
RIVER RESEARCH AND APPLICATIONS

River Res. Applic. (2014)

Published online in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/rra.2851
AT-A-STATION HYDRAULIC GEOMETRY SIMULATOR

DANIEL JOHN MCPARLANDa*, BRETT EATONa AND JORDAN ROSENFELDb

a Department of Geography, University of British Columbia, Vancouver, British Columbia, Canada
b Ministry of Environment, Province of British Columbia, Vancouver, British Columbia, Canada
ABSTRACT

Presented in this paper is a hydraulic model that combines a rational regime theory with an at-a-station hydraulic geometry simulator
(ASHGS) to predict reach-averaged hydraulic conditions for flows up to but not exceeding the bankfull stage. The hydraulic conditions de-
termined by ASHGS can be paired with an empirical joint frequency distribution equation and applicable habitat suitability indices to gen-
erate weighted usable area (WUA) as a function of flow. ASHGS was tested against a 2-dimensional hydrodynamic model (River2D) of a
mid-size channel in the Interior Region of British Columbia. By linking ASHGS to a regime model, it becomes possible to evaluate the di-
rection and magnitude of habitat changes associated with a wide range of environmental changes. Our regime model considers flow regime,
sediment supply, and riparian vegetation: these governing variables can be used to simulate responses to forest fire, flow regulation and
changes in climate and land use. Practitioners can examine ‘what-if’ scenarios that otherwise would be too expensive and time consuming
to fully explore. The model boundaries of commonly used data-intensive hydraulic habitat models (e.g. PHABSIM) are not easily adjusted
and such models are not designed to estimate future morphological and hydraulic habitat conditions in rivers the undergo significant channel
restructuring. The proposed model has the potential to become an accepted flow assessment tool amongst practitioners due to modest data
requirements, user-friendliness, and large spatial applicability; it can be used to conduct preliminary assessments of channel altering projects
and determine if in-depth habitat assessments are justified.
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INTRODUCTION

Increased flow abstraction and regulation for agriculture, in-
dustry, and electricity production has led to altered flow re-
gimes in channels throughout the world. Practitioners are
continually faced with the difficult task of identifying and
enforcing in-stream flow requirements that can both main-
tain the ecological integrity of the channel and meet out-
of-stream demand (Saraeva and Hardy, 2009a). Changes to
flow regime, sediment supply, and riparian vegetation asso-
ciated with climate and land use change alters channel mor-
phology and substrate which further complicates the
practitioner’s task (Tharme, 2003; Eaton et al., 2010a).
Changes in channel structure can, in some cases, be so dras-
tic that surrounding infrastructure is threatened and aquatic
habitat is severely degraded.
Currently, there is a wide range of aquatic habitat assess-

ment tools available to the practitioner (Hardy, 1998;
Hatfield and Bruce, 2000). The most well-known flow as-
sessment tool in North America is the instream flow incre-
mental methodology and in particular its physical habitat
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simulation (PHABSIM) component (Jowett, 1997;
Lamouroux and Jowett, 2005). PHABSIM (Bovee, 1982)
combines a hydraulic simulation with habitat suitability
indices (HSIs) to calculate weighted usable area (WUA)
at the reach scale for specific aquatic species and life his-
tory stages (Saraeva and Hardy, 2009a). The hydraulic
simulation is a set of empirical correlations that rely on
cross-sectional data and assumes a fixed bed profile
(Waddle, 2001). HSIs represent the biological component
of modelling and implicitly assume that suitable hydrau-
lic habitat is limiting the life history stage, population, or
ecological process of interest (Mathur et al., 1985;
Rosenfeld, 2003).
In recent decades, HSIs are commonly combined with

depth and velocity profiles produced using two-dimensional
hydrodynamic models (e.g. River2D) to predict WUA
(Waddle, 2001). The two-dimensional hydrodynamic
models are desirable because they avoid problems associ-
ated with transect placement, they can model complex hab-
itats (provided the underlying assumptions of the model are
met), they take into account roughness and bed topography,
and they rely on mechanistic processes (Gard, 2009).
Despite the widespread use of PHABSIM and more re-

cently two-dimensional hydrodynamic models, inherent
problems exist. These spatially explicit habitat models are
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commonly criticized for being expensive, time consuming,
and requiring considerable technical expertise to complete
with any level of accuracy (Hardy, 1998; Hatfield and
Bruce, 2000; Lamouroux and Souchon, 2002; Lamouroux
and Jowett, 2005; Gard, 2009; Saraeva and Hardy, 2009a,
2009b). Spatially explicit habitat models require intensive
site-specific data collection including numerous point depth
and velocity measurements, substrate and vegetation cover
quantification, and bathymetric surveys. Upon data collec-
tion, considerable expertise and time are needed for data
processing and model calibration.
There has been a push to develop simple and cost-

effective tools for practitioners that can be readily applied
to multiple reaches within a watershed (Ahmadi-Nedushan
et al., 2006; Schweizer et al., 2007; Saraeva and Hardy,
2009a). According to (Conallin et al., 2010), for practi-
tioners to consider a hydraulic habitat model for current
use, the following criteria must be met: (1) inputs and results
should be transparent (i.e. can be presented to different
stakeholders), (2) the model should be user-friendly (i.e.
should not require intensive training), and (3) the model
should be easy to apply to different reaches throughout a
watershed. Spatially explicit habitat models require site-
specific environmental data and considerable technical ex-
pertise, which often results in practitioners avoiding these
models (Tharme, 2003; Conallin et al., 2010).
Formative discharge, sediment supply, channel gradient,

and riparian vegetation (which determine bank strength)
govern alluvial channel form (Millar, 2005). Climate change,
flow regulation, forest fire, and changes in land use will un-
doubtedly modify these controlling variables resulting in
channel restructuring. Spatially explicit habitat models ade-
quately predict hydraulic habitat using the current channel
morphology (Gard, 2009; Saraeva and Hardy, 2009b). How-
ever, often, the purpose of flow assessments is the prediction
of habitat conditions associated with some planned land use
or flow regime change. Changes to the boundaries of spa-
tially explicit habitat models cannot generally be predicted
with sufficient detail or accuracy; thus, they are not well
suited to predict future morphological conditions and subse-
quently hydraulic habitat (Hatfield and Bruce, 2000). Ratio-
nal regime theories predict reach-averaged channel response
as a result of changes to formative discharge, sediment sup-
ply, channel gradient, and riparian vegetation (Eaton et al.,
2004). Regime models are limited to predictions of reach-
averaged physical dimensions and hydraulic properties for
bankfull conditions, however, and hydraulic conditions at
sub-bankfull flows are often required to assess limiting
habitat conditions for aquatic species (Dakova et al., 2000).
This paper presents a user-friendly, transparent hydraulic

habitat model that combines a rational regime model with an
at-a-station hydraulic geometry simulator (ASHGS).
ASGHS determines reach-averaged hydraulic conditions
Copyright © 2014 John Wiley & Sons, Ltd.
for flows at or below bankfull conditions. The incorporation
of a regime model allows hydraulic habitat to be determined
following changes in channel morphology. The reach-
averaged hydraulic conditions determined by ASHGS can
be paired with an empirical joint frequency depth–velocity
distribution equation (Schweizer et al., 2007) and applicable
HSI to generate WUA as a function of discharge. The model
can be used to conduct preliminary assessments of channel
altering projects, and the outputs can help assess future re-
search needs as well as determine if in-depth habitat assess-
ments are justified.
PROPOSED MODEL

Rational regime theory

Regime theories use an optimality criterion to determine
equilibrium channel geometry (Kirkby, 1977; Chang,
1979; White et al., 1982; Huang et al., 2004; Nanson and
Huang, 2008; Eaton et al., 2010b). The physically based
University of British Columbia Regime Model (UBCRM)
predicts reach-averaged bankfull channel dimensions (Eaton
et al., 2004). UBCRM requires modest data inputs thus
making it more useful to environmental practitioners than
data intensive, numerically demanding models. The inclu-
sion of a simple yet useful bank strength criteria has in-
creased the accuracy of UBCRM predictions (Millar and
Quick, 1993; Millar and Quick, 1998; Eaton, 2006; Eaton
and Church, 2007).
UBCRM determines the most stable channel geometry, in

a probabilistic sense (Eaton et al., 2004; Huang et al., 2004).
The model requires five user-specified input measures:
bankfull discharge (Q), the median bed surface grain size
(D50), a grain size representing the coarse fraction (D84), a
representative rooting depth (H), and either the reach-
averaged bed gradient (S) or the sediment supply (Qb) to
the reach. The D50 is the grain size than which 50% of sub-
strate is finer, and the D84 is grain size than which 84% of
substrate is finer. Values of H can be estimated as the aver-
age vertical bank height above a gravel toe. S is a function of
the long term Qb (Millar, 2005), and regime model simula-
tions can be run using either Qb or S as an input parameter.
While UBCRM can predict current bankfull dimensions

from the known input variables, its true value is its ability
to model bankfull channel geometry for future environmen-
tal conditions. Hydrologic regime (represented by bankfull
Q), sediment supply (S, Qb), bed sedimentology (D50, D84),
and riparian vegetation (H) are all subject to environmental
change associated with forest fire, flow regulation, long-term
shifts in climate, and land use change. Consequently, a sim-
ple understanding of how the model input variables will
change as a result of perturbation to the channel and/or wa-
tershed will allow prediction of future channel dimensions.
River Res. Applic. (2014)
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For instance, increases in impervious area in a watershed
as a result of urbanization can cause higher peak flows, in-
creased frequency of high flow events, increased sediment
supply to the channel, and loss of riparian vegetation (i.e.
bank strength). Channels typically respond through widen-
ing, and to a lesser degree, down cutting (Hammer, 1972;
Booth, 1991; Bledsoe and Watson, 2001). Increased Qb

and loss of bank strength associated with urbanization
can also cause a single thread channel to transform into a
multiple thread channel (Millar, 2000; Eaton et al.,
2010b). By approximating the change in peak flow magni-
tude (bankfull Q), sediment delivery (S, Qb) and transport
(D50,D84), and riparian vegetation dynamics (H) as a result
of urbanization, UBCRM can quantify the extent of chan-
nel widening and incision and determine when a threshold
for multi-thread channels is reached. Spatially explicit hab-
itat models do not have this predictive capacity because
they require the channel to remain static for predictions to
be relevant.
Practitioners can use UBCRM to predict reach-averaged

morphological change as a result of perturbation to one or
more of the input variables. A shortcoming of UBCRM
and similar regime models is that they are not designed to
model hydraulic conditions below bankfull flow, which are
particularly important for modelling the distribution and
population dynamics of aquatic species. Because regime
models cannot predict within-reach hydraulic variability,
which is essential for modelling hydraulic conditions for
sub-bankfull flows, they need to be linked to other models
that can approximate variation around the reach-averaged
mean hydraulic conditions.
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
5db

4db

3db

2db

db

0

Fraction of Width

L
o

ca
l

D
ep

th

Figure 1. Cumulative depth distributions for b values of 0.2, 0.5
and 0.8. Note that the horizontal dashed line represents average

depth at bankfull flow, db
Depth probability distribution

This module addresses a major limitation of UBCRM, which
is within reach variability in depth. ASHGS was developed
following the approach proposed by (Ferguson, 2003) to
incorporate lateral variation in bed load transport in one-
dimensional models of longitudinal profile development. In
most natural channels, flow strength varies across the channel
as a result of changes in depth, presence of bank friction, or
from flow impediments upstream. The Ferguson (2003)
model examined the variation of shear stress and thus the var-
iation in depth in a one-dimensional model as means of calcu-
lating total bed load flux. Ferguson (2003) found that simply
applying the average shear stress across the whole channel
leads to an underestimation of bed load flux. Similarly, only
considering the reach-averaged bankfull depth predicted by
UBCRM misrepresents habitat conditions. Establishing a
reach-averaged depth probability distribution allows hydrau-
lic conditions to be determined for flows below bankfull,
which are more relevant to habitat requirements of many
aquatic species (Dakova et al., 2000).
Copyright © 2014 John Wiley & Sons, Ltd.
The Ferguson (2003) model approximates a cumulative
depth probability distribution using highly idealized com-
pound distribution created by adding two linear distribu-
tions together, which can predict the mean depth for a
range of flow levels in channel types ranging from bar
pool all the way to nearly rectangular sections (Figure 1).
This approach does not replicate the reach-averaged depth
distribution with sufficient accuracy for assessing the
available habitat, but it does provide a reasonable repre-
sentation of the mean hydraulic geometry. The configura-
tion of the compound distribution is determined from an
index of channel shape (b). The value of b ranges from
0 (rectangular channel) to 1 (extremely skewed channel)
resulting in the coefficient of variation (cv) of depth in-
creasing monotonically with b. Cumulative distributions
for b> 0.7 seem unlikely in natural channels, and b values
of 0.1 to 0.7 are more representative of fish-bearing chan-
nels in British Columbia. The total cross-sectional area re-
mains the same for all values of b.
The cumulative depth distribution is function of the com-

plex interaction between variables that govern alluvial chan-
nel form (i.e. flow regime, sediment supply, bank strength),
which makes estimating b difficult. Ferguson (2003) esti-
mated b for the lower Fraser River, British Columbia, by
matching moments with fitted distributions of shear stress
and water depth. If the user has sufficient topographic data
for the reach in question, they can specify the value of b to
be used by the model according to the following equation:

b ¼ 1� db
dmax

(1)

where db is the bankfull depth and dmax is the maximum
River Res. Applic. (2014
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depth. ASHGS is intended to have modest data inputs, and
thus, a way of approximating b without specific information
on the cross-sectional form is provided, as well. Estimating
b linearly from the bankfull width (Wb) to db ratio produced
by UBCRM is proposed:

b ¼ Wb=db
100

(2)

A linear relationship between b and Wb/db is a major as-
sumption of the model, but some conceptual and physical
evidence supports this inference. Plane bed channels will
have small Wb/db (close to 10) as a result of their narrow
rectangular form. These channels have minimal lateral vari-
ation in flow and thus depth (Montgomery and Buffington,
1997), resulting in b values approaching 0. Wider gravel
bed rivers contain bars and exhibit pool riffle morphology.
These channels have significant lateral variation in flow
(Church, 2006) resulting in a skewed cumulative depth dis-
tribution. Ferguson (2003) determined b ranged from ap-
proximately 0.4 to 0.7 for the lower unconfined Fraser
River, British Columbia. Published Wb/db values for this
section of Fraser River range from 43 for stable sand beds
to 78 for unstable beds (Desloges and Church, 1989; Rice
et al., 2009). Using Equation (2), these published values of
Wb/db equate to b values of 0.43 to 0.78. The term b also
likely varies with sediment supply conditions; for example,
a small sediment slug moving through a reach may not
change the average channel width but could alter the bar
height and thalweg depth, resulting in a transient change in
b. When users have sufficient information to anticipate such
changes, they can specify the b value to be used for these fu-
ture scenarios. In most cases, this will be difficult to do,
which is why we have provided the simple means of esti-
mating b using Equation (2).
Hydraulic simulator

The value of b is a key input parameter for the hydraulic
simulations, which model reach-averaged hydraulic condi-
tions (i.e. wetted width, average hydraulic radius, and flow
velocity) for sub-bankfull flows. A bankfull water elevation
is imposed onto the depth distribution (i.e. a water surface
elevation at the top of the distribution). The depth distribu-
tion is divided laterally into increments of 0.0001×Wb.
The depth (d) at each of the lateral increments is determined
by subtracting the elevation of the bed (i.e. cumulative depth
distribution) from the water surface elevation. A wetted pe-
rimeter (Pwetted) is calculated as the linear length of the bed
determined to be submerged. The hydraulic radius (R) is de-
termined for the given flow conditions:
Copyright © 2014 John Wiley & Sons, Ltd.
R ¼ W �d
Pwetted

(3)

where W is the wetted width and d is the mean of d. At
bankfull flow, W× d is simply Wb× db. The reach-averaged
resistance (Res) of the channel boundary for the imposed
water level is determined from the following resistance law:

Res ¼ a1�a2� R=D84ð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a21 þ a22� R=D84ð Þ5=3

q (4)

where a1 = 6.5, a2 = 2.5 (Ferguson, 2007). This resistance
law has the lowest prediction error of the well-known resis-
tance laws. The mean velocity (v) was calculated as follows:

v ¼ Res
ffiffiffiffiffiffiffiffiffiffiffi
g�R�S

p
(5)

where g is the acceleration due to gravity (9.81m s�2). The
Q associated with the imposed water level is calculated ac-
cording to the law of continuity:

Q ¼ v�W �d (6)

Finally, the Froude number (Fr) is calculated from the
following equation:

Fr ¼ vffiffiffiffiffiffiffi
g�d

p (7)

Once Awetted, Pwetted, R, Res, v, Q, and Fr are calculated
for bankfull conditions, the water level (i.e. flow) is itera-
tively dropped by 0.001× dmax to systematically determine
hydraulic conditions below bankfull flow. The iterations
continue until the water surface elevation is equal to the el-
evation of dmax (i.e. flow is negligible). Reach-averaged
hydraulic conditions are determined for flows ranging from
severe drought to bankfull conditions, which establishes d
and v as a function of Q.

Application of habitat indices

ASHGS determines mean hydraulic conditions across a
range of flow levels. The distribution of hydraulic data
around mean conditions, in particular low water depths,
strongly influences physical and biological processes and
is needed for realistically quantifying available habitat for
aquatic organisms (Schweizer et al., 2007; Saraeva and
Hardy, 2009a; Rosenfeld et al., 2011).
In order to produce biologically meaningful estimates of

the depth and velocity distributions, an empirical joint fre-
quency depth–velocity equation (Schweizer et al., 2007) is
used by the hydraulic simulator to infer habitat conditions
River Res. Applic. (2014)
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Figure 2. Location (inset) and boundaries of the Harris Creek water
shed, tributaries, and study reach
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for each flow level. The joint frequency equation was devel-
oped using field data from New Zealand. It utilizes a single
mixing parameter (Smix) to predict both the relative velocity
v=vð Þ and depth distributions d=d

� �
using a mixture of nor-

mal (N) and log-normal (LN) probability density functions
according to the following equations:

f v=v; Smixð Þ ¼ 1� Smixð Þ�Nv μvN ; σvNð Þ
þ Smixð Þ�LNv μvLN ; σvLNð Þ

(8)

where μvN=μvLN=1, σvN=0.52, σvLN=1.19, and

f d=d; Smix
� � ¼ 1� Smixð Þ�Nd μdN ; σdNð Þ

þ Smixð Þ�LNd μdLN ; σdLNð Þ
(9)

where μdN=μdLN=1, σdN=0.52, σdLN=1.09, and

ln
Smix

1� Smix

� �
¼ �4:72� 2:84�ln Frð Þ (10)

The distribution equations were examined for 0< v/v<5
and 0< d/d < 5 using 50 equidistant bins. The only input
variable, Fr, is predicted by ASHGS for each flow level. Be-
cause Fr increases with increasing Q, the empirical depth
and velocity distributions become more normally distributed
(i.e. smaller cv) as Q approaches bankfull conditions.
The absolute bin values are compared with HSI to deter-

mine the suitability of each bin. The total suitability of the
empirical velocity and depth distributions are determined
by weighting bin frequency by their relative frequency:

Velocity Suitability ¼
∑
50

i¼1
bin frequency�bin suitability

∑
50

i¼1
bin frequency

(11)

Depth Suitability ¼
∑
50

i¼1
bin frequency�bin suitability

∑
50

i¼1
bin frequency

(12)

Upon calculating hydraulic suitability, the WUA was cal-
culated from the following equation:

WUA ¼ W�Velocity Suitability�Depth Suitability (13)

WUA is commonly expressed as an area, but ASHGS deter-
mines WUA per linear length of channel, which can be scaled
up to any desired reach length. Spatially explicit habitat models
Copyright © 2014 John Wiley & Sons, Ltd. River Res. Applic. (2014
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calculateWUA using suitability values based on bivariate pairs
of d and v. The empirical approach described in the preceding
texts is unable to produce bivariate pairs, as suitability values
are derived from point depth and velocity distributions around
estimated means (i.e. compared with HSI independently). This
leads to a discrepancy in absolute values of WUA predicted by
ASHGS and spatially explicit habitat models. However, the
general form and shape of the WUA curve as a function of Q
should be similar between the two approaches.
CASE STUDY—HARRIS CREEK

Reach-averaged hydraulic conditions (d, v) and point hydrau-
lic distributions produced by ASHGS were compared with
two-dimensional hydrodynamic simulations of Harris Creek.
Site description

Harris Creek is a tributary of the Shuswap River located in
the Interior Region of British Columbia near the town of
Lumby (Figure 2). The drainage area of the channel is
220 km2 with approximately half of the catchment area
higher than 1500m above sea level (a.s.l) on the Okanagan
Plateau (Fletcher and Wolcott, 1991). Discharge was re-
corded by a Water Survey of Canada stream gauge (station
no. 08LC042) just downstream of the study reach. Floods
)
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are dominated by melting snowpack on the plateau in late
April and early May (Fletcher and Wolcott, 1991; Hassan
and Church, 2001). Mean annual flood is 19m3 s�1, and
mean annual flow is approximately 2m3 s�1.
A 150m study reach (50.198°N, 118.984°W) measured

along the thalweg was used for this investigation. The reach
was previously a study site for investigating bed load
(Hassan and Church, 2001; Church and Hassan, 2002) and
precious metal (Day and Fletcher, 1989; Fletcher and Wol-
cott, 1991) transport. The average gradient of the reach is
0.011mm�1, and the average width is approximately
14.4m. The upper section of the reach is characterized by
a relatively straight series of glides and runs. The middle
and lower sections are comprised of an alternating pool-
riffle sequence with two large gravel bars.
The riparian vegetation at Harris Creek is a mixture of

shrubs, young deciduous trees, and mature conifers. There
is minimal large wood (LW) within the channel. The wetted
bed is well armoured with a surface D50 ranging from
64mm (pools) to 76mm (riffles) and a sub-surface D50

ranging from 22 to 45mm. The organized bed structure
leads to small bed load fluxes at Harris Creek (Hassan and
Church, 2001). A complete bathymetric survey was
conducted in July 2012 using total station surveying
equipment. Water surface elevations were collected along
12 georeferenced cross sections at Harris Creek during both
low and high flow conditions in 2012.
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Figure 3. Predicted reach-averaged cumulative depth distribution at
Harris Creek (b= 0.203)
Two-dimensional hydrodynamic model

River2D was chosen as the two-dimensional hydrodynamic
model to be used for this investigation because it is custom-
ized for aquatic habitat evaluation studies (Steffler and
Blackburn, 2002). The model is a depth-averaged finite ele-
ment model that solves both the basic mass conservation
equation and two horizontal components of momentum con-
servation. The bathymetric survey conducted at Harris
Creek was used as the bed topography for the simulations.
Points collected on top of the banks were set as the no-flow
boundary nodes. A curvilinear triangulated mesh comprised
of 6651 nodes was created from the bathymetric survey data
(Steffler and Blackburn, 2002; Gard, 2009).
To calibrate River2D, the bed roughness was adjusted

until the difference between the measured and simulated
water surface elevations at cross section 1 was negligible
and the water surface elevations at the remaining cross
sections differed by less than 3 cm. Simulations continued
until there was a nodal convergence of less than 1×10�8m
between time steps. Eighteen simulations were run at Harris
Creek for Q ranging from 0.75 to 19.00m3 s�1. For each flow
simulation, d and v were calculated as the weighted mean of
the simulated point depth and velocities across the computa-
tional mesh.
Copyright © 2014 John Wiley & Sons, Ltd.
Application of ASHGS

The following are the calibrated input values for ASHGS at
Harris Creek: bankfull Q=19m3 s�1, S=0.011mm�1,
D50 = 68mm, D84 = 135mm, and H=0.35m. UBCRM pre-
dicted Wb=14.36m, db=0.705m, and average bankfull ve-
locity (vb) = 1.88ms�1. These values are quite similar to an
observed Wb=14.4m (mean of 12 cross sections) and simu-
lated db=0.702m and vb=1.866m s�1 using River2D.
Using Equation (2), a b value of 0.203 was estimated for
Harris Creek (Figure 3). This value is reasonable as Harris
Creek has a relatively plane bed upper reach (low lateral var-
iation in depth—b values closer to 0.1) and a pool-riffle
morphology in the mid to lower reach (high lateral variation
in depth—b range from 0.15 to 0.5). Using the predicted cu-
mulative depth distribution, ASHGS simulated reach-
averaged hydraulic conditions for flows ranging from severe
summer drought to bankfull conditions.
Comparing d predicted by ASHGS and 18 River2D simula-

tions (Figure 4) resulted in a maximum deviation of 0.011m at
Q=0.75m3 s�1 and a mean deviation of 0.003m. The same
comparison using v produced a maximum deviation of
0.077ms�1 at Q=0.75m3 s�1 and a mean deviation of
0.029ms�1. The larger deviations associated with v is likely
because of the different flow resistance laws utilized by
River2D (Chezy formula) and ASHGS (Ferguson, 2007). Large
relative errors in resistance law predictions are inherent during
conditions of partial submergence (R/D84<1), which occurred
during low flow conditions at Harris Creek (Ferguson, 2007).
Empirical point depth and velocity distributions predicted

using empirical frequency distribution equations (8 to 10)
were compared with hydraulic distributions produced by
18 River2D flow simulations. The empirical distributions
closely resembled the form and shape of the simulated
River Res. Applic. (2014)
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hydraulic distributions at flows close to and below mean an-
nual flow. As flows approached bankfull, the empirical dis-
tributions were unable to model the high probability
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densities surrounding v and d (refer to Figure 5 for exam-
ples). These findings concur with results of a similar inves-
tigation that examined the use of empirical distribution
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ciated with riparian vegetation rooting depth (H) following logging
activity in Harris Creek’s riparian area. Ho, Wbo, dbo, and bo repre-
sent pre-logging conditions.This figure is available in colour online

at wileyonlinelibrary.com/journal/rra
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equations in the Nooksack River basin in north-western
Washington State (Saraeva and Hardy, 2009a). The empiri-
cal distribution equations were developed on channels
experiencing flow conditions at or below mean annual flow
(Lamouroux et al., 1995; Lamouroux, 1998; Schweizer
et al., 2007). WUA predicted by ASHGS will be most accu-
rate for low flow conditions which is significant because
these flow conditions are often the limiting flows for aquatic
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Figure 7. Predicted reach-averaged depth (left) and velocity (right) using
selective logging (0.5Ho), and simulated clearcut conditions (0.2Ho
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species (Dakova et al., 2000; Hatfield and Bruce, 2000).
The inability of the empirical distributions to adequately
model high flow hydraulic conditions is a shortcoming of
ASHGS.
PRACTICAL USES OF ASHGS

ASHGS can quantify existing hydraulic habitat conditions
as well as conditions following perturbations to the channel
and/or watershed. Sensitivity analyses of the input variables
can highlight morphological and hydraulic habitat change
for a particular reach. A simple example of a practical use
of ASHGS is provided in the succeeding texts.
Logging is ongoing in the Harris Creek watershed. If the

riparian vegetation along the bank of Harris Creek were re-
moved, there would be a reduction in bank strength. The
channel would respond through widening and aggradation
(Millar and Quick, 1993; Millar and Quick, 1998; Eaton,
2006). Hypothetically speaking, selective logging of mature
riparian trees at Harris Creek could cause a 50% reduction in
bank strength, while clear cutting of the riparian vegetation
at Harris Creek might result in a 80% reduction in bank
strength in the decade following the logging events (Benda
and Dunne, 1997).
Unlike spatially explicit habitat models, UBCRM can

model morphological change expected at Harris Creek
(Figure 6). Using UBCRM, a 50 to 80% reduction of H at
Harris Creek would result in an increase of Wb between
5.18m (36%) and 9.69m (67%), while decreases in db
would be between 0.12m (17%) and 0.18m (26%). In
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ASHGS for current riparian vegetation conditions (Ho), simulated
) at Harris Creek.This figure is available in colour online at
om/journal/rra
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Figure 8. US Fish and Wildlife Service depth and velocity HSI for adult rainbow trout
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addition, b, the index of the reach-averaged depth probabil-
ity distribution, would increase from 0.203 to 0.337 for a
50% reduction of H and to 0.462 for a 80% reduction of
H. The reach-averaged cumulative depth distribution would
evolve from the current morphology (a mixture of runs,
glides, pools, and riffles) to a distinct pool-riffle channel
with large gravel bars. The hydraulic simulator determined
that d and v would decrease for all probable flow conditions
to accommodate the rapid channel widening (Figure 7).
Using the channel changes predicted by the UBCRM,

ASHGS can quantify the impact of channel restructuring on
habitat conditions for fish or other aquatic organisms. WUA
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Figure 9. WUA for adult rainbow trout at Harris Creek for differen
riparian vegetation scenarios. The vertical dashed line represents
mean annual flow.This figure is available in colour online a

wileyonlinelibrary.com/journal/rra
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t

t

was calculated as a function ofQ at Harris Creek for adultOn-
corhynchus mykiss (rainbow trout) under current riparian con-
ditions as well as for a 50 and 80% reduction in H. HSI
produced by the US Fish and Wildlife Services were used
for the analysis (Figure 8). Adult rainbow trout prefer deep
channels with moderate velocities. HSI for other aquatic spe-
cies and life history stages can also be incorporated with
ASHGS (adult rainbow trout HSI is just an example).
Interior British Columbia streams like Harris Creek typi-

cally experience prolonged summer low flows (minimum
monthly discharge of less 0.5m3 s�1 in August). These sum-
mer low flow conditions are generally considered to be the
period of greatest habitat limitation for trout, where growth
is lowest and mortality highest (e.g. Harvey et al., 2005).
At 50% reduction in vegetated bank strength (H), the chan-
nel becomes wider, shallower, and velocities decrease
resulting in a net loss of available habitat for adult rainbow
trout for flows greater than 0.5m3 s�1 when compared with
the original morphology (Figure 9). In contrast, the flow at
which peak WUA occurs is slightly greater at 50% reduction
in H than current conditions as higher flows are required to
raise the water level to optimal conditions within the wider
channel; however, habitat does not appear to be limiting at
these higher flows. At 80% reduction in H, channel
restructuring results in an even greater reduction in low flow
WUA relative to existing conditions. The peak WUA occurs
at a higher flow as substantially more flow is needed to max-
imize available habitat for adult rainbow trout in the drasti-
cally widened channel.
This example highlights how ASHGS can be used to un-

derstand how changes within a watershed affect the physical
structure, channel hydraulics, and subsequently habitat con-
ditions for a given reach. Similar morphology and habitat
sensitivity analyses can be undertaken for changes in
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hydrologic regime (Q), sediment supply (S, Qb) and trans-
port (D50, D84), and other riparian vegetation scenarios
(H), individually or in combination. In this sense, ASHGS
can be used as a predictive tool to generate expected channel
morphology, hydraulics, and habitat conditions following
perturbation to the channel and/or watershed.
ASHGS provides the framework of a preliminary assess-

ment or rapid evaluation tool. The model’s modest data
requirements allow for hydraulic assessments where site-
specific data is limited. ASHGS is useful when assessments
are needed for multiple reaches and channels (e.g. basin-
wide habitat assessment) as it reduces the time and cost of
collecting and processing detailed environmental data. The
model can highlight the need for more extensive habitat as-
sessment (e.g. field visits, PHABSIM, two-dimensional hy-
drodynamic models). ASHGS can also determine if flow
conditions are approaching ecological thresholds (e.g. limit-
ing velocities for fish passage) for both existing and antici-
pated channel configurations. As illustrated for rainbow
trout, the model also has particular application to under-
standing changes in biological flow sensitivities associated
with alteration in channel structure. The hydraulic data pro-
duced by ASHGS can be useful in the design of erosion con-
trol structures (e.g. rip-rap sizing) and for predicting
sediment transport within the reach. ASHGS can assess if
channel migration and down cutting pose a risk to infra-
structure following changes to governing conditions.
MODEL LIMITATIONS

The proposed model will only be as good as the ability of
each of its components (UBCRM, geometry simulator, and
empirical hydraulic distributions). Inaccurate prediction of
reach-averaged channel dimensions by UBCRM will result
in an inappropriate depth probability distribution. UBCRM
formulates channel dimensions for an idealized system that
the input parameters can sufficiently describe. Natural flu-
vial systems are complex, and the influence of hillside pro-
cesses, LW, channel sinuosity, heavily armoured bed, etc.,
can cause large deviations in predicted and observed values.
UBCRM assumes that the system is in equilibrium. Many
natural systems are not stable and exhibit ongoing reach-
averaged channel change. As well, UBCRM is designed
for alluvial gravel bed rivers. Use of the model for channels
that do not meet those requirements should be done with
caution. For more detailed descriptions of the limitations
of UBCRM, refer to Eaton et al. (2004) and Eaton (2006).
ASHGS does not provide any information on the spatial

distribution of hydraulic variables (unlike spatially explicit
habitat models) and thus does not distinguish between mor-
phological units. Lumping all the unique morphological
units of a channel into a reach-averaged depth distribution
Copyright © 2014 John Wiley & Sons, Ltd.
is an over simplification of complex channel structures and
could cause areas of significance to be overlooked. For in-
stance, a channel that has both plane bed and pool-riffle
morphology, such as Harris Creek, will be inferred as a
channel that has intermediate morphology between those
two distinct morphological units. The presence and potential
significance of an important habitat unit such as a deep pool
will be reduced because of the simplification present within
the model. Also, the model ignores the presence of LW and
variation in sediment type, both of which greatly affect
channel morphology and aquatic habitat (Ahmadi-Nedushan
et al., 2006).
The empirical joint frequency distribution equations were

developed using data collected from New Zealand channels
experiencing flow conditions at or below mean annual flow
(Schweizer et al., 2007). Applying the equations to flow
conditions greater than mean annual flow should be done
with caution. ASHGS calculates WUA by treating the statis-
tical depth and velocity distributions as independent, and it
does not consider substrate and cover conditions. Spatially
explicit habitat models calculate WUA from bivariate pairs
of depth and velocity and often incorporates substrate and
cover conditions. For a more detailed discussion of the lim-
itations of empirical hydraulic distributions, refer to
Schweizer et al. (2007), Saraeva and Hardy (2009a), and
Rosenfeld et al. (2011).
Further model validation is required using channels with

different morphologies and flow regimes than Harris Creek.
Assuming b and Wb/db are linearly related is a major as-
sumption of ASHGS and is an avenue that requires further
research before ASHGS can be used as a reliable hydraulic
habitat tool. The reach-averaged depth probability distribu-
tion is dependent on many factors in a fluvial system that
were overlooked by this model. Greater understanding of
how the depth probability distribution changes longitudi-
nally along a reach and between channels is not only of ben-
efit to the proposed model but to fluvial ecological
modelling as a whole. In situations when the user has suffi-
cient topographic data, estimating b is relatively straightfor-
ward. However, making a reasonable estimate of b for future
‘what-if’ scenarios will be quite difficult.
CONCLUSION

ASHGS combines a rational regime model with a hydraulic
geometry simulator to predict reach-averaged hydraulic con-
ditions for flows ranging from severe drought to bankfull
conditions. An empirical hydraulic distribution equation in-
fers point depth and velocity distributions and subsequently
quantifies habitat (estimates of WUA for aquatic species) for
each flow level using the reach-averaged Fr predicted by the
hydraulic geometry simulator. The proposed model was able
River Res. Applic. (2014)
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to adequately recreate reach-averaged hydraulic conditions
produced by two-dimensional hydrodynamic model
(River2D) simulations of Harris Creek, a mid-size channel
in the Interior Region of British Columbia.
ASHGS provides the framework to quantify changes in

hydraulic habitat conditions following morphological
change through the use of a rational regime model. The user
can predict future morphological conditions by systemati-
cally varying the input variables related to flow regime, sed-
iment supply and transport, and bank strength. Practitioners
can examine ‘what-if’ scenarios that otherwise would be too
expensive and time-consuming to fully explore. This is im-
portant because morphological restructuring will occur in
channels throughout the world as forest fire, flow regulation,
and climate and land use change alter variables governing
alluvial channel form. The model boundaries of commonly
used data-intensive spatially explicit habitat models are not
easily adjusted, and it is quite difficult to model future mor-
phological and hydraulic habitat conditions.
The input variables required for ASHGS (bankfull Q,

D50,D84,H, and either S or Qb) are often previously reported
for a channel or can be collected in less than 1 day of field
work. The proposed model has the potential to become an
accepted flow assessment tool amongst practitioners as a re-
sult of its modest data requirements, user-friendliness, and
large spatial applicability. The model would benefit from
further research on reach-averaged cumulative depth distri-
butions (b) and requires validation over a wide range of
channel types.
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