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We thank Rosgen (this issue) for his comments,
which provide valuable insight regarding his channel
classification and its correct application. However, we
believe that many of his objections are based on mis-
interpretation of our analysis, which we hope to clar-
ify through this reply.

Because our measurement techniques differed from
those advocated by Rosgen (1996), our study may not
represent the range of variability in channel classifi-
cation that would result from strict adherence to his
methods. Nevertheless, this does not invalidate our
analysis and the intended study goal of evaluating
classification consistency and sources of observed dif-
ferences. However, some of the identified shortcom-
ings of the classification may stem from our use of
methods different from Rosgen’s and therefore
deserve further analysis.

MOTIVATION AND LITERATURE REVIEW

Rosgen indicates that our literature review is
biased. It was not our intent to provide an exhaus-
tive review of prior literature concerning the Ros-
gen (1994, 1996) classification. Rather, our intent
was to state that there has been prior criticism

regarding the mechanistic insight offered by the
classification and thus its ability to satisfy the clas-
sification’s first three objectives in a meaningful
way, but general agreement that the fourth objec-
tive (communication) could be met (Roper et al.,
2008, p. 418). Because there had been no formal
test of this latter opinion, we focused our analysis
on it. A retrospective discussion of the Rosgen clas-
sification and response to prior criticism is provided
by Rosgen (2003).

CONSISTENCY OF RESULTS

The purpose of our analysis was “to determine
whether measurements made by different observers
yield consistent classification of Rosgen stream types
and, if these classifications differ, to determine the
reasons for these differences” (Roper et al., 2008,
p. 418). We found that channel classification was not
consistent at our study sites and discussed three
potential sources of variability: (1) differences in
methods between monitoring groups, (2) differences
in training, and (3) observer variation in measuring
channel characteristics (Roper et al., 2008, pp. 420
and 422-424).
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Rosgen contends that differences in methodology
and training preclude consistent classification. This
would be true if our sole intent was to isolate observer
variation, in which case one would want to control for
the first two sources of variability (methods, training).
However, our intent was to document the variability
of results that exist in current practice for the moni-
toring groups examined, which includes variability of
all of the above factors (methods, training, and observ-
ers). We agree that requiring similar methods and
training would increase consistency (Roper et al.,
2008, p. 422). However, we disagree with Rosgen’s
assertion that “similar training and protocols would
ensure similar classification results.” This would only
be possible if one could remove observer variation,
which is difficult to do even with the strictest of proto-
cols. Numerous studies attest to the effects of observer
variation (Wohl et al., 1996; Kaufmann et al., 1999;
Roper et al., 2002). Moreover, Rosgen’s assertion con-
tradicts the data presented in our study; we found
considerable observer variation within monitoring
groups (i.e., when methods and training were con-
trolled), even with the application of our consistency
rule, which minimized potential observer differences
(Roper et al., 2008, p. 420, table 3).

Rosgen also objects to the fact that the monitoring
groups did not follow his field methods in terms of
where and how data should be obtained. We agree that
methodology can have an impact on results and that
classification consistency may have differed if Rosgen’s
(1996) field methods had been followed; however, as
discussed above, our intent was to examine the “in
practice” variability between the monitoring groups
evaluated in our study. Differences in methodology
also may explain our finding that channel parameters
frequently fell in the gray zone between Rosgen chan-
nel types (NC values in table 3 of Roper et al., 2008);
as suggested by Rosgen, this result may stem from our
use of different methods, rather than indicating a
problem with the classification itself. However, this
problem occurred even for the Aquatic and Riparian
Effectiveness Monitoring Program (AREMP) group,
which generally followed Rosgen’s (1996) recom-
mended methods (Table 1), suggesting that methodol-
ogy is not the sole cause of this result. Note that some
of the monitoring group protocols were incorrectly
reported by Roper et al. (2008) and have been corrected
and further explained here (see Errata and Table 1).

BANKFULL

For ungaged sites, such as those examined in our
study, Rosgen advocates using regional channel
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dimension curves to guide field identification of bank-
full elevation and derived classification parameters
(entrenchment ratio and bankfull width-to-depth
ratio). These curves plot bankfull channel dimensions
as functions of drainage area, a surrogate for down-
stream bankfull discharge in regions with roughly
homogeneous runoff production (Miller, 1958; Emmett,
1972, 1975; Dunne and Leopold, 1978). Rosgen recom-
mends that such curves be developed from gaged sites
where one verifies field identification of bankfull stage
by comparing its recurrence interval to an expected
value of one to two years (1.5 on average) (Dunne and
Leopold, 1978, p. 611; Rosgen, 1996, table 5-1 and pp.
5-12, 5-14). A large number of these curves have been
developed for the United States (U.S.) following this
approach [see recent reviews by Johnson and Fecko
(2008) and Wilkerson (2008)]. While a bankfull recur-
rence interval of one to two years is a useful average
value for floodplain channels in temperate climates
(Leopold et al., 1964; Leopold, 1994; Wilkerson, 2008),
the recurrence interval of bankfull floods can be quite
variable about this average (0.5-32 years) (Williams,
1978; Wilkerson, 2008), and bankfull recurrence inter-
vals may be inversely related to drainage area (Wol-
man, 1955; Wolman and Miller, 1960). Because of
these factors, we caution the use of assumed flood
recurrence intervals for verifying identification of
bankfull stage. When faced with several possible bank-
full elevations, Dunne and Leopold (1978, p. 655) rec-
ommend selecting the one closest to the 1.5-year
recurrence interval. Doing so provides the most likely
bankfull elevation in terms of average values, but pre-
cludes objective determination of the actual bankfull
recurrence interval for the site. Consequently, this
approach should be used as a last resort. Furthermore,
Rosgen’s (1996) recommendation for verifying bankfull
elevation by comparing its recurrence interval to an
expected value of one to two years has caused some
practitioners to adjust their data when it falls outside
of the expected range. For example, Mulvihill et al.
(2005) re-evaluated bankfull elevations when they
found that the associated flood recurrence intervals
were less than the expected one-year minimum. It is
unclear whether their initial estimates of bankfull ele-
vation were truly in error, or whether their data were
forced to conform to the expected range of average
bankfull recurrence intervals.

We believe that field identification of bankfull
stage, using the standard set of field indicators (Leo-
pold and Skibitzke, 1967; Emmett, 1972, 1975; Dunne
and Leopold, 1978; Harrelson et al., 1994; Rosgen,
1996), should be the primary method for determining
bankfull geometry, as was done by the monitoring
groups examined in our study. Nevertheless, we
agree that regional channel dimension curves can
provide a secondary line of evidence for bankfull
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TABLE 1. Protocols for Measuring Attributes of the Rosgen (1996) Channel Classification;
Correction and Further Explanation of Those Reported by Roper et al. (2008).

Attribute and Measurement Protocol as Defined
by Rosgen (1996)

Protocols Used by Each Monitoring Group

Entrenchment ratio: Ratio of flood-prone width to bankfull
width (flood-prone width = width at an elevation twice the
maximum bankfull depth). Measured in unconstrained,
relatively narrow, planar channel units (riffle/run/rapid),
the location of which varies by stream type: (1) in pool-riffle
(C, E, and F) streams, measured in riffle section where
thalweg “crosses over” between successive pools; (2) in
plane-bed (B) streams, measured in narrowest “rapid”
section; and (3) in step-pool (A and G) streams, measured
in “run” section between step and pool head (Rosgen, 1996,
p. 5-9, figures 5-4 and 5-5). Values determined from cross-
sectional survey using a level. Number of cross sections per
reach unspecified.

Width-to-depth ratio: Ratio of bankfull channel width to
mean bankfull depth. Measured at same locations as above.
Values determined from cross-sectional survey using a
level. Number of cross sections per reach unspecified.

Sinuosity: Ratio of reach length to valley length. Reach
length is at least 20 times bankfull width, or 2 meander
wavelengths in sinuous channels. Measured from aerial
photographs.

Slope: Reach-average water-surface slope determined from
a longitudinal profile using a level.

Substrate: Wolman (1954) pebble count of bed and
unvegetated stream banks over reach length. Systematic,
stratified sampling (Smartt and Grainger, 1974) weighted
by length of channel units (e.g., pool, riffle, step) (Rosgen,
1996, figure 5-18).

AREMP

PIBO

ucC

AREMP

PIBO

18/6;

AREMP

PIBO

AREMP

PIBO

ucC

AREMP

PIBO
ucC

Bankfull and flood-prone widths determined
from cross-sectional survey using a laser level.
Cross section measured at first-occurring
location recommended by Rosgen (1996) (e.g.,
first downstream riffle).

Average value from four cross-sectional surveys
using tape and rod; flood-prone elevation
measured with a hand level. Cross sections
placed at widest section of first four
riffles/runs.

Bankfull width averaged from 21 equally
spaced cross sections. Flood-prone width
averaged from three equally spaced cross
sections (subset of the above 21).

Bankfull width and depth determined from
same cross-sectional survey used for
entrenchment ratio.

Average value determined from same four
cross-sectional surveys used for entrenchment
ratio.

Bankfull width averaged from 21 equally
spaced cross sections. Reach-average mean
bankfull depth determined from method of
Kaufmann et al. (1999), assuming a triangular
cross section; see Kaufmann et al. (2008) for
further discussion.

Reach length is 20 times bankfull width
categories, with a minimum reach length of
160 m and a maximum of 480 m. Reach length
is measured along the thalweg. Valley length
is defined as the straight-line distance
between the top and bottom of the channel
reach.

Same as AREMP.

Same as AREMP, except that width categories
are not used, and minimum/maximum reach
lengths are 150 and 500 m, respectively.

Measured with a laser level. Slope is the
change in water-surface elevation between the
top and bottom of the reach divided by reach
length.

Same as AREMP, but measured with an
automatic level.

Measured with a hand level. Reach slope
determined as average of incremental slopes
between 21 equally spaced cross sections.
Incremental slope is the change in water-
surface elevation divided by distance between
successive cross sections.

Systematic, unstratified pebble counts at 21
equally spaced transects, 5 particles per
transect (105 total), sampled across bed and
banks within bankfull limit.

Same as AREMP.

Same as AREMP, but grain sizes visually
estimated.

Notes: AREMP, Aquatic and Riparian Effectiveness Monitoring Program; PIBO, PACFISH/INFISH Biological Opinion Monitoring Program,;

UC, Upper Columbia Monitoring Program.

Methods and location for measuring attributes differed across groups and, in some cases, from that recommended by Rosgen. AREMP most
closely followed Rosgen’s recommended approach. Methods used by each group during this study are further described by AREMP (2005),
Dugaw et al. (2005) for PIBO, and Hillman (2004) for UC, with crew modifications to the latter as noted above.
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identification that might help to reduce uncertainty
of field identification, particularly when several possi-
ble bankfull elevations are present (Dunne and Leo-
pold, 1978; Leopold, 1994; Rosgen, 1996). However,
channel dimension curves are average values of log-
log plots with considerable scatter (Emmett, 1972,
1975; Dunne and Leopold, 1978; Leopold, 1994), and
channel dimensions tend to be more poorly correlated
with drainage area than with bankfull discharge
(Emmett, 1975; Castro and Jackson, 2001). As such,
these curves provide reconnaissance-level predictions
of bankfull dimensions at a given field site (Emmett,
1972; Dunne and Leopold, 1978), and frequently have
as much uncertainty as that due to observer differ-
ences in field identification of bankfull. For example,
data compiled from a variety of sources indicate that
the 95% prediction intervals on regional bankfull
depth curves can range from + 33-152% uncertainty,
with a median value of + 51% (Figure 1 and Table 2).
This uncertainty is comparable to observer variability
in determining bankfull depths at our study sites
(¥ +2s =+ 38% on average across the monitoring
groups). Hence, the uncertainty in our measurements
and consequent stream type classifications are the
same order of magnitude that one might expect from
using regional channel dimension curves to guide
field identification of bankfull. Results also demon-
strate that the 95% prediction intervals vary directly
with drainage area (Figure 2).
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FIGURE 1. Cumulative Distribution of Average 95% Prediction
Intervals (+percentage uncertainty about the bankfull depth predic-
tion across the range of a given regional regression) for a Subset of
the Table 2 Data that Met the Following Quality Criteria: Bankfull
Depth Regression Having n > 5 and R? > 0.75. Data matching these
criteria are shown by bold PI values (Table 2).
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Regardless of one’s technique for determining bank-
full, we believe that the larger issue that is not being
addressed is the sensitivity of the Rosgen classifica-
tion to bankfull identification (Johnson and Heil,
1996; Roper et al., 2008), which can be exacerbated by
uncertainty in field identification of bankfull (Wil-
liams, 1978; Johnson and Heil, 1996; Juracek and
Fitzpatrick, 2003), potentially leading to misclassifica-
tion (Rosgen, 2003). Calibrating bankfull identifica-
tion to an expected bankfull recurrence interval helps
to reduce uncertainty if the channel is typical (i.e.,
has a bankfull recurrence interval of one to two
years), but does not entirely remove the uncertainty
(a range of potential bankfull elevations may be pres-
ent within the range of one-year to two-year flood
stages), and does not address the underlying issue of
sensitivity of the classification to bankfull elevation.
Developing methods for making the classification
more robust to this parameter, or using alternative
classification parameters, warrants further investiga-
tion. For example, Simon et al. (2007) propose using
the effective discharge (Wolman and Miller, 1960),
rather than bankfull, for classifying streams. The
effective discharge 1is geomorphically significant
because it transports the most sediment over time
and is believed to control long-term channel morphol-
ogy (Wolman and Miller, 1960). Bankfull stage is used
in Rosgen’s (1996) approach, in part, because it is
equivalent to the effective discharge, as has been
shown for temperate, floodplain rivers of the western
U.S. (Andrews, 1980; Andrews and Nankervis, 1995;
Whiting et al., 1999). Given the uncertainty in field
identification of bankfull, formal analysis of the effec-
tive discharge (sensu Wolman and Miller, 1960) might
be a useful alternative to bankfull determination if
the goal is to classify rivers based on the geometry of
the channel-forming flow. This is particularly impor-
tant for steeper, non-floodplain rivers (A and B chan-
nels) where bankfull is difficult to determine (e.g.,
Roper et al., 2008, pp. 423-424) and where it has not
been demonstrated that bankfull flow approximates
the effective discharge; few studies have examined
the effective discharge of steep, non-floodplain rivers
and its relation to bankfull flow (Nolan et al., 1987;
Nash, 1994). The effective discharge can be readily
determined by coupling discharge data with standard
bed-load transport equations, but is best determined
from local bed-load transport rating curves (Barry
et al., 2008), which require considerably more invest-
ment of time and effort to obtain. Furthermore, the
effective discharge calculation typically uses mean
daily flows (or even 1 h to 15-min flows for small, fla-
shy basins; Biedenharn et al., 2001) and is therefore
more involved than determining the annual recur-
rence interval of bankfull floods; however, daily flow
values are readily available from many USGS gages
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FIGURE 2. Average 95% Prediction Interval (+percentage
uncertainty about the bankfull depth prediction across the
range of a given regional regression) as a Function of Median
Drainage Area (Table 2) for Datasets Used in Figure 1.

and standard procedures for calculating effective dis-
charge have been developed (Biedenharn et al., 2001).

THE CLASSIFICATION SYSTEM

Rosgen notes that many evaluators fail to incorpo-
rate the multiple levels of his classification hierarchy
into their assessments, pointing to our focus on his
Level II classification (Roper et al., 2008, p. 419). While
this may be true, if stream reach classification (Level
II) is dependent upon valley segment type (Level I),
then this dependency should be explicitly incorporated
into the stream reach classification key [i.e., Rosgen’s
(1996) figure 5-3]. For our study, he suggests that “It is
likely that West Fork Lick Creek is within a colluvial
valley type II where a B stream type (not an F stream
type) would typically be located” (Rosgen, this issue),
which implies that the reach classification (Level II)
should be modulated by the valley segment classifica-
tion (Level I); but the rules for this are unclear.

REACH-SCALE CHANNEL TYPES

We disagree with Rosgen’s assertion that non-
unique solutions (i.e., multiple channel types) are “not
possible” and “did not occur” in our analysis. The
allowable variation of classification parameters
(0.2 units for both entrenchment ratio and sinuosity,
and 2.0 units for width-to-depth ratio) (Rosgen,
1996) causes overlap between channel types and the
potential for nonunique solutions (Figure 3 and
Table 3). At our study sites, this occurs for both the
ensemble, average values (Table 4) and the individual
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FIGURE 3. Overlap of Entrenchment and Bankfull Width-to-Depth
Ratios for Single-Thread Rosgen Stream Types (A, G, F, B, E, and
C) Due to the Allowed Variation of Classification Parameters
(0.2 units for entrenchment ratio and +2.0 units for width-to-
depth ratio) (Rosgen, 1996). Upper/lower parameter bounds that
were not reported in Rosgen’s (1996, figure 5-3) were determined
from data reported for each channel type (pp. 5-35 to 5-189 of Ros-
gen, 1996). Nonunique channel classifications that can result from
this overlap are shown in Table 3. Note that the overlap of
entrenchment and width-to-depth ranges for A and G stream types
does not result in nonunique solutions because these stream types
have different slope ranges (Rosgen, 1996, figure 5-3). The same is
true for A and F streams.

TABLE 3. Parameter Ranges for Which Nonunique
Solutions (multiple stream types) Occur as a Result of
Allowed Variation of Classification Parameters.

Entrenchment Bankfull Width-to-

Channel Types Ratio Depth Ratio
Sinuosity >1.0,

Slope <0.04
C/B 2.01-2.4 >10
B/F 1.2-1.59 >10
B/F/G 1.2-1.59 10.1-13.9
F/G <1.6 10.1-13.9
Sinuosity >1.3,

Slope <0.04
C/E >2.0 10.1-13.9
C/E/B 2.01-2.4 10.1-13.9
Sinuosity = 1.01-1.39,

Slope = 0.04-0.099
B/A 1.2-1.59 10.1-13.9

crew observations (Table 5). For example, the Table 4
values for Big Creek indicate a C4 channel type as
discussed by Rosgen, but the allowable variation of
classification parameters can yield alternative solu-
tions of both E4 and B4c. The allowable variation of
both the width-to-depth ratio and sinuosity for E
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TABLE 4. Average Channel Characteristics and Rosgen Stream Types.

Entrenchment Slope D5, Stream
Creek Ratio W/D Sinuosity (m/m) (mm) Type
Big 2.33 13.8 1.44 0.0113 5 C4/E4/B4c
Bridge 1.57 18.7 1.28 0.0099 23 B4c/F4
Camus 1.61 29.4 1.04 0.0116 97 B3c*
Crane 2.72 21.1 1.47 0.0110 7 C4
Crawfish 1.35 17.5 1.15 0.0503 82 B3a*
Indian 1.75 23.0 1.17 0.0582 17 B4a*
Myrtle 1.61 17.6 1.13 0.0935 29 B4a*
Potamus 1.63 36.6 1.11 0.0242 75 B3*
Tinker 3.23 14.7 1.18 0.0272 18 C4b*
Trail 3.20 22.5 1.39 0.0176 47 C4
West Fork Lick 1.69 15.6 1.28 0.0330 26 B4
Whiskey 1.73 16.8 1.11 0.0688 41 B4a*

Notes: Values are crew averages per monitoring group averaged across all groups (i.e., double average). W/D, bankfull width-to-depth ratio;
D5y, median surface grain size. Slashes indicate alternative classifications (nonunique solutions) due to the allowed variation of classification
parameters (+0.2 units for entrenchment ratio and sinuosity and +2.0 units for width-to-depth ratio; Rosgen, 1996). Asterisk means no
stream type could have been determined without allowed variation of classification parameters.

channels (W/D < 12 + 2.0; sinuosity >1.5 = 0.2) allows
Big Creek to be classified as an E4 stream, while the
allowable variation of entrenchment ratio for B chan-
nels (1.4-2.2 + 0.2) also allows it to be classified as a
B4 stream. Big Creek plots in the parameter space
shared by C, E, and B channels due to overlapping
parameter ranges for these stream types (Figure 3,
Tables 3 and 4), resulting in a nonunique classifica-
tion of stream type. Nonunique solutions occur at 17%
of our sites (2 out of 12) when one considers the aver-
age data (Table 4) and they occur for 25-36% of the
crew observations across the three monitoring groups
(Table 5). Note that the latter percentages differ
slightly from values originally reported (Roper et al.,
2008, p. 422) due to minor classification errors that
have been corrected in Table 5 (see Errata section).
Nonunique solutions are particularly problematic
when stream type cannot be determined without
using the allowed variation of classification parame-
ters. For example, it is unclear whether Crawfish
Creek should be classified as an A3 or B3a channel
using the data reported by AREMP Crew 1 (Table 5);
both alternatives require using allowable variation of
classification parameters that follow different paths
through Rosgen’s (1996) classification key. This situa-
tion occurs for 13% of the crew observations in our
study (Table 5). As suggested by Rosgen, selection
between alternative channel types might be resolved
by considering Level I of the classification scheme
(i.e., considering what channel types are typically
associated with a given valley type and landform)
(Rosgen, 1996). However, the procedure for using
Level I information to inform and adjust the Level II
classification is unclear, as discussed in the previous
section. Furthermore, it seems potentially dangerous
to decide between alternative solutions based on
“what should occur” for a given valley type and land-

JAWRA

form, rather than what is observed to occur through
Level II field measurements. This is comparable to
the danger of inferring channel condition based on
stream type, rather than documenting it through his-
torical analysis (Kondolf, 1995; Juracek and Fitzpa-
trick, 2003); however, use of Levels III and IV of the
Rosgen system are intended to provide this historical
analysis and assess cause-and-effect relationships.

The issue of multiple channel types (nonunique solu-
tions) was recently recognized and accepted by Rosgen
(2008), despite his objection to it here. Rosgen (2008)
indicates that dual stream types are acceptable “when
delineative variables overlap between types” (Rosgen,
2008, p. 785, right column, last sentence). This seems
like a reasonable solution, given the overlap of Rosgen
stream types (Figure 3 and Table 3) and the recogni-
tion that any channel classification scheme can impose
artificial boundaries across the range of channel char-
acteristics that occur within a river network (Kondolf,
1995). Hence, one might expect occasional hybrid, or
dual, channel types (Rosgen, 2008), particularly when
a channel is evolving from one state to another in
response to disturbance (Rosgen, 2003, pp. 23-24).

In addition to nonunique solutions, we also noted
that many of our study sites do not fall into primary
stream classes without the allowed variation of classi-
fication parameters. This is true for 7 out of 12 (58%)
of the sites when one considers the ensemble, average
data (Table 4, asterisks) and 61 out of 99 (62%) of the
crew observations (Table 5, NC values). We described
these channels as falling in the gray zone between
primary stream types, while Rosgen refers to them as
being at the tails of typical parameter distributions
for a given channel type. This is a matter of seman-
tics, with the main point being that many of our
study sites are on the fringes of Rosgen’s (1996)
parameter ranges, suggesting that the classification
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TABLE 5. Data Used to Determine Rosgen Stream Types by Roper et al. (2008).

Monitoring Entrenchment Slope Dy
Creek Group Crew Ratio W/D Sinuosity (m/m) (mm) Stream Type
Big AREMP 1 2.50 11.3 1.43 0.010 3 E4/C4 (NC)
AREMP 2 5.58 9.0 1.49 0.010 5 E4 (NC)
AREMP 3 1.44 14.7 1.37 0.011 6 B4c/F4 (B4c)
PIBO 1 1.4 14 1.43 0.010 6 B4c/F4 (B4c)
PIBO 2 >3.0 8 1.50 0.010 8 E4 (E4)
ucC 1 1.70 19.2 1.32 0.012 2 B4c (B4c)
ucC 2 1.58 17.3 1.72 0.016 4 B4c/F4 (B4c)
UcC 3 1.57 19.2 1.24 0.013 3 B4c/F4 (B4c)
Bridge AREMP 1 1.39 154 1.22 0.009 22 B4c/F4 (F4)
AREMP 2 1.71 11.5 1.23 0.009 19 B4c (NC)
AREMP 3 1.90 11.9 1.21 0.009 28 B4c (NC)
PIBO 1 15 15 1.20 0.010 24 B4c/F4 (B4c)
PIBO 2 1.5 15 1.24 0.010 37 B4c/F4 (B4c)
ucC 1 1.58 22.0 1.33 0.014 10 B4c/F4 (B4c)
ucC 2 1.46 20.6 1.55 0.011 17 B4c/F4 (B4c)
ucC 3 1.60 22.5 1.23 0.010 22 B4c (B4c)
Camas AREMP 1 1.43 20.0 1.03 0.011 90 B3c¢c/F3 (NC)
AREMP 2 1.68 19.6 1.01 0.009 80 B3c (NC)
AREMP 3 1.43 23.6 1.04 0.011 77 B3c/F3 (NC)
PIBO 1 1.7 21 1.07 0.011 102 B3c (NC)
PIBO 2 1.6 23 1.02 0.011 130 B3c (NC)
PIBO 3 2.2 26 1.16 0.011 96 B3c/C3 (NC)
ucC 1 1.71 35.5 1.01 0.012 100 B3c (NC)
ucC 2 1.62 44.1 1.00 0.014 74 B3c (NC)
ucC 3 1.14 51.9 1.02 0.015 119 F3 (NC)
Crane AREMP 1 3.75 14.0 1.54 0.009 2 C4 (C4)
AREMP 2 5.28 16.1 1.39 0.012 5 C4 (C4)
AREMP 3 1.68 14.9 1.46 0.009 13 B4c (B4c)
PIBO 1 2.5 16 1.58 0.009 10 C4 (C4)
PIBO 2 1.6 20 1.52 0.009 15 B4c (B4c)
ucC 1 4.02 15.1 1.47 0.014 2 C4 (C4)
ucC 2 1.55 18.8 1.78 0.014 2 B4c/F4 (B4c)
UcC 3 2.01 57.0 1.39 0.013 1 B5c¢/C5c (B5c¢)
Crawfish AREMP 1 1.24 13.6 1.10 0.051 89 A3/B3a (NC)
AREMP 2 1.19 13.4 1.10 0.052 118 A3 (NC)
AREMP 3 1.15 12.6 1.18 0.058 24 A4 (NC)
PIBO 1 14 18 1.17 0.048 119 B3a (NC)
PIBO 2 1.5 14 1.17 0.047 134 B3a (NC)
ucC 1 1.40 24.0 1.13 0.054 53 B4a (NC)
ucC 2 1.51 22.8 1.19 0.052 35 B4a (NC)
ucC 3 1.31 23.4 1.08 0.053 82 B3a (NC)
Indian AREMP 1 1.62 27.3 1.20 0.057 7 B4a (B4a)
AREMP 2 1.85 18.5 1.11 0.055 24 B4a (NC)
AREMP 3 2.21 17.3 1.15 0.059 9 B4a (NC)
PIBO 1 2.1 14 1.27 0.058 28 B4a (B4a)
PIBO 2 1.6 26 1.15 0.056 40 B4a (NC)
PIBO 3 1.7 16 1.15 0.059 25 B4a (NC)
ucC 1 1.81 24.7 1.16 0.050 10 B4a (NC)
UcC 2 1.34 35.7 1.13 0.067 11 B4a (NC)
ucC 3 1.55 27.3 1.17 0.063 1 Bb5a (NC)
Myrtle AREMP 1 1.23 13.8 1.09 0.094 52 B4a/A4 (NC)
AREMP 2 1.26 17.6 1.12 0.095 23 B4a (NC)
AREMP 3 1.41 19.9 1.17 0.091 23 B4a (NC)
PIBO 1 1.7 17 1.11 0.091 47 B4a (NC)
PIBO 2 2.3 14 1.30 0.082 40 B4a (NC)
ucC 1 1.46 23.1 1.09 0.097 22 B4a (NC)
ucC 2 1.60 19.3 1.08 0.098 4 B4a (NC)
ucC 3 1.53 18.2 1.07 0.100 26 B4a (NC)
Potamus AREMP 1 1.19 19.6 1.20 0.020 83 F3b (F3b)
AREMP 2 1.14 27.7 1.17 0.023 116 F3b (NC)
AREMP 3 1.10 26.0 1.16 0.023 65 F3b (NC)
JOURNAL OF THE AMERICAN WATER RESOURCES ASSOCIATION 1307 JAWRA
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TABLE 5. (Continued).

Monitoring Entrenchment Slope D5
Creek Group Crew Ratio W/D Sinuosity (m/m) (mm) Stream Type
PIBO 1 2.1 29 1.11 0.023 95 B3/C3b (NC)
PIBO 2 1.4 35 1.11 0.023 66 B3/F3b (NC)
uc 1 1.30 48.8 1.06 0.029 86 B3/F3b (NC)
ucC 2 1.96 54.2 1.05 0.023 33 B4 (NC)
uc 3 2.70 57.3 1.06 0.031 40 C4b (NC)
Tinker AREMP 1 4.33 15.0 1.14 0.025 9 C4b (NC)
AREMP 2 5.19 11.6 1.17 0.026 25 C4b (NC)
AREMP 3 4.25 11.1 1.18 0.026 8 C4b (NC)
PIBO 1 >3 16 1.17 0.026 34 C4b (NC)
PIBO 2 >3 17 1.21 0.026 26 C4b (C4b)
PIBO 3 >3 12 141 0.028 29 C4b/E4b (NC)
ucC 1 2.55 13.1 1.11 0.028 9 C4b (NC)
uc 2 2.28 22.1 1.12 0.028 3 C4b/B4 (NC)
ucC 3 1.46 14.7 1.13 0.033 21 B4/F4b (NC)
Trail AREMP 1 4.55 17.9 1.37 0.017 31 C4 (C4)
AREMP 2 9.60 11.0 1.36 0.017 64 C4/E4 (NC)
AREMP 3 3.52 12.8 141 0.017 67 C3/E3 (C3)
PIBO 1 >3 20 1.40 0.016 58 C4 (C4)
PIBO 2 1.3 30 1.38 0.017 55 F4/B4c (F4)
ucC 1 1.73 32.3 1.36 0.019 37 B4c (B4c)
ucC 2 1.47 27.6 1.40 0.019 38 B4c/F4 (B4c)
uc 3 1.52 26.3 1.45 0.020 25 B4/F4b (B4)
WF Lick AREMP 1 0.98 10.0 1.30 0.032 28 G4 (G4)
AREMP 2 1.49 94 1.29 0.030 24 G4 (NC)
AREMP 3 1.85 6.2 1.23 0.031 22 B4 (NP)
PIBO 1 1.5 18 1.32 0.033 30 B4/F4b (B4)
PIBO 2 >3 14 1.29 0.032 26 C4b (C4b)
uc 1 1.64 19.3 1.29 0.033 12 B4 (B4)
ucC 2 1.31 20.5 1.32 0.035 26 B4/F4b (F4b)
uc 3 1.21 27.0 1.22 0.039 18 B4/F4b (F4b)
Whiskey AREMP 1 2.21 11.3 1.08 0.061 48 B4a (NC)
AREMP 2 1.64 15.2 1.09 0.069 55 B4a (NC)
AREMP 3 1.66 15.6 1.10 0.070 49 B4a (NC)
PIBO 1 1.2 20 1.13 0.072 64 B4a (NC)
PIBO 2 1.9 15 1.17 0.064 26 B4a (NC)
uc 1 1.74 14.9 1.07 0.064 21 B4a (NC)
ucC 2 1.93 16.7 1.04 0.073 28 B4a (NC)
uc 3 1.71 25.2 1.07 0.079 8 B4a (NC)

Notes: AREMP, Aquatic and Riparian Effectiveness Monitoring Program; D5, median surface grain size; PIBO, PACFISH/INFISH Biological
Opinion Monitoring Program; UC, Upper Columbia Monitoring Program; W/D, bankfull width-to-depth ratio. The first stream type for each
crew is based on Roper et al.’s (2008) rule set for consistency. Slashes indicate alternative classifications (nonunique solutions) due to the
allowed variation of classification parameters (+0.2 units for entrenchment ratio and sinuosity and +2.0 units for width-to-depth ratio; Ros-
gen, 1996). The value in parentheses is the stream type without allowing for variation of the above classification parameters and without
applying our consistency rule. NC means no stream type could have been determined without allowed variation of classification parameters.

NP means not possible to classify even with allowed variation of parameters (Roper et al., 2008, pp. 420-421).

may not be representative for our study sites (Roper
et al., 2008, p. 424). Alternatively, this result may
partially stem from not adhering to Rosgen’s (1996)
measurement techniques, as discussed above.

VISUAL APPEARANCE VS.
CLASSIFIED STREAM TYPE

Our discussion of the discrepancy between visual
appearance and classified stream type (Roper et al.,
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2008, p. 424) was based on Rosgen’s descriptions of
major stream types, which indicate that A and G
streams can exhibit a step-pool morphology, while B
streams are riffle-dominated channels (Rosgen, 1994,
table 2; Rosgen, 1996, table 4-1). When we found that
visually identified step-pool channels were classified
91% of the time by observer measurements as B
streams (riffle dominated), we considered them to
have been misclassified (the observed morphology did
not match Rosgen’s description of the primary chan-
nel type). However, Rosgen notes an addendum to his
description of primary channel types, which indicates
that B channels can also have a step-pool morphology
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(Rosgen, 1996, pp. 4-24). Consequently, the apparent
misclassification that we identified is incorrect when
one considers this addendum. To avoid future errors
of this sort, we recommend that the description of B
channels be revised; the current description for these
channels as being “riffle dominated...with occasional
(infrequently spaced) pools” (Rosgen, 1994, table 2;
Rosgen, 1996, table 4-1) does not suggest the possibil-
ity of a step-pool morphology.

CLOSURE

¢

Our analysis assessed the “in practice” variability
in Rosgen classification between and within several
monitoring groups that are active in the western U.S.
Results may have differed if the underlying data
were collected in strict accordance with Rosgen’s
(1996) field methods; an issue that warrants further
investigation. However, this does not invalidate our
analysis and the intended study goal of evaluating
classification consistency and sources of observed dif-
ferences. We found that channel classification was
inconsistent both between and within monitoring
groups, with the former due to differences in methods
and training between groups, and the latter due to
differences in observer measurements within a given
monitoring protocol. Our study did not address accu-
racy, so we do not know whether the observed chan-
nel types are correct as defined by strict adherence to
Rosgen’s methods; nor do we know whether the
observed range of variability in classified stream
types is representative of his methods. Nevertheless,
our analysis quantifies the variability present in the
data collected by the monitoring groups examined in
our study and has implications for whether these
groups can effectively share such data and whether
these data allow effective communication of stream
type.

Furthermore, it should be recognized that Rosgen’s
(1994, 1996) method is a means to classify, but the
accuracy of these measurements in terms of their
ability to describe the mean and variance of channel
conditions within a given stream reach has not been
demonstrated. The requirements for making accurate
measurements of most channel characteristics are
open questions in fluvial geomorphology. For exam-
ple, we can statistically assess how many particles
one should sample in conducting grain size analyses
(Church et al., 1987; Rice and Church, 1996), but
similar rules have not been developed for determin-
ing requisite sample sizes for accurately representing
the mean and variance of other channel characteris-
tics (width, depth, etc.) in any one channel type, let
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alone across different channel morphologies. Rosgen
asserts accuracy of his methods by statements such
as “the best locations for determining bankfull chan-
nel dimensions are at the riffle or ‘cross-over’ reach of
C, E, and F streams” and that these are “the most
representative, appropriate locations to determine
bankfull channel dimensions.” These recommended
methods provide consistency of measurement loca-
tions, which is valuable for reducing observer vari-
ability, but there is no demonstration that the
advocated methods provide the “best” or “most repre-
sentative” values. For example, riffles are a subset of
the channel units present within pool-riffle streams
(Bisson et al., 1982), so they describe a subset of the
actual channel conditions, hydraulic geometry, and
aquatic habitat within these channels (Church, 1992).

Many of Rosgen’s comments focus on criticizing
our methods of data collection, but there is no discus-
sion of the larger issue of the sensitivity of his classi-
fication to bankfull identification (Johnson and Heil,
1996; Roper et al., 2008) and advice on how to deal
with this issue. For example, could the classification
be reformulated to make it more robust by removing
its bankfull dependence?

ERRATA

1. p. 422 of Roper et al. (2008) should read “The
data indicate that 25% of AREMP, 33% of PIBO,
and 36% of UC determinations could have been
placed in another stream type (i.e., nonunique
solutions).” Crew observations yielding non-
unique solutions (multiple channel types) are
shown in Table 5 of the Reply.

2. p. 424 of Roper et al. (2008) should read “...with-
out the allowable variation of -classification
parameters, the overall mean values of 5 of the
12 evaluated streams (>40%) did not fall into a
primary stream type because they had entrench-
ment ratios between 1.4 and 2.2 and sinuosity
less than 1.2 (Table 1).” Furthermore, two other
sites (Crawfish and Tinker) could not be classi-
fied without the allowed variation of parameters,
bringing the total to 7 out of 12 (58%) (Table 4,
this issue).

3. Several classification errors in Table 3 of Roper
et al. (2008) have been corrected here (Table 5):
(a) observations for UC Crews 1 and 2 at Craw-
fish Creek are (NC), as are observations for PIBO
Crews 1 and 3 at Tinker Creek; and (b) the chan-
nel type for UC Crew 3 at Camas Creek is F3,
reducing the number of streams to three (25%)
for which measurements from all crews in all
monitoring groups yielded the same stream type.
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4. Some of the protocols for measuring channel attri-
butes were incorrectly reported in Table 2 of Roper
et al. (2008) and have been corrected here, with
further information about methods also provided
(Table 1). Note that UCs width-to-depth ratio is
not based on the thalweg depth as originally
described and as criticized by Rosgen, but is based
on the reach-average mean bankfull depth derived
from thalweg measurements using Kaufmann
et al.’s (1999) method. Also note that AREMP gen-
erally followed Rosgen’s (1996) recommended mea-
surement procedures, thereby providing perhaps
the best indication of within-group consistency
that might result from adherence to Rosgen’s rec-
ommended methods, at least for this study.
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