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Abstract. Sediment routing models which simulate the coevolution of river long profile
and bed grain size distributions have been used to investigate downstream fining above
base level, channel response to rectification, and other disequilibrium situations at a
variety of timescales. We extend one such model (SEDROUT [Hoey and Ferguson, 1994])
to deal with sand as well as gravel and test its ability to simulate aggradation and
downstream fining in a well-documented Canadian river. Previous tests of this and similar
models have been largely restricted to comparing observed and simulated gradients of
downstream fining, but it is not obvious when to make the comparison in a time-
dependent model with uncertain initial state and no equilibrium except in the very long
term. We discuss and apply a more rigorous set of test criteria and address issues of
defining initial conditions and time to test. The model’s varying sensitivity to different
boundary conditions and parameters indicates key data constraints on the testability and
predictive accuracy of any such model. We also consider the adequacy of one-dimensional
calculations in channels with variable width and present initial results of attempts to allow
for this.

1. Introduction

Geomorphologists commonly assume that alluvial rivers are
in a quasi-equilibrium state with morphology and slope ad-
justed so that the river has just the capacity to transport the
load supplied from upstream. However, many channels are not
in equilibrium. In particular, progressive aggradation is typical
where rivers are approaching either their final base level (the
sea or the junction with a much larger river) or some local base
level. Local base levels occur at bedrock controls, where nar-
row valleys are partly blocked (e.g., by tributary fans, land-
slides, or moraines), where rivers emerge abruptly from moun-
tains onto flatter terrain (e.g., grabens, glacial troughs, or
coastal plains), and where rivers flow into natural or artificial
lakes. Gravel or gravel/sand mixtures deposited by aggrading
rivers are commonly sorted by size so that the deposit, hence
the channel bed, fines downstream on the declining gradient.
The development of downstream fining increases distal sedi-
ment flux because the threshold stress to mobilize the bed is
reduced. This promotes progradation, with the deposit gradu-
ally extending downstream as well as building up in the prox-
imal zone. Both the long profile of the channel and the down-
stream fining gradient evolve over time.

Numerical modeling is potentially a powerful way to inves-
tigate the time-dependent behavior of river channels. Models
of the transport and deposition of different size fractions of
bed material have been developed by several research groups

(e.g., MIDAS [van Niekerk et al., 1992], SEDROUT [Hoey and
Ferguson, 1994], and the model of Cui et al. [1996]). These are
one-dimensional (1-D) models that use width-averaged repre-
sentations of channel hydraulics, bedload transport, and aggra-
dation or degradation in an iterative computational scheme. At
each time step the bed elevation and grain-size distribution
(GSD) are updated. Since the models track size fractions, the
textural stratigraphy of the deposit is also estimated.

This paper applies SEDROUT to study the development of
the long profile and sediment fining in Vedder River, south-
western British Columbia, Canada. There is little critical ex-
perience of transferring sediment routing models to different
situations and scales, and the ability to test such models is often
limited. SEDROUT was originally tested only on Allt Dub-
haig, a small aggrading stream in Scotland, United Kingdom.
For lack of firm knowledge of initial conditions, timescale, and
therefore rate of development the test was mainly a visual
comparison of observed and simulated amount of downstream
fining, supported by evidence from field process measurements
that the degree of size selectivity in the model was appropriate
[Hoey and Ferguson, 1994]. Cui et al. [1996] also simulated the
development of downstream fining during aggradation but
were able to compare both pattern and rate by using results of
a flume experiment with known initial conditions and simple
steady boundary conditions. Talbot and Lapointe [2001] used
SEDROUT to simulate the consequences of straightening a
meandering reach and obtained encouraging results for both
patterns and amounts of degradation and armoring over a
known time interval. However, there has not yet (to our knowl-
edge) been a thorough quantitative test of any model’s ability
to simulate both patterns and rates of aggradation and fining in
a natural gravel bed river. The morphological, sediment, and
process data available for Vedder River allow a test of
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SEDROUT in a river about 10 times wider than Allt Dubhaig,
including comparison of process rates and thus the temporal
accuracy of the model.

In this paper we make significant extensions to both the
model itself and the procedures used to assess it. SEDROUT
originally described the transport and deposition only of grav-
els, but is now extended to include the sand component of
bedload. We also discuss how to compare a time-dependent
model with present-day observations; study the dependence of
model results on the specified initial conditions in an attempt
to develop a general and unbiased model startup procedure;
and investigate sensitivity to how the hydrological and sedi-
ment-supply forcing is specified. These matters have implica-
tions for the testability and predictive accuracy of all such
models but have received scant attention in the literature.

2. SEDROUT Model
2.1. Overview

SEDROUT is one of several similar numerical models that
simulate the coevolution of long profile and bed texture in an
alluvial channel. Full details are given by Hoey and Ferguson
[1994] and where necessary later in this paper, so only an
overview is given here. Like MIDAS and the model of Cui et al.
[1996] it was developed with long timescales in mind, to study
the pattern of sedimentation and fining that develops over a
large number of different-sized flood events rather than the
short-term processes in a particular event. All three models
treat flow properties and bedload transport on a width-
averaged basis, solving the shallow-water equations for mean
depth, water surface slope, and thus mean shear stress at a
series of cross sections. The shear stress values are used to
compute bedload transport capacity for each of many size
fractions taking account of their current availability in the bed.
Computed capacities are then compared with supply from up-
stream, bed elevation is updated using the overall sediment
continuity equation, and bed grain-size distribution (GSD
hereafter) is updated using a fractional continuity equation.

Where sediment routing models differ is in the choice of
equations for flow resistance, fractional transport, and frac-
tional continuity. The default choices in SEDROUT are a
Keulegan-type logarithmic resistance law (1/f )0.5 � a log(R/
D84) � b (where f is the Darcy-Weisbach friction factor and
R is the hydraulic radius); Parker’s [1990] gravel transport
equations; and Hoey and Ferguson’s [1994] generalization of
Parker and Sutherland’s [1991] fractional continuity equation.
Each of these, and their equivalents in other models, involves
one or more parameters. In any particular application of a
model these parameters must be specified, together with initial
and boundary conditions. The necessary initial conditions are
the bed elevation and GSD at each cross section. The neces-
sary boundary conditions are water discharge (possibly increas-
ing downstream but usually assumed steady) and the sediment
flux and GSD into the head of the channel and at any lateral
inputs.

2.2. Fractional Transport

Bedload transport capacity is calculated in SEDROUT using
the “ACRONYM” equations of Parker [1990], which were
calibrated to measurements of gravel transport in Oak Creek,
Oregon. Parker’s equations predict the transport rate of each
half-phi size fraction from its volumetric abundance in the bed
surface layer and the applied shear stress. The quasi-threshold

“reference” stress for each fraction increases slightly with di-
ameter via a hiding function, so transport is slightly size-
selective.

Although Oak Creek contains sand, Parker’s analysis was
restricted to gravel, and Cui et al. [1996] accordingly excluded
sand from their model. The presence of sand is an emerging
issue in the behavior of gravel bed rivers [e.g., Wilcock, 1998],
and for the present study we extended SEDROUT to include
sand fractions down to a supposed suspension threshold of 0.25
mm. Extending Parker’s equations to sand fractions requires
three assumptions: (1) the form of the relationship between
fractional transport rate and relative shear stress is the same
for sand sizes as for gravel, (2) the hiding function fitted to Oak
Creek gravel data extends to more poorly sorted gravel-sand
beds, and (3) the “straining function” Parker introduced to
correct for the changing surface/subsurface difference in GSD
at higher stresses works adequately for a more poorly sorted
bed.

The flume results of Kuhnle [1993] and Wilcock [1993] cast
doubt on the adequacy of a single hiding function for strongly
bimodal gravel/sand beds, but field and flume results for gravel
beds with minor sand tails suggest that a single transport curve
and hiding function can be used [Ashworth and Ferguson, 1989;
Wilcock, 1992; Wathen et al., 1995]. The bed of the unchannel-
ized part of Vedder River contains no more than 30% sand
even in subsurface samples, and relatively little on the surface,
so we considered the retention of Parker’s [1990] equations to
be justifiable. But the third assumption is more problematic.
ACRONYM uses a three-part relation between dimensionless
transport rate and the shear stress ratio � � �*/�*r, based on
the equations of Parker et al. [1982], who used the subsurface
GSD. The transport rate is then multiplied by a straining factor
� which allows for the anticipated change in surface GSD with
changing stress: less coarse and less well sorted at higher stress
[Parker, 1990, p. 425]. Sorting for this purpose is quantified
using the psi (�) standard deviation �, where � � log2(D/mm).
Lookup tables in ACRONYM embody the �-� and �-� curves
found for Oak Creek. The straining function is an attempt to
generalize them to other channels with surface GSDs which
are more or less well sorted than Oak Creek. It is assumed that
uniform sediment requires no straining since its GSD cannot
alter with stage, thus � 3 1 as � 3 0. Parker [1990] adopted
the simplest possible function which satisfies Oak Creek and
the uniform case: the linear relationship � � 1 � (�o �
1)(�/�o), where the o subscript denotes a value from the Oak
Creek curves and unsubscripted variables are for the new sit-
uation. When this straining function is used in SEDROUT for
gravel-sand beds, which almost invariably are poorly sorted
with � � 2 or even �3, anomalies arise which can lead to
stalling of a simulation. In the case of the mean bed diameter,
the curve of transport rate against stress develops an inflexion
at � � 1.6 and a downturn at � � 2.1, with zero transport at
high stress when � � 2.6. In an attempt to overcome this
problem we tested a modified straining function added to
SEDROUT by T. Hoey (personal communication, 1997): � �
1 � (�o � 1)�0.3/�o. The reduced dependence on � gives
more stable results for poorly sorted beds, with a transport
curve close to that for Oak Creek. An alternative, more gen-
eral, formulation is � � 1 � (�o � 1)(�/�o)c where c lies
between 0 (no straining) and 1 (Parker straining); c has to be
�0.4 for reasonable behavior in poorly sorted beds.

The other parameters in ACRONYM were left at their
default values in runs reported here. Increasing the reference
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Shields stress for bed D50 has the same effect as reducing the
discharge. Altering the default value of 0.095 for the hiding
factor affects the strength of downstream fining (weaker the
closer to the equal-mobility value of 0). Sensitivity analysis
confirmed the finding of Hoey and Ferguson [1997] that, within
the plausible range of values (say 0.2 to 0.05), the effect is not
great. Nevertheless, subtle adjustment of this parameter in
combination with the treatment of GSD can influence the
pattern of downstream fining.

3. Field Site and Data

Vedder River is a distal reach of Chilliwack River (Figure 1),
draining 1230 km2 of the Cascade Mountains approximately
160 km east of Vancouver. The river emerges at Vedder Cross-
ing from a mountain valley onto an aggrading alluvial fan,
where it is referred to as Vedder River. After a further 8 km,
the river has been channelized and is referred to locally as
Vedder Canal. Gravel delivered by Chilliwack River is depos-

Figure 1. Chilliwack valley and the Vedder River study reach. Locations of model cross sections, bed
material samples, and the Vedder Crossing gauge are shown. The numbering of cross sections 1–49 is reversed
from that of Martin and Church [1995] (which corresponded with the original survey) because of enumeration
conventions in the SEDROUT program.
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ited on the alluvial fan in the Vedder River reach, with pebble
gravel extending about half way down the 5-km-long Canal as
well. McLean [1980] and Martin and Church [1995] estimated
from repeated channel surveys that the average annual depo-
sition in Vedder River is about 50,000 m3 bulk volume. How-
ever, individual major floods are known to be capable of de-
livering as much as 200,000 m3 of material.

As the consequence of sediment deposition, Vedder River is
a downstream-fining cobble- to pebble-gravel channel flowing
on a gradient which declines from 4.6 � 10�3 in the first 3 km
to 1.1 � 10�3 at the head of the Canal. Typical grain size
declines from about 50 mm immediately below Vedder Cross-
ing to less than 20 mm at the head of the Canal. This appears
to be predominantly a sorting phenomenon: Chilliwack River
drains a portion of the northern Cascade Mountains which is
composed of a wide range of heavily metamorphosed sedimen-
tary and volcanic rocks of Palaeozoic and later age, and some
granitic intrusives, so many of the lithologies (e.g., quartzite,
diorite, argillite, limestone, and chert) are highly resistant to
abrasion.

There are set-back flood dykes over the whole distance, but
these do not prevent the channel from adopting a wandering or
low-order braided habit, the latter in the less stable reaches
near the head of the fan. The mean width is about 100 m in the
more stable reaches, and about 250 m in the braided reach.
There are no tributaries so, apart from unmeasured seepage,
discharge is constant downstream and is derived from the basin
of Chilliwack River. The basin experiences infrequent storm-
generated high flows in autumn/winter, and more regular
snowmelt-generated high flows in spring/summer. In either
season the occurrence of rain on snow produces the greatest
floods. The highest flows occur in late autumn but are typically
of only 1 or 2 days’ duration, whereas summer flood stages may
persist for many days or even weeks. Between 1977 and 1996,
a period of relatively stable hydrological regime on the west
coast of North America, the mean winter flood magnitude at
Vedder Crossing was 335 m3 s�1, and the mean summer flood
magnitude was 220 m3 s�1.

The hydraulic geometry of the channel is known at two
sections, Vedder Crossing and Yarrow (sections 1 and 33 in
Figure 1). Both sections are relatively narrow and nearly rect-
angular, unlike most other sections, so width increases rela-
tively little with discharge. Figure 2 shows that flow resistance
calculated from these data crosses the trend of a Keulegan-
type equation with the SEDROUT default values of a � 2.0
(consistent with a von Karman constant of 0.41) and b � 1.1
(equivalent to a roughness height of ks � 3.11D84, as rec-
ommended for gravel bed rivers by Bray and Davar [1987]).
The additional factor indicated by the steeply varying relations
at a station is channel form resistance, which is progressively
drowned at higher flows. In the present context what matters is
the downstream change in resistance at high flow. Figure 2
suggests a high-flow limit of b � 1.7 at Yarrow, whereas the
equivalent curve for Vedder Crossing suggests b � 0.5. Since
1981, a sequence of 49 monumented cross sections (Figure 1)
has been regularly surveyed along Vedder River reach as part
of the flood management program of the Water Management
Branch, British Columbia Ministry of Environment, Lands and
Parks (BCE hereafter). The average distance between survey
lines is 170 m, but the actual distance varies along the reach so
that a spacing of about 1.5 channel widths is maintained. The
1990 survey provided the cross sections that are used in the
simulations and the “current” long profile of the channel bed

(Figure 3), which is based on the mean channel bed elevation
at each cross section.

A variety of grain size data is available. The best data for
modeling purposes are 19 subsurface bulk samples taken by Y.
Martin in 1991 between Vedder Crossing and a point in the
Canal 11 km downstream. Most samples were from barhead to
midbar locations, but avoiding conspicuously armoured areas.
The surface was cleared off before the sample was taken, and
sample sizes followed the criteria of Church et al. [1987]. The
data are displayed by Martin and Church [1995, Figure 4]. We
supplement these data with samples from the Canal in 1998
[Bloomer, 2000] and seven subsurface samples taken by BCE
personnel after a major flood in 1989. The BCE samples were
truncated at 200 or 250 mm. They should be reliable for esti-
mating D50, since very little �200 mm material is present in
the channel, but only some of them are reliable in the coarse
tail. The combined data show general downstream fining be-
yond about 2 km but no clear trend proximally and substantial
scatter throughout (Figure 3). The fitted Sternberg coefficient,
i.e., the exponent � in D/D0 � exp(��x) where D is grain
diameter and x is distance downstream, is slightly higher for
D84 (0.15) than D50 (0.13).

Annual gravel fluxes in different reaches of Vedder River
were estimated by Martin and Church [1995] from channel
changes between six repeat surveys of the 49 cross sections in
the period 1981–1990. Direct measurements of bedload trans-
port were also made at Yarrow between 1971 and 1974. This
measurement program was described by McLean [1980]. Sig-
nificant sand transport was found to commence at about 150
m3 s�1, and gravel transport at 225–250 m3 s�1, but substantial
quantities of gravel were transported only at flows above 350
m3 s�1. Obtaining a quantitative measure of the transport is
difficult because the efficiency of the samplers remains uncer-
tain and the number of samples constituting each measure-
ment was limited. The performance of the same samplers in
Fraser River was discussed by McLean et al. [1999], and we
adopted correction methods similar to the recommendations
of those authors except that, for correction of the basket sam-
ples, we assumed on the basis of our simulations that 50% of
the transported material was finer than the sampler mesh.

Martin and Church’s [1995] analysis showed that patterns of
aggradation and local degradation are spatially variable along

Figure 2. Flow resistance at the Yarrow gauge section in
Vedder River. For comparison, some Keulegan-type relations
are displayed.
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Vedder River from flood to flood. They are further compli-
cated by periodic removal of gravel to maintain flood capacity.
We do not expect to simulate such details because we do not
simulate the unsteady flow or sediment delivery to the reach
that are associated with such variations, nor the local variability
associated with bars, pools, and braiding. Rather, our objec-
tive, consistent with the purpose of the model, is to simulate
the overall development of the aggrading channel over an
extended period of time.

4. Initial and Boundary Conditions
In order to run SEDROUT it is necessary to specify channel

cross sections, initial long profile and bed GSDs, water dis-
charge, and incoming sediment flux and GSD. These condi-
tions are outlined here. The default choices and alternatives
are summarized in Table 1.

4.1. Initial Conditions

Modeling was done using approximations of the 49 surveyed
cross sections from Vedder Crossing (defined to be at distance
0 m) to the Head of Canal (8175 m). To avoid end effects, the
model domain was extended part way down the Canal by
adding sections at 200 m intervals to 11,000 m, making a total
of 63 sections (Figure 1). For purposes of 1-D modeling, the
sections were approximated as rectangular, with banks high
enough to prevent overbank flow. This is fairly realistic for the
Canal, but surveyed sections upstream of 8175 m are of vari-
able width and often irregular shape. Most simulations were
done using the same width at each section, but some used the
surveyed widths. In uniform-width runs, width was set at the
overall mean of 110 m on the grounds that at wide sections the
flow and bedload transport are generally concentrated into a
fraction of the total width.

Figure 3. Long profile and bed material grain size in Vedder River. Distances are downstream from Vedder
Crossing. Smooth profile curve is the initial profile for simulations. See text for sources of grain-size data and
calculation of �1 standard deviation error bars.

Table 1. Default and Alternative Specifications for SEDROUT Simulation Runs in This Paper

Feature Default Specification Alternative Specifications Used

Bedload transport Parker [1990] extended to gravel and sand fractions gravel fractions only using original straining
modified straining function original straining
exchange c � 1 c � 0 for sand fractions

Flow resistance Keulegan with b � 1.1 b � 1.7, b � 0.5, width-dependent b
Channel width uniform variable
Initial conditions

Long profile exponential to 8.2 km, then straight exponential throughout
Bed GSD constant to 8.2 km, then fine stepped fining

Boundary conditions
Discharge 350 m3 s�1 250, 300, 400, 450, 500 m3 s�1

Bedload supply flux and GSD at capacity flux at capacity but fixed GSD
fixed flux and GSD
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The initial long profile for most runs is a smooth exponential
curve to 8175 m, matched to the modern bed elevation at x �
0 but falling below it thereafter to give up to about 3 m of
accommodation space for aggradation. Beyond 8175 m the
initial profile straightens to the design slope of 2.8 � 10�4 for
Vedder Canal and to a match with our 1998 measurement of
bed elevation at 12 km, beyond which aggradation is thought to
be negligible. As can be seen in Figure 3, these specifications
yield a break of slope at the head of the Canal, and about 1.6 m
of accommodation space there. Independence of this assump-
tion was confirmed by doing a run starting from a profile with
no break of slope.

Most runs began with a coarse bed GSD everywhere along
Vedder River, i.e., no downstream fining. This is unrealistic,
but makes it easy to determine when the effect of the initial
condition has migrated out of the model domain. The initial
GSD was set as the average of the first two measured GSDs
below Vedder Crossing truncated at 0.25 mm, below which
sand is likely to travel in suspension in high flows. It contains
13% sand, with D50 � 35 mm and D84 � 111 mm. Two
gravel-only runs were done with the GSD truncated at 2 mm,
making D50 � 44 mm and D84 � 120 mm. Preliminary runs
used the coarse initial GSD all the way to 11 km, but this was
found to inhibit transport in the Canal (which had a fine bed
when built in 1928) and cause implausibly high local aggrada-
tion at the break of slope. Most runs therefore started with a
finer GSD for the Canal, having D50 � 1 mm and D84 � 8
mm. Independence of initial conditions was confirmed by a run
starting from a stepped downstream fining profile.

4.2. Boundary Conditions

The water discharge Q was assumed steady over time and
constant downstream. Adopting a constant discharge for sim-
ulations of sediment routing and bed evolution is analogous to
the dominant discharge assumption in both empirical and ra-
tional approaches to river morphology, and poses the same
problem of choosing one point from the magnitude-frequency
curve describing the spectrum of flows that shape the river. We
mostly used Q � 350 m3 s�1, which is approximately the
overall mean annual flood and comfortably above the thresh-
old for gravel movement. This discharge was exceeded for
0.17% of the total time of record after 1976, i.e., 15 hours per
year on average. Sensitivity to choice of discharge was assessed
by comparative runs with higher and lower values, and the
choice is reviewed in our discussion of observed and simulated
bedload transport rates.

With constant water discharge the natural upstream bound-
ary condition for sediment flux and GSD is a constant sediment
input. However, there are no bedload transport measurements
at Vedder Crossing. The stage record of the gauge shows that
bed elevation here is fairly stable, reflecting a situation of
sediment transmission in the rather narrow channel where the
river cuts through the last ridge of the Cascades, with deposi-
tion zones upstream and downstream. In general, therefore, we
used a fixed-elevation condition for the head of the reach, with
the sediment influx and GSD there calculated by the model to
match transport capacity. This assumption was also made for
Allt Dubhaig by Hoey and Ferguson [1994]. It implies that
sediment flux decreases, and its GSD becomes somewhat finer,
over time as the reach immediately downstream aggrades and
the slope and shear stress decline. It can alternatively be ar-
gued that the flux and GSD of incoming load at a given flow
are constrained by conditions immediately upstream and need

not evolve systematically over time. Some runs were therefore
done with a specified GSD, flux, or both for the incoming load.
Manipulation of this condition turns out to be critical for
obtaining the best downstream-fining fit.

5. Basis for Comparison Between Runs
and With Field Data

In order to compare one run with another, or with the
present-day river, it is necessary to decide what properties to
consider and at what time in each simulation. This is difficult
because we are attempting to simulate the coevolution of two
bed properties (elevation and GSD), starting from an arbitrary
initial condition known to be unrealistic and with no equilib-
rium short of a very long-term end state with no remaining
profile concavity or downstream fining. Consequently, we must
first run the model to some realistic reference state.

Feeding a capacity or near-capacity sediment load to the
head of a concave long profile causes progressive aggradation
of the rest of the profile. Whether the simulation starts with no
downstream fining or a weakly stepped fining profile, transport
over the too-coarse bed is strongly size-selective, so there is a
brief period of rapid adjustment during which relatively fine
sediment is deposited progressively down the reach, creating a
wave-like aggradational front. In uniform-width runs the de-
posited sediment is finer-grained farther downstream: that is,
downstream fining develops. The same general pattern devel-
ops in runs with variable width, but the higher shear stress at
narrower sections can cause local coarsening and/or degrada-
tion. After the fining front has passed through the reach, there
is an indefinitely long period of much more gradual evolution
during which aggradation is accompanied by slow coarsening
of the bed through preferential winnowing of the finer frac-
tions. A typical time sequence is shown in Figure 4. Total
volumes of aggradation in each time slice can be computed
from the model output and generally decrease through a run.

We chose to continue each run beyond the passage of the
fine front until we obtained the best match between the sim-
ulated and actual long profiles, then compared the simulated
pattern of downstream fining with the observed fining pattern
and that in other runs. We selected the long profile as the
controlling measure of goodness of fit because we consider it to
be the most robustly observed distributed feature of the chan-
nel. The comparison with the sediment fining pattern then
becomes the test of model performance. Successful simulation
of the pattern of downstream fining will establish that the
model physics is sufficiently correct and comprehensive and
that the model is not specially influenced by the arbitrary initial
conditions, so that we are entitled to continue the run from this
point with the expectation that the model is performing a
realistic simulation. Our procedure is analogous to the stan-
dard practice of initializing a model by running it to some
equilibrium state except that, in the nature of our problem,
there is no equilibrium to be had short of the final end state.

We consider the downstream profiles of both D50 and D84,
using subsurface bulk GSDs rather than pebble-count surface
GSDs since the model deals with bulk GSD. It must be recog-
nized that the field data, although based on current best prac-
tice [Church et al., 1987], are subject to substantial sampling
error. The Monte Carlo results of Ferguson and Paola [1997]
have been used to assess bias and precision in the field per-
centiles. The large bulk samples collected by Martin ensure no
sampling bias, but precision is low because the bed material is
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poorly sorted (psi standard deviations range from 2.3 to 3.6,
apart from one distal site with � � 1.3). Standard errors for the
median grain size in psi units are about 0.4 in the upper 5 km
and 0.2 in the lower 3 km of the river, implying 95% confidence
intervals for D50 of about �75%⁄�40% and �30%⁄�25% re-
spectively. Standard errors for D84 are much higher, of order
2 at most sites. We therefore trust the medians more for
comparison with the model, but use both D50 and D84 and
look for the right general pattern of downstream fining rather
than a good match with individual fieldsites. The main quan-
titative criterion used is the root-mean-square difference or
error (RMSE) between observed and simulated diameters (ex-
pressed in psi units since this equalizes variance along the
profile) at 17 of the 18 sites for which GSD data exist close to
a model cross section; one bar-tail site noted as anomalous by
Martin and Church [1995] is excluded. We also consider Stern-
berg coefficients, but a good match between observed and
simulated fining coefficients could occur despite systematic
underprediction or overprediction of grain size, so the RMSE
is the more robust measure of fit. When interpreting the results
it should be noted that the time of best long-profile match was
not established accurately because output files were written
only at increments of 10% of total run duration; uncertainties
of at least 0.01 in RMSE, and at least 5% in aggradation
volume, are expected for this reason.

Secondary measures of model performance are then
checked by comparing simulated transport rates with indirect
estimates of bedload fluxes at intervals along the river [Martin
and Church, 1995] and bedload measurements at Yarrow
[McLean, 1980]. There are uncertainties in comparing these
with model fluxes, but they provide a direct test of rate of
profile development, hence whether the model performs rea-
sonably in time. Only if observed and simulated transport rates
are comparable can we assert that the modeled sediment flux
is realistic and consider using the model for short-term predic-
tive purposes.

Our sequence of tests was designed first to study aspects of

internal logic in SEDROUT that have not previously been
examined; then to examine functional conditions that are se-
lected within the code, particularly flow resistance; and, last, to
test sensitivity to the externally specified conditions that are
particular to the simulation, including initial long profile, grain
size specification, and widths. After arriving at what appears to
be the best combination of specifications for running the code,
we investigated how the hydrological and sediment-supply
forcing affects the ostensible behavior of the river. We re-
peated most of the runs on two different computer systems.
While run times varied according to hardware and compiler,
results were identical to within very small computational error
margins. The run specifications are given in Tables 1 and 2.
The results reported below constitute a sequence of numerical
experiments which are described in turn and summarized in
Table 2.

6. Results

6.1. Experiment 1: Specification
of Sediment Transport

The first runs (Figure 5) were designed to test the effect of
program changes to provide more realistic straining over the
various sediment sizes and extend the range of sediment sizes
to include sand. The latter is important since it is known that
the presence of sand influences gravel mobility [e.g., Wilcock,
1998]. Run 1 was a gravel-only simulation employing program
options used for modeling Allt Dubhaig. In this simulation
there is excessive fining, especially in D50, so that distal values
of D50 are quite severely negatively biased (i.e., simulated
diameters are finer than observed). D84 is underestimated to a
lesser extent. The exaggerated fining of D50 suggests that
transport is selecting too strongly for finer sizes. Adoption in
run 2 of the modified straining function discussed in 2.2 re-
duced the simulated time to match the observed long profile by
50%, indicating a doubling of sediment flux. The fits to the

Figure 4. Time sequence of long-profile development during a simulation (run 3: see Table 1 for specifi-
cations).

3337FERGUSON ET AL.: FLUVIAL AGGRADATION IN VEDDER RIVER



long profile, D50 and D84 are all improved compared to run 1,
but D50 is still underestimated.

Adoption of a gravel-sand sediment mixture (run 3), simu-
lating the entire bed material distribution in Vedder River,
gave as good a long-profile fit but in less than half the time
again. The more rapid aggradation is because inclusion of sand
in the calculations reduces D50 and thus the reference stress,
thereby increasing overall sediment flux and the mobility of
coarser fractions in proximal reaches. The simulation of D50 is
considerably better in this run, although the Sternberg coeffi-
cient still exceeds the observed value by 30%. This is mainly
because the field data show no clear fining over the first 3 km.
The improved fit to D50 is at the expense of D84 which is now
substantially overestimated downstream. We have much more
confidence in the precision of observed values of D50 than of
D84, so gravel/sand bed and modified straining were adopted
in all subsequent runs.

Runs 1–3 assumed deposition entirely to the surface (c � 1
in the fractional continuity equation of Hoey and Ferguson
[1994]). A run using c � 0 for fractions �2 mm (to mimic sand
infiltration into a gravel framework) gave inferior results so c
was left at 1 and run 3 is used as the reference for goodness of
fit.

6.2. Experiment 2: Flow Resistance

As noted earlier (Figure 2), the available gauging-station
data for Vedder River suggest different high-flow limiting val-
ues of b in the Keulegan equation than the SEDROUT default
value of 1.1. We therefore did runs with the higher value (b �
1.7; run 4) indicated by Yarrow measurements and the lower
value (b � 0.5; run 5) which appears to better fit Vedder
Crossing data. The high value corresponds to a halving of
ks/D84 from 3.1 to 1.6 and the low value to a doubling to 6.2.
Runs 3–5 collectively show that as b increases, the time to
match the long profile increases substantially; the long-profile
and D84 fits improve slightly; but the D50 fit worsens slightly.
Given these trade-offs, and the practical advantage of a stan-

dard flow resistance criterion when the actual relation remains
unknown at most places along a river, we did not pursue
numerical adjustments of the equation. However, we consider
flow resistance again when we take up modified channel width
specifications below.

6.3. Experiment 3: Effect of Initial Conditions

As outlined above, the initial channel in most runs had
breaks of slope and grain size at 8.2 km, and up to 3 m of
accommodation space. To check sensitivity to these initial con-
ditions, we did a simulation (run 6) starting from a more
concave long profile with no break of slope into the Canal, up
to 4 m of accommodation space, and a coarse GSD throughout
including the Canal. Another simulation (run 7) started from
the default long profile but with a stepped pattern of initial
downstream fining. Run 6 took slightly longer to reach the best
match to the surveyed long profile, because more aggradation
was required, but there was very little difference in goodness of
fit at this time: a slight worsening in long-profile RMSE, and
slightly higher Sternberg coefficients giving a small deteriora-
tion in RMSE for D50 but a small improvement for D84. The
initial fining in run 7 greatly reduced the time required for a
smooth downstream fining profile to develop, but the time to
best match the surveyed long profile was almost unaffected
since it depends mainly on the time to accumulate sufficient
sediment. The profile, D50 and D84 fits at that time were close
to those in the default run.

These simulations confirm that, so long as the initial profile
is more concave than the modern one, sooner or later aggra-
dation will give more or less the same approximation to the
modern profile. The existence or not of initial downstream
fining is also unimportant; if a fixed-elevation upstream bound-
ary condition is used, all that matters is that initial proximal
GSD is realistic. All subsequent results are for the initial pro-
file with break of slope into fine-bed Canal.

Table 2. Summary Results of SEDROUT Simulation Runs in This Paper

Run Special Feature of Run

RMSEa at Time T of Best Match to Long Profileb Sternberg Coefficientb Aggradation
Volume,

Mm3T, kmin z, m psi50 psi84 D50 D84

reference values (exponential fits to data)b 0.56 0.33 (*0.31) 0.28 (*0.28) 0.13 (*0.12) 0.15 (*0.15)
1 gravel only, Parker straining 400 0.55 0.76* 0.40* 0.29* 0.24* 1.61
2 gravel only, Hoey straining 200 0.44 0.57* 0.26* 0.20* 0.22* 1.61
3 default run (as Table 1) 90 0.45 0.38 0.37 0.18 0.10 1.76
4 higher b 120 0.44 0.43 0.34 0.19 0.10 1.73
5 lower b 60 0.47 0.34 0.40 0.18 0.09 1.67
6 smooth initial long profile 100 0.48 0.42 0.35 0.19 0.10 2.04
7 stepped initial fining 90 0.44 0.40 0.36 0.19 0.10 1.82
8 variable width 300 0.72 0.52 0.35 0.19 0.12 2.61
9 variable width and b 180 0.53 0.47 0.34 0.18 0.11 2.78

10 capacity feed, GSD equal to mean bed (400)c 0.47 0.76 0.48 0.19 0.16 1.44
11 capacity feed, GSD finer 120 0.44 0.29 0.41 0.17 0.10 1.78
12 as 11 but fixed flux 0.0015 m3 m�1 s�1 140 0.47 0.30 0.38 0.18 0.10 1.85
13 as 12 but 0.002 m3 m�1 s�1 100 0.39 0.37 0.35 0.18 0.10 1.80
14 Q � 250 m3 s�1 160 0.44 0.51 0.30 0.21 0.12 1.71
15 Q � 300 120 0.44 0.43 0.34 0.19 0.10 1.77
16 Q � 400 70 0.46 0.34 0.40 0.17 0.09 1.73
17 Q � 450 60 0.47 0.30 0.43 0.16 0.08 1.78
18 Q � 500 50 0.48 0.28 0.44 0.16 0.08 1.98

aRMSE denotes root-mean-square error in elevation z or grain size (psi 50 or psi 84).
bStarred values are for gravel-only runs, others are for full GSD � 0.25 mm.
cRun 10 did not achieve optimum long-profile matching.
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6.4. Experiment 4: Effect of Width Specification

SEDROUT is a 1-D model, whereas river channels plainly
are 3-D systems. Since flow cross sections must be specified in
order to estimate some of the mean hydraulic quantities for
1-D computation, the possibility exists to incorporate some
summary effects of the additional system dimensions. This can
be done most simply by recognizing the variable width of the
channel. Run 8 (Figure 6) studies this. Some approximation of
local effects in the pattern of aggradation and downstream
fining is induced by the variable width, which feeds back
through the hydraulic conditions to affect shear stress locally.
There is initial degradation and coarsening in narrower

reaches, and aggradation where the channel widens. Because
aggradation is concentrated in the wider sections, the best
long-profile fit is not achieved until far more time has elapsed,
and more overall aggradation has occurred, than in uniform-
width runs. The simulated long profile matches the observed
profile extremely well to 2.5 km and from 5 to 8 km, but is
below it at 3 to 5 km so that the RMSE is higher than in
uniform-width runs despite the visually good fit. The overpre-
diction of downstream fining in D50 also worsens, but the D84

fit is slightly improved; it is visually excellent from 2 to 6 km but
there is some overprediction distally and the proximal down-
stream coarsening is slightly exaggerated.

Figure 5. Simulated downstream fining profiles for bed material D84 and D50 to test SEDROUT logic.
Unconnected symbols represent sediment grain sizes measured in the field, with error bars as in Figure 4. (a)
Gravel only runs, compared with observed GSDs, truncated at 2 mm; (b) run for gravel plus sand, compared
with observed GSDs truncated at 0.25 mm. Complete specifications of the simulations are given in Tables 1
and 2.
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It appears then that, while local variations in width may
explain some of the observed departures from smooth down-
stream fining, using the full surveyed width for 1-D calculations
does not capture these effects adequately. As noted by Mosley
[1983] and Paola [1996], the existence of deep talwegs in
braided rivers greatly increases transport capacity over that of
the equivalent wide shallow rectangular section. The “hydrau-
lically effective width” concept underlying our uniform-width
simulations makes allowance for this phenomenon, though
clearly there is scope for further research on ways to allow for
lateral variability.

The other aspect of lateral variability in braided reaches is
that flow resistance is likely to be higher than in single-thread
sections because, even if the effective hydraulic width remains
the same, the division of the channel into several functioning
sections will preserve a significant measure of form resistance
even at high flows. In an attempt to simulate such an effect, run
9 used an inverse linear relation between the b coefficient in
the Keulegan equation and the channel width. The relation
was set to give b � 1.1 at w � 110 m, as in uniform-width
runs, but decreasing to 0.5 at the widest sections (equivalent to
a doubling of ks/D84). This gave an increase to b � 1.3 at the

narrowest sections. In comparison to run 8 there is a consid-
erable improvement in long-profile RMSE, an improvement
also in the D50 fit, and almost no change in the D84 fit (Figure
6). The overall performance remains less good than the default
run with uniform width, so we did not pursue the variable-
width approach further, but the concept of combining it with
width-dependent flow resistance shows promise. Further work
is needed on how to quantify it.

6.5. Experiment 5: Sensitivity to Bedload Input

The remaining runs considered the effect of forcing condi-
tions, starting with proximal sediment supply. All runs reported
so far employed a fixed-elevation upstream boundary condi-
tion, so that the flux and GSD of incoming bedload were
automatically matched to the transport capacity at the first
cross section at each stage in the computation. As discussed
above, it can be argued that the input bedload is controlled by
upstream conditions and should be treated as fixed for lack of
better knowledge. Runs 10–13 explore this type of forcing.

Runs 10 and 11 retained the fixed-elevation condition to the
extent that incoming flux is matched to capacity, but with a
specified GSD that stays constant over time. In run 10 this

Figure 6. Simulated (a) downstream fining and (b) long profiles for runs with variable width (runs 8 and 9)
and width-dependent flow resistance (run 9). The reference is run 3. Conventions as in Figure 5b. (c) Widths
used are bankfull width at each surveyed section.
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GSD was the average of all the measured subsurface bed GSDs
between 0 and 8.2 km, on the assumption that this indicates the
long-term supply to the reach. It has D50 � 25 mm, D84 � 91
mm, and 16% sand. The fixed-elevation constraint forces all
this material to be transported into the reach, but the channel
immediately downstream is overloaded with coarse fractions
and underloaded with fine fractions, leading to downstream
coarsening to about 1.5 km. There is a hint in the measured
bed GSDs that this effect is real. As a side effect, though,
onward transport is greatly reduced so that the midreach ag-
grades very slowly and there is distal degradation. The long
profile never builds up to the observed level, and the overall
fits to D50 and D84 are poor, both being overpredicted beyond
2 km.

Run 11 used a somewhat finer feed GSD, based on the
average of initial and final feed GSDs in the default run and
having D50 � 18 mm, D84 � 83 mm and 20% sand. With this
mix, aggradation was slower overall but by the time of best
long-profile match the profile fit was almost identical to that in
the default run. The D50 fit was considerably better than the
default, the D84 fit slightly worse (Figure 7).

In runs 12 and 13 both flux and GSD of incoming bedload
were fixed at constant values. The GSD was as in run 11, and
the fluxes were 0.0015 and 0.002 m3 m�1 s�1, respectively.
Long-profile matching was naturally achieved sooner at the
higher feed rate, but both values gave excellent overall fits.
Run 13 in particular had lower RMSE than the default run for
all three targets: long profile, D50 and D84 (Figure 7). The
improved profile fit is the result of proximal aggradation after
brief initial degradation; the slight net aggradation gives a
better match to the first 2 km. There is also slight proximal
coarsening that assists the fining fits.

These findings led to further sensitivity tests on input GSD
and sediment feed rate. In brief, it was found that a shift of

�10% in the specification of input D50, without changing the
coarse and fine tails, produced variations in the displayed
downstream fining that covered the entire range of local vari-
ation in the observed values of D50 and D84, the result varying
proportionally downstream with the observed fining (Figure
8a). In comparison, doubling or halving the 0.002 m3 m�1 s�1

feed rate produced about �4 mm variation in predicted D50

and about �10 mm in D84, both results being relatively con-
sistent all the way downstream (Figure 8b). It appears that,
with careful tuning of the feed flux and GSD, it would be
possible to get an even better overall simulation than run 13.

In sum, this experiment shows that, with low transport rates
and variable flows, local bed conditions may not be adjusted to
the equilibrium commonly supposed in the sediment transport
literature, simply because insufficient time elapses at a fixed
flow level for sufficient cumulative transport to effect the ad-
justment by selective exchange between the load and the bed.
This condition identifies, then, a significant forcing that must
be tuned for simulations at fixed flow levels beginning from
arbitrary bed material specifications.

6.6. Experiment 6: Sensitivity
to Discharge Specification

Finally, runs 14–18 assess the effect on profile fit and down-
stream fining of the choice of steady discharge Q . Along with
the default run they form a sequence from 250 to 500 m3 s�1

(Table 2). These flows had return periods from 1.1 to 5.1 years,
and durations of 0.70 to 0.05% of the total flow record (61 to
4.4 hours per year), in the 1977–1996 period. Discharge deter-
mines the magnitude of sediment transport, hence the time for
the long profile to aggrade and downstream fining to develop.
The model time to achieve the best match to the observed long
profile decreases by 70% as Q doubles from 250 to 500 m3 s�1.
The profile fit at this time worsens slightly as discharge in-

Figure 7. Simulated downstream fining profiles with fixed flux (run 13) and GSD (runs 11 and 13) of bedload
into the reach. The reference is run 3. Conventions as in Figure 6.
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creases. The Sternberg fining coefficients for both D50 and
D84 decrease progressively with increasing Q since the distal
shear stress becomes higher. This has the effect that higher
flows give a better match to D50 but a worse match to D84

(Figure 9). The trends in RMSE cross near the default Q of
350 m3 s�1, but the combined RMSE is almost constant over
the full range of flows. The effect of increasing Q is the same
as that of increasing �*r50 or reducing the flow-resistance co-
efficient b (i.e., increasing ks/D84) since each causes greater
depth and shear stress over a given bed. Thus the results for
b � 1.7 and b � 0.5 at Q � 350 m3 s�1 are very similar to
those for Q � 300 and 400 m3 s�1, respectively, at b � 1.1.

The test shows definitively that no flow specification recre-
ates both the median and the coarse tail of the observed bed
material GSD under equilibrium assumptions and when using

uniform active width. The downstream GSD is distorted by the
choice of flow level, unless presumably there is a compensating
adjustment of input sediment grain size. The inability to match
both D50 and D84 well at a single discharge possibly casts
doubt on the reliability of the bedload transport equations
used, but may simply be because D84 is determined by higher
flows than D50. For practical purposes, it is reassuring that the
choice of discharge is not critical.

7. Confirmation of the Model
We argued above that the realism of simulations of down-

stream fining in an aggrading river can be assessed by asking
how closely the long profile can be matched at some time in a
simulation, and how well the observed pattern of downstream

Figure 8. Sensitivity tests on the specification of (a) input sediment GSD and (b) sediment feed rate.
Conventions as in Figure 6.
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fining (exemplified in this paper by comparisons with field D50

and D84) is reproduced at that time. When this general ap-
proach is applied to our SEDROUT simulations of Vedder
River, the Sternberg coefficients reveal a tendency for the
model to overestimate the strength of fining in subsurface D50

but underestimate that in D84. However, as previously noted,
the observed fining profile does not follow Sternberg’s law in

the first few kilometers, and the RMSE is a more robust mea-
sure of fit. The best simulations fit the observed long profile
better than a smooth curve does, and give low RMSE for both
D50 and D84. However, while tests like this indicate the ability
of a model to predict features of interest, they do not validate
it as physically realistic; good profile and fining fits might be
obtained for the wrong reasons [Oreskes et al., 1994]. Stronger

Figure 9. Effect of discharge specification on simulated downstream fining: (a) fining profiles, with conven-
tions as in Figure 6. Runs 14 (250 m3 s�1) and 18 (500 m3 s�1) are shown, together with the reference run 3
(350 m3 s�1). Runs 15–17 plot between those shown. (b) Sternberg coefficients and RMS error in prediction
of D50 and D84.
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confirmation of the internal workings of a sediment routing
model can be obtained only by comparing simulated process
rates with those measured in the field.

The best available spatially distributed test is provided by the
1981–1990 gravel budget of Martin and Church [1995] and the
estimates they derived from it of gravel fluxes at 11 points
along the river. This 9-year period included 17 competent
floods with a mean annual maximum of 373 m3 s�1 and an
overall peak of 647 m3 s�1, so it was hydrologically represen-
tative. The gravel budget was based on bulk volumes of chan-
nel change, corrected for borrowing and converted to fluxes
assuming a porosity of 0.25 and no more gravel flux into Ved-
der Canal than necessary to avoid negative estimated fluxes
upstream. After adjusting the figures to the porosity of 0.3 used
in our modeling, the 9-year mean gravel input to Vedder River
is 34,000 m3 yr�1, nearly all of which is deposited before the
Head of Canal. This estimate is supported by a very similar
value for the bedload output from the Chilliwack basin up-
stream of Vedder Crossing [Ham and Church, 2000].

In order to compare the field results with fluxes simulated by
the model we have to convert one to the same basis as the
other. The model assumes continuous high flow, whereas in the
real world gravel moves for only a few hours or days per year.
We have accordingly adjusted the field results using the long-
term duration of all competent flows (taken as Q � 250 m3

s�1, with duration 0.7%). Our reasoning is that the steady flow
in the model represents the integrated effect of a spectrum of
actual flows above this threshold. To confirm this, we calcu-
lated the integrated effect of different discharges by weighting
the sediment fluxes in model runs at different discharges ac-
cording to flow duration. The weighted-average flux is very
close to the flux for Q � 350 m3 s�1, as used in most of our
simulations, and shows that this was an appropriate choice of
discharge.

The field estimates of gravel flux, converted in this manner
to mean rates during competent flow, are compared in Figure
10 with rates in two simulations: one (run 3) using uniform
width, the other (run 9) using variable width. When width-
integrated rates are considered, run 3 results plot close to the
field data almost to the end of the reach, whereas run 9 un-
derestimates the field data by about 50%. However, when
transport per unit width is considered, field data show a sys-
tematic downstream pattern of strong decrease, partial recov-
ery, then progressive decline which is not reproduced at all by
the uniform-width run 3 but is matched quite well by run 9.
Evidently, the two types of simulation each capture some as-
pects of the observed behavior, but neither captures all aspects.
Both simulations pass more bedload to the Canal than Martin
and Church [1995] assumed. In this respect, the model may be
more accurate than the sediment budget result: our survey of
the Canal in 1998 showed considerable aggradation, with dou-
bling of the gradient and a gravel front extending almost to 11
km [Bloomer, 2000].

The other available comparison is with the bedload trans-
port measurements from the railway bridge at Yarrow (section
33 in Figure 1) reported by McLean [1980]. The estimated total
(�0.25 mm) transport rate is plotted against discharge in Fig-
ure 11, together with simulated rates at the time of best long-
profile match in several model runs. The field values are seen
to be almost an order of magnitude lower than the simulated
rates, even though the model underpredicts the gravel budget
at this point. The discrepancy is somewhat smaller for variable-
width runs (8 and 9), but remains large in simulations with

lower discharges, partly because the simulated bed is finer
which tends to increase the flux.

Collectively, there is only partial agreement between model
simulations and field-derived gravel-budget fluxes and sampler
measurements of bedload. It appears that there are problems
with one or more (perhaps all) of the sampler measurements,
the choice of active width for modeling in the absence of means
of allowing for lateral variation, and the representation of
gravel/sand transport rates and sorting processes in our mod-
ification of the ACRONYM equations.

8. Summary and Conclusions
1. In this paper we have applied an enhanced version of

Hoey and Ferguson’s [1994] 1-D fluvial sedimentation model
(SEDROUT) to a Canadian gravel bed river of intermediate
size. Our initialization and test procedures are considerably
more rigorous than any, to our knowledge, previously applied
to such a model. In particular, we introduce quantitative cri-
teria for goodness of fit and propose a procedure for model
testing when there is no obvious equilibrium endpoint of the
simulation. The main findings are as follows. Some of them are
explicitly generic suggestions about sediment routing models
as a class, and those which apply in the first place to
SEDROUT and Vedder River may well be transferable to
other models and other rivers.

2. Comparing observed and simulated downstream fining
profiles is potentially arbitrary because the simulated profile
alters progressively over time. When simulations are started
from a profile that allows accommodation space for aggrada-
tion, results are essentially independent of initial conditions so
long as comparison with GSD data is made at the time when
the best long-profile fit is attained. This is proposed as a rea-
sonable solution to the problem of how and when to test a
time-dependent model that has no equilibrium except in the
very long term. For application of the model to study actual
historical sequences of channel development, it would be
highly desirable to know the initial as well as final long profile
and fining profile, otherwise there is no guarantee that the
combination of initial conditions will produce simultaneous
convergence of all test conditions to the final observed state of
the system. However, some indication of how model time from
an arbitrary initial condition converts to real time can be ob-
tained by considering the cumulative aggradation rate and the
duration of competent flow.

3. Using this approach, SEDROUT gives good visual and
quantitative agreement with the mean trend of gravel/sand
accumulation along a river aggrading toward a local base level.
This supports and strengthens the encouraging results from the
original application to a much smaller stream, and from Talbot
and Lapointe’s [2001] application to a degrading reach.

4. The extension of the model to gravel/sand mixtures sug-
gests that Parker’s [1990] bedload transport algorithm, devel-
oped for gravel only, works satisfactorily for gravel bed chan-
nels with some sand so long as a modification is made to the
part of the algorithm that allows for differences in bed sorting.
Without this, transport predictions can behave counterintu-
itively. With the modification, downstream fining develops
more quickly and remains weaker than when only gravel is
considered. The acceleration is partly because the newly in-
cluded sand is the most mobile part of the bed, but there is also
a relative-size effect whereby adding sand makes the gravel
more mobile by reducing the bed D50 and threshold shear
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stress. Gravel-only simulations substantially overestimate the
strength of downstream fining, leading to excessively fine
GSDs in the downstream part of the profile, whereas inclusion
of sand increases the mobility of coarser gravel (Figure 5). This
leads in fact to overestimates of D84 in the distal part of the
reach, but the main part of the simulated bed GSD is more
realistic.

5. Adjustment of flow resistance coefficients made surpris-

ingly little difference in the strictly 1-D experiments, and the
effect is indistinguishable from adjustments of discharge. In-
asmuch as we do not know the most effective equivalent dis-
charge in Vedder River (or almost any other river), but gen-
erally know a good deal more about the range of discharge
than about downstream variations in flow resistance, manipu-
lation of discharge appears to be the most reasonable approach
to simulation. On our experience, then, adoption of a general

Figure 10. Observed and simulated bedload transport rates, integrated across the channel (upper plot) and
per unit width (lower). Observed rates based on Martin and Church [1995] as discussed in text; simulated rates
shown for runs with uniform (run 3) and variable (run 9) width.
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Keulegan-type equation is both expedient and appropriate in
this type of modeling.

6. Appropriate specification of the initial bed GSD is im-
portant if a fixed-elevation upstream boundary condition is
adopted in a sediment routing model, and is difficult because
of the well-known local variability of fluvial sediment deposits.
In the present application an averaged representation of the
two samples from within the proximal 5% of the study reach
yielded reasonable results. This is perhaps not surprising since

these samples must represent material that has been trans-
ported into the reach. More generally, both the local variability
and the sampling error in field estimates of GSD percentiles
constrains the testability and predictive accuracy of sediment
routing models.

7. Vedder River is typical of many gravel bed rivers in
having highly variable width. The choice of a uniform effective
width, or variable width, for a 1-D simulation makes a defini-
tive difference to the results since it determines whether or not
local variability of bed GSD can be simulated. We found that
the direct effect of width variations on depth and therefore
shear stress is important (Figure 6). The expected effect of
width variation on resistance to flow is more subtle, but a
preliminary simulation with width-dependent resistance gave
results that suggest this approach should be explored further.

8. It is not self-evident that, for some specified flow, the
input sediment transport is necessarily in equilibrium with the
hydraulic conditions. For realistic simulations it may be nec-
essary to specify independently the input bedload GSD and
perhaps also the flux (or alternatively to consider complete
simulation of historical flow sequences with time-varying flow,
an exercise that lies beyond the scope of our present investi-
gation). A fixed-feed simulation gave the best overall results of
any reported here (Figure 7), even without much attempt at
tuning the fit, but we did learn that this is a sensitive adjust-
ment (Figure 8). This too constrains the testability and predic-
tive accuracy of sediment routing models, since sediment feed
is seldom known at all reliably.

9. The effect of altering discharge in any sediment routing
model is to change the progress of downstream sediment trans-
port and fining. In this study, flows below the reference simu-
lation (350 m3 s�1) are nearer the threshold for significant
gravel transport, so produce slower aggradation but stronger
downstream fining (Figure 9). Higher discharge speeds the
development of the sediment pile as the consequence of in-
creased transport, but beyond 400 m3 s�1 it has little effect on
the fining trend, presumably because transport is only weakly
size-selective at such high flows. The fit to D50 improves, but
that to D84 worsens, as discharge increases. The best compro-
mise in our study was a discharge close to the mean annual
flood. This has been regarded as a good choice of channel-
forming discharge by many previous workers, and turns out to
be close to the duration-weighted effective flow for bedload
transport at the head of the study reach according to model
simulations. However, the simulation results for a given dis-
charge depend on the choice of threshold stress (�*r50) and
flow resistance (b), which were left here at default values for
lack of clear evidence to the contrary. Changes in these pa-
rameters would confound the effects of changes in discharges;
for example, a higher threshold stress, to allow for bed struc-
turing, would imply a higher dominant discharge.

10. Finally, it must be recognized that a good match be-
tween observed and simulated channel properties does not
constitute strong validation of the physics assumed in a model
of this class. If possible, observed and predicted transport rates
should be compared for a stronger test. In the present case the
simulated aggradation rate is in broad agreement with avail-
able field data. Nevertheless, there remains room for further
development of 1-D representations of sediment transport
physics in order to better accommodate varying combinations
of flow, mobilized GSD, and transport in channels with non-
rectangular sections. Given the lack of consideration to the
effects of local spatial variability in shear stress or grain size, or

Figure 11. Observed and simulated bedload transport rates
(�0.25 mm, per unit width) at Yarrow (section 33 in see Figure
1). Data from McLean [1980, Table 22], corrected for sampler
efficiency as discussed in text. Simulated results from selected
runs as specified in Table 2.
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temporal variability in discharge, we find the results of the 1-D
simulations encouraging and think they offer a good basis for
applied work. However, our modification of Parker’s [1990]
straining function is ad hoc, and independent testing of it
would be useful. Furthermore, the inability of the model to
estimate realistic flux rates along the whole length of the river
or to simultaneously match the fining trends in D50 and D84

suggests the transport submodel is imperfect, probably through
some combination of inadequate consideration of surface
structuring and coarsening (i.e., hiding) effects and insufficient
allowance for lateral variability.
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