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ABSTRACT   

SILVA, P. A., BERTIN, X., FORTUNATO, A.B. and OLIVEIRA, A., 2009. Intercomparison of sediment transport 
formulas in current and combined wave-current conditions. Journal of Coastal Research, SI 56 (Proceedings of 
the 10th International Coastal Symposium), 559 – 563. Lisbon, Portugal, ISSN 0749-0258. 

The 2D horizontal morphodynamic modeling system MORSYS2D simulates bottom topography evolution in 
coastal zones. Sand fluxes are computed with different practical formulas, either for current dominated (e.g, 
Ackers & White, van Rijn) or combined wave-current flows (e.g., Soulsby van Rijn). Although sensitivity 
analyses of bottom topography changes in terms of the transport formulas used have already been done, a 
comparison of the sediment fluxes computed with the different formulations, considering the same flow 
conditions and using the parameterizations considered in the model (e.g, bottom roughness, bottom stress) is 
lacking. With that purpose, we have conceptualized a suitable range of wave and current conditions above a sand 
bed composed of uniform sediment that is characteristic of the conditions encountered in estuaries, tidal inlets 
and continental shelves, and applied the several flux formulations. To assess the differences obtained, the 
average value and the standard deviation were computed for each flow condition. This exercise enabled us to 
identify, for different parameter ranges, the transport formulations which are consistent with one another and 
those that deviate the most from the mean. This information is useful in practical applications by defining 
conditions for optimal formula performance. 

ADITIONAL INDEX WORDS: sand transport, practical formulas, morphodynamics 
 

INTRODUCTION 
Morphodynamic models constitute a powerful tool to 

investigate morphological evolutions in coastal areas. Their 
solutions, however, depend highly on the formulation used to 
compute the sediment fluxes. The limits of applicability of 
different transport formulas and their sensitivity to input 
parameters have recently been studied by several authors. 

Within the SEDMOC EU project, four different engineering 
formulas (Bijker; Dibajnia and Watanabe; van Rijn; and Bagnold-
Bailard model) and three 1DV bottom boundary layer models 
(STP, Sedflux and K-model) were applied to predict the local 
longshore sediment transport rates over a defined range of wave 
(Hs = 0 – 3m; T = 5 – 8s) and current conditions (U = 0.1 – 2 m/s). 
For details and references of the models, see SISTERMANS and 
VAN de GRAAFF (2001). The calculations were done for a water 
depth of 5 m, an angle between wave- and the mean current 
direction of 90º and consider a median grain size, d50, of 0.25 mm. 
The results show that the range of computed sediment fluxes for a 
fixed set of parameters is in general 1 or 2 orders of magnitude 
(i.e., within a factor of 10 – 100) and that the best agreement 
between the results was obtained for the current only condition (Hs 

= 0 m) and for the higher wave heights considered, for which the 
bed was considered flat.  

CAMENEN and LARROUDÉ (2003) studied the limits of 
applicability of five well-known formulas (Bijker, Bailard, van 
Rijn, Dibajnia and Watanabe, and Ribberink) in sheet flow regime 
either in combined wave-current or current alone conditions and 
showed the importance of the bed roughness in the sediment 
transport computations, through the friction factors.  

BERTIN et al. (2009) compared the instantaneous and tidally 
averaged longitudinal sediment fluxes with the formulas of 
Soulsby van Rijn, Bijker, Bailard and Ackers and White with 
measured fluxes derived from tracer experiments. The results 
highlight that the sediment fluxes computed with the Bijker and 
the Soulsby - van Rijn formulas are one order of magnitude higher 
than with the formulas of Bailard and Ackers and White, and that 
the latter show a good agreement with the experimental results. 
This comparison was made for a specific site in the surf zone 
(mean depth of 1.5 m, median sediment grain size of 0.22 mm, 
maximum longshore currents of 0.6 m/s and 0.9-1.3 m significant 
wave height at the breaking point).  

    Previous studies have also assessed the performance of the 
MORSYS2D morphodynamic model (FORTUNATO and OLIVEIRA, 
2004) when different sediment transport formulations (only for 
tidal current flows) are considered. PLECHA et al. (2008) 
investigated the influence of sediment transport formulas in the 
morphological changes at the inlet of a complex coastal system 
(Ria de Aveiro, Portugal) during a period of three years. The 
maximum depth at the inlet is around 25 m, and tidal velocities 
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can exceed 2 m/s at the centre of the channel on both ebb and 
flood. Median to coarse sand was considered. The results show 
that the formulations of Engelund and Hansen, Ackers and White, 
Karim and Kennedy, van Rijn and Soulsby - van Rijn are similar 
and describe reasonably the measured trends of the bathymetric 
changes of the inlet. The Bhattacharya et al. and the Bijker 
formulas overpredict the morphological changes in the period in 
analysis.  

FORTUNATO et al. (2009) performed numerical tests in the 
Óbidos lagoon, a small coastal system in the Western coast of 
Portugal, characterized by very rapid morphological changes. The 
application of the Ackers and White and the Bhattacharya et al. 
formulas led to different numerical behaviors: the simulations 
performed with the Ackers and White formula appear to be more 
realistic, exhibiting small changes and stable channels, while for 
the Bhattacharya et al. formula, due to larger sediment fluxes, 
unrealistic meanders form in the channels. The authors also show 
that the uncertainty of long-term numerical morphodynamic 
simulations depends highly on the sediment transport formula 
used to compute the sediment fluxes.  

The previous results show that care is needed when applying a 
sediment transport calculation inside a morphodynamic model. 
When available experimental data exist, a study of the most 
suitable formula can be made. When such information is 
unknown, the sensitivity of bottom topography changes and 
sediment fluxes to the transport formula should be analyzed.  

In order to guide the choice of the transport formula in 
morphodynamic model applications, different formulations were 
compared for the same flow conditions and using the 
parameterizations considered in the model (e.g, bottom roughness, 
and bottom stress) is done. With that purpose, we have applied the 
several flux formulations for a suitable range of wave and current 
conditions above a sand bed composed of uniform sediment, 
representative of the conditions encountered either in estuaries, 
tidal inlets, and inner continental shelves. To assess the 
differences obtained, the average value and the standard deviation 
were computed for each flow condition. This exercise enabled us 
to identify, for different parameter ranges, the transport 
formulations which are consistent with one other, and those that 
deviate the most from the mean. The results were not verified 
against experimental data.  

SEDIMENT TRANSPORT FORMULA 
In the MORSYS2D morphodynamic modeling system 

(FORTUNATO and OLIVEIRA, 2004, BERTIN et al., 2009) different 
practical formulas currently used in research and engineering 
studies are available: 8 formulas for current dominated flows 
(MEYER-PETER and MÜLLER -MPM, 1948; ENGELUND and 
HANSEN-EH, 1967; ACKERS  and WHITE-A&W, 1973; van RIJN, 
1984; KARIN and KENNEDY-KK, 1990; SOULSBY - van RIJN –SvR 
(SOULSBY, 1997); SILVA et al.- TSEDC, 2006 and BHATTACHARYA 
et al.-Bha, 2007) and 5 formulas for combined wave-current flows 
(BIJKER-BJK, 1971; ACKERS  and WHITE-A&W, 1973; BAILARD 
and INMAN-BAI, 1981; SOULSBY - van RIJN –SvR (SOULSBY, 
1997) and SILVA et al.-TSEDCW, 2006). The formulation of Bjk for 
waves and currents was adapted from the Sandpit community 
model-SPCM (WALSTRA et al, 2005). The A&W formula consists 
in the version of van de GRAAF and van OVEREEM adapted to 
waves and is described in BERTIN et al. (2009). All of these 
formulas compute the total transport (bed and suspended load), 
except the MPM formula that computes only the bed load 
component. 

Apart from SvR formula, all the formulas compute the net 
transport rate as a function of the bed shear stress, which in turn 

depends on the wave and current friction factors. The SvR formula 
considers that the bed is rippled and specifies a roughness height, 
z0, equal to 6 mm (SOULSBY, 1997).  

For most of the formulas in MORSYS2D, the current friction 
factor, fc, is estimated using a hybrid nonlinear bottom friction law 
like in the ADCIRC hydrodynamic model (LUETTICH et al., 1991):  
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where factor, f, f and hb are constants. According to this 
expression, if the water depth, h, is greater than hb, bottom friction 
approaches a quadratic function of depth-averaged velocity. 
Otherwise, the friction factor increases as the depth decreases (e.g. 
like a Manning type friction law). Note that according to Equation 
(1), fc is independent of the grain size. 

The TSEDC model, however, computes the current friction 
factor assuming a logarithmic law for the vertical profile of the 
mean horizontal velocity. Therefore, a current related roughness, 
kc, needs to be specified. SILVA et al. (2006) quantify the skin, the 
transport and form roughness contributions for the calculation of 
kc. For the water depths considered in the test conditions, 
described in the next section, the values of fc computed from 
Equation (1) are fc =5.210-3 for h=5 m and fc =4.110-3 for 
h=20 m. These values correspond approximately to a roughness 
coefficient kc=0.03 m if the logarithmic law is used. The kc values 
computed in the TSEDC formulation are higher, because they take 
into account the bed forms. 

The wave friction factor, fw, is estimated with the SWART (1974) 
law which is a function of the wave roughness coefficient, kw. The 
value of kw is specified as input for the formulas in different ways: 
in the BjK formula, kw =0.01; in A&W, kw =0.05; in TSEDCW, kw 
=2.5d50. For wave-current conditions the TSEDCW formulation 
does not take into account the bed form roughness for both the 
wave and the current friction factors.  

In the BAI formula a constant value of 0.01 is considered for fw. 
This value is similar to those computed with the SWART 
formulation: as an example, the computed values of fw for a wave 
height of 2 m and h=20 m are 0.009 (d50=0.25 mm) and 0.012 
(d50=0.7 mm); for h=5 m fw is equal to 0.0075 (d50=0.25 mm) and 
0.095 (d50=0.7 mm). 

METHODOLOGY 
This section describes the test conditions considered to compare 

the solutions of the different sediment transport formulas. Table 1 
presents an overview of such conditions for current alone 
conditions (Hs = 0) and combined wave-current flows.  

 For each condition, we considered two flow depths, h=5 m and 
20 m, and two values for the median sediment grain size, 

d50=0.25 mm and 0.7 mm, corresponding, respectively, to 
fine/medium and coarse sand. Both sands have a g equal to 1.7. 
The d35 and d90 were computed assuming a log-normal distribution 

Table 1:  Overview of the test conditions 

 Hs =0 m Hs=2m; T=11s Hs =6m; T=15s 

U (m/s)  0.5 – 2 0.1 – 1 0.1 – 1 

d50 (mm) 0.25; 0.7 0.25; 0.7 0.25; 0.7 

  (º) - 0; 90 0; 90 

h (m) 5; 20 5 20 5(Hs=4m) 20 

Uorb (m/s) - 1.32 0.54 2.72 1.85 
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and are equal to 0.02 and 0.5 mm for the fine/ medium sand and 
0.056 e 1.4 mm for the coarse sand. For the current only tests, the 
depth-average velocity, U, ranges between 0.5 and 2 m/s, 
corresponding to flow conditions normally encountered in 
estuaries, tidal inlets and at the near-shore zone, during wave calm 
conditions. For the combined wave-current tests, we considered 
two impinging regular waves propagating towards the shore, with 
significant wave height, Hs, and peak period, T, equal to 2 m and 
11 s, and 6 m and 15 s, respectively. The first condition represents 
the most probable wave condition at the Portuguese West coast 
and the second represents a wave condition normally found during 
storms (BARATA et al., 1996). For these tests, we also considered 
two different conditions for the direction of the mean current: 
collinear (=0º) and perpendicular (=90º) with the wave 
direction. The velocities of the mean flow range between 0.1 and 
1 m/s. These are representative of the depth-average velocities 
induced by the wind and tidal wave at the inner continental shelf 
(20 m) and of the wave-induced littoral drift at lowers depths. The 
values of the near-bed wave orbital velocity, Uorb, are also 
presented in table 1 for completeness. These were computed using 
the linear theory. The highest wave considered (6 m) breaks at 
depths above 5 m. Therefore, at 5 m depth, the wave height 
considered in the tests is 4 m.  

The total net transport rates in the current direction were 
computed for each condition. Afterwards, the mean value of the 
net transport rates obtained with the different formulas for each 
depth-average velocity was computed. In order to evaluate the 
spreading of the results, the solution obtained with each particular 
formula was scaled by the mean value. 

RESULTS 

Current alone condition (Hs = 0) 
 In Figure 1a the calculated transport rates, qs, computed with 

the different formulas for h=20m and d50=0.25 mm are plotted as a 
function of the mean flow velocity, U. The formulas present a 
similar behavior: the calculated fluxes increase with U. The Bha 
and MPM formulas, respectively, systematically overestimate and 
underestimate the results obtained with the other formulas. Note 
that the MPM only accounts for the bed load transport. Hence, it 
was not considered further in the analysis. Similarly, Bha was not 
considered henceforth, as it appears to be unreliable. Figure 1b 
represents the ratio between the transport rate computed with a 
particular formula and the mean value obtained by averaging the 
fluxes of the remaining formulas. The maximum and minimum 
calculated fluxes differ in general by less than a factor of 10. 
These differences are generally lower for the higher flow 
velocities and for the coarser sediment (not shown). This behavior 
is partly due to the TSEDC formula that shows a trend much alike 
with the other formulas for the coarser sediment. Figure 2 
represents the average values of the ratio plotted in figure 1b for 
the overall values of the flow velocity considered. Results show 
that the formulas tested are more sensitive to the values of d50 
tested than to the local flow depth, which supports the conclusions 
of PINTO et al. (2006). The formulas of SvR and KK are the ones 
that are closest to the “mean” values; the other formulas either 
overestimate or underestimate the mean values within a factor of 
2.  

Combined wave-current conditions 
Only the detailed results for the combined wave-current 

condition corresponding to the test Hs=2 m, T=11 s, h=20 m, 
d50=0.25 mm and =0º are presented in Figure 3. The results 

corresponding to the overall test conditions are presented in Figure 
4, in terms of the mean values of the ratio q/qmean. 

Figure 3a shows a general trend for all the formula results: net 
transport rates increase with the mean flow velocities. Higher 
transport rates are observed for the higher waves and lower 
depths, due to increasing near-bed orbital velocities (see Table 1). 
The SvR and BAI formulas generate the highest values for qs, 

Figure 1. a) Net transport rates and  b) ratio between the computed 
transport and the mean value for  Hs=0 m, h=20 m and d50=0.25 
mm 

Figure 2. Average values of the ratio q/qmean for the current alone 
tests. 
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while the BjK and the TSEDCW formulas produce the lowest 
values. This behavior is observed for all the test conditions (figure 
4). The results of the formulas of SvR, A&W and BjK are 
independent of the angle between the current and wave (the waves 
act only as a sediment stirring agent). The transport rates 
computed with the BAI for =90º are lower than in the collinear 
case: this translates into values below the mean (compare the 
results of BAI formula in Figure 4a and 4b). The differences 
between the maximum and minimum calculated qs are higher than 
in the current alone conditions: for the test conditions presented in 
Figure 3a, this is of one order of magnitude, but on average, they 
are between one and two order of magnitudes. Therefore in Figure 
4, the formulas of SvR and BjK, that deviate from the mean the 
most, give rise to mean ratios between 0.06 and 3.5. The formulas 
of A&W and BAI are the ones that deviate less from the mean 
values. The formula of A&W presents a different behavior when 
0.25 and 0.7 mm sediments are considered. Also notice in figure 
3b that the differences between the maximum and the minimum 
transport rates are constant for the whole set of flow velocities, 
except for the formula of TSEDCW. This behavior occurred for 
every test. In fact, this formula was calibrated and tested for 
depth-averaged velocities lower than 0.5 m/s (in combined wave-
current conditions). The tendency shown for the higher mean 
velocities probably illustrates some shortcomings of this formula. 

CONCLUSIONS 
An intercomparison between the sediment transport rates 

predicted by different formulas implemented in the 
morphodynamics modeling system MORSYS2D in current and 
combined wave-current conditions was performed. As the formula 
results were not compared with experimental data, we cannot 
assert which formulas are more accurate. The conclusions that can 
be made are at the level of the similitude and uncertainty of the 
sediment transport predictions. 

A logical trend is found and is common to all the formulas 
considered: the net transport rates increase with the depth-average 
velocity and with the wave height. 

For the current alone conditions, the formulas of SvR, EH, KK, 
A&W and TSEDC show very similar results with increasing 
values of U, while the results of the formulas of Bha and MPM are 
further apart. The TSEDC, vRijn and A&W show a higher 
dependence on median sediment grain size values. Therefore, in 
practical applications when the bed material is not well-know, the 
formulas of SvR, EH and KK can be a preferable choice. The ratio 
between the transport rates and the mean value does not exceed a 
factor of 2 relative to the mean (figure 2). 

For the combined wave-current conditions, the results obtained 
with the SvR and BjK formulas, besides being the ones that are 
further apart from the mean, show a similar behavior for different 
d50 and wave height. The formulas of TSEDCW and A&W, and to 
a lesser extent BAI, show a higher dependence on d50. For the 
flows normally found at the inner continental shelf and at shore, 
the BAI and A&W formulas results are the ones that deviate the 
least from the mean. However, there is some dependence of the 
BjK and A&W results on the prescribed wave roughness, kw. A 
sensitivity study was performed by comparing the solution when 
the kw was assumed equal to the skin roughness (kw =2.5 d50) in 
sheet flow conditions, as it is assumed in the TSEDCW model. 
The results showed that the BjK and A&W formulas are sensitive 
to this variation: the net transport rates for the coarser sediment 
can increase up to a factor of 3 and 2, respectively. For the 
fine/medium grain, the differences are less than a factor of 1.5.  

Finally, some of the conclusions obtained in the present study 
are consistent with the results of PLECHA et al. (2008), PINTO et al. 
(2006) and BERTIN et al. (2009). 
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Figure 4.  Average values of the ratio q/qmean for a) Hs =2 m, T=11s and =0º; b)  Hs =2 m, T=11s and =90º; c) Hs =6 m, T=15s and 
=0º; d) Hs =4 m, T=15s and =0º. 
 

(d) (d) (c) 

(a) (b) 

563




