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Abstract - A new formula of long shore sediment transport rate for predicts long-term beach evolution is proposed and 
compared with previous long shore sediment transport rate formulas. The new formula is developed based on interaction of 
the long shore current and characteristic of sediment assuming that the long shore current due to wave breaking induced the 
sediment migration. Besides depend on the long shore current, the migration of the sediment also depends on the 
characteristic of the sediment that is permeability of the sediment. Sediment with high permeability will be easier to move 
than sediment with low permeability. This new formula here has some clear advantages compared the Inman-Bagnold 
formula and the two others formula existing. This formula has the smallest error in the simulation and contains a physically 
based derivation of the sediment permeability dependence and indirectly through the mean long shore current velocity it 
includes effect of beach profile shape such as slope. In addition, the new formula can be used to estimate beach changes not 
only due to breaking waves, but also from currents generated by other mechanism such wind and sediment characteristic. 
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I. INTRODUCTION 
 
The prediction of beach evolution numerically 
becomes a powerful technique to assist in 
understanding of physical processes involved in 
shoreline evolution. The prediction of beach 
evolution can be simplified even further by separating 
the changes due to longshore processes and cross-
shore processes. Longshore processes largely take the 
responsible to shoreline changes in the long term 
scale and cross shore processes operate on much 
shorter time scale (Miller and Dean, 2004). The 
general approach to beach evolution model involves 
the division of the coastline into a large number of 
individual cells or compartments. Equations relating 
the longshore sediment transport rate to the wave 
parameters and to velocities of longshore currents are 
employed to calculate the shift of sand from one cell 
to another. The application of a continuity equation 
allows for the conversion of volumes of sand entering 
or exiting a particular cell into the resulting beach 
evolution (Capobianco et al., 2002). 
 
The main objective in this paper is to propose a new 
longshore sediment transport formula rate for predict 
long term beach evolution. The most widely used 
equation in engineering applications for longshore 
sediment transport rate is commonly known as the 
Inman-Bagnold formulas developed by Inman and 
Bagnold (1963), the CERC formula developed by 
USACE (1984) and recently formula developed by 
the Kamphuis (Kamphuis, 2002). In the following, 
the previous longshore sediment transport rate 
formulas are reviewed and compared with the new 
formula proposed.  

 

II. PREVIOUS FORMULAS OF THE 
LONGSHORE SEDIMENT TRANSPORT FOR 
PREDICT LONG-TERM BEACH EVOLUTION 
 
2.1. Inman-Bagnold equation (1963) 
The governing equations from the Inman-Bagnold 
equation are based on the stream power approach. 
Inman and Bagnold (1963) proposed the concept of 
the stream power approach. In this concept presents 
that the total of stream power is used in moving the 
sediment particle describes as suspended and bed 
load. In additional, Bagnold proposed theory that the 
wave moves oscillatory and the wave motion acts to 
move the sediment back and forth in amount 
proportional to the local rate of energy dissipation. 
Although no net transport results from this motion, a 
steady current of arbitrary strength, when 
superimposed on the wave induced oscillatory 
motion, is capable of transporting the sediment 
particles in the direction of the current. The longshore 
sediment transport equation derived based on this 
theory may be expressed as: 

QIB =
KIB

rs - r( )g 1- n( )
cgbEb cos qb( )Vl

m0
           (1)  

 
where Eb  is the breaking wave energy, gbc  is the 
wave group velocity at breaking, r  is the density of 
water, rs  is the density of sediment, g  is 
acceleration due to gravity, n  is the porosity index of 
the sediment, qb  is the wave angle at breaker line 

(between wave crest line and coastline), Vl  is the 
longshore current velocity (in practice measured at 
the middle surf zone location) and m0  is the 
maximum horizontal bottom orbital velocity of the 
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waves at the breaker zone. The coefficient KIB  is 
dimensionless constant, which is given as 0.25 based 
on field data collected.  
 
2.2. CERC equation (1984) 
The governing equations from the CERC equation 
based on the energy flux approach. The equation is 
intended to include both suspended and bed load 
(USACE, 1984). The energy flux approach is based 
on the principal that the longshore immersed weight 
sediment particle transport rate Wls  is proportional to 
longshore wave power per unit length of the beach 
Pls . The longshore immersed weight sediment 
particle transport rate is usually given in the form of: 

 
Wls = KCPls                                                                 (2)   
 
where Pls  is the longshore component of wave power 
per unit length of the beach, given by: 
 
Pls = Ebcgb sin qb( )cos qb( )                                     (3)   

 
where KC  is a dimensionless empirically derived 
coefficient.  

 
 Based on this principle USACE (1984) develop 

longshore sediment transport rate equation. The 
longshore sediment transport rate QC is proportional 
to the longshore wave power per unit length of the 
beach, given by: 

QC =

rKC
g

gb
16 rs -r( )1- n( )

Hsb
2.5 sin 2qb( )                   (4)   

where KC  is an empirical coefficient, r  is the 

density of water, rs  is the density of sediment, g  is 

acceleration due to gravity, gb  is the breaker index, 

n  is the porosity index of the sediment, Hs,b  is the 

significant wave height at breaking and qb  is the 
wave angle at breaker.  

 
Early calibration of the CERC equation is based upon 
9 field data points and 150 laboratory data points 
resulting in KC = 0.42 . Subsequent calibration on the 
original 9 field data point plus 14 additional field data 
points with all laboratory data resulted in KC = 0.77, 
which is the recommended valued to date for use 
(USACE, 1984). Since then, more field data points 
have become available. The KC  values reported for 
the study range from 0.2 to 1.6 (Bodge and Kraus, 
1991).  

 
2.3. Kamphuis equation (2002) 
In this work, Kamphuis uses dimensional analysis 
methods to develop volumetric longshore sediment 
transport rate. Kamphuis (1991) derived longshore 
sediment transport rate equation from an extensive 
series of laboratory tests and a broad set of field data. 
The equation is given by: 

 

QKl = 1.28
tan a( )Hs,b

7/2

D
sin 2qb( )                             (5)  

where QKl  is the immersed mass transport (units 

kg s ).  
The expression is refined later using a further 

series of hydraulic model test (Kamphuis, 2002):  
 

QKl = 2.27Hs,b
2 Tp

1.5 tan0.75 a()( )D50
-0.25 sin0.6 2qb( )  ..

                                                                                        (6)
 
where QKl  is the transport rate of immersed mass per 

unit time, Tp  is peak wave period, tan a( ) is 

represents the beach slope near the breaking, D50  is 

the median grain size and qb  is the wave angle at 
breaker. The immersed weight is related to the 
volumetric longshore sediment transport rate as 
follows: 
 

QKl = rs - r( )1- n( )QK           (7)  
 
The Kamphuis Equation QK  is appealing since 

it includes the wave period and beach slope, which 
both influences wave breaking, and the grain size, 
which should be an important factor for the 
mobilization and transport of sediment.  

 
For a typical sand, Kamphuis also expressed 

Equation 6 as an annual transport rate QK  with unit 

of m3 / annum , given by: 

 

QK = 6.4x104 Hs,b
2 Tp

1.5 tan0.75 a( )( )D50
-0.25

....

sin0.6 2qb( )                                                                                   (8)

 
Equation 8 is found to be valid for both laboratory 
and field sediment transport rates. Kamphuis also 
investigated whether Equation 8 is applicable to 
coarse grain beaches. It found that it over predicted 
these result and concluding that this is to be expected, 
since gravel beaches will absorb substantial wave 
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energy by percolation and the motion of the larger 
grains is much closer to the critical shield parameter.  

 
III. RESULTS AND DISCUSSIONS 
 
The existing of longshore sediment transport rate 
formulas for predict long term beach evolution only 
consider wave-generated current such as CERC 
formula (USACE, 1984), Kamphuis formula 
(Kamphuis, 1991). These formulas disregard other 
important physical processes and mechanism such as 
wave characteristics, wind and tidal currents that 
cloud influence in longshore transport rate. Examples 
of the importance of wind in the longshore sediment 
transport are furnished by the studies of Ciavola et al. 
(1997). In their paper, a six fold increased in 
longshore sediment transport rate on Portuguese 
beach occurred when locally brisk wind blew in the 
same direction as the longshore currents. Masselink 
and Pattiarachi (1998) report that sea breeze on 
Western Australian beaches was observed to increase 
the longshore suspended sediment transport by factor 
of one hundred. Thus, there is a motivation to 
propose a new formula of longshore sediment 
transport that includes other than wave and current 
generated is a need to develop.   
Beside that major physical factors such as sediment 
characteristics should be included in the formula. One 
of them is permeability. The characteristic of 
permeability of sediment increases the potential for 
infiltration during the swash and responsible for 
infiltration loses on beach erosion. Lanyon et al. 
(1982) and Turner (1993) have suggested that 
infiltration losses during swash provide the main 
mechanism by which beach accretion occurs above 
the still water level.  For example, the Inman-Bagnold 
formula (Inman and Bagnold, 1963) that allows the 
effect of wind or tide currents, but this formula does 
not exhibit any sediment characteristic. Because of 
the insufficiency in existing formulas of longshore 
sediment transport, an attempt is made in this paper to 
propose a new formula for longshore sediment 
transport. The new formula is proposed based on 
interaction of the longshore current and characteristic 
of sediment assuming that the longshore current due 
to wave breaking induced the sediment migration. 
Besides depend on the longshore current, the 
migration of the sediment also depends on the 
characteristic of the sediment that is permeability of 
the sediment. Sediment with high permeability will 
be easier to move than sediment with low 
permeability. In this new formula assume that 
immersed longshore sediment transport is 
proportional to the permeability of immersed 
sediment and the longshore velocity. This equation 
can be written as follows: 

 
QNew = rI xPs xvL                                                      (9)  
  

where QNew  is immersed longshore sediment 

transport (in unit kg s ), rI  is the immersed density 

equal to rs -r  ( rs  is the density of the sediment, 

r  is the density of the water), Ps  is the permeability 

of the sediment, and vL  is the longshore velocity. 
 

Thenew formula is based on the permeability 
equation developed by Krumbein and Monk (1943). 
The Krumbein and Monk equation is used to estimate 
the permeability of sediment from a grain size 
analysis. This equation was developed empirically 
using very well sorted sediment samples ranging 
from -0.75j  to 1.25j in 
mean grain size, and with standard deviations ranging 
from 0.04j  to 0.08j .  

 
The governing of permeability in this new 

formula can be written as follows: 
 

   
  (10)                                  
2ln

ln
31.1exp

2
760 


















d
dP  

where P  is intrinsic permeability (in unit darcies ) 
and d  is geometric mean grain size (unit in mm ). 

 
Relation between permeability of the sediment 

with intrinsic permeability describe as follows: 
 

Ps= 9.87x10-9 P                                                           (11)  
 
where Ps  is the permeability of the sediment that used 

in this new formula (in unit cm2 ). 
 
The equation of longshore current in this study 
develops based on fundamental a physical principle 
that is energy is conserved. Consider on this 
principle, the total momentum energy in the 
longshore direction is equal zero. Then the equation 
of motion in the longshore direction can be written as 
follows: 

 
0 = tL - BL                                                                  (12)  
  
where L  is the local wave stress in the longshore 
direction and BL  is the bottom friction in the 
longshore direction.  
The local wave stress in the longshore direction is 
described by this following equation: 

 

tL =
1

2
rga2sH sin 2q( )                                  (13)
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where r  is the density of water, g  is acceleration 
due to gravity, a  is the constant between 0.3 and 0.6 
(Longuet-Higgins, 1970), s  is the local bottom slope, 
H  is the significant wave height at breaking and q  is 
the wave angle at breaker.  
 
The bottom friction in the longshore direction 
described by this following equation: 

 

BL =
2

p
CBrm0vL                                                        (14)   

where CB  is a constant coefficient, r  is the density 

of water, m0  is the maximum horizontal bottom 
orbital velocity of the waves at the breaker zone and 

Lv  is the longshore velocity.  
 
Substitute Equation 13 and Equation 14 into Equation 
12 and obtained: 

 

  (15)                       0
2

2sin2
2

1
0 LvBCsHg 


 

 
  
With some rearrangement, the Equation 15 can be 
written as follows: 

 

 
(16)                                            

0

2sin2

4 


sgH

BCLv    

 
Substitute Equation 10, Equation 11 and Equation 16 
into Equation 9, obtained the new formula of the 
longshore sediment transport as follows: 

QNew =
1.88x10-6p

rs - r

a2

CB
d()2 exp 1.31

ln d()
ln 2()
æ

è
ç

ö

ø
÷

æ

è
çç

ö

ø
÷÷...

sgH
sin 2q( )
m0

                                                                 (17)

  

 
Finally, the new formula of longshore sediment 
transport in Equation 17 is calibrated with field data 
and compared together with three other formulas, that 
is: the formula proposed by Inman and Bagnold 
(1963), the CERC equation (USACE, 1984), and the 
formula by Kamphuis (2002).  These results are 
shown in Figure 1. 
 

 
Figure 1.  Qualitative comparison shoreline calculated by using 
Inman-Bagnold formula, CERC formula, Kamphuis formula 

and new formula. 
 

Figure 1 presents the qualitative comparison shoreline 
position by using longshore formula of Inman-
Bagnold formula (state as Bagnold in the legend of 
Figure), CERC formula, Kamphuis formula and new 
longshore sediment transport formula. Solid line in 
this figure indicates the shoreline measured (field 
data), solid line with circle symbol indicates shoreline 
calculation by using Inman-Bagnold formula, dash 
dotted line indicates shoreline calculation by using 
CERC formula, solid line with star symbol indicates 
shoreline calculation by using Kamphuis formula and 
dashed line indicates shoreline calculation by using 
new formula proposed. 
 
CONCLUSION 
 
The quantitative result in this paper presents that error 
estimation from shoreline evolution during 9 years. 
The first simulation is shoreline evolution by using 
longshore sediment transport formula from Inman-
Bagnold. Error of estimated from this formula is 
13.93%. Second simulation by using CERC formula 
and this calculation has 11.02% of error estimation. 
Third simulation by Kamphuis formula has smaller 
error estimation than both of Inman-Bagnold formula 
and CERC formula, which is 10.35%. The last 
simulation is shoreline evolution by using new 
longshore sediment transport formula and this 
simulation has 9.86% of error estimation. According 
to these results, the new longshore sediment transport 
formula exhibits the smallest error estimation 
compared to the other three formulas in the all 
beaches. It is shown that the new longshore sediment 
transport formula is in good agreement with the 
measured data. 
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