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Abstract 

The stable channel analytical method is a conceptually-robust, process-driven means of estimating the 

dimensions of alluvial channels.  While it is widely cited in design manuals, few comprehensive studies 

have been performed evaluating its real-world accuracy.  This lack of evaluation is particularly 

pronounced for gravel-bedded rivers.  This is problematic because the analytical method relies heavily 

on sediment transport equations which are known to have accuracies of +/- 100% to 1,000% in gravel-

bedded rivers. 

This study tests the accuracy of the stable channel analytical method at 22 sites in the western United 

States.  Design geometries were calculated for each site using numerous method permutations. These 

geometries were then compared to observed geometries, which are assumed to be quasi-stable.  

Permutations include different design discharge definitions (effective discharge and half-yield 

discharge), different sediment transport relations (Meyer Peter-Müller, Einstein-Brown, and Wilcock-

Crowe), and different sediment gradations (surface and subsurface). 

For most permutations, mean error in design slope was between -3 and 0% of observed slope and mean 

error in design depth was between -9 and 32% of observed depth.   At this accuracy level, the stable 

channel analytical method is likely suitable for use in river restoration projects.  A goal of many river 

restoration projects is to re-establish a dynamic geomorphic regime which allows for future channel 

adjustment.  This method provides reasonable design geometries from which the river can quickly 

establish dynamic equilibrium.  Engineering applications may require greater accuracy.  Result accuracy 

was found to improve by using the half-yield discharge instead of effective discharge, subsurface 

gradations instead of surface gradations, and by carefully selecting representative sediment transport 

equations.  
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INTRODUCTION 

Channel dimensions are a critical part of any river restoration project.  Restoration projects often take 

place in areas where a channel has been straightened, channelized, or otherwise altered (Soar and 

Thorne, 2001).  In these cases, the designer cannot simply use existing channel dimensions.   Existing 

dimensions are typically unstable, leading either to channel aggradation or degradation.  Instead, the 

designer must calculate stable channel dimensions.  At a minimum these include bankfull width, bankfull 

depth, and longitudinal slope. 

Numerous methods have been developed to determine stable channel geometries for alluvial rivers.   

The earliest of these, the regime method, is predicated on two concepts.  First, a single channel forming 

discharge exists which may be closely approximated as the bankfull discharge (Inglis, 1941; Inglis, 1947). 

Second, a channel is in dynamic equilibrium when sediment inflow matches sediment outflow at this 

discharge (Leopold & Maddock, 1953; Hack and Goodlett, 1960).   In practice, the equations used in this 

method were derived for low-gradient, sand bed canals in India and have limited applicability in natural 

channels (NRCS, 2007).    

Hydraulic geometries are another simple method.  These are regression equations relating stable 

channel dimensions to a single variable, bankfull discharge.  However, because they make many implicit 

assumptions about bed material, bank stability, and other factors, they are only applicable to the region 

for which they were developed (NRCS, 2007).  As computing power has increased, numerical sediment 

transport and geomorphic models have become available.  While they directly represent channel 

forming processes, they are complex and often cumbersome to implement.  As a result, their use is 

limited to large or complex projects (Copeland, 1994).   

Analytical methods were developed to fill the gap between simple regime and hydraulic geometry 

methods and complex numerical models (Copeland, 1994).  Analytical methods share three common 

steps.  The first is to identify a single design discharge.  The best method of estimating design discharge 

remains an open area of debate.  Most applications of the analytical method use effective discharge, the 

discharge which transports the most bed material over time (Figure 1; Wolman and Miller, 1960).  Other 

methods of estimating design discharge include flow recurrence intervals (Leopold and Wolman, 1957; 

Dury, 1973; Hey, 1975), dominant discharge (Blench, 1951), field observations in nearby stable reaches 

(Williams, 1978), or the half-yield discharge (Scholtes and Bledsoe, 2016).   The second step is to  
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determine the sediment yield from the upstream reach at the design discharge using transport 

equations. To avoid aggradation or degradation, the sediment transport capacity of the design reach 

must match the upstream rate of supply (Soar and Thorne, 2001).   Finally, continuity equations for flow 

resistance and sediment transport are solved simultaneously using the design discharge and sediment 

yield.  By constraining two of the three design variables, this returns a family of slope-width or slope-

depth relations which satisfy the stability criteria.  The third variable may either be picked based on site 

conditions or constrained using a third equation. 

 
Figure 1: Definitions of effective discharge (QEff) and half-yield discharge (QHY) 

The first formulation of the analytical method was proposed by Chang, 1980 for use in sand-bed 

irrigation canals.  This method used the Englund-Hansen equations for sediment transport and bedform 

flow resistance.  The third variable was constrained using the minimum stream power equation, an 

extremal hypothesis.    Other early analytical methods were developed by White et al., 1982 and by 

Abou-Seida and Saleh, 1987.  The most commonly applied analytical method was developed by the U.S. 

Army Corps of Engineers.  This method was developed for sand-bed channels and used the 
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Brownlie equations for sediment transport and bedform flow resistance.  Importantly, it partitioned 

total hydraulic roughness into bed and bank components, allowing for application in hydraulically 

narrow rivers and channels.  It also does not use extremal hypotheses to constrain the third variable 

(Copeland, 1994).    Extremal hypotheses been found to be weak predictors of channel geometry 

(Griffiths, 1984).   More recently, the National Resource Conservation Service (NRCS) has published 

guidance generalizing the USACE methods to both sand and gravel-bed systems (NRCS, 2007).  This 

generalized method has been further refined to account for multiple design discharges in sand- and 

gravel-bed rivers by the Capacity-Supply Ratio (CSR) method (Soar and Thorne, 2001;                         

Beldsoe et al., 2017). 

All steps in the analytical method rely on sediment transport equations.  However, sediment transport 

equations remain highly inaccurate.   The first generation of sediment transport equations were 

generally able to estimate transport rates within an order of magnitude (Vanoni, 1960).  More recent 

equations are reported to have errors on the order of hundreds of percent (Gomez and Church, 1989; 

Julien, 2010).   However, research has found that transport equations for coarse sediment may still have 

error on the order of 100% - 1,000% (Habersack and Larrone, 2002; López, Vericat, and Batalla, 2013). 

The USACE method acknowledges the limited accuracy of transport equations, focusing on sediment 

continuity rather than absolute transport rates (Copeland, 1994).  However, sediment transport and 

flow resistance are both non-linear.  Even if continuity is maintained, error may still propagate through 

non-linear equations.   No broad evaluation of the accuracy of the USACE stable channel analytical 

method has been conducted.  Evaluation of an earlier version of the analytical method at 213 mostly 

sand-bedded sites found mean error of 3% for design depth and 102% for design slope (White, Paris, 

and Bettess, 1981).  At this accuracy the stable channel analytical method may have limited applicability 

in restoration design. 

The paucity of large-scale evaluations for the stable channel analytical methods presents a clear 

research gap.  This report evaluates the accuracy of a generalized stable channel analytical method in 

gravel-bedded rivers.  To evaluate accuracy, this method was tested at 22 gravel-bedded alluvial rivers 

across the western United States.   
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METHODOLOGY 

In order to assess its reliability, the stable channel analytical method was applied to 22 gravel-bedded 

rivers across the western United States.   At each site, stable geometries were calculated using various 

permutations of equations and inputs.  Three different sediment transport equations and two design 

discharge definitions were used to determine which combination generated the most accurate results.  

Each combination was evaluated using ranges of observed surface and subsurface sediment gradations.  

Reliability was assessed based on scatter in predicted geometries and comparison to existing channel 

geometries, which are presumed stable.  Finally, regression analyses were conducted to determine if 

method reliability can be predicted by geomorphic measurements taken during a standard site 

assessment. 

SITE SELECTION 

All data used in this analysis was obtained from previous field studies performed by others.  The scientific 

literature was reviewed to find 49 single-thread, gravel-bedded, alluvial rivers with at least 10 bedload 

measurements.  Bedload measurements are key to evaluating how accurately transport equations 

estimate bedload transport.  Their availability was a limiting factor.   Sites meeting these criteria were 

screened for stability.  For channel geometry in sites to be assumed quasi-stable, watersheds with recent 

wildfires, recent large-scale logging, or large dams were excluded.  The effects of historical logging, seismic 

factors, and other factors acting on a geologic time scale were ignored.  Additionally, sites were screened 

for the availability of sediment gradation data, supporting data for hydraulic calculations, and at least 10 

years of daily discharge data.   

Twenty-two study sites were identified which meet these criteria.  They are located across the western 

United States in California (Andrews, 1994), Colorado (Ryan et al., 2000; Ryan et al., 2005), Idaho              

(King et al., 2004; Whiting et al., 1999), and Wyoming (Erwin et al., 2011)(Figure 2).  All sites are in semi-

arid mountainous regions with snowmelt-dominated hydrographs.    Typical of these regions, selected 

channels are plane-bed or pool-riffle with a mixture of pine trees and willows lining the banks.  Settings 

range from wide open alluvial valleys to narrow semi-confined valleys with floodplain terraces.  Bankfull 

widths at study sites range from 16 to 331 ft.  Drainage areas range from 24 to 6,450 mi2 and bankfull 

discharges range from 71 to 25,815 cfs (Table 1). 
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Figure 2: Locations of study sites and sources of field data.
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Table 1: Selected characteristics for study sites. 

 

Site
Channel

Morphology

Drainage

Area (mi
2
)

Bankfull

Discharge (cfs)

Bankfull

Recurrence 

Interval (yrs)

Bankfull

Width (ft)

Bankfull

Depth (ft)
Slope (%)

Surface

d50 (mm)

Subsurface

d50 (mm)

Manning's 

Roughness, 

Calibrated

Manning's 

Roughness, 

Strickler

Big Wood River, ID Plane Bed 137 925 2.5 42 3.5 0.91% 169 25 0.04 0.046

Boise River, ID Riffle 832 6,639 2.0 213 4.8 0.38% 71 22 0.035 0.040

Bufallo Fork, WY Riffle 323 3,940 1.8 148 4.1 0.25% 19 8.2 0.03 0.032

Cat Spur Creek, ID Riffle 11.3 83 1.8 16 1.1 1.11% 27 - 0.04 0.034

EF San Juan River, CO Riffle 64.1 553 1.1 56 1.7 0.80% 23 - 0.025 0.039

Halfmoon Creek, CO Riffle 23.5 220 1.7 28 1.7 1.50% 64 - 0.035 0.041

Johnson Creek, ID Plane Bed 218 2,942 1.6 97 7.1 0.40% 79 - 0.045 0.047

Little Slate Creek, ID Plane Bed 64.6 431 2.0 41 2.1 2.68% 200 - 0.04 0.044

Lochsa River, ID Riffle 1,178 18,787 2.1 331 10.0 0.23% 122 25 0.04 0.044

MF Red River, ID Plane Bed 50.2 330 2.0 38 1.8 0.59% 127 27 0.035 0.038

Pacific Creek, wY Braided Riffle 169 2,600 1.5 141 3.0 0.35% 57 19 0.03 0.033

Sagehen Creek, CA Riffle 10.5 71 2.0 16 1.3 1.00% 22 15 0.06 0.038

Selway River, ID Riffle 1,915 25,815 1.7 302 9.9 0.21% 56 30 0.025 0.046

SF Payette River, ID Riffle 446 4,238 1.9 151 5.1 0.40% 174 25 0.025 0.042

SF Red River, ID Plane Bed 37.7 256 2.0 36 1.4 1.40% 99 21 0.055 0.042

Snake River, WY Braided Riffle 6,450 12,400 1.6 230 5.6 0.25% 101 26 0.03 0.036

St. Louis Creek Site 2, CO Plane Bed 20.9 168 2.3 25 1.4 2.00% 38 25 0.03 0.040

St. Louis Creek Site 3, CO Riffle 20.8 162 1.3 31 1.2 1.90% 76 - 0.03 0.041

St. Louis Creek Site 4a, CO Riffle 13.1 127 1.2 23 1.2 2.40% 82 - 0.03 0.042

St. Louis Creek Site 4b, CO Plane Bed 12.9 119 1.6 27 1.1 2.00% 91 - 0.03 0.042

Thompson Creek, ID Riffle 29.1 90 1.5 21 1.2 1.53% 79 - 0.025 0.039

Valley Creek, ID Plane Bed 147 1,010 1.6 105 2.5 0.42% 62 45 0.03 0.038



Evaluating Stable Channel Analytical Methods for Determining Stable Geometries in 7 
Gravel-Bedded Alluvial Rivers   

 WALTER SCOTT, JR 
COLLEGE OF ENGINEERING 
COLORADO STATE UNIVESRITY  

DATA INTAKE PRIOR TO ANALYSIS 

Daily discharge data was accessed for each site from co-located USGS gaging stations or gages 

established for specific studies.  Flow duration curves were generated for periods of record centered on 

the available bedload measurements.  A maximum 30-year period of record was analyzed to avoid 

potential non-stationarity issues.  Additionally, individual water years missing 10% or more of daily data 

were excluded from the flow duration curve and not included in the period of record length. 

Bedload transport rates and sediment gradations were available for all sites.  Transport rates were 

measured using Helley-Smith samplers of varying sizes.  Volumetric bedload transport gradations were 

measured using sieve analyses.  Additionally, surface grain size gradations were available for all sites and 

subsurface grain size distributions were available for most sites.  Surface gradations were measured 

using Wolman pebble counts.  Subsurface gradations were measured using sieve analyses.  For many 

sites, gradations were collected at multiple locations and times.  To account for this variability, 

minimum, mean, and maximum gradation curves were developed for sites with multiple measurements. 

CHANNEL HYDRAULICS 

Stage-discharge relations were developed for each site using stream gaging records and normal depth 

calculations.  Normal depth calculations use surveyed cross-sections, slopes from the primary studies, 

and a single Manning’s roughness coefficient for the entire channel width (Table 1).  This roughness 

coefficient was calibrated based on stream gaging records.  Calibration focused on higher discharges 

comparable to the bankfull and effective discharges.  Calibrated roughness coefficients were 

comparable to grain roughness estimated from the Strickler Equation (Eq. 1) 

𝑛 = 0.064𝑑50

1
6 (1) 

Where n is the Manning’s roughness coefficient and d50 is the median particle diameter in meters. 

The closeness of total roughness to grain roughness values from the Strickler equation indicate that the 

effects of vegetation or bedforms are negligible for in-channel hydraulics.  Therefore, shear stresses 

were not partitioned into grain and from components.  Shear stress-discharge relations were developed 

using the depth-slope product (Eq. 2) 

𝜏 =  𝛾𝑅ℎ𝑆 (2) 

Where  is shear stress,  is specific weight, Rh is hydraulic radius, and S is longitudinal slope. 
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Figure 3: Generalized analysis workflow. 



Evaluating Stable Channel Analytical Methods for Determining Stable Geometries in 9 
Gravel-Bedded Alluvial Rivers   

 WALTER SCOTT, JR 
COLLEGE OF ENGINEERING 
COLORADO STATE UNIVESRITY  

SEDIMENT RATING CURVES 

Bedload rating curves were developed from observed bedload measurements.  These rating curves were 

fit using single-piece power functions and incorporate best-practices from the USACE and the U.S. 

Geological Survey (USGS)(Gray and Simoes, 2008; Gibson, 2021).  Based on these recommendations, the 

Duan smearing factor was used to remove statistical bias introduced by fitting curves to logarithmically 

transformed data.  Additionally, bedload measurements collected at discharges equal to the 50% 

exceedance flow or lower were excluded.   For almost all sites, bedload measurements were only 

collected over a 2 – 5 year period.  Given this short period of record, stationarity analyses were not 

performed.   

𝑄𝑏𝑣 = 𝑐𝑑𝑢𝑎𝑛𝛼𝑄
𝛽 (3) 

Where: 
Qbv = volumetric bedload transport 
Q = river discharge 

 &  = dimensionless regression coefficients 
𝑐𝑑𝑢𝑎𝑛 = dimensionless Duan smearing factor (Duan, 1983). 

 

Sediment transport curves were also estimated using three bedload transport equations: Meyer-Peter-

Muller, Einstein-Brown, and Wilcock-Crowe.  These equations were selected based on their wide 

application in the United States and because each represents sediment transport using different 

principles.  A fourth equation, the Parker-Klingeman equation (Parker and Klingeman, 1982), was not 

used because bed material for several sites had significant sand fractions.  Note that for many sites the 

median particle diameter exceed the size particles used to derive available transport equations. 

The Meyer Peter-Müller equation determines bedload transport as a function of excess shear stress.  It 

was derived from flume experiments with gravel sized particles ranging from 4.3 to 30 mm (Meyer-Peter 

and Müller, 1948).  As such, it is applicable to gravel-bedded channels where suspended load is minimal 

(Chang, 1998).  The original equation was simplified by Chien, 1956 to  

𝑞𝑏𝑣 = 8√(𝐺 − 1)𝑔𝑑𝑠
3(𝜏∗ − 𝑇𝑐∗)

3
2⁄  (4) 

Where: 
qbv = volumetric sediment transport per unit width 
G = specific gravity of sediment 
g = gravimetric acceleration 
𝜏∗ = dimensionless shear stress 
 𝜏∗𝑐 = critical Shields parameter (0.047 when using Meyer Peter-Müller equation) 
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The Einstein-Brown equation determines bedload transport using a probabilistic model based on 

dimensionless shear stress (Einstein, 1942; Einstein, 1950).  Unlike the Meyer Peter-Müller equation, 

sediment transport is predicted at all discharges.  Modifications to the original equations by Brown, 

1950 yield the Einstein-Brown equations 

𝑞𝑏𝑣∗ = {
2.15𝑒

−
0.391
𝜏∗ ,  𝜏∗ < 0.18

40𝜏∗
3,  0.18 < 𝜏∗ < 0.52 

15𝜏∗
1.5,  𝜏∗ > 0.52

(5𝑎) 

where 𝑞𝑏𝑣∗ is the dimensionless volumetric sediment transport rate per unit width and 𝜏∗ is 

dimensionless shear stress.  Sediment transport rates may be dimensionalized using 

𝑞𝑏𝑣 = 𝜔0𝑑𝑠𝑞𝑏𝑣∗ (5𝑏) 

where 𝜔0 is particle settling velocity and 𝑑𝑠 is median particle diameter.  For this study, both the Meyer 

Peter-Müller and Einstein-Brown equations were evaluated using median (D50) particle diameters from 

each gradation. 

The Wilcock-Crowe equation (Wilcock and Crowe, 2003), a common method that directly represents 

multiple sediment gradations and the sand fraction, is defined as  

𝑊𝑖
∗ =

{
 
 

 
 0.002𝜙

15
2 , 𝜑 < 1.35

14(1 − 
0.894

𝜙
1
2

) , 𝜑 ≥ 1.35
 (6𝑎) 

Where 𝑊𝑖
∗is the dimensionless bed load transport parameter for the ith particle size fraction and 𝜙 is the 

ratio of the shear stress acting on the bed surface (𝜏𝑖) to the reference shear stress for the ith size 

fraction (𝜏𝑟𝑖).  Bedload transport may be dimensionalized by 

𝑊𝑖
∗ =

(𝑠 − 1)𝑔𝑞𝑏𝑖
𝐹𝑖𝑢∗

3
 (6𝑏) 

where s is the specific gravity of sediment, g is gravimetric acceleration, qbi is volumetric sediment 

transport per unit width for the ith particle size fraction, Fi is fraction of the bed surface consisting of the 

ith size fraction, and 𝑢∗ is shear velocity. 
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Dimensionless reference shear stress is is analogous to the critical Shields number used in earlier 

methods.  It is defined as the shear stress which at which 𝑊𝑖
∗ = 0.02, and may be calculated for the 

median diameter surface particle size using 

𝜏𝑟𝑚
∗ = 0.021 + 0.015𝑒−20𝐹𝑠  (6𝑐) 

where 𝜏𝑟𝑚
∗  is the dimensionless reference shear stress for the median surface particle and Fs is the sand 

fraction of the surface material.  This may be dimensionalized using 

𝜏𝑟𝑚 = 𝜏𝑟𝑚
∗ (𝑠 − 1)𝜌𝑔𝐷𝑠𝑚 (6𝑑) 

where  is the density of water and Dsm is the grain diameter of the median surface particle.  Reference 

shear stresses for all other surface size fractions may then be calculated as 

𝜏𝑟𝑖
𝜏𝑟𝑚

= (
𝐷𝑖
𝐷𝑠𝑚

)
𝑏

 (6𝑒) 

where 𝐷𝑖 is the grain diameter of the ith size fraction and b is an empirically fit coefficient defined as 

𝑏 =  
0.67

1 + 𝑒
(1.5−

𝐷𝑖
𝐷𝑠𝑚

) 
 (6𝑓) 

STABLE GEOMETRY CALCULATIONS 

Stable geometries were calculated using methodology presented in the NRCS National Engineering 

Handbook Part 654.9 (NRCS, 2007) which presents a more generalized form of the analytical method 

than the USACE.  Numerous permutations of this model were tested using different design discharge 

definitions, sediment transport equations, and sediment gradations.  Thirteen combinations of sediment 

transport equations and sediment gradations were considered for each site (Table 2).   Each of these 

combinations was evaluated using three definitions of design discharge: effective discharge, half-yield 

discharge, and observed bankfull discharge.   Evaluating combinations with both effective and half-yield 

discharges allows an assessment of the relative accuracies of both definitions.  Evaluating combinations 

using bankfull discharge removes error from the first two steps, isolating error in the final simultaneous 

solution.  For the remainder of this report pairs of sediment transport equations, sediment gradations, 

and design discharge definitions are referred to as method permutations. 
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Table 2: Combinations of sediment transport equation and sediment gradation used in analysis for each 

site.  

 

The first step in the stable channel analytical method is to calculate design discharge.  Effective 

discharges were calculated using methodology from Biedenharn et al., 2000.  For each site the daily flow 

record was divided into 15 to 25 arithmetic bins.   For each combination in Table 2, bedload transport 

rates were calculated for mean bin discharges.  Transport rates were multiplied by annual bin frequency 

to determine the annualized sediment transport rates.  Effective discharge was then calculated as the 

mean flow for the bin with the highest annualized sediment transport rate (Figure 4a). 

Definite rules have not been developed for the number of bins (Biedenharn et al., 2000).  Hey, 1997 

recommends that 10 – 25 arithmetic bins be used in most cases while Yevjevich, 1972 recommends that 

bin widths be less than one quarter the standard deviation of daily flow data.  This guidance proved 

conflicting for many sites.  Where results were not affected by discontinuities in the flow duration cure, 

25 bins were used.  Where effective discharge was identified in a bin adjacent to a bin with zero flow 

probability, the number of bins was reduced.   For most sites effective discharge was not sensitive to the 

number of bins. 

Annualized sediment transport rates were also used to calculate the half-yield discharge.  Annual 

sediment transport rates from each bin were integrated to form a cumulative density function (CDF) of 

annualized transport rates.  The half yield discharge was calculated as the flow corresponding to the 50th 

percentile from the CDF for each combination at each site.  Bankfull discharge were obtained from 

reported values from primary studies. 

The second step was to determine the design sediment yield.  For the design discharge from each 

method permutation, sediment transport rates were calculated using the corresponding sediment 

transport equation and sediment gradation.   

Meyer Peter-Müller Einstein-Brown Wilcock-Crowe

Min. X X -

Mean X X X

Max. X X -

Min. X X -

Mean X X -

Max. X X -

Subsurface 

Gradation

Surface 

Gradation

Sediment Transport Equation
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The final step was to calculate stable channel geometries that provide continuity for the design 

discharge and sediment yield.  Stable geometries were calculated using hydraulic resistance and 

sediment transport as the first two constraints.  Bankfull width was selected as the third constraint.  This 

was set as the observed bankfull width, which was assumed to be stable.  Using these constrains, stable 

depth-slope pairs were calculated for each method permutation.  Based on availability, up to 27 depth-

slope pairs were calculated for each site (Figure 4b).  Of these, 13 used effective discharge and 13 used 

half-yield discharge.  When evaluated using bankfull discharge, all combinations of sediment transport 

equation and gradation returned the same depth-slope pair. Depth slope pairs were not calculated for 

model permutations at individual sites with very low sediment transport rates (< 1g/s). 

  In these cases, the need to provide hydraulic continuity with negligible sediment transport resulted in 

geometries which would be obviously incorrect to the average practitioner. 

 

Figure 4: Example outputs for the Boise River, ID showing a.) effective discharge and half-yield discharge 

calculations, and b.) stable geometry outputs for each permutation of transport equation, design 

discharge method, and sediment gradation. 

 

 

  

a.) b.) 

Qbf 
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ERROR ANALYSIS 

The overall reliability of the stable channel analytical method was assessed by quantifying error in four 

parameters.  The primary focus was on depth and slope outputs, but design discharge and design 

sediment load, two key intermediate parameters, were also considered.   Error was calculated relative 

to observed conditions.  Observed slope, bankfull depth, and bankfull discharge were obtained from 

prior studies.  Observed bankfull sediment load was calculated from sediment rating curves.  To 

compare results between sites, error was normalized and expressed as the percent difference between 

computed and observed values. 

Error was analyzed in two ways.  First, summary statistics were calculated separately for each method 

permutation.  These include mean and standard error as well as the probability that error falls within 

acceptable ranges.  Given the small number of data points available for some permutations, 

probabilities were calculated from empirical cumulative density functions not fitted distributions.  These 

statistics were used to determine overall method accuracy as well as the relative accuracy of individual 

method permutations. 

Correlation of error was also considered.  Regression analyses were performed between two sets of 

parameters.  To determine how error propagates through calculations, error in intermediate design 

parameters was related to error in final design geometries.   To determine if a prior estimates of design 

accuracy can be made for an individual site, field measurements were related to error in design 

geometry.  Field measurements were limited to parameters which design engineers may have access to 

on a typical project.  These include basic hydrologic data, longitudinal slope, and sediment gradation 

parameters. 

Note that this analysis assumes that channel dimensions at all sites are quasi-stable.  If channel 

dimensions are not quasi-stable due to land use change, climate change, the presence of bedrock sills, 

or other factors, mean error will be incorrect but standard error will still be accurate.  Standard error is a 

useful indicator of how reliable method results are given variations in user assumptions and inputs. 
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RESULTS 

GENERAL RESULTS 

Error in the stable channel analog method begins with error in sediment transport equations.   At 

bankfull discharges, error in bedload from the three sediment transport equations used in this study 

ranged from -97% to 25,000% or more.  In 10% of cases bedload transport was overestimated by at least 

100,000%.  Additionally, transport equations for many sites did not reflect the shape of observed 

sediment transport rating curves.  The Meyer Peter-Müller and Einstein-Brown equations tended to 

overpredict the slope of the rating curve when using surface gradations.  Conversely, they tended to 

match or underpredict the slope of the rating curve when using subsurface gradations.  The Wilcox 

Crowe equation generally matched or underpredicted slope of the bedload rating curve. 

Error in the shape of computed transport relations effected the accuracy of effective discharge and half-

yield discharge calculations (Schulte, 2014).  Permutations using surface gradations, which overestimate 

the slope of the transport curve, also overestimated design discharges by an average of 40 to 60%  

(Table 3; Figure 5).  Permutations that used subsurface gradations or the Wilcox Crowe equation, which 

typically matched or underestimated the slope of the transport curve, tended to underestimate design 

discharge.  These permutations were more accurate with mean error between -20 and -40%.  These 

trends held for both the effective discharge and half-yield discharge definitions (Table 4; Figure 6).   

Error in both the magnitude of computed sediment transport rates and the design discharge effected 

the accuracy of design geometries.  On average, permutations using surface gradations overestimated 

stable depths by 13 to 32%.  In contrast, permutations using sub-surface gradations underestimated 

stable depths by 9 to 20%.  Standard error was on the order of 30 to 40% for all permutations                

(Table 5; Figure 7). Computed depths were within +/-50% of observed depths for 74 – 90% of sites for all 

permutations except those using the Wilcock-Crowe equation (Table 7). In contrast, computed design 

slopes closely matched observed slopes for all method permutations.  Mean error in slope was between 

-3% and 0% for all permutations, and standard error was on the order of 10% to 20% (Table 6; Figure 8).   

Computed slopes were within +/-25% of observed slopes for 87 - 94% of sites and within +/-10% of 

observed slopes for 57 - 75% for of sites (Table 8).    
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Table 3: Summary statistics of normalized error in design discharge for selected method permutations.   

 

 

 

Figure 5: Distributions of normalized error in design discharge for selected method permutations.  

Boxplot shows quartiles and statistical outliers. 

 

Mean Median SD Mean Median SD

Rating Curve (n = 22) 11% -9% 69% 5% -19% 54%

Meyer-Peter Muller,

Surface Gradation (n = 22)
46% 47% 104% 61% 48% 90%

Meyer-Peter Muller,

Subsurface Gradation (n = 14)
-42% -47% 29% -33% -43% 23%

Einstein-Brown,

Surface Gradation (n = 22)
52% 41% 53% 43% 27% 53%

Einstein-Brown,

Subsurface Gradation (n = 14)
-22% -35% 36% -19% -29% 30%

Wilcock - Crowe (n = 22) -53% -65% 49% -17% -34% 44%

Effective Discharge Half Yield Discharge
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Table 4: Summary statistics of normalized error in design sediment load for selected method 

permutations.   

 

 

 

Figure 6: Distributions of normalized error in design sediment load for selected method permutations. 

Boxplot shows quartiles and statistical outliers. 

Mean Median SD Mean Median SD

Rating Curve (n = 22) 256% -16% 494% 134% -45% 283%

Meyer-Peter Muller,

Surface Gradation (n = 22)
5094% 1341% 7417% 5902% 1367% 8473%

Meyer-Peter Muller,

Subsurface Gradation (n = 14)
13503% 5767% 18866% 11371% 3385% 16706%

Einstein-Brown,

Surface Gradation (n = 22)
1932% 302% 4290% 1285% 141% 2100%

Einstein-Brown,

Subsurface Gradation (n = 14)
6647% 1465% 10514% 6994% 1862% 11391%

Wilcock - Crowe (n = 22) 206% 30% 674% 1174% 254% 1779%

Effective Discharge Half Yield Discharge
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Table 5: Summary statistics of normalized error in design depths for selected method permutations.   

 

 

 

 

Figure 7: Distributions of normalized error in design depths for selected method permutations. Boxplot 

shows quartiles and statistical outliers. 

 

Mean Median SD Mean Median SD

Meyer-Peter Muller,

Surface Gradation (n = 22)
32% 28% 38% 22% 13% 29%

Meyer-Peter Muller,

Subsurface Gradation (n = 14)
-20% -25% 35% -13% -21% 30%

Einstein-Brown,

Surface Gradation (n = 22)
21% 15% 27% 13% 12% 23%

Einstein-Brown,

Subsurface Gradation (n = 14)
-12% -19% 32% -9% -17% 28%

Wilcock - Crowe (n = 22) -37% -46% 46% -13% -14% 31%

Effective Discharge Half Yield Discharge
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Table 6: Summary statistics of normalized error in design slopes for selected method permutations.   

 

 

 

Figure 8: Distributions of normalized error in design slopes for selected method permutations. Boxplot 

shows quartiles and statistical outliers. 

 

 

Mean Median SD Mean Median SD

Meyer-Peter Muller,

Surface Gradation (n = 22)
2% 0% 13% -7% -3% 35%

Meyer-Peter Muller,

Subsurface Gradation (n = 14)
-2% -2% 9% -3% -2% 10%

Einstein-Brown,

Surface Gradation (n = 22)
8% 0% 26% 1% -1% 12%

Einstein-Brown,

Subsurface Gradation (n = 14)
-1.19E-05 -1% 11% -2% -2% 9%

Wilcock - Crowe (n = 22) 2% 0% 15% 1% -1% 9%

Effective Discharge Half Yield Discharge
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Table 7: Percentage of sites with design depths within specified normalized error ranges.  Percentages 

calculated using Weibull plotting position.   

 

Table 8: Percentage of sites with design slopes within specified normalized error ranges.  Percentages 

calculated using Weibull plotting position.   

 

 

Figure 9: Simple linear regression between error in intermediate parameters and resulting geometries 

using the Einstein-Brown equation, median subsurface gradation, and effective discharge.  Results are 

illustrative of all method permutations.  

WC WC
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Mean

Subs, 

Mean
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Subs, 
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Surf, 
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+/- 10% 28% 4% 32% 19% 12% 35% 15% 26% 23% 19%

+/- 20% 40% 14% 50% 35% 18% 42% 28% 65% 45% 49%

+/- 30% 51% 43% 68% 53% 24% 55% 49% 76% 54% 53%

+/- 40% 70% 60% 73% 78% 34% 63% 69% 85% 89% 72%

+/-50% 74% 76% 78% 90% 46% 74% 92% 88% 91% 86%

+/- 100% 90% 93% 95% 93% 96% 90% 93% 95% 93% 96%

Effective Discharge Half-Yield Discharge

MPM EB MPM EB
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Subs, 

Mean

Surf, 

Mean

+/- 10% 71% 57% 59% 61% 64% 73% 56% 71% 57% 75%

+/- 20% 86% 93% 79% 87% 88% 86% 93% 88% 93% 92%

+/- 25% 88% 93% 80% 92% 89% 87% 93% 89% 93% 94%

+/- 30% 90% 93% 82% 93% 90% 89% 93% 91% 93% 96%

+/- 40% 94% 93% 87% 93% 96% 94% 93% 95% 93% 96%

Effective Discharge Half-Yield Discharge

MPM EB MPM EB
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REGRESSION ANALYSES 

Regression analysis showed that error in design depth was strongly correlated with error in design 

discharge (Figure 9a).  Depending on method permutation, the coefficient of determination between 

the two ranged from 58 - 83%.  Error in slope was not correlated with error in design discharge, but was 

weekly correlated with error in design sediment load (Figure 9b).  However, four sites had far greater 

error in design slope than the other 19 sites.  These sites tended to have lower discharges, steeper 

longitudinal slopes, and lower bankfull bedload transport rates than sites where bankfull discharge was 

accurately estimated.  

While error in stable geometries could be predicted from intermediate parameters, it could not be 

predicted from readily observed field measurements.  Of the nine field measurements analyzed, only 

three were found to have moderate statistical correlation for certain permutations.  The subsurface 

gradation coefficient was found to be a weak predictor of error in design discharge for three of five 

primary permutations (i.e., excluding permutations with minimum or maximum sediment gradations; r2 

= 0.31 to 0.55).  Longitudinal slope was found to be a moderately strong predictor of error in design 

discharge for two of five primary permutations (r2 = 0.41 to 0.67).  Armoring ratio was found to be a 

weak predictor of error in design depth for two of five primary permutations (r2 = 0.31 to 0.34).   No 

statistically significant predictor was found for error in design slope and no statistically significant 

predictor found for all method permutations.  See figures in Appendix B. 

BANKFULL DISCHARGE ANALYSIS 

A more nuanced understanding of error was made by comparing results from permutations using 

calculated design discharges (i.e., effective or half-yield) to permutations using observed bankfull 

discharge.   Assuming observed channel dimensions are stable, starting with observed bankfull discharge 

removed error from design discharge calculations.   This allowed for a quantification of where error was 

introduced in the analytical method: either from the design discharge calculations, from the 

simultaneous solution of transport equations, or from parameters not represented in the method. 

When starting from observed bankfull discharge, mean error for depth was -1% and median error for 

slope was 2%.   However, all results were not this accurate.  Normalized error in depth had a standard 

deviation of 20% and normalized error in slope had a standardized deviation of 13% (Figures 7 & 8).  This 

error likely came from the simultaneous solution of transport equations.  It may also have come from 

factors not represented in the method such as riparian vegetation.  By comparison, method 
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permutations using calculated discharge typically had a 10 – 20% error in mean depth.  Scatter in the 

error of both design depth and slope was doubled when calculating design discharge.    

METHOD PERMUTATIONS 

Different method permutations had different accuracies.  The most significant difference in accuracy 

was between permutations using effective and half-yield discharges.  Regardless of which sediment 

transport relation was used, permutations using the half-yield discharge estimated design discharge 20 

to 60% more accurately than permutations using the effective discharge (Table 3; Figure 5).  For 

computed depths, this translated into a 30% reduction in mean error and a 10 – 20% reduction in 

standard deviation (Table 5; Figure 7).  No significant differences were observed between design 

sediment loads and slope computed using the half-yield discharge versus the effective discharge    

(Tables 4 & 6; Figures 6 & 8).   

Selection of transport equation also had important implications for method accuracy.  Both the Meyer 

Peter-Müller and Einstein-Brown equations had similar mean error for design discharge, but standard 

deviations for the Einstein-Brown method were approximately 50% lower (Table 3; Figure 5).  This 

translated into 30 to 40% lower mean error in design depth for the Einstein-Brown equation versus the 

Meyer Peter-Müller equations (Table 5; Figure 7).  This result was independent of gradation source or 

design discharge definition.  The Einstein-Brown equations also had significantly less error in design 

sediment yield, but this did not translate into less error in design slopes (Tables 4 & 6; Figures 6 & 8).  

While the Wilcox-Crowe equation frequently provided the best match to the observed sediment rating 

curve, it had amongst the highest error in design discharge and design depth.   

For sites where multiple sediment gradations were available, use of minimum, mean, or maximum 

gradation impacted accuracy.   While the small number of sites with multiple gradations, especially 

subsurface gradations, precluded a rigorous statistical analysis, general patterns could still be 

established.  Use of maximum gradations was found to steepen sediment transport relations, resulting 

in higher design discharges.  For permutations using surface gradations this translated into increased 

depths and scatter in depths.  Increases were also observed for subsurface permutations, but these 

changes were secondary to changes from design discharge and transport equation.   Increases in 

sediment gradation resulted in an obvious decrease in design sediment loads.  Decreases in sediment 

load had minimal effects on slope for permutations using subsurface gradations but led to increased 

error when using surface gradations. 
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DISCUSSION 

Despite error in calculated sediment transport rates on the order of 1,000% to 100,000% for many test 

sites, the stable channel analytical method was found to be an accurate predictor of channel geometries.  

It is best at predicting slope.  Median error for all permutations was 3% or less for all sites and standard 

error was on the order of 10 to 20%.  It is also a robust predictor of depth.   When using subsurface-based 

methods, mean error was on the between -9 and 32%.  For a large river this may cause the design depth 

to be off by several feet.  For a small creek, the design depth may be off by several inches.  While depths 

from individual method permutations contained significant error, comparison of depths from multiple 

permutations or from other methods should give accurate estimate of stable depth.  Method accuracy 

was found to improve by using the half-yield discharge instead of design discharge, subsurface gradations 

instead of surface gradations, and by carefully selecting representative sediment transport equations. 

Compared to comparable methods, the stable channel analytical method is a reliable estimator of 

bankfull geometries in gravel-bedded rivers.  For gravel-bedded rivers, regime equations have a mean 

error of 160% and standard error of 430% (Griffiths, 1981).  Traditional hydraulic geometry relations 

developed for gravel bedded rivers typically have mean average errors of 10% in depth and 20% in slope 

(Gholami et al., 2019a), but with higher standard deviations in error than the stable channel analytical 

method.  Only more recent hydraulic geometry relations developed with machine learning techniques 

have higher accuracies than the stable channel analytical method.   Relations for arid, gravel-bedded 

rivers have mean average errors as low as 4% (Gholami, et al., 2019b) and relations for humid sand-bed 

river have mean average errors as low as 12% (Harun et al., 2021).  However, these empirical equations 

lack the broader applicability of the stable channel analytical method. 

Simplifications in the experimental setup may limit the broader applicability of these findings.  All sites 

used in this study are from semi-arid regions of the western United States.  The applicability of the 

design discharge concept as well as the appropriateness of specific definitions used to calculate design 

discharge are known to vary with climate (Andrews, 1980; Doyle et al., 2007).   Including sites from 

other climates such as the Pacific Northwest or Appalachian Mountains may change conclusions about 

the accuracy of design discharge methods, and therefore the accuracy of design depths.  Additionally, all 

calculations are based on simplified 1D hydraulics.   Accounting for cross-sectional variability in shear 

stress and particle diameter typically results in greater sediment mobility (Ferguson, 2003; Monsalve et 
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al., 2020).   Representing cross-sectional variability may improve estimates of design sediment load and 

stable slope, particularly when using excess shear methods such as the Meyer Peter-Müller equation. 

Additionally, this study only included a statistical analysis of how error propagates through the method, 

not a mechanistic or mathematic understanding of the sources of error.   A more rigorous analysis could 

shed light on why design slopes and the half-yield discharge are more accurate, as well as other 

outstanding issues.  Using previous studies and regression analysis performed as part of this study, 

inferences can still be made about some of these issues.  Sholtes et al., 2016 shows that half-yield 

discharge is a better predictor of bankfull discharge than effective discharge, particularly systems with 

coarse bed materials.   All systems used in this analysis have coarse bed material.   Another issue is the 

form of the Meyer-Peter Muller equation.  This study used the original equation as simplified by              

Chien, 1956.  Wong and Parker, 2005 revised the equation and showed that the original form 

overestimated transport by a factor of 2.0 to 2.5.   Because the revised equation is a linearly-scaled 

version or the original, its use would only change design sediment load, not design discharge.   Design 

depth was found to be insensitive to error in design sediment load.  Design slope was found to be 

moderately sensitive to error in design sediment load, but typically when error was on the order of one 

or more orders of magnitude.  Decreasing the design sediment load by a factor of two likely would not 

significantly change estimates of slope, which were generally accurate even with large errors in design 

sediment yield. 

There are several important factors which the stable channel analytical method does not incorporate.  

Chanel-forming discharge calculations, on which the stable channel analytical method is based, are 

frequently criticized for focusing on a single discharge.  While use of a single discharge is a convenient 

simplification, research has repeatedly found restoration designs should consider a range of flows   

(Costa and O’Connor, 1995; Davidson and Eaton, 2018). Research conducted since the analytical 

methods were originally developed highlights the importance of riparian vegetation and large wood on 

channel morphology (Schum, 1981; Beechie et al., 2006; Wohl et al., 2019).  Additionally, this method 

does not account for limitations in sediment supply.  

Finally, it must be acknowledged that channel geometry does not remain fixed over time.  Rather, it 

exists in a dynamic equilibrium between competing forces (Stevens et al., 1975; Dethier et al., 2016).  If 

the goal of restoration projects is to restore natural geomorphic processes, the aim of a design should 

be to restore these processes as expediently as possible (Kondolf et al., 2006; Beechie et al., 2010).   

Long-term monitoring of a restoration project on the Red River in Idaho found that the accuracy of initial 
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channel geometries only matters to a point.  Channel reaches restored to 96% and 157% of stable 

widths from effective discharge calculations re-established dynamic equilibrium in the same timeframe.  

Only a severely over-widened reach designed at 191% of the stable width took longer (Tranmer et al., 

2022).   

Based on the results of this case study, the accuracy of the stable channel analytical method is suitable 

for restoration design.  It would likely best be used in the conceptual or 30% design phase to gain an 

understanding of geomorphic processes and to approximate stable channel dimensions.  Channel 

dimensions could then be refined at later design stages using morphodynamic models which directly 

simulate sediment transport or the CSR method which accounts for flow variability.  

CONCLUSION 

For decades the stable channel analytical method has been proposed as a simple conceptual framework 

for determining stable channel geometries.  Despite being widely published in design literature from the 

USACE and USDA, little evidence exists to support its accuracy in gravel-bedded alluvial rivers.  This is 

problematic because error in calculated sediment transport rates, one of the key inputs to this method, 

can be exceptionally large in these settings. By applying the stable channel analytical method to 22 

gravel-bedded rivers across the western United States, it was found to be accurate enough for 

restoration design. Mean error for depth was on the order of -9% to 32%.  Median error for slope was 

between -3% and 0%. This is better than other comparable methods for sizing gravel-bedded rivers.  

Method accuracy can be improved by using half-yield discharge instead of design discharge, subsurface 

gradations instead of surface gradations, and by carefully selecting representative sediment transport 

equations.  
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Figure A.1: Results of analytical channel design procedure for Big Wood Creek, ID showing a.) flow duration curve for full gage history and 

modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 



Evaluating Stable Channel Anayltical Methods for Determining Stable Geometries in Gravel-Bedded Alluvial Rivers 

 WALTER SCOTT, JR 
COLLEGE OF ENGINEERING 
COLORADO STATE UNIVESRITY  

 

Figure A.2: Results of analytical channel design procedure for Boise River, ID showing a.) flow duration curve for full gage history and modern 

period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.3: Results of analytical channel design procedure for Buffalo Fork, WY showing a.) flow duration curve for full gage history and modern 

period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.4: Results of analytical channel design procedure for Cat Spur Creek, ID showing a.) flow duration curve for full gage history and modern 

period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.5: Results of analytical channel design procedure for East Fork San Juan River, CO showing a.) flow duration curve for full gage history 

and modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, 

d.) calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.6: Results of analytical channel design procedure for Halfmoon Creek, CO showing a.) flow duration curve for full gage history and 

modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.7: Results of analytical channel design procedure for Johnson Creek, ID showing a.) flow duration curve for full gage history and modern 

period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.8: Results of analytical channel design procedure for Little Slate Creek, ID showing a.) flow duration curve for full gage history and 

modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.9: Results of analytical channel design procedure for Lochsa River, ID showing a.) flow duration curve for full gage history and modern 

period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.10: Results of analytical channel design procedure for Middle Fork Red River, ID showing a.) flow duration curve for full gage history and 

modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.11: Results of analytical channel design procedure for Pacific Creek, WY showing a.) flow duration curve for full gage history and modern 

period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.12: Results of analytical channel design procedure for Sagehen Creek, CA showing a.) flow duration curve for full gage history and 

modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.13: Results of analytical channel design procedure for Selway River, ID showing a.) flow duration curve for full gage history and modern 

period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.14: Results of analytical channel design procedure for South Fork Payette River, ID showing a.) flow duration curve for full gage history 

and modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, 

d.) calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.15: Results of analytical channel design procedure for South Fork Red River, ID showing a.) flow duration curve for full gage history and 

modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.16: Results of analytical channel design procedure for Snake River, WY showing a.) flow duration curve for full gage history and modern 

period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.17: Results of analytical channel design procedure for St. Louis Creek Site No. 2, CO showing a.) flow duration curve for full gage history 

and modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, 

d.) calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.18: Results of analytical channel design procedure for St. Louis Creek Site No 3, CO showing a.) flow duration curve for full gage history 

and modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, 

d.) calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.19: Results of analytical channel design procedure for St. Louis Creek Site No. 4a, CO showing a.) flow duration curve for full gage history 

and modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, 

d.) calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.20: Results of analytical channel design procedure for St. Louis Creek Site No. 4b, CO showing a.) flow duration curve for full gage history 

and modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, 

d.) calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.21: Results of analytical channel design procedure for Thompson Creek, ID showing a.) flow duration curve for full gage history and 

modern period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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Figure A.22: Results of analytical channel design procedure for Valley Creek, ID showing a.) flow duration curve for full gage history and modern 

period of record used in analysis, b.) observed sediment and bedload gradations, c.) observed and calculated sediment rating curves, d.) 

calculated effective and half-yield discharges, and e.) calculated stable geometries compared to observed bankfull geometry. 

a.) b.) 

c.) d.) 

e.) 

Qbf 
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APPENDIX B 

REGRESSION BETWEEN SITE OBSERVATIONS AND METHOD ERROR   
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Figure B.1: Linear regression between bankfull discharge and mean normalized absolute error in a.) 

design discharge, b.) design sediment load, c.) stable depth, and d.) stable slope. 
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Figure B.2: Linear regression between bankfull discharge recurrence interval (RI) and mean normalized 

absolute error in a.) design discharge, b.) design sediment load, c.) stable depth, and d.) stable slope. 
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Figure B.3: Linear regression between longitudinal channel slope and mean normalized absolute error in 

a.) design discharge, b.) design sediment load, c.) stable depth, and d.) stable slope. 
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Figure B.4: Linear regression between bedload D50 and mean normalized absolute error in a.) design 

discharge, b.) design sediment load, c.) stable depth, and d.) stable slope. 
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Figure B.5: Linear regression between surface D50 and mean normalized absolute error in a.) design 

discharge, b.) design sediment load, c.) stable depth, and d.) stable slope. 
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Figure B.6: Linear regression between subsurface D50 and mean normalized absolute error in a.) design 

discharge, b.) design sediment load, c.) stable depth, and d.) stable slope. 
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Figure B.7: Linear regression between armoring ratio and mean normalized absolute error in a.) design 

discharge, b.) design sediment load, c.) stable depth, and d.) stable slope. 
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Figure B.8: Linear regression between surface particle gradation coefficient and mean normalized 

absolute error in a.) design discharge, b.) design sediment load, c.) stable depth, and d.) stable slope. 
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Figure B.9: Linear regression between subsurface particle gradation coefficient and mean normalized 

absolute error in a.) design discharge, b.) design sediment load, c.) stable depth, and d.) stable slope. 

 


