
1 
 

Development and validation of a three-dimensional 

morphodynamic modelling system 

Accepted in Ocean Modelling, vol. 58-58, 2012





1 
 

L. Pinto1 1 

National Civil Engineering Laboratory, Estuaries and Coastal Zones Division, 2 
Av. do Brasil 101, 1700-066 Lisbon, Portugal 3 

Phone: +351-21-8443613; fax: +351-21-8443016 4 
E-mail: llpinto@lnec.pt 5 

 6 

A.B. Fortunato 7 

National Civil Engineering Laboratory, Estuaries and Coastal Zones Division, 8 
Av. do Brasil 101, 1700-066 Lisbon, Portugal 9 

E-mail: afortunato@lnec.pt 10 
 11 

Y. Zhang 12 

Center for Coastal Margin Observation and Prediction, Oregon Health and 13 
Science University, 20000 NW Walker Road, Beaverton, OR 97006, USA 14 

E-mail:  15 

 16 

A. Oliveira 17 

National Civil Engineering Laboratory, Estuaries and Coastal Zones Division, 18 
Av. do Brasil 101, 1700-066 Lisbon, Portugal 19 

E-mail: aoliveira@lnec.pt 20 

 21 

F.E.P. Sancho 22 

National Civil Engineering Laboratory, Estuaries and Coastal Zones Division, 23 
Av. do Brasil 101, 1700-066 Lisbon, Portugal 24 

E-mail: fsancho@lnec.pt 25 

 26 

Abstract 27 

The morphology of estuaries is subject to constant changes as a result of the 28 

dynamic imbalance between the forcing actions (tides, surface waves and wind) and 29 

the sedimentary reactions, which are important to understand and predict. 30 

Morphodynamic numerical models are useful tools that can be used to 31 

understanding and predicting morphological developments. The development and 32 
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validation of a three-dimensional morphodynamic model, MORSELFE, aiming at 33 

simulating rapid morphological evolutions of estuaries (temporal scale of days to 34 

months), are presented in this paper. MORSELFE results from coupling a three 35 

dimensional shallow water model, with an advection-diffusion transport model for the 36 

suspended sediments, an empirical formula for the bed load, and a bed updating 37 

module. The model only considers the simulation of non-cohesive sediment and do 38 

not account with the wave effects. An innovative feature of the model is a new 39 

approach to compute the erosive fluxes, which adapts them to the vertical grid 40 

resolution. The use of unstructured grids and the implementation in parallel mode 41 

make MORSELFE particularly adapted to engineering applications. The model was 42 

assessed and validated against analytical and experimental test cases, also allowing 43 

the inference on the optimum choice of the model parameters, variables and the 44 

turbulent closure. 45 

Keywords: Morphodynamic model; Sediment transport; Three dimensional 46 

model. 47 

1 Introduction 48 

Morphodynamic models are essential tools to predict the morphological 49 

evolution of the coastal, river and estuarine systems. Over the last decades, several 50 

morphodynamic process based models have been developed over the world (e.g. de 51 

Katopodi e Ribberink, 1992; Nicholson et al., 1997; Cayocca, 2001; Fortunato and 52 

Oliveira, 2004; Lesser et al., 2004, Warner et al., 2008; Bertin et al., 2009) with the 53 

aim of simulating the processes involve and their interactions, and to predict the 54 

morphological evolution of the estuarine and coastal areas. During this period, 2D 55 

morphodynamic processed based models have reached a satisfying degree of 56 

reliability. Several examples of applications can be found in literature. However, in 57 

situations involving complex flows, such as wind and wave induced circulation, 58 

density gradients and flows in the adjacent of structures, the deviations of the 59 

velocity profile from a logarithmic one disables the use of 2DH models. For t and a 60 

3D model is required.  61 

More recently, 3D morphodynamic process based models were developed 62 

(Lesser et al., 2004; Warner et al., 2008) in order to limited ability of the 2D 63 

morphodynamic models of simulating the several important 3D flow phenomena 64 
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found in nature (). with the objective of improving the representation of depth-varying 65 

mechanisms, such as wave induced cross-shore currents or baroclinic circulation..  66 

This paper presents the development and validation of the unstructured grid 67 

three dimensional morphodynamic processed based model MORSELFE. This 68 

modelling system consists in a number of integrated modules which allows the 69 

simulation of hydrodynamic flow, non-cohesive sediment transport and 70 

morphological changes in estuarine systems, driven by tides, wind and river flows. A 71 

detailed description of MORSELFE modelling system, with the physical and 72 

numerical formulation of the modules, is performed in section 2. Section 3 describes 73 

the results of the model validation against analytical and experimental test cases. 74 

Section 4 summarizes the most important changes introduced in MORSELFE and 75 

the main findings of the validation tests. 76 

2 Three Dimensional morphodynamic Model MORSELFE 77 

MORSELFE is a modeling system consisting in a set of integrated modules 78 

that aims to simulate shallow water flows, non-cohesive sediment transport and 79 

bottom changes in estuaries (Figure 1). The development of this modeling system 80 

was based on existing models, although several changes were introduced to the 81 

original models in order to make possible the models connection and integration. 82 

The model can be executed in serial mode or on multiple processors using 83 

distributed-memory architectures. 84 

For the Hydrodynamics, MORSELFE uses the three dimensional (3D) model 85 

SELFE (Semi-implicit Eulerian Lagrangian Finite Element), an unstructured-grid 86 

model designed for the effective simulation of tridimensional baroclinic circulation 87 

across river-to-ocean scales (Zhang and Baptista, 2008). The sediment transport 88 

equation is treated in two distinct modes: the advection-diffusion component is 89 

based on SELFE transport formulation, taking advantage of its numerical 90 

characteristics such as the option to use different methods to solve the transport 91 

equation, while the remain terms are computed based on the ROMS (Regional 92 

Oceanographic Modeling System) model sediment transport formulation (Warner et 93 

al., 2008). For the bed load transport prediction the model uses empirical 94 

formulations (Meyer-Peter and Müller, 1948; van Rijn, 2007). Sediment transport 95 

algorithms are implemented for an unlimited number of non-cohesive sediment 96 

classes, specified by the users. For the bed elevation changes computation two 97 
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different algorithms were combined: the ROMS module was adapted to compute the 98 

changes due to suspended sediment transport and the SAND2D (Fortunato and 99 

Oliveira, 2004) bottom update model was modified to calculate the changes due to 100 

bed load transport. 101 

The MORSELFE code is composed by a main code (the Hydrodynamic 102 

model code) and several subroutines that allow simulating the sediment transport 103 

and bed evolution. The modules coupling through subroutines allow a greater 104 

independence of the several modules, making easy the replacement of the codes if 105 

a new model version is released. The integration of the several modules was 106 

performed via C-preprocessor directives, allowing the user to choose the different 107 

components of the model that are included or excluded in the model compilation and 108 

execution. This guarantees that only the necessary memory is allocated and relevant 109 

algorithms are compiled, generating a more efficient executable file. 110 

2.1 Hydrodynamic module 111 

SELFE is a 3D hydrodynamic model developed at the Center for Coastal 112 

Margin Observation and Prediction as an open source community model (Zhang and 113 

Baptista, 2008, available at http://www.stccmop.org/CORIE/modeling/selfe/). SELFE 114 

uses a semi-implicit finite-element Eulerian-Lagrangian algorithm to solve the Navier-115 

Stokes equations using the hydrostatic and Boussinesq approximations, and 116 

transport equations for salt and heat. The primary variables that SELFE solves are 117 

free-surface elevation, 3D water velocity, 3D temperature and 3D salinity. Forcings 118 

include tides, tidal potential, river flow, wind and solar radiation. As turbulence 119 

closure model, SELFE uses the Generic Length Scale (GLS) turbulence closure of 120 

Umlauf and Buchard (2003), which has the advantage of encompassing most of the 121 

2.5-equation closure models. 122 

SELFE equations are solved with finite-element and finite-volume techniques. 123 

Semi-implicit schemes are applied to all equations to improve stability and maximize 124 

the efficiency. The key element in SELFE is to decouple continuity and momentum 125 

equation via the bottom boundary layer. To treat the advection terms in the 126 

momentum equation, SELFE uses an Eulerian-Lagrangian method (ELM), allowing 127 

the use of high time steps without compromising the precision and the stability.  128 



5 

 

SELFE treats the advection terms in the transport equations with an ELM, a 129 

finite-volume upwind method (FVUM) or a Total Variation Diminishing (TVD) 130 

scheme. If the ELM is used, the transport equations are solved using a finite-element 131 

method. Despite its efficiency, one of the problems of using ELM approach is the 132 

potential for mass conservation problems (Oliveira et al., 2000). On the other hand 133 

FVUM guarantees mass conservation but are excessively diffuse. To reduce the 134 

numerical diffusion a higher-order finite-volume TVD scheme (Sweby, 1984) was 135 

implemented in SELFE. The vertical advective fluxes are treated implicitly or 136 

explicitly if a FVUM or a TVD is used, respectively. 137 

The horizontal domain is discretized with unstructed triangular grids, while 138 

hybrid vertical coordinates (partly terrain-following S coordinates and partly Z 139 

coordinates) are used in the vertical direction, allowing higher flexibility in both 140 

horizontal and vertical grids. S coordinates are similar to sigma coordinates but with 141 

an additional flexibility, the vertical resolution can be adjust to allow a better 142 

resolution near the bottom and surface (Song and Haidvogel, 1994). 143 

The combined horizontal and vertical discretizations results in the whole 3D 144 

domain being divided into triangular prisms (Figure 2). A staggering scheme is use 145 

to defined variables: the surface elevations () are defined at element nodes; the 146 

horizontal velocities (u,v) are defined at side centers and whole levels; the vertical 147 

velocities (w) are defined at the element centers and whole levels as they are solved 148 

with a finite-volume method. The locations where the temperatures and salinities are 149 

defined depend on the method used to solve the transport equation: they are defined 150 

at prism centers if FVUM or TVD (TUp,TVD) are used, and at both nodes and side 151 

centers if ELM is used (TELM). 152 

The turbulent closure equations are solved along each vertical column at 153 

each node with a finite-element method. The vertical mixing terms and the 154 

dissipation term in these equations are treated implicitly, but the production and 155 

buoyancy are treated implicitly or explicitly, depending on the sign of their total 156 

contribution (Zhang et al., 2004). The advection terms in the turbulence closure 157 

equations are neglected in SELFE since they are small when compared to the other 158 

terms.  159 
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2.2 Sediment transport module 160 

The sediment transport model developed is a three-dimensional model, 161 

whose suspension component results from the coupling between the SELFE 162 

transport formulation and the ROMS sediment transport formulation (version 2.2). 163 

For the bed load prediction two formulations are implemented: Meyer-Peter and 164 

Müller (1948) and van Rijn (2007). This model is able to represent an unlimited 165 

number of user defined non-cohesive sediment classes. For each sediment class the 166 

model solves the horizontal and vertical advection, the vertical diffusion, the bed load 167 

transport, the vertical settling velocity and bottom sediment deposition or erosion. 168 

2.2.1 Suspended sediment transport 169 

2.2.1.1 Physical formulation 170 

Sediment suspended in water column is transported by solving the 171 

advection-diffusion equation with two additional terms for the vertical settling and for 172 

the sediment bed exchange. For a generic tracer (Tr) the transport equation is given 173 

by: 174 

qh
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where (u,v,w) is the velocity,  is the eddy diffusivity (m2s-1), Fh is the horizontal 175 

diffusion, Q̂  represents point sources or sinks. In the case of sediment, Tr = C, 176 

where C is the sediment concentration (kgm-3). Eq. (1) is solved for each sediment 177 

class q and the term qQ̂  represents the settling velocity and the sediment bed 178 

exchange terms given by: 179 

q

q

q,sq E
z

C
wQ̂ 




  (2) 

where Cq is the sediment concentration of the q class, ws,q is the sediment settling 180 

velocity of the q class (ms-1) (positive upwards) and Eq is the sediment erosion flux of 181 

q class (kgm-2s-1). 182 
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Sediment deposition and erosion 183 

For each sediment class q, the sediment settling velocity is determined 184 

following Soulsby (1997): 185 

 




  361004913610

2132

50

,D,,
d

w q*,

q,

a
q,s


 (3) 

where a is the kinematic viscosity of water (m2s-1) and d50,q is the median grain 186 

sediment diameter of class q (m), D*,q is the dimensionless sediment diameter of 187 

class q given by: 188 
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a

q*, d
sg

D 50

31

2

1










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where g is the acceleration due to gravity, 0 q,ss  is the specific density , s,q 189 

and 0 are sediment and water reference densities (kg/m3), respectively. 190 

Erosional flux (kgm-2 s-1) is parameterized following Ariathurai and 191 

Arulanandan (1978): 192 

  q,crsf

q,cr

sf
qq,q sefpEE 


















 110  (5) 

 050   sq,q,crq,cr gd
 (6) 

where E0,q is a bed erodibility constant (kgm-2s-1), p is the sediment porosity of the 193 

top bed layer (dimensional), fq is the volumetric fraction of sediment of class q 194 

(dimensional), cr,q is the critical shear stress for class q (Nm-2), 22
bybxsf    is 195 

the bed shear stress (Nm-2). E0,q is an empirical quantity, depending on local 196 

sediment and bed conditions, with values ranging from 10-4 and 10-2 kgm -2s -1 (Xu et 197 

al., 2002; Blaas et al., 2007). 198 

The dimensional critical shear stress (cr,q) is derived from the critical Shields 199 

parameter, and its value is determined following Soulsby and Whitehouse (1997): 200 
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Density effects 201 

The equation of state used to calculate the density of water as temperature 202 

and salinity function is extended to include suspended sediment density effect as 203 

follows: 204 

 wq,s

Nsed

q q,s

q

w

C



  

1

 (8) 

in which  is the fluid local density (including the salinity, temperature and sediment 205 

effects) (kg/m3), w is the water density (including salinity and temperature effects) 206 

(kg/m3), Nsed is the total number of sediment classes. 207 

Bottom stress 208 

The bottom boundary layer treatment is very important for the sediment 209 

transport formulation, since bottom stress determines the bed load transport rate and 210 

the sediment resuspension rate to the water column. 211 

Bottom friction can be described by linear, quadratic or logarithmic profile 212 

formulae. The linear and quadratic drag coefficient methods depend on the 213 

horizontal velocity components in the bottom grid cell and the linear (1) and 214 

quadratic (2) drag coefficients specified by the user: 215 

   v,uvu, bybx 




  22

21   (9) 

The user can select between linear or quadratic drag by setting 1 ou 2 to 216 

zero, respectively. For the logarithmic formulation, the classic vertical logarithmic 217 

profile, defined by a shear velocity u* and bottom roughness length z0, is assumed in 218 

the bottom boundary layer:   219 
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z
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where 22 vuu  ,    bybx*u  , 400 ,  is the von Kármán constant, z0 220 

is the bottom roughness length (m) and b is the bottom computational layer 221 

thickness (m). In this formulation, a quadratic drag formulation is used, 222 

with   2002 zln b  , and the z0 value is specified by the user. 223 

2.2.1.2 Numerical formulation 224 

Advection and diffussion 225 

The advection-diffusion component of MORSELFE model is based on SELFE 226 

model transport formulation. The treatment of the advective fluxes depend on the 227 

method used to solve the transport equation: for FVUM the vertical advective fluxes 228 

are treated implicitly and the horizontal advective fluxes are treated explicitly; for 229 

TVD an explicit scheme is used in the advection treatment, due to the non linearity of 230 

this method. In both methods, the vertical diffusion term is treated implicitly and the 231 

tracer value (called TUp and TTVD in Figure 2) is calculated in the prism center (i,k). 232 

Detailed description of the SELFE transport equation numerical formulation is 233 

presented in the next lines. 234 

The discretized transport equation for the sediment concentration is given by: 235 
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 (11) 

where j are the five faces of the prism (i,k), k,iV is the volume of the prism (i,k), Ai is 236 

the area of element i, uj is the outward normal velocity from prism (i,k), Sj is the area 237 

of face j, Qj=ujSj is the flux through the same face and tt    is the time step. The 238 

second right hand side term of the Eq. (11) is the advective term, the third term is the 239 

sink or source term, the fourth term the horizontal diffusion term and the last terms 240 
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represents the vertical diffusion. ij is the distance between the centers of the prism 241 

(i,k) and its adjacent prism (j,k). 242 

The only difference between the upwind and the TVD scheme is the definition 243 

of the Cj* in the Eq. (11). In the case of a FVUM scheme Cj* is defined as: 244 
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where S+ are all prism faces where Qj > 0 (outflow faces) and S- are all prism faces 245 

where Qj0 (inflow faces). 246 

Neglecting the non advective terms of Eq. (11) and substituting Cj* given by 247 

equation (12), stay: 248 
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The final equation for the FVUM scheme is obtained substituting the Eq. (13) 249 

in the Eq. (11): 250 
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The FVUM scheme is conditional stable and the Courant number condition is 251 

given by: 252 
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The right hand side term of Eq. (15) is calculated for all prisms of the domain, t  is 253 

given by the minimum valor??? obtained. Since this is a linear scheme, the vertical 254 

advective flux part can be treated implicitly in Eq. (14), and in this case, S+ does not 255 



11 

 

include the two vertical faces. Since the vertical flux terms imposes most stringent 256 

stability condition in shallow waters, this method results in more efficiency. 257 

The second order TVD scheme is obtained by extending the upwind scheme 258 

and adding anti-diffussive fluxes to Eq. (12) as: 259 
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where *jĈ  is the upwind value, CjD is the downwind value and j is a limiter function 260 
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Substituting Eq. (18) into Eq. (17), and including the non advective terms, we 267 

obtained the following final equation for TVD scheme: 268 
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(21) 

The TVD scheme is stable if: 269 

 


















011
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




Sj

j

k,i

Q
V

t  (22) 

The  and rj values can be obtained using two different formulations, one 270 

from the Casulli and Zanolli formulation (Casulli and Zanolli, 2005), and the other 271 

given by: 272 
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
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
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
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m

j

Sj j

j
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r

r2


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 (23) 

The first condition of Eq. (22) is easily satisfied. The second condition of Eq. (22) 273 

becomes: 274 







Sj

j

i

Q

V
t

)1( 
 

(24) 

The right hand side term of Eq. (24) is evaluated for all prisms in the domain, and 275 

t  is then given by the minimum value obtain for the entire domain. 276 

The second formulation implemented in SELFE for calculate  is the Casulli 277 

and Zanolli (2005) given by: 278 
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 (25) 

Since 1













 





 Sm

m

Sj

j

Sj

Sm

m

j

Q

Q

Q

Q
  then the second condition of Eq. (22), the 279 

courant number conditions, is satisfied if: 280 






Sj

j

i

Q

V
t

2
 

(26) 

The right hand side term of Eq. (26) is calculated for the entire prisms domain, with 281 

t  given by the minimum value obtain for the entire domain. Our experience 282 

indicates that the condition in Eq. (25) is usually more efficient. 283 

Sediment concentration values are converted to all nodes and levels only for 284 

writing in the output files and visualization. The change of the sediment 285 

concentration value from the prism center to the levels is made thought a weighed 286 

interpolation with the cell thickness. However, two sediment concentration values are 287 

unknown, the concentrations values in the surface (Cn) and in the bottom (C1) levels. 288 

The surface level is obtained through a null flux condition in this boundary: 289 

 



 zat

z

C
Cw q,s 0  (27) 

Cn value is obtained by the integration of Eq. (27) between the surface level (n) and 290 

the level below the surface (n-1): 291 

1

11








nnq,s

nn
n

zw

C
C




 (28) 
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where nz is the surface cell thickness and nC  e 1nC , the tracer values in the 292 

surface level and in the level below the surface, respectively.  293 

Bottom tracer value ( 1C ) is obtained by mass conservation, i.e., assuming 294 

that the tracer total mass at the centers ( cM ) is equal to the tracer total mass at the 295 

levels ( nM ), with cM  and nM  given by: 296 






nc

i

iic zCM
1

  (29) 

222
C  
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2
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ii
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zz
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





 
 





  (30) 

where 1z  is the bottom cell thickness, n is the total number of levels, 1 nnc  297 

(total number of centers) and: 298 

e
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ii
i
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z
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z
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zz
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22
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1

1
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1
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









 






 


  (31) 

where eA is the area of the element e. 299 

Sediment deposition 300 

The vertical advection algorithm for the sediment vertical settling 301 

implemented in the MORSELFE was adapted from the ROMS model sediment 302 

transport module (Warner et al., 2008; http://www.myroms.org/). The vertical settling 303 

of suspended sediment is computed via a semi-lagrangean advective flux algorithm, 304 

that includes a piece-wise parabolic method (PPM; Colella and Woodward, 1984) 305 

and a weighted essentially non-oscillatory (WENO) scheme (Liu et al., 1994). PPM 306 

use parabolas as interpolation functions and WENO integrates depositional flux over 307 

multiple grid cells, so it is not constrained by the Courant-Friedrichs-Lewy (CFL) 308 

criterion. Detailed description of PPM and WENO can be found, respectively, in 309 

Colella and Woodward (1984) and Liu et al. (1994). 310 
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Sediment erosion 311 

Erosional flux obtained thought Eq. (5) is computed near the bottom, this is in 312 

a reference height (a) near the bottom, which corresponds to the top of the bed load 313 

transport layer. Several formulations to determine the reference height exist in the 314 

literature (Einstein, 1950; Engelund and Fredsoe, 1976; Smith and Mclean, 1977; 315 

van Rijn, 1984; Garcia and Parker, 1991; Zyserman and Fredsøe, 1994; Cao, 1999). 316 

Zyserman and Fredsøe (1994) state that the reference height should be equivalent 317 

to the diameter of few sediment grains, in MORSELFE is used 503da   (Harris and 318 

Wiberg, 2001; Lawson et al., 2007). 319 

An innovative formulation to transfer the sediment erosive flux between the 320 

bottom and the center of the bottom computational cell is used in MORSELFE. This 321 

transference is made considering that the sediment concentration profile between 322 

the reference height and the cell center follows the Rouse concentration profile given 323 

by: 324 

 
 
 

b

a aHz

zHa

C

C












  (32) 

where H is the total depth , *s uwb 0 , u* is the bed shear velocity, Ca is the 325 

sediment concentration at the reference height a and z is the bottom distance (in this 326 

case is half of the cell bottom computational thickness). 327 

For the sediment erosive flux transference to the water column is considerer 328 

that the diffusive flux is given by the expression:  329 

 
z

C
Eq




   (33) 

with zC   being obtained trough derivation of the Eq. (32): 330 
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 (34) 

Thus, the erosive flux in the center of the computational cell is obtained 331 

solving the equations system composed by the erosive flux equations for the 332 
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reference height ( a,qE ) and for the computational cell center located immediately 333 

above the bottom ( z,qE ), being: 334 

 
a

aaa,q
z

C
CE




   (35) 

 
z

azz,q
z

C
CE




   (36) 

Replacing the Ca value obtained with the Eq. (35) into the Eq. (36) stay: 335 

 

a

z

a

z
a,qz,q

z

C

z

C

EE













 (37) 

Substituting Eq. (34) into Eq. (37) we get: 336 

 
 
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









 (38) 

Assuming that the eddy diffusivity profile () near the bottom has a parabolic shape 337 

given by (van Rijn, 1984b): 338 

  Hzzu  1*0  (39) 

and replacing Eq. (39) into Eq. (38), the following equation is obtained for z,qE : 339 

 
 
 

 
  z

a

aHz

zHa

aH

zH
EE

b

a,qz,q

1

















  (40) 

Since a and z values are very small when compared with the H value, we can 340 

consider that HaHzH   and Eq. (38) is reduced to: 341 
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b

a,qz,q
z

a
EE 








  (41) 

Thus, the value of the erosive flux in the center of the bottom computational 342 

cell is given by Eq. (41) with a,qE  given by Eq. (5). This approach, inspired in the 343 

approach used to compute the drag coefficient, turn the erosion flux independent of 344 

the vertical resolution near the bottom. 345 

2.2.2 Bed load transport 346 

2.2.2.1 Physical formulation 347 

In the literature several formulae exists to calculate the bed load transport 348 

(qb,q), in MORSELFE two formulations are implemented: Meyer-Peter and Müller 349 

(1948) and van Rijn (2007) formulae. 350 

For the Meyer-Peter and Müller (1948) formula, the volumetric bed load 351 

transport rate is defined as: 352 

     3
50

51
18 q,

,

q,crsfq,b gdsq    (42) 

where cr,q is the critical Shields parameter given by Eq.(7) and sf is the 353 

nondimensional Shields parameter given by: 354 

   500 gds

sf
sf







  (43) 

Eq. (42) can be applied to sediment mixtures with 4050 .d  mm. 355 

Van Rijn (2007) defined the bed load transport rate as: 356 

   5121

500150 .
e

.

q,sq,b MHdHu.q   (44) 

where u is the depth-averaged velocity and Me the mobility parameter given by: 357 
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      50

501
,

cre gdsuuM   (45) 

ucr is the critical depth-averaged velocity for currents based on Shields initiation of 358 

motion and is given by: 359 
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.

cr  (46) 

Eq. (44) can be applied to 02050 50 .d.  mm. 360 

Assuming that bed load transport occurs in the same direction as the velocity 361 

vector in the bottom computational cell, the bed load vector components are given 362 

by: 363 

 
sf

bx
q,bq,bx qq



  (47) 

 
sf

by

q,bq,by qq



  (48) 

where qbx,q e qby,q are the sediment fluxes for a given sediment of class q along the x 364 

and y directions respectively. 365 

In both formulae presented the magnitude of the bed load transport vectors are 366 

calculated assuming a horizontal bottom, thus if a bed slope exist it is necessary to 367 

adjust the vectors magnitude. 368 

Bed slope effects 369 

Several approximations exist to estimate the bed load transport on slopes. 370 

Three methods are available in MORSELFE: Antunes do Carmo (1995), Damgaard 371 

et al. (1997) and Lesser et al. (2004). 372 

Antunes do Carmo (1995) proposed the following change to the Meyer-Peter 373 

e Müller (1948) formula in order to include bed slope effects: 374 
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     3
50

51
18 q,

,

q,csfq,b gdsq    (49) 

where c,q is the critical bed shear stress for a slope bottom given by : 375 
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t

st
tsq,crq,c  (50) 

 (radians) is the angle of repose of the sediment, s is the bottom slope angle along 376 

the flow direction, nst tantan  cos , n is the bottom slope angle perpendicular 377 

to the flow direction. 378 

Damgaard et al. (1997), based on experimental results, modified Meyer Peter 379 

and Müller (1948) formula to consider the gravity effect in the longitudinal slope. The 380 

modified formula is given by: 381 

     fslopegdsq q,

,

q,csfq,b
3
50

51
18    (51) 

where c,q is the threshold Shields parameter on a slopping bed corrected for the 382 

slope effect using the Whitehouse (1995) formula: 383 
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and fslope parameter is a correction factor given by: 384 
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 (53) 

Lesser et al. (2004) proposed a method based on Bagnold (1966) and Ikeda 385 

(1982) works. The influence of bed-slope effects is included in two parts. In the first, 386 

a longitudinal slope in the direction of the bed-load transport modifies the magnitude 387 

of bed-load vector. This adjustment is calculated following a modified form of the 388 

expression suggested by Bagnold (1966): 389 
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    q,byq,bxs
*

q,by
*

q,bx q,qq,q   (54) 

where 390 
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
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 1

tantancos

tan
1

ss
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


  (55) 

where bs is a user specified tuning parameter (default = 1) and s is the bed slope 391 

angle in direction of bed load transport vector. 392 

In the second part of the method, the direction of bed load transport vector is 393 

adjusted if a bed slope exists in the direction normal to the bed load transport vector. 394 

This modification is based on the work of Ikeda (1982) and is computed as follows: 395 

  
*

,

*

,

**

, qbynqbxqbx qqq   (56) 
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,

*

,

**

, qbxnqbyqby qqq   (57) 

where 396 
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,

b

q,cr

bnn 



 tan
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












  (58) 

in which bn is a user-specified coefficient (default = 1,5) and n is the bed slope 397 

angle normal to the bed load transport vector. 398 

2.2.2.2 Numerical formulation 399 

Bed load fluxes are computed in the cell centers and limited by the availability 400 

of each sediment class in the bottom top layer. For all the methods implemented to 401 

estimate the bed load transport on slopes [Eqs. (50), (53), (55) and (58)] it is 402 

necessary to determine the angles s and n:  403 
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where xh  and yh   are, respectively, the bed slopes in the x and y directions 404 

and the angle s  is limited by 90. . 405 

2.2.3 Sediment bed 406 

The sediment bed is modelled as a layer system located above the water 407 

column, with a user specified constant number of layers. The system implemented in 408 

MORSELFE is similar to the one implemented in the ROMS model (see Warner et 409 

al. (2007) for a detailed description). Each layer is initialized with a given thickness, 410 

sediment class distribution, porosity and age. The bed layers are modified at each 411 

time step to account for erosion, deposition and stratigraphy. 412 

2.3 Bottom evolution module 413 

In this module the bed changes due to suspended and bed load transports 414 

are computed. The total depth variation (h) is the sum of the bathymetric variations 415 

due to suspended and bed load transports. 416 

The net sediment change due to suspended sediment transport is computed 417 

for each sediment class q as follows: 418 

 
 p

tQ̂
h

s

q

q,se



1


  (61) 

where qQ̂  represents the settling velocity and the sediment bed exchange terms 419 

given by Eq. (2) and t is the computational time step. 420 
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Eq. (61) is computed in the prisms center and is given by the sum of the 421 

depth variations of all sediment classes simulated. The change from the prism 422 

centers to the nodes is made as follows: 423 

 


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
nel

e

e

nel

e

see

sn

A

hA

h

1

1



  (62) 

where hse is the element depth variation due to the suspended transport and nel is 424 

the number of elements that contain the node n. 425 

To compute the change in the bottom sediment due to bed load transport the 426 

bottom evolution module of SAND2D model (Fortunato and Oliveira, 2004, 2007) 427 

was adapted. The model computes the resulting bed changes for each sediment 428 

class q through the resolution of Exner equation: 429 

 tq
p

h q,bq,b  



1

1
 (63) 

where qb,q is the bed load sediment flux. 430 

Eq. (61) is solved with a node-centered finite volume technique based on an 431 

unstructured triangular grid. Bed load fluxes are computed at the prism center and 432 

limited by the availability of each sediment class in the bottom top layer. Flux 433 

transference from the prism center to the nodes is made through the computation of 434 

the line integral of the flux times the unit normal for each control volume. The control 435 

volume is defined through the element center line (Figure 3). Depth variation due to 436 

bed load transport is computed at nodes and is given by the sum of depth variations 437 

of all the sediment classes simulated.  438 

3 MORSELFE model validation 439 

Four tests were performed to validate the MORSELFE model. In the first test 440 

the formulation used to compute the sediment settling velocity term were validated. 441 

Test 2 demonstrates the model ability to simulate velocity and suspended sediment 442 

concentration profiles, through the comparison between the model results and the 443 



23 

 

analytical solution. Model ability to produce a classic suspended sediment 444 

concentration profile and the effect of varying turbulence sub models were 445 

demonstrated in test 3. In the last test, the two sediment transport components and 446 

the morphology component of the model were validated. 447 

3.1 Test 1 – Deposition 448 

Simulations in a square box, with 9 m height and 1 m depth, were performed 449 

in order to validate the model formulation used to compute the sediment settling 450 

velocity. All the boundaries were closed and inside the domain a null velocity were 451 

imposed. This way the sediment inside the box is only subject to the gravity action. 452 

Gaussian profile was imposed as sediment initial condition (represented in Figure 4 453 

as initial profile), and simulations with different sediment diameters were performed. 454 

We only show the results for the simulation with d50=0.86 mm and ws=0.1 m/s 455 

(Figure 4) since the results obtained for the others sediment diameters were similar. 456 

A time step of 1 s and 47 vertical levels equally spaced were used in the simulation. 457 

Figure 4 shows the evolution of the sediment concentration profile along the 458 

simulation in a point located in the box center. The shape of the sediment profile is 459 

not modified along the simulation (grey profiles) and the profile settling is equal to 460 

the velocity times the time step (0.1 m), showing that sediment settling velocity term 461 

is well represented by the model. 462 

3.2 Test 2 – Equilibrium sediment concentration profiles 463 

This test shows the model capacity to correctly simulate velocity and 464 

suspended sediment concentration profiles through the comparisons of the model 465 

results with the analytical solutions. In this test, the bed load transport is not 466 

considered and Eq. (33) is used to compute the erosion flux. 467 

Under equilibrium (stationary) conditions the advection-diffusion equation 468 

[Eq. (1)] reduces to 469 

 0





z

C
Cw q,s   (64) 
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as presented by Rouse (1937). This equation can be solved analytically under the 470 

assumptions of small concentrations (constant ws,q) and a parabolic sediment mixing 471 

profile [Eq. (39)], resulting in the expression for the “Rouse” sediment concentration 472 

profile [Eq. (32)]. 473 

The reference concentration is calculated in accordance with van Rijn 474 

(1984b): 475 

 30

51
500150

,
*

,
a

a
D

T

a

d
,C   (65) 

where a is the reference height (a=0.01H), D* is given by Eq. (4) and Ta is the 476 

dimensionless bed-shear stress given by: 477 

 
cri

cric,bc

aT


 
  (66) 

where      29010

2

010 312log3012log dHzHff ccc  is the efficiency factor 478 

current, 2
*wc,b u   is the bed shear stress,   criwscri gd  50  is the critical 479 

bed shear stress, and cri is the threshold parameter, calculated according to the 480 

classical Shields curve as modeled by van Rijn (1993). 481 

Analytical velocity profile can be obtained through the vertical integration of 482 

the horizontal momentum equation for a uniform and barotropic flow: 483 
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Velocity profile expression is achieved through the double integration of Eq. (67), 484 

with the first integration between z and H and the second between z0 and z, 485 

resulting: 486 
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A series of tests were performed to simulate the suspended sediment 487 

transport in a long (8000 m) and straight flume (320 m) with a water depth of 5 m 488 
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(H5) and 10 m (H10), and a constant slope of 3.2x10-4 m/m and 1.55x10 4 m/m, 489 

respectively. Table 1 shows the model parameters used in the simulations. 490 

Simulations with different number of vertical levels (5, 11, 21, 41 and 81 491 

levels evenly spaced and S coordinates) and with two sediment diameters 492 

(d50=0.2 mm and ws=0.02 ms-1; d50=0.8 mm and ws=0.097 ms-1) were performed. For 493 

the S vertical grids, the values used for the constants that control the vertical 494 

resolution near the bottom and surface were b=1 (both surface and bottom are 495 

solved) and f=5 ( 200  f  and for f >>1 more resolution is skewed toward the 496 

boundaries). The model results correspond to a point located on the longitudinal 497 

centerline of the flume 6160 m from the upstream boundary. 498 

3.2.1 Velocity profiles 499 

The comparison between the analytical and the numerical velocity profiles 500 

were performed through the computation of the root mean squared error (RMSE): 501 
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where n is the total number of vertical levels, va,k and vn,k are, respectively, the 502 

analytical and numerical velocities for a given k level. 503 

The analyze of the RMSE values (Figure 5) obtained for the simulations with 504 

different number of vertical levels and the channel with 5 m (H5) and 10 m (H10) 505 

depth shows that velocity errors decrease with the increase of the vertical resolution. 506 

In both channels, the minimum RMSE values were obtained for the simulations with 507 

81 S levels (about 1%). For the H5 channel simulations, similar RMSE values were 508 

obtained for the evenly spaced and S vertical grids, showing that for this depth is 509 

indifferent the type of vertical grid used. For the simulations in the H10 channel, 510 

smaller RMSE values were obtained with the S vertical grids. The difference 511 

between the RMSE values obtained with the two grid types decrease with the 512 

increase of the vertical refinement, with a difference of 0.1 m/s and 0.005 m/s for the 513 

grids with 5 and 81 levels, respectively. Thus, considering only the hydrodynamic, S 514 

grids should be use instead of evenly spaced grids. 515 
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3.2.2 Suspended sediment profiles 516 

For the suspended sediment simulations, additional tests were performed 517 

with two sediment grain size: d50=0.2 mm with ws = 0.02 m/s (fine sand) and 518 

d50=0.8 mm with ws = 0.097 m/s (medium sand). 519 

To quantify the difference between the analytical and the numerical sediment 520 

concentration results relative errors were calculated through the following formula: 521 
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where Ca,k and Cn,k are, respectively, the analytical and numerical sediment 522 

concentration for a given k level, z is the k cell thickness. 523 

The error results obtained for the simulation with d50=0.2 mm (Figure 6) 524 

shows that the sediment concentration errors decrease with the increase of the 525 

vertical refinement, with exception for the simulations in the H10 channel and evenly 526 

spaced levels where an error of 7% were achieved for all the grids simulated. 527 

Generally, acceptable errors were obtained for the sediment concentration, with a 528 

maximum error of about 10% for the case H10 and 5 S levels and a minimum error 529 

of about 3% for the case H5 and 81 S levels. The test shows that, for this type of 530 

sediment, the best results were achieved with S grids, with exception for the 531 

simulations in H5 channel and 5 levels and in the H10 channel and less than 21 532 

levels, where the evenly spaced grids presented better results. 533 

For the simulations with d50=0.8 mm and less than 21 vertical levels, errors of 534 

about 60 % for sediment concentration were obtained (Figure 7). However, with the 535 

increase of vertical levels the error is reduced, with a minimum error of about 13% 536 

for the case with 81 S levels. This result shows that for the simulations with coarser 537 

sediment the use of a higher vertical resolution is necessary to minimize the 538 

sediment concentration errors, and in this cases S grids should be use instead of 539 

evenly spaced. 540 

To verify if a higher resolution near the boundaries improve the results, 541 

simulations for the channel with H5 and S grid with f=20 were performed. The errors 542 

obtained with this grid (Figure 7) are similar to the ones achieved with the S grid and 543 
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f=5, thus a higher resolution near the surface and bottom do not seems to improve 544 

the sediment concentration results. 545 

3.3 Test 3 – Steady uniform channel flow 546 

This test case demonstrates the model ability to simulate vertical profiles of 547 

suspended sediment concentration (without bed load) and is a reproduction of the 548 

test presented in Warner et al. (2005, 2008). The simulation represents the 549 

suspended sediment transport for a steady uniform flow in a long (10000 m) and 550 

straight (1000 m) channel with a constant slope of 4x10-5 m/m. A constant flow rate 551 

of 10000 m3s-1 is imposed at upstream boundary and a fixed depth of 10 m is 552 

maintained at the downstream boundary. The water surface elevation is allowed to 553 

vary along the length of the channel. Table 1 shows the model parameters used in 554 

the simulations. 555 

Simulation with different turbulence closures were performed using a vertical 556 

grid with 21 S levels (b=1 and f=3). Results obtained with the k-kl, k- (k-epsilon), 557 

MY (Mellor and Yamada, 1982), UB (Umlauf and Burchard, 2003) turbulence models 558 

and an analytical expression are compared. The analytical expression is obtained by 559 

stipulating a parabolic shape to the eddy viscosity () profile [Eq.(39)]. In the model 560 

the eddy diffusivity is determined from the turbulent Prandtl number and for a stable 561 

flow Pr = 0.39/0.49 = 0.80 (Kantha and Clayson, 1994). Thus, the algebraic eddy 562 

diffusivity is  = /0.8. 563 

Model results are compared 1 km from the downstream end. Simulations with 564 

different turbulence closures produce different velocity, eddy diffusivity and sediment 565 

concentration profiles (Figure 8). Similar velocity profiles were obtained with the 566 

different turbulence closures simulated, however when compared with the analytical 567 

profile the velocities obtained are slightly higher near the surface and lower near the 568 

bottom. Results obtained using the k- closure match closely the analytical profile for 569 

eddy diffusivity and sediment concentration. Similar results were obtained by Warner 570 

et al. (2005). Suspended sediment profiles are sensitive to vertical mixing and the 571 

range of the concentration profiles obtained demonstrates the importance of 572 

turbulence parameterization for an accurate simulation of suspended transport. 573 
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3.4 Test 4 – Trench migration 574 

This test reproduced the laboratory experiment of van Rijn (1987) and allows 575 

validating the two sediment transport components (suspended load and bed load) 576 

and the morphologic evolution of MORSELFE model. 577 

3.4.1 Laboratory experiment 578 

The experiment consisted of measuring velocity profiles, sediment 579 

concentration profiles and bed level changes in a straight and long channel (length = 580 

30 m, width = 0.5 m) with a vertical depression (trench) in the mobile sand bed. The 581 

characteristic diameters of the sediment material used in the experiment were 582 

d50=160 m. 583 

To maintain the equilibrium conditions upstream of the trench (no scour or 584 

deposition), sediment of the same size and composition was supplied at a constant 585 

rate of 0.04 kg/sm (van Rijn, 1987). The water depth and the mean flow velocity 586 

upstream of the trench was held constant (h0=0.39 m, u0=0.51 m/s). Figure 9 shows 587 

the initial trench dimensions and the monitoring points, denominated E1, E4, E6, E7 588 

and E8. 589 

Flow velocities were measured using a micro-propeller meter and the 590 

sediment concentrations were measured by collecting water-sediment samples in 591 

the center line of the flume. Simultaneous measurement of the flow velocity and the 592 

concentration profiles were performed. Based on the measured velocities and 593 

sediment concentrations upstream of the trench, the equilibrium suspended 594 

sediment transport rate calculated was Ss=0.03 kg/sm. Based on the analysis of 595 

suspended sediment samples, the size of the suspended sediment grain was found 596 

to be 160 m near the bottom and about 120 m near the surface. The bed 597 

roughness was obtained by analysing the measured near-bed velocities upstream of 598 

the trench yielding 83300 .z  mm. 599 

3.4.2 Numerical simulations 600 

Numerical simulations were performed in a 30 m long channel with a 601 

movable sand bed and a slight bed slope (4.0x10-4 m/m) so that the water depth and 602 

the depth mean velocity were identical in both channel ends. At the inflow boundary 603 
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a constant water level, a “Rouse” sediment concentration profile and a logarithmic 604 

velocity profile (with a depth mean velocity of 0.51 m/s) were imposed. Sediment 605 

with a characteristic diameter of 140 m was used in the simulations. Bed load 606 

transport was simulated with the van Rijn formula (van rijn, 2007) with the Lesser et 607 

al. (2004) method to estimate the bed slope effects. The E0 value was calibrated by 608 

comparison with the measured suspended sediment concentration profiles. Table 2 609 

shows the model parameters used in the simulations. 610 

Simulations with vertical grids with 21, 41 and 81 evenly spaced levels were 611 

performed. In simulations, flow and suspended sediment are allowed to reach the 612 

steady state before morphological evolution is initiated. The total time of simulation is 613 

15 hours and the initial time (t = 0) corresponds to 25 minutes of simulation, the time 614 

necessary to the model reached the equilibrium. In the simulations, an unlimited 615 

supply of sediment is available and the k- turbulence closure model is used. The 616 

longitudinal profiles were taken from the channel center. 617 

Figure 10 shows the computed and measured velocities and suspended 618 

sediment profiles at the 5 locations at initial time ( 0t ). The agreement between 619 

the measured and computed velocity and suspended sediment profiles is 620 

reasonable. The velocity profiles obtained with the different vertical grids simulated 621 

are similar except near the bottom, where the grid with high vertical resolution 622 

presented high velocity values. Similar behavior is observed in the suspended 623 

sediment concentration profiles comparison, showing the importance of the 624 

resolution near the bottom for the sediment concentration simulations. 625 

Comparisons between the simulated and measured velocity and suspended 626 

sediment concentration profiles were performed thought the computation of the 627 

RMSE (Eq. (696969). To dimensionless the errors, for each station the computed 628 

RMSE values were divided by the mean measured values. 629 

The velocities errors (Figure 11) analyze show that the errors slightly 630 

decrease with the increase of the number of vertical levels, with smaller errors 631 

obtained for the stations E1 and E8 (about 10%) and errors of about 20% for the 632 

other stations. Similar errors were obtained for stations E4, E6 and E7, but with the 633 

major differences between simulated and measured profiles occurring in distinct 634 

zones of the water column. At station E4 the major differences occur near the top, at 635 

E6 in the middle and near the top of the water column and at E7 between the middle 636 
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and the bottom of the water column. The flow deceleration that occurs in the center 637 

of the trench (E6) near the bottom is well reproduced by the model. 638 

For the sediment concentration, the errors obtained in some stations do not 639 

diminish with the increase of the vertical levels (Figure 11). This behavior can be 640 

related with the inexistence of measures near the bottom where the simulated 641 

profiles presented the major differences. The comparison of the errors obtained for 642 

the different stations shows that the larger errors occur for the stations E7 and E8 643 

and the smaller for station E1. At stations E7 and E8 both suspended sediment 644 

concentration and velocity profiles are underestimated near the bottom, thus the 645 

sediment concentration errors can be associated with the velocities errors. At station 646 

4 the computed velocity profile shows the correct behavior but the sediment 647 

concentration profile is underestimated from mid depth until the bottom. However, 648 

near the bottom where the larger difference between the measured and simulated 649 

sediment concentration values occurs there are no velocity measurements. 650 

Figure 12 illustrates the channel hourly evolution along the 15 hours of 651 

simulation. As the flow progress into the deeper water of the trench, the flow velocity 652 

and the bottom stress decrease and the sediment is deposited. The bed load 653 

transport converges and the sediment accumulates at the upstream edge of the 654 

trench. At the downstream edge of the trench, sediment is picked back up by the 655 

accelerating flow and erosion occurs. The trench migrates in the flow direction as the 656 

upstream edge is filled and the downstream edge eroded. 657 

Figure 13 shows the measured and computed position of the trench after 15 658 

hours. Inspection of the simulated bottom profiles shows that the trench as been 659 

reduced to near half of its initial depth, and has migrated about 2 m downstream. 660 

Comparisons between the simulated and measured bottom profile after 15 hours 661 

shows that the trench appears to have moved nearly the correct distance, is filled to 662 

the correct level and presents an entry bottom slope similar to the measured. Less 663 

well simulated is the exit bottom slope, where the model is not able to reproduce the 664 

measured values. This discrepancy can be explained by the differences between the 665 

measured and simulated velocities at station E7, where the model underestimates 666 

the velocity and consequently the suspended sediment transport. The comparison of 667 

the bottom profiles obtained for the simulations with only the suspended sediment 668 

transport and the total transport (Figure 13) shows, as expected, that the inclusion of 669 
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bed load transport significantly increase the quantity of sediment that accumulates in 670 

the trench. 671 

This test is frequently used to evaluate the morphodynamic models 672 

performance. The results obtained with two other 3D morphodynamic models 673 

[DELFT3D (Lesser et al., 2000; Lesser et al., 2004) and ROMS (Warner et al., 674 

2008)] shows that both models have the same difficulty in reproducing the exit 675 

bottom slope, and the trench migration seems to be better reproduced by the ROMS 676 

model than by the MORSELFE and DELFT3D models. 677 

4 Conclusion 678 

A new 3D morphodynamic model (MORSELFE) has been developed and 679 

validated to study the estuaries morphological evolution. MORSELFE consists in a 680 

set of integrated modules that aims to simulate shallow water flows, non-cohesive 681 

sediment transport and bottom changes in estuaries. The development of this 682 

modeling system was based on existing models, although several changes were 683 

introduced to the original models not only to make possible the models connection 684 

and integration but also to improve the original model formulation. The most 685 

important changes introduced in the original models were: 686 

 In the sediment transport model the introduction of a new formulation to 687 

transfer the erosive flux from the bottom to the bottom computational cell 688 

center; with this approach the erosion flux computation is independent of the 689 

bottom layer thickness. 690 

 In the hydrodynamic model the extension of the equation of the state for sea 691 

water density to include the density effect of suspended sediment; this 692 

inclusion enables the model to simulate processes where sediment density 693 

influences hydrodynamics; 694 

 In the sediment transport model the implementation of van Rijn formula (van 695 

Rijn, 2007) for computing bed load transport and several formulae to adjust 696 

bed load transport for bed slope effects; increasing the users options for the 697 

bed load transport computation; 698 

 In the sediment transport model the introduction of a formulation to convert 699 

the sediment concentration values from the prism centers to the levels. 700 
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The model has been validated thought the simulation of hypothetical and real 701 

sediment transport problems. The validation tests allowed not only to validate the 702 

different model components but also to gain some sensibility about some of the 703 

model parameters that can influence the simulations and the values that these 704 

parameters should take, such as, time step, number of vertical levels and the 705 

turbulence closure model to use. 706 

The different validation tests performed shows that: (a) the sediment settling 707 

velocity term is well represented by the model; (b) the error in the velocity estimative 708 

decrease with the increase of the vertical grid refinement and that S vertical grids 709 

should be used instead of evenly spaced; (c) S grids are more appropriated to 710 

simulate the sediment concentration, particularly for the coarse sediment; (d) 711 

acceptable representation of the sediment concentration can be obtained with 20 S 712 

vertical levels; (e) for the simulations with coarse sediment is necessary to have a 713 

high vertical resolution to minimize the sediment concentration errors; (f) simulations 714 

with different turbulence closures produce different velocity, eddy diffusivity and 715 

sediment concentration profiles; (g) model is able to reproduce the channel trench 716 

migration. Comparisons between the simulated bottom profile and the measured 717 

bottom profile after 15 hours shows that the trench appears to have moved nearly 718 

the correct distance, is filled to the correct level and presents an entry bottom slope 719 

similar to the measured. However, MORSELFE is not able to reproduce the exit 720 

bottom slope, similar results were obtained with other models (Lesser et al., 2004; 721 

Warner et al., 2008). 722 

In MORSELFE, the suspended transport, the bed load transport and the 723 

morphological changes are computed using the same time step as the flow model. 724 

One factor that contributes for the model efficiency is the use of S coordinates in the 725 

vertical discretization. With a larger vertical resolution near the bottom is possible to 726 

reduce the number of vertical levels needed to obtain a good representation of the 727 

sediment concentration. From the testes performed, 20 S levels appear to be 728 

required to obtain a reasonable representation of the sediment concentration. The 729 

combination of the vertical S coordinates representation and the possibility of using 730 

multiple processors in the simulations allows morphological simulations to be 731 

covered within acceptable run times. 732 

This model is a useful tool that can be use to improve the knowledge of 733 

morphological processes, namely in fast evolution systems and systems subject to 734 
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extreme events (floods). The several simulations performed showed that for a three 735 

dimensional model MORSELFE is robust and the morphological simulations can be 736 

performed with acceptable computational times. Next steps, include the model 737 

application to a real system and the coupling to a wave model. 738 
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Figure 1 - MORSELFE model scheme. 

 

Figure 2 - Triangular prism and variables scheme. 

 

Figure 3 - The control volume (grey area) is defined by center lines (dotted lines) of the 

elements (lines). Circles and triangles correspond to nodes and element centers, 

respectively. 
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Figure 4 - Sediment concentration profile evolution for the simulation with d50=0.86 

mm and ws=0.1 m/s. 

 

Figure 5 - Velocity RMSE for the different vertical grids. 

 

Figure 6 - Sediment concentration relative error for the different vertical grids for the 

H5 and H10 channel and for the d50 = 0.2 mm. 
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Figure 7 - Sediment concentration relative error for the different vertical grids for the 

H5 and H10 channel and for the d50 = 0.8 mm. 

 

Figure 8 - Vertical profiles of velocity, eddy diffusivity and suspended sediment 

concentration for the four turbulence closures and for the analytical expression. 
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Figure 9 - Initial trench dimensions and location of the monitoring stations. 

 

Figure 10 - Measured and simulated velocity and suspended sediment concentration 

profiles at the 5 monitoring stations at initial time (t=0). 

 

Figure 11 - Velocity and suspended sediment concentration errors for the different 

vertical grids simulated (21, 41 and 81 levels) and monitoring stations (E1, E4, E6, E7, 

E8). 
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Figure 12 - Trench bottom evolution along the 15 hours of simulation. 

 

Figure 13 - Influence of the number of layers [where is this in the fig?] on computed 

bottom evolution.
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Table 1 – Model parameters for test 2. 

Parameter Variable Value 

Grid spacing x, y, z 80 m; 80 m; variable 

Bottom roughness zo 0.0033 m 

Settling velocity ws 0.02 ms
-1

; 0.097ms
-1

 

Erosion rate E0 Variable 

Reference height a 0.01 H 

Bed slope S0 
3.2x10

-4
 m/m (H5) 

1.55x10
-4

m/m (H10) 

 

Table 2 - Model parameters for test case 2. 

Parameter Variable Value 

Grid spacing x, y, z 100 m, 10 m, 21 s levels 

Bottom roughness zo 0.00053 m 

Settling velocity ws 0.001 ms
-1

 

Erosion rate E0 5x10
-5

 kgm
-2

s
-1

 

Critical stress cr 0.05 Nm
-2

 

Porosity p 0.9 

Bottom slope S0 4x10
-5

 m/m 

 



44 

 

Table 3 - Model parameters for test 4. 

Parameter Variable Value 

Grid spacing x, y, z 0.12 m; 0.125 m; variable 

Bottom roughness zo 0.000833 m 

Settling velocity ws 0.011 ms
-1

 

Sediment diameter d50 140 m 

Erosion rate E0 1.6x10
-2

 kgm
-2

s
-1

 

Critical stress cr 0.11 Nm
-2

 

Porosity p 0.4 

Bottom slope S0 4x10
-4

 m/m 

 

 

 

 


