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Abstract The headland-bay beach is one of the most common coastal types in the world. Its morphology reflects the changes that
occurred during long-term evolution of the sandy coast. Several headland-bay beach models have been proposed to simulate the
coastline’s configuration in equilibrium. In this paper, a new elliptical model is proposed, described, and applied. On the east coast of
Laizhou Bay in Shandong Province from Longkou Port to Diaolongzui, four typical headland-bay beaches have developed, and four
headland-bay beach models are used in this paper to simulate the morphology of these beaches to assess the applicability of each
model. The simulation results of the elliptical model verify that it is applicable to the study area. In addition, the elliptical model is
easy to use. Through simulation and field investigations, we concluded that most of the coastal segments in this area will remain in
an erosion state, and the human activity has a significant impact on the shoreline’s evolution.

Key words

static headland-bay beach concept; elliptical model; sandy beach; coastal erosion; east coast of Laizhou Bay

1 Introduction

Due to the needs of coastal protection and offshore en-
gineering, researchers and engineers began studying the
plane morphology of headland bays early last century
(Halligan, 1906), but most progress was made after World
War II when scholars attempted to describe the morphol-
ogy of headland bays with mathematical expressions (Kru-
mbein, 1944). They gradually related the plane form of a
headland bay with its stability, and they tried to determine
the plane morphology of a headland bay in equilibrium
through numerical simulations, model testing, and other
methods. Headland bays in equilibrium can be divided
into two types. One is a headland bay in static equilibrium,
in which there is no sediment transport and no sediment
exchange with areas outside of the bay. The second is a
headland bay in dynamic equilibrium. Its form is influ-
enced by sediment transport, and when the sediment trans-
port conditions change, the form of the bay also changes
until it reaches a new equilibrium (Hsu et al., 2000).

Krumbein (1944) was the first to propose a logarithmic
spiral equation for the study of Half Moon Bay in Cali-
fornia, USA. Yasso (1965) applied this equation to natural
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headland bays on the east and west coasts of the United
States and found that the center of the logarithmic spiral
did not coincide with the wave diffraction point of the bay.
Silvester (1970) studied the relationship between the pa-
rameters and wave diffraction factors of the equation.
Since then, inspired by this point of view, other equilibrium
headland-bay models have been proposed. Using data from
13 experimental models and 14 stable beaches, Hsu and
Evans (1989) summarized the plane form of a headland
bay in equilibrium as a second-order polynomial, para-
bolic model that has since been accepted and widely used.
Tan and Chiew (1994) further simplified the parabolic
model and integrated three coefficients to describe the form
of a headland bay in equilibrium. Xia (1988) proposed a
hyperbolic model for a headland bay in static equilibrium
based on experiments, and he discussed its practical ap-
plications in offshore engineering. Moreno (1997) pro-
posed a hyperbolic tangent model for the engineering de-
sign of static headland-bay beaches. Then, Moreno and
Kraus (1999) simplified this model to make it easy to use.
The static headland-bay beach concept provides a good
approach to issues such as beach stability assessment,
erosion prediction, and coastal protection. Many scholars
have compared the advantages and disadvantages of the
various models, their applicability to various coasts, the
influence of waves, their practical applications, and other
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factors that influence the models (Chen, 1999; Dai, 2004;
Li and Chen, 2006, 2007; Yang and Zhang, 2007; Yu and
Chen, 2010; Li et al., 2014).

On the east coast of Laizhou Bay, Shandong Province
(Fig.1), due to the influence of various factors, shoreline
changes of the typical headland-bay sandy beaches have
been very severe recently. This paper will apply three static
headland-bay beach models as well as our proposed ellip-
tical model to analyze four typical headland-bay beaches
in the study area to test the applicability of these four mod-
els to this area. We adopted the static headland-bay beach
concept to explain the recent dynamic evolutionary char-
acteristics of the coast.

2 Study Area

Laizhou Bay is located on the north of Shandong Pen-
insula and is part of the Bohai Sea. Since the post-glacial
period, the sea level has risen gradually, and land on the
east coast of Laizhou Bay has been submerged. A sandbar-
lagoon coast has developed from Longkou Port to Diao-
longzui (Xu, 1989; Zhuang ef al., 1989), and the coastlines
of Longkou Port-Shihuzui, Shihuzui-Haibeizui, Hai-beizui-
Sanshan Island, and Sanshan Island-Diaolongzui headland
bays have formed. The headland is composed of protero-
zoic quartzite, granodiorite, and Yanshan granite (Fig.2).

N
A Qimu Island Cape -
— S
— i N
37°40'N | ¢
Liaodong-Peninsula N &\,2
s = =}
Bohai Sea™ -é?
g [ < Longkou Bay f
China Shandong Peninsula Bohai Sea
37°35' ¢ East China Sea / Longkou
5 .Huangshanguan
. Dongliang \ —
,; Xlu/huung ;1qu;l[ic p['nducl station .x._—/ﬂ_
o L]
°30" i f Huwang " -z
37°30 . _ { ep,
Shihuzui ~ .
Cape ( E}ucks!io\rc scarp \
Houpo Mabu zhuangzi ‘\
Erosion scagp [ ~
3725k Erosioniscarp 1 =
ols ) =
Diaolongzui ) 5 ] (/’f@,;r;. . ( \Z Zhaoyuan
q | e\ -
\ 5ol \
Laizhou Bay @ S \J_\'
37°20" F s =0 , \
. T Laizhou
@ L 02 4 8§ km
Furong Island \'} [ Parameters for each coast sections * Photo position',
1 1 L 1 1 1 L
119°50 119°55" 120°00’ 120°05 120°10 120°15" 120°20" E

Fig.1 Location map of the study area.
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The waves in the research area are mainly wind waves.
Their occurrence frequency is greater than 80%. The sea
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Fig.2 Geologic map of the east coast of Laizhou Bay (modified from the Geological Atlas of China).

area around Sanshan Island is dominated by northward
waves. The direction of both the strong waves and the
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normal waves is NNE, the average wave height is 1.3m,
and the average wave period is 4.9s. In the sea area of
Longkou Port, the direction of both the strong waves and
the normal waves is NE, while the direction of the sub-
normal waves is NNE. The average wave height is 1.23m,
and the average wave period is 4.3 s (CCRBC, 1991). The
mean tidal range of Sanshan Island is 1.00 m, and the
mean tidal range of Longkou Port is 0.9 m. The east coast
of Laizhou Bay is a microtidal coast with irregular mixed
semi-diurnal tides (Chang et al., 1993).

According to Chang et al. (1993), this area is divided
into two sections based on the sediment transport pattern.
From the Jie River to Longkou Port, sediment is trans-
ported towards Longkou Bay, while from the Jie River to
Diaolongzui, sediment is transported towards the south-
western coast (Fig.2). Waves control the overall trend of
coastal sediment transport. The river normally has an im-
portant influence on local coastal sediment transport. For
example, the sediment supply from the Jie River has al-
most ceased now. However, because of the long-term se-
diment discharge into the sea, the river mouth delta pro-
trudes into the sea, i.e., the shoreline is significantly con-
vex to the sea, and the massive sand deposits have be-
come the sand source for the longshore transport of sedi-

ment. Thus, this area suffers intense erosion.

3 Methods

In this paper, by conducting field investigations, com-
paring our observation results with historical data, and
adopting model calculations and analysis, we studied the
current evolutionary stage of the beaches in the study area.
The field investigations included field reconnaissance,
recording erosion or deposition phenomena occurring on
the beaches, and taking pictures to record observations
while using DGPS for positioning. The historical data on
the evolution of the study area was compiled and com-
pared with the new field data to assess any trends in the
recent evolution of the beach. Finally, the mathematical
models were used to simulate the morphology of the
headland-bay beaches in this area and predict the static
equilibrium position of the shoreline.

3.1 Common Models of Headland-Bay Beaches

In this study, three existing static equilibrium headland-
bay beach models were applied, including the logarithmic
spiral model, the parabolic model, and the hyperbolic tan-
gent model. These three models are described in Table 1.

Table 1 Static equilibrium headland bay model

Name

Formula

Parameter description

Advantages and disadvantages

Sketch map

Logarithmic
spiral model
(Yasso, 1965)

Parabolic model

(Hsu and Evans,
1989)

Hyperbolic
tangent model

(Moreno and
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R is any polar radius on the model
curve, 6 is the angle between any
two polar radii, and f is a constant,
namely the angle between any polar
radius and the tangent line of the
polar radius on the model curve.

R is any polar radius, € is the corre-
sponding polar angle, R, is the length
of the control line between the upper
and lower headlands, and f is the
angle between the control line and
the crest line of the incident wave.
Ci, C,, and C; are parameters ob-
tained from the regression analysis of
27 bays.

x is the distance along the direction of
the beach parallel to the incident wave
crest line; y is the distance perpen-
dicular to the beach; and a, b, and m

This model can satisfactorily si-
mulate the shield section of ma-
ture headland bays. The closer
it is to the lower headland point,
the greater the offset is (Li and
Chen, 2000).

The position of the tangent point
is the downstream control point.
The downstream control point
moves within a certain range in
the direction of the tangent point
and the downstream headland
point. This change is not se-
vere, so the model is flexible
(Yu et al., 2004).

This model can be used to
simulate all kinds of headland-
bay beaches, even headland bays
in disequilibrium. Therefore, the
results of this model cannot re-
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There are advantages and disadvantages for the head-

land-bay beach models described in the previous section.
Taking into consideration the fact that the influence range
of the wave diffraction on the headland point of the beach
is limited and that the location of the down-drift control
point is fixed, we developed the elliptical model to simu-
late a static headland-bay beach (Li, 2013). The mathe-
matical equation for this model is:

As seen in Fig.3, there are three parameters in this
model: a is the length of the semi-major axis, b is the
length of the semi-minor axis, i.e., the distance from the
diffraction point to the straight part of the beach, and c is
the semi-focal length. There is a specific physical mean-
ing for ¢ in this model: the focus of the ellipse is the head-
land point and is also is the diffraction point of the incident
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wave. In a headland bay beach without sand supply, the
shape of the wave crestline is the circumference of the
elliptical model and it is also the coastline of a static
equilibrium beach.

Wave diffraction point

Wave crestline

Straight downdrift beach N
R e e N Static equilibrium shoreline

Fig.3 Sketch of the elliptical model.

For this model, the equilibrium shape of the headland-
bay beach can be determined by obtaining the values of a
and b and the orientation of the wave crest line. The ori-
entation of the wave crest line corresponds to the direc-
tion of the mean wave energy flux at the control point
area (Gonzalez and Medina, 2001). The value of b can be
obtained from maps, charts, satellite images, or aerial pho-
tographs. By assuming that there is a correlation between
a and b equilibrium shape of the headland-bay beach can
be drawn once the correlation coefficient is determined.

Through field investigations and remote sensing image
analysis, the values of a and b for 15 headland-bay beaches
on the north coast of the Shandong Peninsula were ob-
tained using curve-fitting and the elliptical model. Based
on the data for 10 headland-bay beaches, there is an ap-
proximate linear correlation between a and b, and the
ratio of a to b is approximately 1.24 (Fig.4). For the other
5 headland-bay beaches, which are not in an equilibrium
state or in dynamic equilibrium, the ratio is much higher
than 1.24 (Li, 2013).
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Fig.4 The correlation between a and b in elliptical model
(modified from Li, 2013).

4 Results and Discussion

4.1 Simulation Results

The four arc-shaped bays on the east coast of Laizhou
Bay are all large bays. Chang ef al. (1993) were the first
to use the logarithmic spiral bay theory to study shoreline
erosion in this area. They predicted the future position of
the coast and suggested implementing the headland con-

a) Springer

trol engineering to prevent further erosion. Chen et al.
(2007) concluded that Longkou Bay is a typical logarith-
mic spiral bay, and due to the shielding effect of Qimu
Island, the bay is formed in a wave shadow area. The area
to the west of Haidai town is affected by strong waves
coming from the NW, and thus the sediment mainly moves
laterally. Hydrodynamic conditions have ensured the sta-
bility of Longkou Bay, and a logarithmic spiral bay even-
tually developed. Feng et al. (2009) studied Longkou Bay
using the parabolic model and predicted the changes that
would occur to the coastline.

The above studies all performed qualitative analyses to
the beaches in this area, but as they abided by fixed mod-
els, the applicability of the models themselves remains to
be verified. We determined the plane morphology of the
beach and its evolutionary trend through comparative
analyses of several models and simulation calculations.
Based on the four models described above, the four head-
land bays in the area were simulated (the area from San-
shan Island to the Diaolongzui coast is simulated with and
without port construction), and the parameters for each
model were obtained and are listed in Table 2.

4.2 Result Analysis

Simulation results are markedly different from those of
the real shoreline in the study area, indicating that the
logarithmic spiral model cannot be successfully applied to
this shoreline. On the coast from Sanshan Island to Diao-
longzui, which is almost in equilibrium, the relatively
straight shoreline and the bending coastal segments with
small curvature differ slightly from the simulation results.
However, the shield section close to the headland is com-
pletely different. The remaining three coastal segments
are in disequilibrium, so the simulation results differ more
from the real coastline. On the shielded coastal segments
the real coastal line and the simulation results are not
consistent, and on the coastal segments that are almost
straight the real costal line differs significantly from the
simulation results as well. The simulated coastline mi-
grates inland. Rea and Komar (1975) point out that the
simulation curvature can be adjusted to closely fit the real
coastline only by moving the position of the center of the
model, but if this is done, the parameters of the model
have no definite physical meaning.

The simulation results of the hyperbolic tangent model
are consistent with the real coastline for those sections of
straight or arc-shaped with a small curvature. The results
for the section closest to the headland are inconsistent,
but the model can simulate a headland-bay beach in static
or dynamic equilibrium. Even for headland-bay beaches
not in equilibrium, the simulation results of the model are
consistent with the real shoreline. In addition, the starting
point of the simulated headland bay does not coincide with
the wave diffraction point, and it cannot accurately depict
the relationship between the coastline shape and the wave
direction. Three of the parameters also have no special
physical meaning. It is more suitable to use the hyperbolic
tangent model to simulate a coastline influenced by the
groin or tombolo formed by the effects of offshore break-
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waters. Moreno and Kraus (1999) argued that for a coast
in equilibrium, the product of parameters a and b is 1.2,
and m is 0.5. Oliveira and Barreiro (2010) demonstrated
that the product of parameters a and b is about 0.87. In

this study, the product of @ and b for the four headland-
bay beaches studied was greater than 1.2, and m was not
always 0.5, so the hyperbolic tangent model cannot satis-
factorily explain the shoreline changes in the study area.

Table 2 Parameters for various models on the east coast of Laizhou Bay

Logarithmic

Coasts spiral model Parabolic model Hyperbolic tangent model Elliptical model
BI(") Ro(km) S() Ro(km) C C, G a(km) b (1/m) m a(km) b (km) a/b
1 35 27.3 46 273  —0.04536 1.47796 —0.43491 - - - 27.65 2035 1.36
2 58 5.30 20 5.30 0.05392  1.03954 —0.09413 1.97  0.00061 0.45 2.64 1.67 1.58
3 53 2.57 29 2.57 0.04821 1.12275 —0.17460 137  0.00088  0.50 2.03 1.40 1.45
4a 36 6.03 44 6.03  —0.02720 1.42244 —0.39777 436  0.00048 0.20 5.50 443 1.24
4b 48 4.87 32 4.87 0.04092 1.16565 —0.21027 2.58 0.00047  0.40 3.92 2.74 1.43

Notes: 1, Longkou Port-Shihuzui; 2, Shihuzui-Haibeizui; 3, Haibeizui-Sanshan Island; 4a, Sanshan Island-Diaolongzui (with port con-

struction); 4b, Sanshan Island-Diaolongzui (without port construction).

The parabolic model was proposed some time ago and
has been widely used. This model is included in the
Coastal Engineering Manual of the United States. The
MEPBAY software developed by Vale University in Bra-
zil (Klein et al., 2003) uses the parabolic model to simu-
late headland-bay beaches. The many advantages of the
model make it easy to use. These advantages include the
following: the control point coincides with the wave dif-
fraction point, the wave crest line is parallel to the straight
coastal segments, and the related parameters are obtained
from the angle between the wave crest line and the con-
trol line. By simulating the four headland bays in the
study area, we determined that the parabolic model results
are consistent with the real shorelines at their present
evolutionary stage. For the Sanshan Island-Diaolongzui
coastal segment, model results are consistent with the real
shoreline. Since the rest of the headland bays are in dis-
equilibrium, the simulation results all migrate toward the
land, which indicates that in the future the coast will still
be eroded. However, the down-drift control point of the
parabolic model is not easy to be determined. The chosen
down-drift control point exerts some influence on the result
of the equilibrium headland-bay beach simulation, and it
exerts more influence on the result of the disequilibrium
and dynamic equilibrium headland-bay beach simulations.

The simulation results of the elliptical model fit better
with the actual coastline than the results of the other mod-
els (Table 1). The ratios of a to b for most of the headland-
bay beaches are larger than 1.24, and only the coast from
Sanshan Island to Diaolongzui has a ratio of about 1.24.
Based on our field investigations, we conclude that al-
most all of the coastal segments are being eroded, except
for the Sanshan Island-Diaolongzui and Sanshan Island-
Diaolongzui segments, which will be in disequilibrium if
there is no port construction.

4.3 Application of the Elliptical Model
4.3.1 Analysis of the evolutionary trend of the beach

The results of the elliptical model indicate that most of
the coastal segments on the east coast of Laizhou Bay are
being eroded, and some of the coastal segments are far
from being in equilibrium.

In the Longkou Port-Shihuzui coastal segment, the most
significant erosion is occurring between the mouth of the
Jie River and the mouth of the Zhuliu River (Feng et al.,
2009). Due to the influence of long-term sediment dis-
charge from these rivers, the coastline in this area protrudes
significantly into the sea, making it be eroded strongly

(Fig.5).

Longon ot -

s

Fig.5 Simulation result for the Longkou Port-Shihuzui coast.
Green line is the result of curve-fitting; Orange line is the
location of the equilibrium coastline.

The simulation result shows that the location of the
coastline segments in equilibrium will migrate toward the
land, and to some extent, the sediment transport from the
Jie River mouth will maintain the unbalanced state on
both sides of the river mouth. The sediment transport
calculation results for this coastal segment also indicate
that at the mouths of the Jie and Zhuliu Rivers and in
other places, the directions of net sediment transport all
point toward Longkou Port and Shihuzui. Based on the
data of hydrological station, before the 1950s, sediment
discharge from the rivers, e.g., about 500000 tons per year
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for the Jie River, was sufficient to maintain the stability of
the shoreline or to build it up slightly. Now, the sediment
discharges from many rivers on the east coast of Laizhou
Bay (including the Jie River and Zhuliu River) are negli-
gible, and the shoreline erosion is inevitable.

The coast from behind Houpo Village to the southwest
of Shihuzui (Fig.6b) and the coast to the southwest of
Haibeizui (Fig.7b) have been eroded. These two locations
are both in the shield section of the headland bay. The
causes of the erosion are also the same, as shown in Figs.6
and 7. According to the Static Equilibrium Bay Concept,

the stable coastline will eventually retreat toward the land,
and the previous longshore sediment transport keeps the
shoreline to be in dynamic equilibrium. When the long-
shore sediment transport decreases or completely ceases,
wave diffraction and refraction can still generate the along-
shore current. The sediment is transported downstream,
and the bay gradually transform from a state of dynamic
equilibrium to a state of static equilibrium. Compared
with the straight shoreline segments, adjustment and ero-
sion of the coastal segments in the shield area are more
obvious.

(b)

Fig.7 (a) Simulation results for the Haibeizui shoreline in static equilibrium. (b) Erosion scarp to the southwest of Haibeizui

cape.

The Sanshan Island-Diaolongzui coastal segment was
previously eroded. Monitoring results from the 1980s in-
dicate that the erosion rate was 2myr ' and the eroding
only occurred at Diaolongzui, which is located at the end
of this coastal segment where there was slight siltation
(Zhuang et al., 1989). Now, the construction of Sanshan
Island port has changed the trend in coastal evolution.
The terminal on the east side of Sanshan Island blocks the
westward longshore sediment transport. The sediment from
the upstream coastal segments will eventually be deposited
on the east side of the wharf and the coast will gradually
reach a new equilibrium (Fig.8). On the west side of San-
shan Island, the sediment supply is completely blocked by
the dock wharf, and because the harbor basin extends out
into the sea, a new wave diffraction point has formed (up-
stream headland). Based on our simulations, we conclude
that after a long period of adjustment, the current coast-
line is basically in equilibrium (green line in Fig.8). Based
on our field investigations, we determined that the beach

@ Springer

is relatively stable, which also proves that the new head-
land can protect the downstream area. In addition, for a
case without a port in the past, the simulation of Sanshan
Island beach revealed that the overall shoreline (in static
equilibrium) migrated toward the land (orange line in
Fig.8), and the amount of erosion was around 240 m at the
bay head (Section P—P’).

4.3.2 Current evolutionary trend of the
sandy beaches

Since the middle of the last century, especially since
the 1980s, the beaches on the east coast of Laizhou Bay
have experienced severe erosion.

Based on the field investigations in the 1980s, Chang
et al. (1993), found that the base of the backwall at the
Xinzhuang Aquatic Product Station had suffered erosion
(Fig.9a). By 2010 (30 years later), 80 m of beach was
washed away to the north of the aquatic station. The
aquatic station had been completely destroyed, and one
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side of the house had collapsed. The wave-eroded scarp
behind the house was over 2m high (Fig.9b).

Fig.8 Simulation results for the Sanshan Island-Diaolongzui
Shoreline. Green line is the simulation result as the corner
point of Sanshan Island harbor is the updrift control point;
Orange line is the simulation result as the rocky cape of
Sanshan Island is the updrift control point.

Fig.9 Pictures of the Xinzhuang aquatic product station. (a),
taken in May 1981, by Zhuang Zhenye; (b), taken in May
2010, by Li Bing.

During the 1980s, some of the coastal segments in the
study area were being eroded and some were accreting
(Chang et al., 1993), while at present, widespread erosion
and retreat are occurring. Eroded scarps can be easily
seen in the Longkou Port-Shihuzui Coastal Segment, such
as at Huangshanguan, behind Dongliang Village, to the

north of Zhaishang Village, and to the north of Huwang
Village. In many places, most of the weakly protected
projects have been destroyed by waves. Especially to the
north of Mabuzhuangzi, the coastline is approaching the
back walls of village houses, and wave erosion behind the
houses has formed a 4-m high steep cliff. The beach there
has been eroded down by at least 3m, and the houses are
partially suspended (Fig.10). From Shihuzui to Haibeizui,
the erosion is also strong. Especially to the north of Houpo
Village, the underlying lagoon sediments of the beaches
are exposed, and a 5-m high erosional escarpment has
formed (Fig.6b). From Haibeizui to Sanshan Island, the
beach has also been heavily damaged, and erosion scarps
are common (Fig.7b). Due to the influence of the revet-
ment, along some coastal segments the beach surface
barely has any sand. From Sanshan Island to Diaolongzui,
there are many culture ponds, and the coastline is basi-
cally in a fixed state.

Fig.10 Backshore scarp behind Mabuzhuangzi.

4.3.3 Causes of erosion

There are many potential causes for shoreline erosion,
and on the east coast of Laizhou Bay, the main cause is
the reduction in river sediment transport and poorly
planned sand excavation (Li ef al., 2013).

Many of the rivers in the Shandong Peninsula are sea-
sonal mountain rivers with short lengths. Over a long
period of time, river sediment transport has played an
important role in shaping the Shandong coast. According
to the previous studies, the annual sediment transport flux
of the main rivers in the study area is estimated to be
150-200 million tons. Due to reservoir construction, a
large amount of river sediments are intercepted and do not
reach the estuarine and coastal areas. In addition, the run-
offs of these rivers are also significantly reduced. Many
rivers have almost been cut off, e.g., the Yellow River, Jie
River, and Zhuliu River.

Sand mining is also an important reason for shoreline
erosion and retreat. On the northern Shandong Peninsula,
sand mining was once widespread. The direct excavation
of sand from the beach surface or from the nearshore area
destroys the equilibrium of the beach system. Based on
the theory of equilibrium beach profiles, the beach profile
will reach a new equilibrium due to the influence of trans-
verse sediment transport. As a result, sediments on the
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beach enter the sea, and the shore is eroded. According to
statistics made by one of the authors of this paper, large-
scale sand mining and outward transport of sediment be-
gan to increase in the early 1980s (Zhuang et al., 1989).
There are laws and regulations prohibiting sand excava-
tion, but the sand mining of beach surfaces frequently
occurs. To the west of the Zhuliu River, on the backshore
of the beach north of Laodian Village in Zhaoyuan, a sand
excavation pit with tens of meters wide and more than
100m long can still be seen now, as well as a destroyed
shelter forest. In the coastal segments from Shihuzui to
Sanshan Island, a large number of culture ponds have
been built on the beach. The excavation of culture ponds
directly destroys the beach (Fig.11), and it is difficult for
the beach to recover from this damage. Nearshore sand
excavation cannot be stopped despite being banned, and it
has caused serious consequences along the nearby coast
(Xu et al., 2010). At present, sand mining ships still se-
cretly excavate sea sand hundreds of meters away from
the coast.

Fig.11 The picture that shows breeding pools destroyed
theshoreline structures.

Since the river sediment supply is almost exhausted
and sand mining cannot be stopped completely, according
to our model, in the study area on the east coast of
Laizhou Bay, the original stable coastal segments being
and been eroded will suffer more serious erosion. The
model also suggests that most of the beaches in the area
(except the Sanshan Island-Diaolongzui coastal segment)
will remain in an erosive state and retreat for a long pe-
riod of time. Natural adjustments will continue until static
equilibria of the headland-bay beaches are achieved.

5 Conclusions

In this paper, three common models (the logarithmic
spiral model, the parabolic model, and the hyperbolic
tangent model) were used to simulate four typical head-
land-bay beaches on the east coast of Laizhou Bay. Com-
bined with field investigations, these models were used to
analyze the equilibrium state of the beaches.

The simulation results of the logarithmic spiral model
are not consistent with the features of the four bays. The
hyperbolic tangent model can simulate almost all of the
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headland-bay beaches, whether they are in equilibrium or
disequilibrium. The parabolic model has been widely used
because of its advantages, and the simulation results are
fairly accurate, but it is difficult to determine the down-
drift control point. The elliptical model satisfactorily si-
mulates static headland-bay beaches, and it is easier to use
than the other models.

The simulation results reveal that, except for the San-
shan Island-Diaolongzui coastal segment, the other three
simulated shorelines of the bay migrate toward the land,
which is consistent with the current coastal erosion that is
occurring. The buildings on the shore have a certain in-
fluence on the shoreline simulation.

Currently, on the east coast of Laizhou Bay, almost all
of the headland-bay beaches are subject to intense erosion,
except for the Sanshan Island-Diaolongzui coastal seg-
ment, and there is a growing serious trend. Based on these
simulations, we conclude that erosion in the bay is espe-
cially severe and the beaches are far from an equilibrium
state. The previous dynamic equilibrium maintained by
coastal sediment transport and river sediment transport
has been disrupted. The beaches will transform from dy-
namic equilibrium to disequilibrium, and eventually, they
will evolve toward static equilibrium.
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