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Abstract

Emergent instream vegetation influences the transport and deposition of suspended sediment in rivers, and hence their mor-
phology and nutrient dynamics. An experimental laboratory study has shown how emergent vegetation stems promote sedi-
ment deposition.  The suspended transport and the extent of longitudinal deposits from suspension within emergent stems is 
enhanced by increased flow depth and reduced by increased sediment grain size and stem density.  The shear zone between 
longitudinal vegetation strips and adjacent unvegetated channel flow induces diffusion of sediment into the vegetated zone.  
The transverse extent of the resulting deposit is enhanced by increased flow depth and stem density, and reduced by increased 
sediment grain size.  Values of sediment diffusivity for the two experimental situations were inferred by application of 
two-dimensional formulations of the diffusion-convection equation.  These applications indicate that vertical diffusivity is 
considerably reduced and transverse diffusivity in the shear zone considerably increased by the stems.
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Notation

a projected plant area per unit volume
a height above bed for reference concentration 
C suspended sediment concentration
Ca reference level suspended sediment concentration
Cd drag coefficient of stems
d stem diameter
D flow depth 
p probability of deposition
s stem spacing
u velocity in subscripted direction
U mean flow velocity 
u* shear velocity
w settling velocity 
x longitudinal direction
y vertical direction 
z transverse direction 
α scale factor in transverse diffusivity relationship
β scale factor in transverse diffusivity relationship
β proportionality between sediment diffusivity and eddy 
 viscosity
ε diffusivity in subscripted direction 
κ Von Karman constant
νt eddy viscosity

Introduction

Vegetation is an integral feature of many rivers and has a strong 
influence on their physical and ecological functioning through 
its interaction with local hydraulics and sediment dynamics 
(James et al., 2001).  The occurrence of instream vegetation is 
associated with the distribution of deposited sediment, which 

is itself influenced by the vegetation through its effect on the 
local hydraulics and hence the movement, storage and stabilisa-
tion of sediment.  The growth of vegetation is also determined 
by nutrient supply, which is associated at least in part with fine 
sediment. Effective environmental management of rivers there-
fore requires understanding of, and the ability to predict, the 
influence of vegetation on local hydraulics and sediment behav-
iour.  In particular, quantitative descriptions are required of the 
ingress, movement and deposition of suspended sediment in 
vegetation stands. 
 The distribution of sediment concentration (C) in suspended 
transport may be described by the diffusion-convection equa-
tion (e.g. Graf, 1971):

                  (1)

where:
  t is time 
 ui are velocity components in directions xi 
 εi are the sediment diffusivities in the corresponding 
 directions.  

The rate of deposition at any location on the bed can be described 
by imposing the boundary condition (James, 1985):

                  (2)

where:
 y is the vertical direction 
 w is the particle settling velocity (assumed to represent -uy)
 p is the probability that a particle reaching the bed will be 

permanently deposited.

Solution of Eqs. (1) and (2) to predict sediment concentration and 
deposition distribution patterns requires knowledge of ui and εi 
values.  The most common application is for determination of 
longitudinal suspended sediment transport rates in unvegetated 
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channels under equilibrium conditions.  In such cases the verti-
cal velocity is represented by the particle settling velocity (as in 
Eq. (2)) and the vertical variation of longitudinal velocity by a 
logarithmic distribution.  The sediment diffusivity can be related 
to the kinematic eddy viscosity of the flow, such as through Eqs. 
(9) and (10).  For equilibrium conditions in unobstructed flow 
the eddy viscosity may be assumed to vary with distance from 
the bed in a regular way, such as with constant, parabolic or 
a combination of constant and parabolic distributions (e.g. Van 
Rijn, 1982).  For longitudinal flow through emergent vegetation 
stems the velocity is almost constant vertically, and can be esti-
mated by appropriate vegetative resistance equations (e.g. James 
et al., 2004), but little is known of the vertical eddy viscosity 
and its distribution.  Lopez and Garcia (1998; 2001) used com-
putational turbulence modelling to determine the velocity and 
kinematic eddy viscosity distributions for one-dimensional flow 
through vegetation stems, and then one-dimensional diffusion-
convection theory to determine the vertical suspended sediment 
concentration distributions.  The transverse transfer of sediment 
from an unvegetated channel to adjacent vegetated zones is more 
complex, and requires description of the transverse distribution 
of velocity and the transverse eddy viscosity.  Tsujimoto and 
Shimizu (1994) used a similar approach to that of Lopez and 
Garcia (1998; 2001) to simulate the vertical and transverse dis-
tributions of suspended sediment concentration in simple and 
compound channels with vegetation zones in the cross-sections.  
Their model is able to predict deposition within a vegetation 
strip and its dependence on stem density.
 An alternative to turbulence modelling for determining 
sediment diffusivity values is empirical evaluation for appro-
priate conditions.  As part of a study of fine sediment settling 
within emergent vegetation, Elliott (2000) determined vertical 
diffusivities in an array of 6.4 mm diameter cylindrical rods set 
at a density of 3 667 rods/m2 in a 6 m long, 0.29 m wide flume, 
by measuring concentration variations of injected dye.  The dif-
fusivity varied with velocity, slope and flow depth (Table 1), but 
the concentration distributions were consistent with constant 
values over the depth.  Nepf (1999) used measurements of dye 
dispersion to determine transverse diffusivities in flows through 
arrays of cylindrical rods.  She found transverse diffusivities to 
vary with stem characteristics and flow velocity according to:

                  (3)

where:
  U is the mean flow velocity
 d is the cylinder diameter 
 β and α are scale factors
 Cd is the stem drag coefficient  
 a (m-1) is the projected plant area per unit volume. 

tion stems from suspended transport.  Although the deposition 
probability (p) has a strong influence on deposition distribution 
(James, 1985; 1988), only a bed with p = 1.0 was used.  Both  
longitudinal and transverse transport situations were inves-
tigated. The two situations were simulated using appropriate  
formulations of the diffusion-convection model (Eq. (1)) to con-
firm their applicability and to enable inference of realistic values 
of sediment diffusivity.

Experimental procedure

Two series of flume experiments were carried out. In Series A, 
the longitudinal deposition patterns resulting from sediment 
transported in the direction of flow through emergent stems 
were investigated.  In Series B, the deposition patterns resulting 
from the transverse diffusion of suspended sediment across the 
interface between longitudinal unvegetated and vegetated zones 
were investigated.  Full details of the experimental programme 
are presented by Sharpe (2003).
 
Series A: Longitudinal transport case

The Series A experiments were conducted in a 0.38 m wide 
glass-sided flume with a 10 m tilting section set at a slope of 
0.0019.  Water was supplied from an overhead tank, with the 
discharge controlled by a valve upstream of the flume and meas-
ured by a V-notch weir at the downstream end.  Vegetation stems 
were represented by 10 mm diameter vertical wooden rods set 
in timber boards above the water level in a staggered arrange-
ment (Fig. 1), and extending over the full width and length of the 
flume.  Three different stem spacings (s) were tested (127 mm, 
95 mm and 76 mm), resulting in stem densities of 104 stems/m2, 
194 stems/m2 and 312 stems/m2.  The stem diameters and densi-
ties were selected to represent conditions typically occurring in 
South African rivers (James et al., 2001), with the intermedi-
ate density being the most representative.  Sediment was intro-
duced to the flume by a hopper-conveyor belt feeder located at 
the beginning of the tilting section.  Sediment was dropped by 
the feeder onto the water surface, thus presenting a point source 
to the longitudinal-vertical plane.  The sediment used was fine 
sand with a median grain size of 0.18 mm and 92.1% by weight 
between 0.075 mm and 0.300 mm.  The bed of the flume was 
covered with a spun filament (“Nomad”) matting to create a 
fully absorbing boundary that trapped all settling sediment, i.e. 
with a deposition probability (p) of 1.0.  The matting was cut 
into longitudinal strips to enable samples to be recovered from 
the central 0.144 m wide strip of the flume in sixteen 0.613 m 
longitudinal increments.
 For each test, uniform flow was established by adjustment 
of a weir at the downstream end of the flume, and the sediment 
then introduced at a constant rate of 1.73 g/s until a measurable 
quantity had deposited in the matting.  The sediment trapped in 
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TABLE 1
Vertical diffusivity values within stems 

(Elliott, 2000)
Velocity 
(mm/s)

Slope Flow depth 
(mm)

Vertical diffusivity 
(m²/s)

8.1 0.00026 113 3.5x10-6

14.8 0.00055 122 14x10-6

24.7 0.00124 76 20x10-6

In this study, experiments were conducted to determine the 
influence of flow characteristics, grain size and stem density on 
the distribution of sediment deposited within emergent vegeta-
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Figure 1
Arrangement of stems
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the centre matting strips was then washed out into separate pans, 
while that in the side strips was discarded. The sediment samples 
were dried in an oven and sieved through a stack of 0.300 mm, 
0.212 mm, 0.150 mm, 0.106 mm and 0.075 mm sieves, resulting 
in six size fractions.  (Each size fraction is designated the size 
of its retaining sieve and therefore includes grains up to the next 
sieve size.) The mass of each size fraction obtained from a strip 
was measured and related to the location of the strip along the 
flume, producing a longitudinal mass deposition profile for each 
fraction. To facilitate comparison of distributions with differ-
ent mass values, the profiles were expressed in relative terms by 
dividing each mass value by the maximum value.
 In total 11 tests were performed, with experimental condi-
tions as set out in Table 2. (Test A9 was carried out without sedi-
ment feed, to obtain hydraulic information only).

Series B: Transverse transport case

The Series B experiments were done in a 12 m long, 0.76 m wide 
channel lined with cement plaster and set on a slope of 0.0021.  
The water supply, control and measurement arrangements were 
similar to those for Series A.  The same artificial stems were 
used as in Series A, but in this case extended over only half the 
channel width. The matting was placed on the bed within the 
vegetated zone, where deposition was to be measured. At two 
measuring locations (about 5.1 m and 6.3 m downstream from 
the sediment feed location) the matting was cut into 39 mm wide 
longitudinal strips over a length of 0.306 m. The sediment feeder 
was aligned to supply sediment over the unvegetated half of the 
channel width.  The same sediment was used as in the Series A 
experiments.
 For each test, uniform flow was established by adjusting a 
weir at the downstream end of the channel. Once uniform flow 
had been established, the transverse velocity profile at 0.4 times 
the flow depth from the bed within the unvegetated channel sec-
tion was measured using a miniature propeller current meter at 
a location approximately 6 m downstream from the sediment 

feeder.  Sediment was then introduced into the unvegetated 
channel section at 1.73 g/s for approximately 2 h.  The trans-
verse deposition profiles were determined following the same 
procedure as for the Series A experiments.  Five experiments 
were performed, for the conditions listed in Table 2.

Modelling

The distribution of sediment deposited from suspension results 
from the spatial variation of concentration in transport and the 
interaction between material in transport and the bed.  The 
distribution patterns of deposits for the experimental condi-
tions described above can therefore be simulated by the diffu-
sion-convection model for suspended transport (Eq. (1)) and the 
bed boundary condition (Eq. (2)).  The experimental conditions 
represent special cases, and Eq. (1) can be simplified substan-
tially to represent each of them.  Two separate two-dimensional 
models have been formulated to represent the situations cor-
responding to the Series A and Series B situations, and solved 
in finite difference form in a spreadsheet (solution details are 
presented by Sharpe (2003)).  The models were applied for the 
experimental conditions to establish their verisimilitude and to 
infer approximate values of vertical and transverse diffusivities 
(both assumed to be constant with depth).

Longitudinal transport case

For the longitudinal two-dimensional case the transverse (z) 
components in Eq. (1) are ignored.  The sediment is assumed 
to move downwards in the vertical (y) direction at its settling 
velocity (uy = -w), and longitudinal diffusion is assumed to be 
negligible compared with convection (εx = 0). For steady state 
conditions the change in concentration with time is zero.  Intro-
ducing these simplifications into Eq. (1) gives the two-dimen-
sional diffusion-convection equation for suspended sediment 
transport under steady state conditions, i.e.:

      
                  (4)

The boundary condition at the surface states that there is no net 
transport across the surface, and is written (e.g. James, 1985):
        
                  (5)

When using a parabolic diffusivity profile (typical for flow in the 
absence of stems), the diffusivity at the surface is zero. In this 
case Eq. (5) shows that the concentration at the surface will also 
be zero. The concentration at the water surface was therefore 
always taken as zero.
 The boundary condition near the bed, where suspended sed-
iment transport begins, is represented by Eq. (2).  The value of p 
for the experimental conditions is 1.0 

Transverse transport case

As for the longitudinal case, flow is assumed to be steady and the 
vertical velocity is represented by the sediment settling veloc-
ity.  Because concentrations are required in a relative sense for 
individual cross sections, the longitudinal components in Eq. (1) 
are ignored.  The longitudinally linear geometry implies zero 
transverse velocity (uz).  Equation (1) then becomes:

                  (6) 

TABLE 2
Experimental conditions

Test
number

Stem-
density
(stems/

m2)

Dis-
charge

(ℓ/s)

Flow-
depth
(mm)

Duration
(min)

A1
A2
A3
A4
A5
A6
A7
A8
*A9
A10
A11
A12

B1
B2
B3
B4
B5

0
104
194
312
0

104
194
312
0

104
194
312

312
194
104
194
194

8.59
8.56
8.51
8.59
44.31
12.95
10.92
7.20
25.67
16.11
6.42
4.60

34.8
40.9
42.2
47.5
28.2

62
130
180
234
180
180
224
192
124
222
132
125

143
150
142
174
106

35
35
35
35
37
40
37
30
-

35
24
17

120
120
120
120
120

*The deposition profile was not measured for this test

       ��
�

�
��
�

�
�
�

�
�

�
�
�

�
�
�

��
y
C

yy
Cw

x
Cu yx �0

         0��
�
� wC
y
C

y�

       ��
�

�
��
�

�
�
�

�
�

��
�
�

�
�
�

�
�

�
�

�
�
�

�
y
C

yz
C

zy
Cw yz ��0



214 Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 32 No. 2 April 2006

ISSN 1816-7950 = Water SA (on-line)

The boundary conditions at the surface and the bed are the same 
as for the longitudinal transport case. The boundary condition at 
a solid vertical surface is (e.g. James, 1985):

                  (7)

At the vegetation interface, the vertical suspended sediment 
concentration profile is determined by the unvegetated channel 
sediment transport characteristics, and is assumed to be defined 
by the equilibrium vertical concentration according to Rouse’s 
(1937) equation:             

                  (8)

where:
  Ca is a reference concentration at height a above the bed
 u* is the shear velocity 
 κ is the Von Karman constant.  

Because the model is used to predict relative concentrations, Ca 
is arbitrary and assumed to be 1.0.  The vertical concentration 
profile assumed has an appreciable effect on the predicted depo-
sition profiles; the measured deposition profiles were similar at 
the two sampling locations, however, suggesting that near equi-
librium vertical concentration profiles had been attained.

Results and discussion

The distribution of sediment deposited from suspension is deter-
mined by the sediment, stem, bed and flow characteristics.  The 
experimental results enable the influences of sediment grain 
size, stem density and flow depth to be demonstrated.  The sedi-
ment diffusivity could not be measured in these experiments, 
but approximate values were determined by using it as a cali-
brating parameter to fit simulated and experimental results.

Longitudinal transport case

The measured longitudinal deposition profiles show a charac-
teristic form, with mass deposited increasing to a peak some 
distance downstream from the feed location and then decreasing 
gradually further downstream.  The initial increase is caused by 
the feed being a point source at the water surface, so that settling 
through the full flow depth (under the influence of the longitu-
dinal flow velocity) is required before any deposition occurs on 
the bed.  The subsequent decrease is a result of the deposition 
up to any location reducing sediment availability further down-
stream.
 The effect of grain size on the relative deposition distribu-
tion is illustrated in Fig. 2 by the results for the different size 
fractions (represented by the retaining sieve sizes) for Test 
A7.  The particles are all settling under the same flow velocity, 
flow depth, stem density and turbulence conditions.  Because 
settling velocity is proportional to grain size, the distribution 
peak occurs closer to the feed location for the larger grains.  The 
smaller the grain size the more gradual the rise to the peak, and 
the more extensive is the deposit, because the slower settling 
leads to greater travel distance before reaching the bed.
 Figure 3 shows the effect of discharge and flow depth on the 
distribution of deposition.  The nature of vegetative resistance 
is such that average flow velocity does not increase with depth 
as for an unvegetated channel (James et al., 2001).  An increase 
in discharge is therefore manifest as an increase in depth rather 

than velocity.  The relative deposition distributions for one grain 
size fraction (0.106 mm retaining sieve) are shown in Fig. 3 for 
Tests A11, A3 and A7, all with the same stem density, but dif-
ferent discharges and hence different flow depths, but similar 
velocities.  The upstream shift of the peak location and the slight 
steepening of the rising limb with reducing discharge are caused 
by the shorter vertical settling distance with similar flow veloci-
ties.  The corresponding reduction in spread of the distribution 
can be attributed to the reduced opportunity for vertical diffu-
sion in the shorter water column.
 The average flow velocity through emergent vegetation 
decreases in inverse proportion to the square root of the stem 
density (James et al., 2004).  For a constant flow depth, the effect 
of a change in stem density on the relative sediment deposition 
distribution would therefore be expected to lessen with increas-
ing stem densities.  This is supported by the data, for example 
for the 0.106 mm retaining sieve grain size fraction in Tests A5, 
A6, A3 and A8, with different stem densities but similar flow 
depths of around 180 mm (Fig. 4).  As flow velocity is reduced 
by increased stem density, the sediment settles to the bed over 
a shorter distance.  It is clear that the introduction of stems has 
a strong influence on deposition compared with the unvegetated 
channel case, but the incremental effect diminishes so there is 
little difference for a 60% increase in density from Test A3 to 
Test A8.
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Figure 3
Influence of discharge and flow depth on longitudinal deposition 
profile (0.106 mm sieve sediment size, medium density stems)

Figure 2
Influence of sediment size on longitudinal deposition profile 

(medium density stems, flow rate = 10.92 ℓ/s)
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 Turbulent velocity fluctuations were not measured in this 
study, and so no direct estimates of eddy viscosity within stems 
could be obtained.  Approximate values of vertical sediment 
diffusivity were, however, inferred by fitting simulated rela-
tive deposition distributions to those measured for all the Series 
A experimental conditions and grain size fractions.  Settling 
velocities for the different grain sizes were determined from the 
graphical relationship presented by Graf (1971) for natural sedi-
ments.  The veracity of the model was first established by repro-
ducing the distribution patterns for the two experiments with no 
stems, assuming the vertical sediment diffusivity to be related to 
the conventional parabolic vertical distribution of eddy viscosity 
by (Graf, 1971):
                  (9) 

where:
  β is a constant of proportionality 
 νt is eddy viscosity 
 κ is the Von Karman constant 
 u

*
 is the shear velocity

 y is the vertical co-ordinate  
 D is the flow depth. 

The value for β was determined using an empirical equation 
(Eq. (10)) developed by Graf and Cellino (2002): 

                  (10)

In each case the model was used to simulate deposit distribu-
tions for sediment sizes corresponding to the sieve sizes, hence 
producing upper and lower bounds for the size fractions recov-
ered in the experiments.  The general forms of the deposition 
profiles, and the influence of settling velocity were well repro-
duced, although the longitudinal distance travelled by each size 
fraction was underestimated (Fig. 5 shows the simulations for 
Test A1).  This may indicate that longitudinal diffusion is not 
insignificant in comparison with longitudinal convection, as 
assumed in Eq. (4).
 For the cases with stems, the diffusivity was adjusted to 
obtain satisfactory agreement between measured and simu-
lated deposit distributions. Some preliminary simulations 
with uniform and parabolic vertical distributions of diffusiv-
ity showed that the results were insensitive to diffusivity dis-
tribution, and a uniform distribution (as suggested by Elliott 
(2000)) was used for all subsequent simulations. As for the 
cases with no stems, the forms of the deposit distributions and 
their variation with settling velocity were well reproduced 
(Fig. 6 for Test A12, for example).  For all cases, constant val-
ues of vertical diffusivity of 40 x 10-6 m2/s or 50 x 10-6 m2/s 
produced reasonable fits.  These values are about an order of 
magnitude less than the depth-averaged values for the cases 
with no stems, according to the parabolic distribution.  For the 
range of experimental conditions, diffusivity shows no appar-
ent dependence on stem density, flow velocity or flow depth.  
The values measured by Elliott (2000) (Table 1) were lower 
than obtained here.  His stem diameters were smaller, stem 
densities much higher and velocities much lower, however, 
suggesting that diffusivity is increased by higher flow veloci-
ties and lower stem densities.

Transverse transport case

The measured transverse distributions of deposited sedi-
ment within a longitudinal vegetation strip adjacent to an  

unvegetated channel all show peak deposition rates close 
to the vegetation interface, with deposition decreasing con-
sistently with distance from the interface.  As there is no 
transverse convection, this pattern results from transverse 
diffusion, associated with the velocity gradient through the 
transition zone between the unaffected flow in the unvege-
tated and vegetated zones.  
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Figure 6
Measured and simulated longitudinal deposition profiles with 

high stem density and flow depth = 125 mm

Figure 4
Influence of stem density on longitudinal deposition profile 

(0.106 mm sieve sediment size, flow depth ≈ 180 mm)

Figure 5
Measured and simulated longitudinal deposition profiles 

with no stems and flow depth = 62 mm
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 The transverse deposit distribution is affected significantly 
by the sediment grain size (Fig. 7).  The more extensive depos-
its for finer fractions result from their lower settling velocities 
and relatively larger concentrations higher in the flow at the 
interface and hence longer settling times and distances while 
being transferred transversely by diffusion. Transverse deposits 
in instream vegetation strips would therefore be expected to be 

larger and coarser close to the unvegetated channel boundary 
and to become smaller and finer away from the boundary, simi-
lar to flood plain deposits (James, 1985).
 The extent of transverse deposition is also influenced by 
flow depth, as shown in Fig. 8 for one size fraction and a com-
mon stem density.  Deposits are more extensive with deeper 
flows because of greater settling distances during transverse 
diffusion.  Greater flow depths are also associated with greater 
discharges and hence greater velocities in the unvegetated chan-
nel.  As velocity within the stems does not increase with flow 
depth, larger velocity gradients and hence greater diffusivities 
occur with deeper flows, leading to more extensive deposits. The 
increase of transverse diffusivity with flow depth was confirmed 
by application of the transverse diffusion-convection model.
 Stem density increases the extent of the transverse deposit, 
although this effect appears to lessen with increasing density 
(Fig. 9, for one size fraction and similar flow depths). This is 
attributed to the greater rate of transfer across the vegetation 
interface, as both vertical and transverse diffusivities within the 
stems were found to be similar for all densities in the model appli-
cations.  The transverse diffusivity through the transition zone 
is, however, increased substantially by stem density through the 
increased velocity difference between the two zones.
 The transverse diffusion-convection model was used to 
reproduce the experimental results and hence infer transverse 
diffusivity characteristics in the transition zone within the 
stems.  The transverse diffusivity was assumed to vary lin-
early from the vegetation interface to the end of the transition 
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Figure 11
Measured and simulated transverse deposition profiles 

with high density stems and flow depth = 143 mm

Figure 10
Assumed form of transverse diffusivity profile

Figure 9
Influence of stem density on transverse deposition profile 

(flow depth ≈ 145 mm, 0.075 mm sieve sediment size)

Figure 8
Influence of flow depth on transverse deposition profile 
(medium stem density, 0.075 mm sieve sediment size)

Figure 7
Influence of sediment size on transverse deposition profile 

(medium density stems, flow depth = 150 mm)
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zone within the stems, and then remain constant throughout the 
remaining width of the vegetation (Fig. 10).  The variation of 
transverse diffusivity is therefore characterised by the values at 
the interface and beyond the transition zone and the width of 
the transition zone.  These three parameters were adjusted to 
obtain agreement between measured and simulated deposit dis-
tributions.  The resulting values are presented in Table 3, and an 
example of the simulated results in Fig. 11. (This figure includes 
a modelled curve for a sediment size of 0.300 mm to indicate 
the upper bound for the experimental fraction designated by the 
sieve size of 0.212 mm).
 The results suggest that diffusivities within the stems but 
beyond the transition zone were independent of stem density 
and flow depth for the range of conditions tested.  The values of 
transverse diffusivity determined by the simulations were of the 
same order of magnitude but somewhat greater than predicted by 
Nepf’s (1999) equation (Eq. (3)), with the flow velocity predicted 
using the equation proposed by James et al. (2001) (Table 3).  
The discrepancy could be due to the fact that Nepf determined 
her values from dye diffusion measurements and the diffusion 
of sediment grains could be greater because of the circulatory 
character of the turbulence induced by the stems (Singamsetti, 
1966).  Within the transition zone, the transverse diffusivity was 
found to increase with stem density and flow depth.  The values 
at the interface varied linearly with stem density and flow depth 
over the range of experimental conditions.
 The satisfactory performance of the diffusion-convection 
model formulations for both the longitudinal and transverse 
transport cases for the experimental conditions suggests their 
suitability for describing deposition patterns in more realistic 
cases.  The most significant modification required would be 
specification of a deposition probability (p) for the bed bound-
ary condition expressed by Eq. (2).  James (1988) used Einstein’s 
(1950) entrainment probability to determine this parameter for 
unvegetated channel flow, but this would require more detailed 
study of near-bed flow conditions for application in the presence 
of stems.

Conclusions

Emergent vegetation stems promote deposition of sediment from 
suspension by reducing flow velocity and vertical sediment dif-
fusivity.  Vertical sediment diffusivity is reduced substantially 
by the presence of stems (by approximately an order of magni-
tude for the conditions investigated here).  The longitudinal dis-
tribution of deposits becomes more localised and less extensive 
with increasing grain size and stem density and decreasing flow 
depth.
 The shear zone along the interface between longitudinal 
vegetation strips and unvegetated flow promotes ingress of sedi-
ment into the vegetation by locally enhancing transverse sedi-

ment diffusivity.  Transverse diffusivity appears to be increased 
slightly by stems beyond the shear zone, but by about an order 
of magnitude within the shear zone.  The transverse extent of 
deposits within the stems increases with flow depth and stem 
density and decreases with sediment grain size.
 The diffusion-convection model realistically predicts the 
distribution of deposits for both the longitudinal and transverse 
cases (provided diffusivity values and deposition probability are 
known), and reflects the relative sensitivities of sediment move-
ment to the effects of stems on flow velocity and sediment diffu-
sivity.  The slight underestimation of longitudinal deposit extent 
for the experimental conditions may indicate that longitudinal 
diffusion is not negligible in comparison with longitudinal con-
vection for the cases investigated.
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