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Abstract - Beach erosion is a natural process that occurs when movement of sediment away from the shoreline is not balanced by 
depositing new material on the shoreline. This is a problem that is causing beach areas to decline. To avoid beach erosion and 
flooding, a sea wall and groin are built. Shoreline evolution prediction is used to investigate the beach topography in the future. 
Three phenomena affect the coastal structure: erosion, accretion and water level changes. In order to investigate beach erosion and 
beach deposition we need qualitative understanding of idealized shoreline response to the governing forces. In this research, we 
introduce a governing equation of a one-dimensional shoreline evolution model when a groin is added. The introduced model is a 
transient one-line model. The manipulation of physical parameters for the model is introduced. The setting method of the initial 
condition and the boundary conditions techniques are also proposed. The traditional Forward Time Centered Space, FTCS, 
method and the unconditionally stable Saulyev finite difference methods are employed to approximate the shoreline evolution in 
each year. The proposed numerical models give practical simulation for long-term shoreline evolution investigation. The proposed 
simulation can be used to predict the efficiency of a groin system construction in a local beach. 
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I. INTRODUCTION  
 
Beach erosion is a natural process which occurs 

whenever the movement of material away from the 
shoreline is not balanced by new material being deposited 
onto the shoreline. This is a problem that causes a decrease 
in beach areas. In order to prevent beach erosion and beach 
deposition a structure is devised consisting of a sea wall and 
groin. In [9], authors propose a modern approach to 
functional groin design which is demonstrated by using the 
GENESIS shoreline response model to simulate the action 
of single and multiple groins. The report predictions are 
tested in reproducing shoreline change observed at the 15 
groins at Westhampton, Long Island, New York. In [7] 
reported on changes in beach profile due to the construction 
of single zigzag type of porous groins named GROPOZAG. 

In order to investigate of beach erosion and beach 
deposition is needed qualitative understanding of idealized 
shoreline response to the governing process. Analytical 
solution originating from a mathematical model which 
describes the basic physics is the one tool to understanding 
it. Many authors obtained an analytical solution to shoreline 
evolution by using a simple mathematical formula. The one-
line theory was introduced by many authors, several 
contributors in the analytical solution of shoreline evolution 
include [3, 4], [2], [1], [6], [12], and [8]. The analytical 
solution cannot be expected to provide quantitatively 
accurate solutions to problems involving complex boundary 
conditions and wave inputs. In the real situation, a 
numerical model of shoreline evolution would be more 
appropriate.  

A general expression for the long-shore sand transport 
rate was developed by [10]. The empirical predictive 
formula for the amplitude of the long-shore sand transport 
rate presented by [5]. In [11], they have examined and 
presented two numerical schemes of shoreline evolution for 
simplified configuration beach. In [13], [14], they have used 
the conditionally stable explicit finite difference methods to 
approximate their model solutions. 

In [15] this paper an empirical correlation is obtained 
from established invariant beach physical characteristics 
according to a theoretical bi-parabolic equilibrium beach 
profile (EBP) between the wave energy and the equilibrium 
shoreline location ("Equilibrium energy function", EEF). 
The tests of the proposed model at Nova Icaria show the 
same abilities with only one calibration parameter as state-
of - the-art models with more than 4 free-parameters. 
Nonetheless, observations are required at different sites with 
diverse beach characteristics and wave conditions to 
validate widely the EEF analytical method and the shoreline 
evolution model proposed in this paper. In [16], They 
proposed one-line modeling concept has been extended to 
achieve long-term coastline evolution predictions, as well as 
to support and deliver better coastal engineering solutions to 
control erosion. The model has been applied to two 
Portuguese northwest coastal stretches: Aveiro and Figueira 
da Foz. The results allow the key potential consequences of 
continuing erosion to be evaluated qualitatively. In [17], 
they proposed a general and replicable chain approach, 
evaluated at a vulnerable coastal site in southern Italy and 
based on a joint study of field data, statistical instruments 
and numerical modeling. This could help to understand the 
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dynamics of the coastal environment fully, identify typical 
and recurring erosion-accretion processes, and predict 
possible future patterns that are useful for coastal activity 
planning. In [18], they proposed probabilistic shoreline 
changes are computed by using the GenCade and Monte 
Carlo simulations. GenCade simulation is used to simulate 
longshore sediment transport and the long-term shoreline 
changes caused by random offshore waves. Monte Carlo 
simulation is used to model the shoreline evolution in 
response to changes in sea level, land subsidence and 
onshore sand transport. In [19], they proposed a simple 
behavioral template model for beach profile evolution 
which is calibrated and tested against a 6-year shoreline 
position time series derived from a coastal imaging system 
at the Gold Coast, Australia. Testing the calibrated model 
on unseen data shows that it is capable of reproducing the 
dominant seasonal shoreline succession observed at this site 
and up to 77% of the shoreline variability. In [20], they 
proposed the ONELINE modeling system and show its 
capabilities through model testing and case studies. This 
outlines two case studies in which complex configurations 
of the beach system are simulated. The first one features a 
groin field at Sea Isle City, New Jersey along the East Coast 
of the United States. The second is along the Nile Delta 
Coast in Egypt. In [21], they proposed the comparison 
between the analytic and numerical solutions in the 
idealized wave condition for four different shoreline 
configurations. 

In this research, the governing equation of a one-
dimensional shoreline evolution model is introduced. We 
will also propose techniques of physical parameters, the 
initial condition and boundary conditions setting. Finite 
difference techniques will be used to approximate the model 
solution. 

 
II. GOVERNING EQUATIONS 

 
A. Shoreline Evolution Model 
 
In the one-line model, the beach profile is assumed to 

move landward and seaward while retaining the same 
shape, implying that all bottom contours are parallel. 

Consequently, under this assumption it is sufficient to 
specify the horizontal location of the profile with respect to 
baseline, and one contour line can be used to describe 
changes in the beach plan shape and volume as the beach 
erodes and accretes. The major assumption of the model is 
the sand is transported alongshore between two well-
defined limiting elevations on the profile. One contribution 
to the volume change results if there is a difference in the 
alongshore sand transport rate at the lateral sides of the 
section and the associated the sand continuity. The 
principles of mass conservation must apply to the system at 
all times. By considering above definitions, the following 
differential equation for shoreline evolution is obtained: 
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where x  is the alongshore coordinate (m), y  is the 

shoreline positions (m) and perpendicular to x-axis, t  is 
time (day), Q  is the long-shore sand transport rate 

(m3/day), BD  is the average berm height (m) and CD  is the 

closure depth (m). 
In order to solve the Eq (1), necessary to specify an 

expression for the longshore sand transport rate, Q . This 

quantity is considered to be generated by the wave 
obliquely incident to the shoreline. A general expression for 
the long-shore sand transport rate was developed by [11]: 

 

 0 sin 2 , (2)bQ Q 

 
where 0Q  is the amplitude of the long-shore sand 

transport rate. The empirical predictive formula for the 
amplitude of the long-shore sand transport rate is [6]: 
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where the subscript b  denotes value at the point of 

breaking, gc  is the wave group velocity, H is the wave 

height, s  is the density of the sediment (kg/m3),  is the 

density of the sea water, n  is the porosity and K  is the 
dimensionless coefficient which is a function of particle 
size. The quantity b  the impact angle between breaking 

wave crests angle with local shoreline, and may be written 
as: 

 

1
0 tan , (4)b
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where 0  is the angle between breaking wave crests and 

the x axis . For beaches with mild slope, it can be assumed 
that breaking wave angle to the shoreline is small. 

Assuming that,  sin 2 2b b  , and 1tan
y y

x x
            

. 

Substituting Eq. (4) into the Eq. (2), and assuming the beach 
with mild slope yields: 

 

0 2 2 , (5)b

y
Q Q
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Substituting Eq. (5) into the Eq. (1) and neglecting the 

sources or sinks along the coast gives: 
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Eq (6) is analogous to the one-dimensional heat 
diffusion equation, it can be solved analytically for various 
initial and boundary conditions. 

 
B. Physical Parameters 
 
Physical parameter of the model can be illustrated as 

show in Figures 1-2 that are listed below. 

0  is the impact angle between breaking wave crests 

angle with the x-axis.  

0Q  is the amplitude of the long-shore sand transport 

rate.  

BD  is the average berm height. 

CD  is the closure depth. 

L  is Alongshore. 
T  is Time of simulation.  

 
Figure 1. Breaking wave crests impact angle. 

 

 
Figure 2. Shoreline physical parameters. 

 
 

C. The Initial and Boundary Conditions 
 
Straight Impermeable groin system: The initials 

shoreline is assumed to be parallel to the x-axis.  Assuming 
that, the braking wave angle to the shoreline is 0  as show 

in Figure 3. It follows that the sand transport rate along the 
shoreline is uniform. The groin is instantaneously added at 

0x  as show in Figure 3. These means that the initial 

condition becomes 

 ,0 0, (7)y x 
Boundary conditions are also assumed by: 

 0, ( ),y t f t  

and 
 , ( ),y L t g t  

where ( )f t  and ( )g t  are given functions. 

 
Figure 3. Initial shoreline with configuration straight impermeable groin. 

 

 
III. NUMERICAL TECHNIQUES 

 
A. Grid Spacing 
 
We now discretize Eq (6) by dividing the interval  0, L  

into M  subintervals such that M x L   and the interval 

 0,T  into M  subintervals such that N t T  . We then 

approximate  ,i ny x t  by n
iy , at the point ix i x   and 

nt n t  , where 0 i M   and 0 n N  in which M  and 

N  are positive integers. 
 
B. Traditional Forward Time Centered Space 

Techniques 
 
The forward time centered space method is employed. 

Consequently, the finite difference approximation becomes 
[22]: 
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  Substituting Eqs (8)-(11) into Eq (6), we 

obtain, 
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for 1 1i M   and 0 1n N   . Eq (12) can be written in 
an explicit form of finite difference as follows, 

 1
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for 1 1i M   and 0 1n N   .  
 
C. An Unconditionally Saulyev Finite Difference 

Techniques 
 

The Saulyev finite diffence method will be also 
employed. We can obtain that the finite difference 
approximatetion is: 
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 . Substituting Eqs (14)-(16) into Eq (6), 

we obtain 

 

1 1 1
1 1

2
, (17)

n n n n n n
i i i i i iy y y y y y

D
t x

  
 

    
 
   

for 1 1i M   and 0 1n N   . Eq (17) can be written in 
an explicit form of finite difference as follows, 

    1 1
1 1

1
1 , (18)

1
n n n n
i i i iy Ay A y Ay

A
 

    


 

 
for 1 1i M   and 0 1n N   .  

 
IV. NUMERICAL EXPERIMENTS 

 
In order to investigate the shoreline evolution in the 

long-term scale. The numerical results of the different beach 
situation are considered and the solution the idealized 
problem is presented. During the simulations, assuming that 
the length of considered shoreline is 5000L m. The 

amplitude of the long-shore transport rate is 

0 7500Q  m3/day. the averaged berm height 2BD  m. the 

closure depth 28CD  m. the breaking wave impact angle 

0 0.02.   The simulation results are illustrated in Figure 4. 

We then employed the FTCS Eq (13) and the Saulyev 
finite difference techniques Eq (18) to approximate the 
model solution. 

The calculated results are shown in Fig 5-7 and Table I-
III. The exact solutions of the simulation is: 

 

 
2

4
0

4
, tan erfc , (19)

2 2

x

Dt
Dt x x

y x t e
Dt Dt




  
      

 
where their values are shown in Table I. The 

approximated solutions of FTCS method are given in Table 
II, while Saulyev method approximated solutions are given 
in Table III. 

 
Figure 4. Initial shoreline 

 

 
Figure 5. Shoreline evolution in 1 year 

 

 
Figure 6. Shoreline evolution in 5 years 
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Figure 7. Shoreline evolution in 10 years 

 

 
Figure 8. Shoreline evolution in 15 years 

 
 

TABLE I. THEORCTICAL SOLUTION OF SHORELINE EVOLUTION. 

 
 

TABLE II. APPROXIMATED SHORELINE EVOLUTION ALONG 15 
YEARS USING FTCS 

Time 
(years) 

Distance (m) 

0 1000 2000 3000 4000 5000 
0 0.00 0.00 0.00 0.00 0.00 0.00 
1 9.56 0.48 0.00 0.00 0.00 0.00 
5 21.41 7.09 1.61 0.24 0.02 0.00 
10 30.28 14.39 5.70 1.84 0.48 0.10 
15 37.08 20.46 10.03 4.31 1.61 0.52 

 

TABLE III. APPROXIMATED SHORELINE EVOLUTION ALONG 15 
YEARS USING SUALYEV 

Time 
(years) 

Distance (m) 

0 1000 2000 3000 4000 5000 
0 0.00 0.00 0.00 0.00 0.00 0.00 
1 9.56 0.48 0.00 0.00 0.00 0.00 
5 21.41 7.12 1.63 0.25 0.02 0.00 
10 30.28 14.41 5.72 1.86 0.49 0.10 
15 37.08 20.48 10.05 4.34 1.63 0.52 

 
 

TABLE IV. ABSOLUTE ERROR OF SHORELINE EVOLUTION 
WHEN THE FTCS AND SUALYEV METHOD ARE USED. 

Time (years) Distance (m) 
Absolute error 

FTCS Saulyev 

1 

1000 20.5300 10  10.2420 10

2000 30.3277 10  20.1100 10

3000 60.7868 10  50.2748 10

4000 90.1224 10  90.7012 10

5 

1000 20.1500 10  10.2460 10

2000 20.2500 10  10.2320 10

3000 20.1400 10  20.9400 10

4000 30.3577 10  20.1900 10

10 

1000 20.1500 10  10.1910 10

2000 20.1600 10  10.2630 10

3000 20.1700 10  10.2040 10

4000 20.1000 10  20.9900 10

15 

1000 30.3265 10  10.1610 10

2000 30.9811 10  10.2490 10

3000 20.1300 10  10.2330 10

4000 30.9499 10  10.1390 10
 
 

TABLE V. THE COMPARISON OF THE STABILITY IN EACH GRID 
SPACING SIZES. 

t   x  
Stability 

FTCS Saulyev 

0.50 

25 stable stable 

50 stable stable 

100 stable stable 

1.00 

25 unstable stable 

50 stable stable 

100 stable stable 

2.00 

25 unstable stable 

50 stable stable 

100 stable stable 

4 

25 unstable stable 

50 unstable stable 

100 stable stable 

 
 

V. DISCUSSION 
 
The shoreline evolution in each year can be obtained by 

the FTCS method and the Saulyev method. The 
approximated shoreline evolutions of both numerical 

Time 
(years) 

Distance (m) 

0 1000 2000 3000 4000 5000 

0 0.00 0.00 0.00 0.00 0.00 0.00 

1 9.56 0.47 0.00 0.00 0.00 0.00 

5 21.41 7.09 1.60 0.24 0.02 0.00 

10 30.28 14.39 5.70 1.84 0.48 0.10 

15 37.08 20.46 10.03 4.31 1.61 0.52 
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methods are close. However, the precision of the FTCS 
method is quite better than the Saulyev method as shown by 
the absolute error in Table IV. Although, the Saulyev 
method gives a better stability condition than the FTCS 
method.  

These mean that the Saulyev method gives a practical 
numerical simulation due to the precision requirement of the 
displacement when the time increment becomes large. 

 
VI. CONCLUSION 

 
The governing equation of a one-dimensional shoreline 

evolution model was introduced for the manipulation of 
physical parameters for shoreline evolution and practical 
simulations were proposed to include: i) the impact angle 
between breaking wave crests with the x-axis, ii) the 
amplitude of the long shore sand transport rate, iii) the 
averaged berm height and (iv) the closure depth. The setting 
of the initial conditions and the boundary conditions 
techniques were also introduced for the traditional FTCS 
and the unconditionally Saulyev finite difference methods 
were used to approximate the model solutions.  

The approximated solutions of both numerical techniques 
were compared with the ideal exact solution. The FTCS 
method gave more accurate solutions than the Saulyev 
approximated solutions. When the time increment increased 
we found the FTCS method could not handle the solution 
for many cases.  

However, the Saulyev method still could handle 
numerical solution for any case due to no limitation of the 
stability condition. These mean that the proposed Saulyev 
method is a practical numerical method for the shoreline 
evolution model. 
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