Conveyance estimation in channels with emergent bank vegetation
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Abstract

Emergent vegetation along the banks of a river channel influences its conveyance considerably. The total channel discharge
can be estimated as the sum of the discharges of the vegetated and clear channel zones calculated separately. The vegetated
zone discharge is often negligible, but can be estimated using established methods if necessary. The clear channel discharge
can be estimated either through application of a resistance equation using a composite resistance coefficient, or by integra-
tion of the transverse distribution of the depth-averaged velocity. Recommendations are made for estimating the composite
resistance coefficient, and the coefficient for the vegetation interface. An equation for the integrated velocity distribution

is also presented, together with a procedure for its application. The methods reliably reproduce resistance coefficients and

conveyances measured in laboratory channels
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Nomenclature

: cross-sectional area
: longitudinal spacing of vegetation stems
: clear channel bed width
: transition width within vegetation
: transition width within vegetation plus half or full
clear channel width
: half or full clear channel width
: vegetation stem drag coefficient
: flow depth
: vegetation stem diameter
: resistance coefficient for vegetation
: Darcy-Weisbach resistance coefficient
: resistance coefficient for bed
: flow interaction contribution to f,
: vegetation structure contribution
: resistance coefficient for vegetation interface
: gravitational acceleration
: flow depth at vegetation interface
: empirical constant equal to 2.2
: concentration length for flow through vegetation
: Manning’s resistance coefficient
: discharge
: hydraulic radius
: vegetation zone hydraulic radius
: channel energy slope
: vegetation stem spacing
: transition width in clear channel
: transition width for narrow clear channel
o - transition width for wide clear channel
: shear velocity on vegetation interface
: depth-averaged velocity
: depth-averaged velocity unaffected by vegetation
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: dimensionless maximum velocity

: maximum depth-averaged velocity on transverse
profile

: velocity within vegetated zone

max

max

y : transverse distance measured from an origin within
the vegetation

p . water density

T : shear stress on bed

Introduction

Vegetation, (for example reeds) occurs commonly along the
banks and instream bars of rivers, and is often emergent during
low flows. Emergent bank vegetation has significant influence
on the channel hydraulics, including the turbulence structure
(e.g. Choi and Kang, 2006 and Nadaoka and Yagi, 1998), velo-
city distribution (e.g. Nuding, 1991; 1994), and the overall con-
veyance (e.g. James et al., 2001). Depending on the application
required, these phenomena and their effects can be described
at different levels of resolution. Many environmental and
engineering applications require only prediction of flow depths
and cross-section average velocities for specified discharges,
however, which do not usually require high resolution model-
ling. This paper focuses on the relation between discharge and
flow depth at low flows, and is intended to contribute primarily
to environmental studies. As such, it considers only the hydrau-
lic influence of in-channel bank vegetation where the water
surface is below both the top of the vegetation (i.e. the vegeta-
tion is emergent) and the top of the banks. The hydraulics of
this situation differs from that of floodplain vegetation in a
compound channel (Helmio, 2004), and the methods proposed
cannot be applied to overbank flows. In view of the limited
data generally available for environmental studies, the methods
described are simple enough to be used with limited site data.

Vegetated zone discharge
Following the flow-resistance approach, the discharge in a

channel zone can be calculated from the gross continuity
formulation:
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Q=4r )

where:
Q is the appropriate zonal discharge
A is the corresponding zonal cross-sectional flow area
V' is the average velocity over this area

The flow contribution of vegetated zones is usually relatively
small and can be ignored in many situations. Where it is
significant, it can be estimated using methods proposed for flow
through emergent vegetation, such as from Eq. (1) (James et al.,
2008) with the velocity within the vegetation given by:

Vi = %1/2g15 )

s? ©)

where:
s is the average clear stem spacing
S is the channel energy slope
d is the stem diameter
g is gravitational acceleration
C,, is the stem drag coefficient (James et al., 2008)

A modified form of Eq. (2) including a term for the substrate
resistance is provided by James et al. (2008) for sparse vegeta-
tion where the substrate resistance is significant. Values of
C,, can be estimated as described by James et al. (2008) and
Jordanova et al. (2006). If appropriate field data are available,
it is preferable to calibrate directly an alternative form of Eq.
(2) (James et al., 2004) with variables lumped as:

Vg =S @)

where:
F is a site-specific resistance coefficient (James et al., 2004)

An empirical equation for the lumped resistance F for reeds,
derived by Jordanova et al. (2006), is used here, and is pre-
sented as Eq. (21) below.

Clear channel discharge from resistance
calculations

The discharge in the clear, un-vegetated zone between the bank
vegetation strips can be calculated from Eq. (1) with V calcu-
lated by a conventional resistance equation. Here the Darcy-
Weisbach equation is used, i.e.:

87;2 JRS ®)

Vo=

where:
g is gravitational acceleration
fis the effective resistance coefficient
R is the hydraulic radius
S is the friction slope (equal to the channel slope for steady,
uniform flow)

In Eq. (5), fis a composite friction factor accounting for resist-
ance by the bed and the interfaces between the vegetated

and un-vegetated zones. An expression for fin terms of the
contributing surface values can be obtained by balancing the
stream-wise weight component of steady, uniform flow with the
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resisting shear forces on the bed and interfaces. The boundary
shear stresses can be expressed in terms of the corresponding
resistance coefficients as:
ﬁ V?

8 (©)

T =

where:
7 is shear stress and
p is the water density

For a clear channel width B with vegetation on both sides,
the force balance then leads to:
%
g4 S% @
/ /,
FLB+2ip,
8 8

where:
A is the cross-section area of the un-vegetated zone
B is the bed width
h, is the flow depth at the interface
/f, is the friction factor of the bed
/£, is the friction factor of the vegetation interface

Combining this with Eq. (5) yields the composite resistance
coefficient:
fh B+ zﬁ hT

N eV ®)
which is equivalent to the composite roughness formula
proposed by Pavlovski (1931) for different roughnesses on a
horizontal bed in terms of Manning’s n

Note that for other arrangements, Eqgs. (7) and (8) would be
modified to reflect the actual boundaries of the non-vegetated
zone. For example, in the case of vegetation on one side and
a solid boundary on the other side, 2f, would be replaced
by f.+f,,,, where . is the resistance coefficient of the solid
boundary

James and Makoa (2006) confirmed the reliability of Eqgs.
(1), (5) and (8) for predicting clear channel discharges in labora-
tory and field situations, but provided no guidance for estimat-
ing f,. This coefficient represents the momentum absorbing
capacity of the vegetation zone and depends on the vegetation
characteristics within the zone as well as the flow conditions in
the clear channel. Methods for estimating f, have been reviewed
by Hirschowitz (2006), and include those proposed by Pasche
and Rouvé (1985), Bertrams (1985), Mertens (1989), Kaiser
(1984) and Nuding (1991, 1994). The method of Pasche and
Rouvé (1985) was developed for vegetation in compound chan-
nels and is not usable where the vegetation is not on an elevated
flood plain. The method of Bertrams (1985) was found to give
unrealistic predictions, while its extension by Mertens (1989)
includes an unknown empirical coefficient. The methods of
Kaiser (1984) and Nuding (1991; 1994) are therefore candidates
for practical applications and have been tested against inde-
pendent laboratory measurements

According to Kaiser (1984) the value of f, is given by:

L=t ©)
where:

[, 1s due to the vegetation structure and has a value

between 0.06 and 0.10

f,1s due to the flow interaction

2
4= 018 log[0.0135 sz] (10)

7 ¥ veg
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where:

Vs the depth-averaged velocity that would occur as a
result of bed resistance only without the influence of
vegetation
Ve is the unaffected velocity within the vegetation
h, is measured in metres (the number 0.0135 is also a length

in m).
Nuding (1991, 1994) gives the interface friction factor as:

1 0518 \/E \F
~ R \b
a log[hj AL ()

v,

veg

where:
R is the hydraulic radius of the vegetated zone
bfo is half the width of the clear channel if it is bounded by
vegetation on both sides and the full clear channel width if
it is bounded by vegetation on one side and a surface
offering negligible resistance on the other

The distance b, is a transition width within the vegetation,

given by the smallest of the following:

¢ Lateral spacing of the vegetation stems

*  Wake width, given by 3.2(a_d)'?, where a_is the longitudi-
nal spacing of vegetation stems and d is the stem diameter

¢ Actual width of the vegetation strip

Additionally, b, may not be less than 0.15k,

Clear channel discharge from integrated
velocity distribution

The clear channel discharge can also be predicted by integrat-
ing the transverse distribution of depth-averaged velocity.
Hirschowitz and James (2008) have reviewed and tested vari-
ous equations proposed for describing the transverse distribu-
tion of depth-averaged longitudinal velocity in clear channel
flow adjacent to emergent vegetation boundaries. They recom-
mend a refinement of the method proposed by Nuding (1991;
1994), with the velocity at position y given by the lesser of:

22u) hy |y
V( ) - v J\/:
g (V ]\g b, (12)
log| ™
Vveg
or
V) = Vi a3
where:

y is measured from an origin at distance b, from the veg-

etation interface within the vegetation

u " is the shear velocity on the vegetation interface

Ve is the velocity within the vegetation (which may be

calculated from Egs. (2) and (3) or (4))

V, ., is the maximum velocity within the clear channel zone
The maximum velocity in the clear channel is calculated using
a dimensionless maximum velocity:

Vix =V,
V"/lax _ max veg (14)
Vinl‘ - Vveg

where:
V,is the velocity that would occur in the channel under the
resistance influence of the bed only
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The dimensionless maximum velocity is calculated from an
empirically-derived equation:

v, 0.674 i 0132 fi by o 1.29
. + . or s .
- T e T e (15)

b,
=1 Sfor ——

wide

> 1.29
where:
b, is the value of y at the channel centre for channels with
vegetation on both sides or at the non-vegetated bank for
channels with vegetation on one side only
T, .. is the width over which the transition from Ve 10V e
takes place in a channel that is wide enough for V. =71

) N max inf*
T .. 1s given by:

2b R, V. V. 16
Ty =b, + o 2n e Dt ol Vs (o)
h.gS K Viee

The value of u," depends on whether the clear channel zone is
wide or narrow, i.e. is b, greater or less than 1.297, . For the
wide case u " can be calculated directly as:

* ( (Twide - bm)
L, K (T =b,) 17)

2s v T
2b, R,V | logl -
VVeg

For narrow clear channel zones uv* must be determined itera-
tively. A transition width, T’ is estimated and used as the

narrow

value for b, in calculating u," according to:

o 5D, )
C Kby fy 20 Ty =T’ —0’)
D+ Js (18)
16R, b, [0V / V1o )b
where:
D is the flow depth

Using this result, 7' is calculated as:

narrow

v loglv. /v, )T
7 R‘,bm{ s 108/ )} 1)

narrow - *
h; Ku,

Equations (18) and (19) are applied iteratively until satisfactory
convergence of the 7 and u " values

The relevant values of ¥, _and u " enable the description
of the velocity profile through Egs. (12) and (13), which can
be integrated across the clear channel width to yield the clear

channel zone discharge (Hirschowitz, 2006):

0 = ¥, Dlp,-1)+2KLD_ ’”(T,/Tme
v R, b,
310g{ mﬂXJ

veg

(20)

where:
T is the appropriate transition width depending on whether
the zone is wide or narrow

Experimental data

Suitable data for testing these prediction methods were col-
lected by James et al. (2001) and James and Makoa (2006).
Their experiments were carried outin a 12.26 m long, 1.0 m
wide, rectangular channel lined with cement plaster and set
on a slope of 0.00107. Vegetation stems were represented by
5 mm diameter steel rods set in a regular, staggered grid pat-
tern with centre spacings of 25 mm in both the longitudinal
and transverse directions. The rods were secured above the
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Pattern 1

Pattern 3

Pattern 5

Figure 1
Vegetation strip patterns (James et al., 2001), in plan (modules
are 1.0 m x 0.125 m, channel width is 1.0 m)

water surface in wooden frames, each 1.0 m long and 0.125
m wide and holding 200 rods, enabling their arrangement

in 7 distribution patterns, of which the 3 shown in Fig. 1 are
useful for testing predictions. All the patterns extended over
a distance of 11.0 m and contained the same total number

of stems, with the same local density and the same overall
coverage (50% of the channel area). Stage-discharge meas-
urements were taken for all patterns and for the basic channel
with no stems. Longitudinal velocities were measured over
one cross section of each clear channel using a miniature
propeller meter. Velocities were measured at a number of
vertical sections, with spacing depending on the clear chan-
nel width, and at 0.2, 0.4 and 0.8 of the flow depth.

The resistance coefficient for the bed (f,) was determined
as a function of flow depth from measured stage-discharge data
for the basic channel with no artificial vegetation. The data
presented by James et al. (2001) included 9 combinations of
depth and discharge for the basic channel, with depths rang-
ing from 21 mm to 72 mm. f, was calculated for each of these
tests through Egs. (1) and (5). A quadratic equation for f, in
terms of flow depth was fitted through these points, and used
to determine f, for each vegetated channel depth. The resulting
values of f, ranged from 0.022 to 0.044 with 10 of the 12 values
occurring between 0.022 and 0.028. Resistance coefficients for
the bed and the stem zone interfaces (f)) were also determined
for Patterns 1, 3 and 5, through an inverse application of the
sidewall correction procedure proposed by Brownlie (1981).
The values determined are listed in Table 1.

Applications

The methods of Kaiser (1984) and Nuding (1991; 1994) have
been applied to the experimental situations to predict values
of /. The results are presented in Table 1 and Fig. 2. For the
method of Kaiser (1984), values of f;, of 0.06 (the minimum
value recommended by Kaiser , 1984) and 0.10 (the maximum
value recommended by Kaiser, 1984) are both presented. Both
methods perform satisfactorily for the narrow clear channel
of Pattern 3: average absolute errors (the absolute difference
between predicted and measured values) are 0.030 for Nuding’s
method and 0.039 and 0.006 for Kaiser’s method with f, equal
to 0.06 and 0.10 respectively. Performance is less satisfactory
for Patterns 1 and 5 with relatively wide clear channels. For
Pattern 1, average absolute errors are 0.069 for the method
of Nuding (1991; 1994), 0.087 for the method of Kaiser (1984)
with f) = 0.06 and 0.125 f,) = 0.1. Similarly, large prediction
errors are also found for Pattern 5 as indicated in Table 1.

Table 1
Friction factors for the experimental conditions of James et al (2001) as derived from the data and
predicted by the methods of Kaiser (1984) and Nuding (1991; 1994). (Note that errors here are
un-normalised differences.)
Pattern | Clear | Flow Measured Predicted f,
Width | depth Kaiser (1984) Nuding
(b)) | (m) ¢ f f=0 f_ =006 | f_= | f_=0forpatterns1& | (1991;1994)
(m) ' ° ° 010 | 5and 0.10 for pattern 3

f, Abs. Abs. f, Abs. f, Abs. f, Abs.
Error Error Error Error Error
1 0.25 | 0.036 | 0.025 | 0.236 | 0.285 | 0.049 | 0.346 | 0.110 | 0.386 | 0.150 | 0.285 | 0.049 | 0.134 | 0.101
0.062 | 0.022 | 0.243 | 0.274 | 0.031 | 0.334 | 0.091 | 0.372 | 0.129 | 0.274 | 0.031 | 0.178 | 0.065
0.079 | 0.024 | 0.253 | 0.265 | 0.012 | 0.327 | 0.074 | 0.363 | 0.110 | 0.265 | 0.012 | 0.189 | 0.063
0.092 | 0.027 | 0.243 | 0.255 | 0.012 | 0.316 | 0.073 | 0.354 | 0.112 | 0.255 | 0.012 | 0.196 | 0.047
Average absolute error 0.026 0.087 0.125 0.026 0.069
3 0.125 | 0.055 | 0.022 | 0.372 | 0.277 | 0.095 | 0.338 | 0.034 | 0.376 | 0.005 | 0.376 | 0.005 | 0.338 | 0.034
0.088 | 0.026 | 0.363 | 0.258 | 0.105 | 0.319 | 0.044 | 0.359 | 0.004 | 0.359 | 0.004 | 0.381 | 0.018
0.118 | 0.038 | 0.319 | 0.229 | 0.090 | 0.289 | 0.036 | 0.330 | 0.011 | 0.330 | 0.011 | 0.359 | 0.039
0.129 | 0.044 | 0.319 | 0.217 | 0.102 | 0.277 | 0.042 | 0.316 | 0.004 | 0.316 | 0.003 | 0.346 | 0.027
Average absolute error 0.098 0.039 0.006 0.006 0.030
5 0.25 | 0.039 | 0.024 | 0.277 | 0.283 | 0.006 | 0.342 | 0.065 | 0.381 | 0.104 | 0.283 | 0.006 | 0.406 | 0.129
0.064 | 0.022 | 0.255 | 0.273 | 0.018 | 0.334 | 0.079 | 0.372 | 0.117 | 0.273 | 0.018 | 0.518 | 0.262
0.086 | 0.025 | 0.250 | 0.260 | 0.010 | 0.319 | 0.069 | 0.359 | 0.109 | 0.26 0.01 0.549 | 0.299
0.095 | 0.028 | 0.238 | 0.252 | 0.014 | 0.312 | 0.074 | 0.350 | 0.112 | 0.252 | 0.014 | 0.557 | 0.319
Average absolute error 0.012 0.072 0.111 0.012 0.252
Average absolute errors for all patterns 0.045 0.066 0.081 0.015 0.117

[*)}
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A -
0.50
s
) :‘ [ ] Measured (P1)
Figure 2 2 040 | *  Measured (P3)
Predictions of interface e e A Measured (P5)
resistance coefficient, f, 2 ; —8— Nuding (P1)
for experiments of James £ 030 SR o Nuding (P3)
etal. (2001) (termin 8 - :”_‘"”g(‘:f’o N
. . X + aiser (all), 0.
brackets indicates pattern € X
N 8 020 Er— X Kaiser (all), 0.10
. o
number; v._alug after Kaiser £ X Kaiser (all), 0
labels indicates f, ) e
0.10
0.00
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Flow depth (m)

While the data suggest that clear channel width is influen-
tial, neither method accounts for it satisfactorily. The method
of Nuding (1991; 1994) accounts for width explicitly through
the inclusion of b, in Eq. (11), but does not reproduce the trend
of £, with D well for either the narrow or wide channels (Fig.

2). The extreme difference in predictions for Patterns 1 and 5
arises from the definition of b , giving significantly different
values for these 2 patterns, even though the clear channel width
is the same. The method is therefore unrealistically sensitive
to this definition, and hence to the width of vegetation strips
which appears to be influential only at very low flow depths.
Kaiser’s (1984) method reproduces the trend of £, with D well
for both the narrow and wide clear channels (Fig. 2). The posi-
tion of the curves depends only on the value selected for £, but,
perhaps coincidentally, could account for clear channel width.
Although Kaiser intended f;, to account for vegetation struc-
ture, it is not unreasonable to suppose that this effect becomes
less important relative to the ratio ¥, /V,  as channel width
increases

Setting f,, = 0 (i.e. neglecting the vegetation structure term)
leads to very close agreement of Kaiser’s (1984) method with

the data for the wide clear channels, with an absolute average
error for Patterns 1 and 5 of only 0.026 and 0.012 respectively,
and with just 2 points giving errors greater than 0.018 (See
Table 1). However, the prediction accuracy for Pattern 3 with a
narrow clear channel is reduced from that obtained with

f7, = 0.1. The best prediction (average absolute error of 0.015
for all three patterns) is thus given by selecting f,, = 0 for wide
clear channels (Patterns 1 and 5) and f,, = 0.1 for narrower
clear channels (Pattern 3). This confirms that the vegetation
structure term (f},) is effective only for narrow channels. As
the width to depth ratios (B/D) occurring in Patterns 1 and 5
are more representative of real channels than those of Pattern
3, Kaiser’s method with f;, = 0 appears to be the best currently
available for estimating the f, for emergent vegetation lateral
boundaries.

The velocity measurements were integrated to obtain clear
channel discharges for the three vegetation patterns. These
were also predicted using Egs. (1), (5) and (8) with f, estimated
by the methods of Kaiser (1984) and Nuding (1991; 1994).
Kaiser’s (1984) method was applied with f, = 0.08 (the mid-
dle value of the recommeded range) and also with £, = 0.1

Table 2
Measured and predicted discharges for the experiments of James et al. (2001)
Pattern Flow Measured Predictions
depth | discharge ™ i icer (1984) | by Kaiser (1984) | £, by Nuding (1991; Eq. (20)
(m) (m?/s) (f, = 0.08) (f = 0 for Patterns 1994)
1 & 5and 0.10 for
Pattern 3
Discharge Abs. Discharge Abs. Discharge Abs. Discharge Abs.
(m?3/s) Error (m3/s) error (m3/s) error (m?3/s) error
(%) (%) (%) (%)
1 0.036 0.0040 0.0036 10.0 0.0038 3.8 0.0047 17.5 0.0043 7.5
0.062 0.0075 0.0067 10.7 0.0075 0.6 0.0087 16.0 0.0079 53
0.079 0.0098 0.0088 10.2 0.0098 0.2 0.0111 13.3 0.0103 5.1
0.092 0.0118 0.0104 11.9 0.0116 1.4 0.0129 9.3 0.0117 0.9
3 0.055 0.0041 0.0044 7.3 0.0043 5.1 0.0045 9.8 0.0047 14.6
0.088 0.0070 0.0074 5.7 0.0072 2.5 0.0070 0.0 0.0077 10.0
0.118 0.0090 0.0102 13.3 0.0100 10.6 0.0096 6.7 0.0097 7.8
0.129 0.0111 0.0113 1.8 0.0110 0.8 0.0106 4.5 0.0104 6.3
5 0.039 0.0041 0.0039 4.9 0.0043 39 0.0038 7.3 0.0047 14.6
0.064 0.0077 0.0070 9.1 0.0077 0.4 0.0060 22.1 0.0082 6.5
0.086 0.0108 0.0097 10.2 0.0108 0.1 0.0079 26.9 0.0111 2.8
0.095 0.0123 0.0108 12.2 0.0121 1.8 0.0087 29.3 0.0120 2.4
Average absolute errors (%) 8.9 2.6 13.5 7.0
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Pattern 1

0.014
0.012
% 0.010 F ¢  Measured
<E 0.008 F —— Nuding
> 0006 | ——+— Kaiser, 0.08
o F é Kaiser, 0
5 0.004 g %~ Equation (20)
S 0002 |
2
o 0.000
0.00 0.02 004 0.06 0.08 0.10
Depth (m)
Pattern 3
0.012
0.010 3 Figure3
= 0.008 = & Measured Measur_ed
£ . / Nuding and pr(_adlcted
< 0.006 _z — 4+ Kaiser, 0.08 stage-discharge
E / Kaiser, 0.10 relationships (value
g 0.004 x— Equation (20) after Kaiser labels
5 0002 indicates f,,)
3]
7]
a 0.000
0.00 0.05 0.10 0.15
Depth (m)
Pattern 5
0.014
0.012 )/%
0.010 RN
% 0.008 N X & Measured
o i/ 7 —— Nuding
<E 0.006 / —+— Kaiser, 0.08
g 0.004 X :aiS:&g (20)
- - uatl
£ 0.002 d
K=
S 0.000
o 0.00 0.02 0.04 0.06 0.08 0.10
Depth (m)

(the maximum value recommended) for conditions with B/D
<5 (Pattern 3) and f;, = 0 for B/D > 5 (Patterns 1 and 5) as
described above. In these predictions V, was estimated using
Eq. (5) with R equal to D and f, was estimated as a function of
depth (D) using results of experiments in the basic channel with
no stems, as described above. The value of V, . Was deter-
mined using the method proposed by Jordanova et al. (20006),
i.e. Eq. (4) with:

-0.65 d 0.07
F= 14885[% [—j c,™®
d D

The stage-discharge predictions by the methods of Kaiser
(1984) and Nuding (1991; 1994) as well as the integrated
transverse velocity distribution (Eq. (20)) are compared with
the measured data in Table 2 and Fig. 3. Discharge predic-
tions by all methods are acceptable. Overall, Kaiser’s (1984)
method with £ selected on the basis of B/D performs best,
with an average absolute error of 2.6%. Equation (20), with
an average absolute error of 7.0%, performs better than both
Kaiser’s (1984) method as originally intended and Nuding’s
(1991, 1994) method, with average absolute errors of 8.9% and
13.5% respectively. Equation (20) relies on the assumption of
a constant depth and roughness within the clear channel, which
may not be realistic in some real channels. The resistance

@n
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equation approaches are more flexible, and could account for
variations in channel characteristics. Of these, the method of
Kaiser (1984) appears to be better than Nuding’s (1991; 1994)
even without adjusting f,,. Assigning a value of f; = 0 for wide
natural channels appears to be appropriate, but this is rather
arbitrary and requires confirmation with appropriate data.

Conclusions

The conveyance of river channels with emergent vegetation
along their banks can be estimated by adding discharges cal-
culated separately for vegetated zones and clear channel zones.
The contribution from the vegetated zones is often negligible,
but may be estimated by existing methods (e.g. James et al.,
2008 and Jordanova et al., 2006). The conveyance of the clear
channel zones can be estimated through composite resistance
calculations or by an integration of the transverse distribution
of depth-averaged velocity.

For resistance calculations a composite resistance coef-
ficient combining the effects of the channel bed and vegeta-
tion interfaces is used, as given by Eq. (8). The vegetation
interface resistance coefficient (f)) is best estimated by
the method of Kaiser (1984) (Egs. (9) and (10)). There are
indications that f,, in Eq. (9) may depend on the width of the
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clear zone. A value of f, = 0 appears to be appropriate for
clear channels with B/D > ~5 while the range of 0.06 </, _
< 0.1 (as originally suggested by Kaiser, 1984) may be
appropriate for narrower channels.

The transverse velocity distribution across the clear
channel zone reflects the resisting influence of the bounda-
ries, and its integration (Eq. (20)) to estimate conveyance
would be particularly useful in cases where the velocity
distribution is required as well. The implied assumption of
constant depth and bed roughness within the clear channel
may lead to inaccuracies in some natural channels, how-
ever, and the simpler composite resistance approach may be
generally preferable.
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