas and tidal ranges, 
showing that the tidal prism of the bay was decreased 
by about 12.3% in nearly 30 years since 1978, with 
the average annually decreasing rate about 0.41%. 

The two-dimensional mathematical model was es-
tablished to simulate flow of the Pearl River estuary. 
The validity and reliability of the mathematical model 
have been verified by comparing results from numeri-
cal simulations with field data of tidal levels, veloci-
ties and flow directions of the stations. The tidal 
prisms of the bay were respectively calculated to be 
2.904, 2.527 and 1.924 billion m3 in the spring, me-
dium and neap by using the measured hydrological 
data. The formula (1) and the difference were -77, -56

Table 3. Tidal prisms in and out of cross sections at the Pearl River mouth

Tidal type

Lingdingyang bay mouth cross section Anshidun waterway cross section Total tidal 
prismTidal prism Proportion of the total 

tidal prism Tidal prism Proportion of the 
total tidal prism

108m3 % 108m3 % 108m3

Spring 24.44 87.7 3.44 12.3 27.88
Medium 21.68 87.7 3.03 12.3 24.71
Neap 17.15 87.8 2.38 12.2 19.53

Table 4. Tidal prisms of cross sections calculated by numerical simulation

Cross section

Spring Medium Neap Average 
proportion 
of the total 
tidal prism

Tidal 
prism

Proportion of 
the total tidal 
prism

Tidal 
prism

Proportion of 
the total tidal
prism

Tidal 
prism

Proportion of 
the total tidal 
prism

108m3 % 108m3 % 108m3 % %
Jinxingmen 2.02 7.2 1.78 7.2 1.47 7.5 7.3
Neilingding 9.51 34.1 8.82 35.7 7.25 37.1 35.6
Chiwan 4.70 16.9 4.31 17.4 3.47 17.8 17.4
Shenzhen bay 0.57 2.0 0.44 1.8 0.28 1.4 1.8
Humen 1.44 5.2 1.30 5.3 1.08 5.5 5.3
Qingzhou 5.14 18.4 4.70 19.0 3.85 19.7 19.0
Jiuzhou 4.49 16.1 4.14 16.8 3.43 17.6 16.7
West waterway 7.68 27.5 6.85 27.7 5.41 27.7 27.6
Tonggu 3.33 11.9 3.04 12.3 2.41 12.3 12.2

Table 5. Tidal prisms of the cross sections in the inner Lingdingyang bay

Tidal 
type

Jinxingmen Neilingding Chiwan Total tidal 
prism of the 
inner Ling-
dingyang 
bay

Proportion of 
the tidal prism 
that the inner 
Lingdingyang 
takes

Tidal 
prism

Proportion 
of the total 
tidal prism

Tidal 
prism

Proportion 
of the total 
tidal prism

Tidal 
prism

Proportion 
of the total 
tidal prism

108m3 % 108m3 % 108m3 % 108m3 %
Spring 2.02 12.4 9.51 58.6 4.70 29.0 16.23 58.2
Mediun 1.78 11.9 8.82 59.2 4.31 28.9 14.91 60.3
Neap 1.47 12.1 7.25 59.5 3.47 28.5 12.19 62.4
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and 29 million m3 compared with results by numerical 
simulations with the error within 5%. The main tidal 
entrance of the bay is the Lingdingyang bay mouth 
cross section (from Macau to Dahao Island), which 
accounts for about 87.7% of the total tidal prism and 
the Anshidun waterway cross section in Hongkong 
accounts for only 12.3% or so. The tidal prism of the 
inner Lingdingyang bay is larger than the outer Ling-
dingyang water which is closed to open sea, and it 
accounts for about 60.0% of the total tidal prism of the 
whole bay, while the outer one accounts for 40.0%. 

Combined the results of tidal prism evolution from 
calculations by the field data and formula with the 
numerical simulations by the mathematical model, it 
could be concluded that compared with 1978, the tidal 
prisms of the Lindingyang bay during the spring and 
medium in 2007 and the neap in 2001 were decreased 
by about 0.407, 0.354 and 0.27 billion m3 and the 
decreasing area mainly occurred in the inner Ling-
dingyang bay, which accounts for about 88.4% of the 
total flux decrease of the Lingdingyang water. The 
reclamation area of the west shoal in the inner Ling-
dingyang bay accounts for about 65.3% in total, lead-
ing to the most significantly decreasing tidal prism 
compared with other water areas. The reclamation 
activities in recent years have little effects on the tidal 
power of the spring, while significantly weakened the 
tidal ranges of the medium and neap. So there was 
more decreasing proportion of tidal prisms in medium 
and neap than in spring, and this is one of the main 
reasons that causes the overall deterioration of the 
water ecological environment in the Lingdingyang bay 
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