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ABSTRACT 

The Channel Assessment Procedure referred to in the Watershed Assessment

Procedure was developed to provide an objective, repeatable method to as-

sess stream-channel disturbance. It is based on field indicators of disturbance

that were developed with an understanding of the naturally high variability

of stream channels. The indicators relate to channel aggradation and degra-

dation that can be linked to the primary hydrologic and geomorphic

processes operating in a watershed. The channel assessment of Norns Creek

is described to provide an illustration of the utility of channel assessment as a

component analysis within a watershed assessment. The channel assessment

provides a detailed description of the channel reaches, including morpholo-

gy, hillslope/channel coupling, and sediment transport and deposition sites.

With the accompanying geo-referenced inventory of disturbance indicators,

the experienced geomorphologist can then link watershed processes and

channel conditions. This information is relevant to fish habitats and can

form the basis for determining appropriate watershed restoration prescrip-

tions.

INTRODUCTION

Watershed assessment involves consideration of several hydrologic and geo-

morphic processes, as discussed previously (Chatwin 2001). An underlying

assumption of the Watershed Assessment Procedure () (B.C. Ministry of

Forests and B.C. Ministry of Environment 1996a) is that changes in these

physical processes may lead to changes in downstream channels; that is, the

channel integrates all of the upslope/upstream disturbances. Therefore, one

of the  process components involves assessing the physical condition of

stream channels in the watershed. The goal of this presentation is to review

the Forest Practices Code field guide entitled the “Channel Assessment Pro-

cedure” () (B.C. Ministry of Forests and B.C. Ministry of Environment

1996b) and to consider its suitability for use in interior areas of British Co-

lumbia. The  outputs that are relevant to the practicing forester or

hydrologist will also be considered.

This presentation will cover three themes. First, the  will be briefly

outlined to provide a basis for helping the forester or hydrologist to under-

stand what can be expected from the procedure. Second, the basis for the





assumption that channels integrate watershed processes will be explored. 

Finally, an interior example will be presented to illustrate what watershed-

relevant information is available at the conclusion of a .

CAP BACKGROUND

A method to evaluate channel disturbance was required as a component of

the . Channel disturbance refers to changes to the stream bed and/or

bank characteristics, such as excessive bank erosion or in-filling of the chan-

nel with sediment. Although several stream-channel classification systems

existed, there was no readily applicable technique to determine disturbance.

That is, there were few or no channel assessment capabilities in the existing

classification systems. Also, there were problems applying existing classifica-

tions to the . For instance, in small streams that are not visible on

conventional aerial photographs (streams with bankfull widths less than ap-

proximately 20 m) there was usually no way to determine what the channel

would have been classified as before logging. Therefore, without the use of

aerial photographs, there is no pre-disturbance channel information. In

these cases there is no way to assess either the extent or cause of channel

change. Additional problems arise when applying other existing classification

schemes to our local environments because of differences in hydrological

and geological factors (Ashmore 1999).

The  (B.C. Ministry of Forests and B.C. Ministry of Environment

1996a and b) was developed following guidelines suggested for evaluating

channels by Kellerhals et al. (1976). They recommended that the drainage

system be divided into reaches with homogeneous morphologies and valley

flat/channel relations. Further, they argued that the system should be consis-

tent with the succession of channel types found within a watershed. Finally,

they recommended that standard terminology be used to ensure consistent

results. These guidelines were incorporated during the development of the

. Based on our review of many different types of stream surveys, several

other points were considered important in the development of an assessment

method. The points underlying the final  are:

1. the need to avoid problems associated with streamflow, stage-dependent

measures;

2. the need to avoid use of highly intensive, repetitive, and non-reproducible

field measures;

3. an awareness and understanding that undisturbed channels are highly

variable; and

4. an assessment of channel disturbance that must account for the fact that

channels naturally exhibit cycles of aggradation and degradation.

Points 1 and 2 above reflect the desire to develop an objective, repeatable

method to assess stream-channel disturbance. For example, considering Fig-

ure 1, it is evident that as streamflow increases the spatial extent of pools and

riffles changes in a non-proportional manner. In Figure 1a the water surface

is dominated by low-velocity streamflows typical of pools at low discharge.

As the discharge increases (Figure 1b) there is shift towards more fast-flowing,

riffle environments. In flood, the channel consists of one continuous riffle







(a)

(b)

  Changes in pool and riffle extent with increases in streamflow at
Carnation Creek on Vancouver Island. Figure 1a is low flow 
(Q<1 m3/s), 1b is moderate flow (Q≅ 3 m3/s), and 1c is high flow
(Q≅ 30 m3/s). Figure 1d shows the faster rate of increase in flow
velocity in pools with increasing discharge compared to riffles (from
Hogan 1986).
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(Figure 1c) and no pools are present. The relatively rapid increase in

streamflow velocities with rising discharges measured in pools compared to

riffles is evident in Figure 1d. It is difficult to see how it is possible for repeat-

able measurements to be made of pool and riffle characteristics (width,

surface area, volume, etc.).

The important influence of large woody debris () on stream-channel

morphology and fish habitats has been recognized for over two decades.

However, very little attention seems to have been paid to the difficulties en-

countered when attempting to accurately measure a single piece of , let

alone the many pieces found on log jams. A review of annual field records

from the “physical stream study” at Carnation Creek on Vancouver Island

shows several problems (details about the Carnation Creek study can be

found in Hogan et al. 1998c). The  volumes included in Table 1 were cal-

culated from measurements made by trained, but different, surveyors each

year from 1971 to 1988. Only those logs that could be positively identified

each year are considered. 

The volumes measured for the same log over time by different people can

be dramatically different (Table 1), with extreme examples of logs being out

by a 15-fold difference. This highlights the difficulties in obtaining repeatable

measures of what appear to relatively simple objects (e.g., logs do not hide or

try to avoid measurement like fish will). The possible reasons why the values

in Table 1 are so different may be because:

• difficulties and inconsistencies are encountered when trying to measure

root-wads;

• logs are rarely perfectly cylindrical, so measurement of log diameter

varies;

• since the log volume is calculated by π(d/2)2l, where d is log diameter and

l is log length, the calculation is very sensitive to errors in the measure-

ment of d; and

• the log length can be inconsistently measured, depending on how the

overbank portions of the log are included.

The measurement difficulties increase exponentially when dealing with

large accumulations of logs, or  jams, Although no qualitative examples

are available, the measurement problems are obvious in the photographs of

 jams shown in Figure 2. Measurement of every individual piece is im-

possible; there are many buried logs in Figure 2a that cannot be measured,



  LWD volumes calculated from annual field surveys at Carnation Creek
between 1971 and 1988. Measurements were made by trained, but
different, surveyors each year. Only logs that could be positively identified
each year are included.

 number Max. volume (m3) Min. volume (m3) No. of years Difference

1 98.11 24.21 18 3.7 X
2 69.58 28.07 18 2.5 X
3 19.44 16.87 18 1.2 X
4 35.37 11.94 18 3.0 X
5 20.13 1.29 18 15.6 X
6 23.14 2.70 18 8.6 X
7 15.71 2.45 18 6.4 X





  Examples of LWD jams in streams to illustrate the difficulties inherent
in measuring debris. Figure 2a is an LWD jam in Carnation Creek.
Figures 2b and 2c are in streams in the Queen Charlotte Islands. The
jam in Schomar Creek (Figure 2b) is composed of many small pieces
of debris. The debris pile in Shelly Creek (Figure 2c) was formed by
blown-down trees as a result of an extreme wind storm.

(a)

(b)



many pieces that may not even be defined as “large” in the  context

(>0.3 m diameter and >3.0 m long) in Figure 2b, and the simply overwhelm-

ing number of trees, stems, branches, and roots in Figure 2c.  jams are

not rare features in coastal, forested, watershed streams (Hogan et. al. 1998b,)

and preliminary results from interior streams indicate that jams are also

prevalent in all other areas of the province (Hogan and Bird, on-going 
project).

Several other examples of stage-dependent and non-repeatable field mea-

sures can be cited. The examples considered here simply highlight a problem

that is often ignored outright or glossed over as irrelevant by stream survey-

ors. The  intentionally tried to avoid these problems.

Another consideration underlying the development of the  involves

an awareness of the highly complex and diverse nature of stream channels in

forested watersheds. As a result, the natural variability of channel conditions

is considered explicitly in the . There are cycles of degradation and

aggradation and these cycles are initiated by various types of natural disturb-

ances. In one example, Schwab (1998) has documented the historical rate of

landslide events occurring over the last 200 years on the Queen Charlotte 

Islands. He shows that over 85% of all sediment and debris derived from hill-

slope areas and delivered to the stream channels by landslides occurred

during four major storm events (1891, 1917, 1935, and 1978). These episodic

landslide events initiate the channel changes that persisted for over half a

century (Hogan et al. 1998a). For example, a typical deposition/erosion cycle

is shown in Figure 3. This illustrates the progression of changes that occur

along a channel reach as the result of the formation of an in-stream large de-

bris jam. In this case, the channel disturbance was initiated by a landslide

that delivered large volumes of sediment and debris to the channel, but simi-

lar channel processes occur in areas subject to large floods, wildfires, and

insect infestations, all of which generate abnormally large, episodic inputs of

sediment and debris to the stream system.
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Downstream Log Jam Evolution Upstream

Channel Characteristics Effects on fish habitat Time since disturbance Effects on fish habitat Channel Characteristics

• same as upstream • productivity, capacity for • same as downsteam • diverse morphology: high width, 

salmonid spawning and rearing depth, and sediment texture

in most stable condition, variability, pool length = riffle length,

diversity of pool and riffle types diagonal riffles, lateral scour pools

meet habitat requirements at • LWD primarily diagonal to

life stages, several species. streamflow, many small debris steps,

infrequent larger debris accumula-

tions (jams), abundant undercut 

banks, LWD functions at all flow 

levels

• single straight channel • quantitity of salmonid • more spawning area,but lower • braided channel

• coarse-textured bed spawning sites reduced, or survival of eggs and fry • minimal undercut banks

• riffles, (slip-face & cascade), non-existent on bedrock • rearing habitat reduced for pool- • fine texture surface layer 

few pools • poor survival in redds dwelling species (i.e. coho) of bed

• LWD parallel to channel scour of limited gravel • riffle habitat reduced for species 

•mainly over-hung banks • access for adults and juveniles in boulder and LWD cover (i.e. 

rather than undercut difficult, or lost at low flows chinook fry, steelhead pan)

•few LWD steps (i.e. few • cover in pools in jam reduced • dewatered sites & intergravel 

small sediment storage and less stable elsewhere flow  limit fish usability

sites associated with LWD) • increase in off-channel over-

winter sites, but unstable, 

seasonally accessible and possible 

isolation at low flow

•migration barriers or increased

predation during adult, smolt and

fry migrations in shallow habitats

that lack cover

• few channels, increased • increasing productive •towards more usable sites with • reduced number of main channels,

sinuosity due to debris and spawning and rearing habitat, cover for salmonid rearing increased sinuosity due to debris

stone lines in larger number but smaller • higher survival in redds as fines • fine sediment removal leading to

• bar development mainly mid- size of riffles and pools removed, flows through gravel coarser bed

channel, few diagonal • unstable cover, mobile LWD, improve • pools associated with debris (LWD

• bed sediment finer as sediment but improved rearing sites in • fewer or cut-off side channels, parallel and wads)

moves down over jam small pools less over-wintering sites, which • channel gradient steeper overall

• pools associated with debris • increased bedload movement, are more stable

• channel usually straight riffle depth of scour decreases

between lateral scour pools survival for eggs and fry

pieces (LWD parallel and wads) • access may remain difficult

•deep pool habitat with cover

reduced for older age classes

of rearing species, spawning

adults, and over-winter juveniles

• one or two main channels • same as upstream

• bed sediment finer •habitat improves for salmonid • one or two main channels

• pools more extensive spawning and rearing • bed sediment coarser

• riffles less extensive • habitat becoming more stable * pools more extensive

• channel gradient less steep • multiple channels decrease the • riffles less extensive

overall magnitude of individual • channel gradient steeper overall

spawning and rearing sites, but

there are more of them

• downcutting continues • same as upstream • habitats are becoming more • same as downstream

• stable diagonal riffles accessible, more productive, and

• pools and riffles extent usable habitat for spawning and

approximately square rearing is diversified and

• pool type more diverse (plunge, increasingly stable

lateral scour, dammed, back

water, etc. (see Bisson 1982)

• previously buried debris • same as upstream • recovery to nearly undisturbed • side channels

uncovered and begins to condition assuming there is an • complex channel

function (i.e. effectively traps adequate supply of stable LWD • same as “never” above

sediment and produces scour

holes and pools) leading to more

diverse channel conditions

Undisturbed

Major LWD jam
with large vol-
umes of sediment
stored
upstream

< 10 years

10–20 years

20–30 years

30–50 years

< 50 years ago

  An example of a typical cycle of degradation and aggradation (Hogan et al. 1998).



Debris jams, such as shown in Figure 3, interrupt sediment transport

down the reach. This leads to the development of a large sediment wedge on

the upstream side of the jam. In the vicinity of this aggradational wedge, the

channel undergoes major changes. The banks erode in response to increased

bar development, the channel changes from a single thread to multiple

branches or braids, sediment textures are finer, pools are in-filled, and 
is buried. In contrast, downstream of the  jam, the channel is scoured

away because sediment removed during floods cannot be replenished from

upstream due to the jam forming a barrier to sediment transport. In this

degradational zone, the bed erodes, thereby removing  pieces, causing

coarser sediment textures, loss of pool areas, and more extensive riffles and

runs. Over time, the channel returns to pre-disturbance conditions as the

jam deteriorates and sediment and debris previously stored upstream are re-

leased and transported downstream. The morphological adjustments to the

breakdown of the jam are shown in Figure 3.

The longitudinal profile of a section in Tango Creek, located east of Radi-

um Hot Springs, is drawn in Figure 4. Tango Creek is a small interior stream

with a bankfull width of just under 5 m, with a stream gradient of 9% and a

boulder/cobble bed. The longitudinal profile shows the typical step-pool se-

quences, but it also shows a large sediment wedge in the upper section (near

180 m). This wedge has developed behind a  jam, and the channel char-

acteristics associated with it are identical to those described for the coastal

example. On-going studies () show that this type of channel behaviour

is normal in all areas of the province.

The examples presented here are from old-growth, unlogged, forested 

watersheds. The challenge in developing the  was to incorporate these

complex measurement and watershed process aspects into a systematic as-

sessment procedure. The  attempts to accomplish this objective. This is

an important point because the intention of the  is to determine the im-

pact of resource management on the health of a watershed and its
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  Longitudinal profile from Tango Creek, a small watershed east of Radium Hot
Springs. A step-pool morphology is shown downstream of a large sediment
wedge that causes an aggradation/degradation cycle within the channel. The
dashed line is a second-order polynomial regression line for visual comparison
with the longitudinal profile.



stream-channel network. In order to attribute channel conditions to a

human-induced cause, the natural variability must be taken into account.

The  identifies disturbance attributes, but it is up to the hydrologist’s 

experience in fluvial processes to distinguish between natural and human-

induced channel changes. 

STREAM CHANNELS AND THE CAP IN A WATERSHED CONTEXT

Many of the physical factors that control stream-channel environments are 

a function of processes operating at the watershed scale. That is, the channel

morphology at any point along the drainage network is strongly influenced

by physical processes operating in upstream catchment areas, since stream

channels transfer water, sediment, and debris from headwater areas down-

stream along the drainage network to the stream mouth. The physical shape

of each channel along the network results from the interaction of sediment

and debris being transferred and stored through the drainage system.

The nature, severity, and duration of stream-channel disturbances are also

partially dependent upon watershed considerations. Headwater streams are

often more resilient to disturbance, and recover more quickly, than larger

downstream channels. Headwater channels are commonly coupled to the

hillslope, so the fluvial environment is directly influenced by terrestrial

processes. Conversely, streams located further downstream have relatively

lower channel gradients, finer-textured bed sediments, and alluvial banks.

These channels, although not coupled to the hillslope, are prone to fluvial

disturbances resulting from relatively small storms; often the damage can

persist for decades

The general physical characteristics of a stream, including its channel

shape and appearance, depend on many watershed factors. Those that gov-

ern channel conditions have been summarized by Church (1992):

• flood regime characteristics of the stream,

• amount, timing, and nature of sediment delivered to the stream,

• nature of the materials through which the stream flows, and

• local geological history of the area.

Several secondary factors also govern channel appearance:

• local climate,

• the nature of riparian vegetation,

• human modification of the channel (direct effects), and

• land use (indirect effects).

These factors interact to produce a wide array of different channel types,

each with varying bank, bed, bar, and planform pattern characteristics (Fig-

ure 5). The variety of possible channel types is a function of the dynamics of

channel stability and sediment supply.

Although the specific characteristics of a stream depend on many factors,

certain generalities are evident at the watershed level. Flood regime, sediment

delivery, and material types vary along the drainage network. In a typical wa-

tershed, channel morphology changes with distance from the drainage basin
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  Conceptual pattern of morphological types of large channels (from
Hogan and Ward 1997, originally from Church 1992, as modified
from Mollard 1973 and Schumm 1977).



divide (Figure 6). As distance increases, the amount of water, channel size,

and water force increases, while bed-material sizes and overall channel gradi-

ent are reduced. As a result, streams range from those with steep-gradient,

step-pool, channels to those with low-gradient, meandering, pool-riffle sys-

tems. Pool-riffle morphologies will not occur in steep channels (where

gradients exceed 4%), and step-pool morphologies will not be found in low-

gradient, large channels.

Forestry activities within a watershed directly and indirectly influence 

several of the factors listed above. For example, timber harvesting and road

building can change flood characteristics, particularly by increasing peak

flows (Jones and Grant 1996; Whitaker 2001), increasing sediment delivery

(Jordan 2001), altering riparian vegetation (Bird 2001; Millar 2001), and dis-

turbing channel integrity (B.C. Ministry of Forests and B.C. Ministry of

Environment  1996a and b). The importance of each factor differs regionally.

For example, in coastal areas the most important influence is usually on

coarse-textured sediment and on debris production and delivery to the

stream. Changes in flood flows and generation of fine-textured sediments are

often the main concerns in interior zones where snow accumulation and

melt patterns, and soil conditions, can be strongly influenced by logging

practices.

Changes in streamflow, sediment, and debris supply cause channels to 

undergo a sequence of morphological change; increased supply 

generally leads to aggradation, while decreases in supply commonly lead to

channel degradation. Each aggradation and degradation cycle involves many

changes in the channel, including altered bed, banks, and  conditions.

Although many channel responses are similar in each type of channel, there

are also important differences between each type. The response of each chan-

nel type (, , and ) is shown schematically in Figure 7 and summarized

in Table 2.

The  is based on identification of the channel type and state of

disturbance. Operationally, completing a  involves both aerial photo-

graphic interpretation (if the streams are large enough to be seen on the

photo) and field inspections. The drainage network is delineated into homo-

geneous reaches and these are then analyzed. In the field there are only four

measurements required to determine the channel type; these are bankfull

channel width and depth, the size of bed sediment commonly moved during

the annual high flows, and stream-channel gradient. Field inspections are

then conducted to identify the type and extent of channel disturbance. This

leads to the assessment of channel state (level of aggradation or degradation).

Several misconceptions seem to be associated with the . By far the

most important involves the prerequisite background of the individual con-

ducting the , and identification of the cause of the documented channel

state. The  states clearly on page 1 (B.C. Ministry of Forests and B.C.

Ministry of Environment 1996a) that extensive field experience and academic

training in fluvial forms and processes is required to competently complete a

. This is essential because the  explicitly does not attribute a cause to

the identified channel disturbance; there is no mechanism in the  to dis-

tinguish between logging-induced and natural flood impacts. It is the

responsibility of the hydrologist/geomorphologist to interpret the results of

the , and any other features thought to be important, to determine the

cause of the channel disturbance. It is the individual’s training that allows

correct interpretations of cause to be made.







  Schematic diagram of channel properties within a watershed (Hogan and Ward 1997).
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  Channel morphology matrix showing levels of disturbance (modified from B.C. Ministry of Forests
and B.C. Ministry of Environment 1996b).





  General descriptions of stable and disturbed channels (from Hogan and Ward 1997)

Channel type
Attribute Degraded Stable Aggraded

Step-pool

Morphology • No organized • Intact stone lines: • No organized

stone lines (due to - clast steps stone lines (due to 

erosional displacement) - intervening pools depositional in-filling)

Bed sediment • Largely bedrock • Largely moss covered • Not moss covered

Bank sediment • Not eroded • Boulder, bedrock, turf, • Banks cleaned of moss but

or roots not eroded (due to bedrock)

 • Not important • Present, minimal function • Not important

Cascade-pool

Morphology • Stone line series • Series of repeating stone • Few distinct pools. Deeps

disorganized (no lines forming overall steep in-filled with sediment (both

recognizable pattern, zone connecting lower- stones originally in lines and

due to erosional gradient pools that are finer materials)

displacement) ≥1Wb in length

Bed sediment • Large stones remaining • Moss-covered stone steps • All sediment along the bed

(strewn over bed) not devoid of moss or vegetative 

moss covered cover

Bank sediment • Boulder and cobble • Boulder and cobble • Boulder and cobble,

localized bank erosion

 •  not present; if so •   present and •  present but not

it has no (minimal) functioning to limited functional (does not

functional role extent (forms steps, trap/scour sediment in any

traps/scours sediment, substantial way

and protects banks)

Riffle-pool

Morphology • Extensive riffles and • Repeating riffle-bar-pool • Extensive riffles and runs

bars sequences

• Small shallow pools • Diverse pool size, shape, • Small, shallow pools (due to

(due to erosion of riffle and depth depositional in-filling)

crests)

• Channel consists of  less  than • Channel consists of 1/2–3/4 • Channel consists of less than

1/4 pool, approximately pool environment 1/4 pool, approximately

• One main channel • One or two main • Multiple channels on

(primarily single thread) channels braided bed surface

• Simple, uniform riffle • Diverse riffle shapes • Simple, uniform riffle and

and run shapes run shapes (minimal depth

variability)

• Limited side channel bar • Mainly diagonal and point • Mainly mid-channel bars.

bars Bars elevated to, at, or above

elevation of surrounding 

bank tops. Steep downstream 

bar faces

Bed sediment • Mainly cobbles and coarser • Cobble and gravels. • Mainly gravel and finer

textures textures

Bank sediment • Mainly cobbles and • Mainly cobbles, gravel, • Mainly gravels, sand, and

gravel and sand cobbles

• Banks primarily sloping  • Large proportion of • Extensive bank erosion

and/or overhanging undercut/overhanging (commonly complete 

banks absence of undercut banks)

 • Limited; those present are • Oriented across, and • Absent or buried.  present

small and oriented spans, the channel are small and oriented

parallel to the banks parallel to the banks



LADYBIRD CREEK, AN INTERIOR EXAMPLE

A channel assessment has been completed in Ladybird Creek, a watershed 

located on the north side of Arrow Lake near Castlegar (Figure 8). The entire

watershed drains 15 862 ha and includes two main sub-basins (Norns and

Matt creeks). The  was undertaken in September 1997. This example is

included to illustrate the type of stream-channel information available to the

hydrologist conducting an .

Although the final summary of the  for Ladybird Creek and its inter-

nal sub-basins is directly useful to the hydrologist (Table 3), much of the

background information is also informative, particularly as support for

channel-restoration prescriptions. The longitudinal profile (Figure 9) illus-

trates several types of information critical to channel assessment. First, the

channel reaches are shown along with the associated morphology. Second,

the location of cutblocks and roads are shown in relation to the individual

reaches. Third, the reach-averaged level of disturbance is included. Fourth,

and most importantly, the location of significant sediment delivery to the

channel is plotted. In total, the longitudinal profile incorporates most of the

factors important to channel assessment. The hydrologist can review the lon-

gitudinal profile to consider the linkage of the individual channel branches.

This should include consideration of sediment transfer (transport or deposi-

tional) zones and the potential to move sediment downstream into

environmentally sensitive areas.

Additional information can be gained by considering the individual dis-

turbance indicator values instead of the grouped summaries. For example,

Reach 9 (located in Ladybird North, see Figure 9) is assessed as being slightly

aggraded. The occurrence and spatial extent of individual indicators for

Reach 9 are shown in Figure 10. The disturbance of this reach is associated

with extensive bars (S4), extensive riffles (C1), multiple channels (C4), and

dysfunctional  (D2). These attributes are both occurring frequently

along the reach and are spatially extensive. Elevated bars (C3) are frequent

but not spatially extensive (i.e., many small features as opposed to infrequent

but spatially large mid-channel bars). The  hydrologist can interpret

these data in terms of sediment supply, transport, and other hydrological

processes. The stream-channel–restoration manager should consider these

disturbance indicators in a watershed context. For instance, are there water-

shed processes (e.g., mass-wasting events) that are influencing channel con-

ditions (e.g., extensive bar surfaces with multiple channels)?

Outputs from the  have relevance to other disciplines as well. The ex-

pert opinion of many provincial fisheries biologists was solicited to indicate

the importance of channel-disturbance level and quality of habitat used by

various fish species and different life-cycle phases (Figure 11). There is a clear

degradation of habitat quality in all channel types as the channel is subjected

to changes in state (increases and/or decreases in channel disturbance).

SUMMARY

The  is completed as one component of the . The  was designed

to be objective and repeatable; it is based on well-established assessment pro-

tocol, and, because it is based on fundamental geomorphic processes that
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operate in a watershed, it is applicable to both coastal and interior areas of

the province. The  is to be completed by a hydrologist with extensive

background experience in fluvial geomorphology. This is important if the

cause of documented channel disturbances is to be correctly identified.

When the  results are available, the hydrologist has several pieces of in-

formation important to understanding the hydrology of the watershed. The

hydrologist has:

• an inventory of the channel types found in the watershed; each channel

type has a different inherent sensitivity to disturbance.
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• an inventory of the channel state for each channel type; the frequency and

spatial extent of each disturbance indicator is compiled.

• an accompanying geo-referenced inventory of disturbance indicators,

which allows the experienced hydrologist to link watershed processes and

channel conditions to determine the cause of the disturbance.

•  data that are directly relevant to fish habitat studies.

•  data that can form the basis for determining correct watershed

restoration prescriptions.
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Streamside Logging and Riparian Hazard Assessment in

Step-pool Streams

S.A. BIRD

ABSTRACT

A riparian assessment is usually completed as part of the Interior Watershed

Assessment Procedure (). The riparian assessment focuses on the role 

of riparian vegetation and woody debris in maintaining channel stability and

channel structure, and on how this role has been affected by logging. This

paper evaluates the effectiveness of riparian assessment procedures in identi-

fying channel disturbance in step-pool streams.

The procedure relies on the identification of indirect channel impacts

from riparian logging. Indirect impacts include the loss of bank cohesion fol-

lowing decay of the riparian tree-root network, and the lack of large riparian

trees available to the channel from overbank sources. The effects of indirect

impacts may not be fully apparent in the channel for several decades and not

observed until the riparian area has partially recovered, and this may con-

found the assessment. Overview assessment procedures designed to identify

channel impacts from streamside logging should focus on direct channel im-

pacts. These tend to occur from operating machinery in or across the stream

channel, operating machinery on top of banks, salvaging logs out of the ac-

tive channel, and delivering logging debris to the channel from surrounding

hillslopes or valley bottoms.

1 INTRODUCTION

The Interior Watershed Assessment Procedure () guidebook (B.C.

Ministry of Forests and B.C. Ministry of Environment 1999) is used through-

out the interior of British Columbia to help develop watershed-level

management recommendations that prevent or mitigate cumulative hydro-

logic effects from past and/or proposed forest harvesting. In turn, these

recommendations are used to assist in the preparation of a forest develop-

ment plan. The procedure focuses on the assessment of hydrological impacts,

including the role of riparian vegetation and wood debris in maintaining

channel stability and channel structure, and how this role has been affected

by logging. Although streamside logging is no longer permitted within com-

munity watersheds or adjacent to fish-bearing streams, the  must

consider the effects of any streamside logging that occurred prior to adop-

tion of current regulations and logging along any non–fish-bearing

tributaries to larger fish-bearing streams.





The  is designed for application in watersheds with a drainage area

ranging from 5 to 500 km2. Throughout mountainous regions of British Co-

lumbia, individual sub-basins selected for assessment are typically steep and

often characterized by step-pool stream channels. However, most opera-

tional guidelines designed to assess the effects of streamside logging have

been derived from research completed on relatively low-gradient, riffle-pool

streams (e.g., Toews and Moore 1982; Hogan 1987). The objectives of this

paper are to describe patterns of channel disturbance following streamside

logging in step-pool streams and then compare rates of channel recovery

with rates of riparian forest recovery. Examples are drawn from British Co-

lumbia and surrounding regions. These results are then used to test the

assumption that the current condition of the riparian area has some predic-

tive value in estimating channel conditions, on an operation level, as part of

an  in steepland watersheds.

2 STREAMSIDE LOGGING AND CHANNEL STABILITY

Streamside logging can affect the stability of sediment stored along the banks

and in the bed of a stream channel. Direct effects of streamside logging will

result from operating machinery in or across the channel, operating machin-

ery on top of banks, salvaging logs out of the active channel, and delivering

logging debris to the channel from surrounding hillslopes or valley bottoms.

These effects are usually evident in the channel immediately following log-

ging operations. Indirect effects include the loss of bank cohesion following

decay of the riparian tree-root network, and a lack of large riparian trees

available to the channel from overbank sources. These effects may not be

fully apparent for several years or even decades. The nature of these effects is

twofold. First, stored sediment may be mobilized as stable storage elements

such as bars and banks are disturbed. Second, streambank logging can alter

the large woody debris () budget of a stream by changing the size and

amount of  pieces delivered to the channel. These are considered below.

In riffle-pool streams, the removal of riparian vegetation can lead to bank re-

treat and transfer of sediments from the riparian area into the active channel

(e.g., Roberts and Church 1986). Millar (this publication) shows the depen-

dence of channel planform on dense, deep-rooting streamside vegetation,

and how a meandering gravel bed river can be transformed into a braided

river following streamside logging. Additional sediment may be released

from storage as logs are salvaged from the channel. Once delivered to the

channel, these sediments may promote additional bank attack as flow is de-

flected into the stream-banks.

These effects may not be as apparent in step-pool streams. For example,

riffle-pool streams are often bound by alluvial banks and are susceptible to

erosion, while step-pool streams are often bound by boulders supported in a

matrix of relatively fine sediment between occasional outcrops of bedrock.

These streams are less sensitive to bank disturbance by machinery and/or the

loss of the riparian tree-root network and are less likely to mobilize addition-

al sediments from the channel margin following streamside logging (with the

exception of  removal and the subsequent dislodgement of sediment

stored in an upstream wedge). Pronounced bank retreat and/or changes in

2.1 Sediment
Mobilization





channel planform are not an expected outcome of streamside logging adja-

cent to a step-pool stream.

Streambank logging can alter the  budget of a stream by changing the

size and amount of  pieces delivered to the channel (Toews and Moore

1982; Hogan 1987). These changes can occur if the transfer of large trees from

the riparian area to the channel is interrupted following logging operations.

These changes can also occur if existing  pieces are salvaged from the

channel and/or logging debris is delivered to the channel during logging op-

erations. Overall, this results in a reduction in the size of  in the channel

or staged to enter the channel. Small, individual debris pieces are less effec-

tive in promoting scour or in storing sediments and this generally results in

reduced channel complexity (Hogan 1987).

In the absence of any post-logging landslides, logging debris will usually

enter the stream channel during or immediately after logging operations

(e.g., Toews and Moore 1982). Generally, logging debris contains slash, bark,

and  pieces with detached root wads that are easily floated downstream

at high flows and can accumulate into log jams. Newly formed log jams, es-

pecially those formed with logging debris, are usually effective sediment traps

and relatively impermeable to sediment transport (see review by Hogan et al.

1998). Upstream of a jam, bed aggradation reduces local channel gradient

and promotes the accumulation of fine-textured sediments, and causes the

streambanks to erode as the channel widens. Stable sequences of riffles and

pools are replaced by extensive riffles as pools are in-filled. Downstream of a

jam, the channel becomes coarse textured and can be scoured down to

bedrock as sediment supply is restricted from upstream.

Bryant (1980) investigated the development of log jams following 

streamside logging in a riffle-pool stream in southeast Alaska (results are

summarized in Figure 1). Historical channel maps of Maybeso Creek show

the presence of several small log jams consisting of large individual debris

pieces prior to logging. During streamside logging operations, logging debris

was delivered to the channel and then floated downstream during high flow,

2.2 LWD Budgets
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where it accumulated into either new log jams or on top of existing log jams.

The overall frequency of log jams initially increased after logging, with most

logging debris stored in relatively large log jams. However, most of these

structures did not persist in the channel. A decade after logging, the channel

was dominated by still large but less frequent log jams. By 1978, both the fre-

quency and the size of individual log jams decreased below pre-logging levels

as increasing amounts of  were transferred overbank or to downstream

reaches. In some cases, the channel was forced around a jam entirely and

into the riparian area as the channel aggraded (i.e., the channel avulsed),

while in other cases logging debris destabilized existing jams and these even-

tually broke apart. Only jams that pre-dated logging operations remained in

the channel. Hogan (1987) reports similar results from a paired watershed

study of riffle-pool streams on the Queen Charlotte Islands. Several decades

after streamside logging, the number of sites (log jams and log steps) with

significant volumes of stored sediment decreased; however, the total volume

of sediment stored at these individual sites increased. Both Bryant (1980) and

Hogan (1987) suggest that these changes result in an overall reduction in

channel stability as large accumulations of sediment stored behind logging

debris are more likely to fail during high flows than their unlogged counter-

parts, and this can lead to a sudden and widespread redistribution of channel

sediments.

Bird (2000) considered this pattern of channel response in three small

step-pool tributaries to Blueberry Creek, near Castlegar. Logging debris was

observed in these channels ( with saw-cut ends) and the overall size of

individual  pieces stored in the channel decreased. During high flows,

some of the more mobile logging debris appeared to have been floated

downstream where it was able to accumulate into a new log jam or on top of

an existing log jam. However, shortly after logging (<10 years), the size of log

jams decreased, although the frequency of log jams increased (as expected)

and a greater proportion of  was stored in log jams. The relative mobili-

ty of logging debris in the channel appears to be an important consideration

when determining channel response to streamside logging. For example,

headwater channels of Blueberry Creek were relatively narrow compared to

the riffle-pool streams noted previously, and large boulders, bedrock out-

crops, and confined sections of channel reduced the mobility of logging

debris. Most logging debris could be transported only a relatively short dis-

tance before being impeded by the channel boundary, preventing the

development of large accumulations of debris.

The jams described by Bird (2000) were relatively small but still caused

significant channel disturbance as the channels aggraded (e.g., steps were

broken apart and replaced with relatively long cascades). This did not desta-

bilize the channel in the same way as described by Hogan (1987), as the

failure of any one structure would release only a relatively small amount of

sediment and this would be buffered by another structure immediately

downstream of the one that failed. However, these structures are still less re-

silient to major floods. For example, one reach of Blueberry Creek had been

logged prior to a major flood (return period >50 years). The channel lacked

functional , and logging debris was not identified. It was assumed that

the flood likely washed away most of the logging debris in the same manner

as that described by Bryant (1980).





3 RIPARIAN HAZARD ASSESSMENT

The riparian hazard assessment described in the first version of the 
(B.C. Ministry of Forests and B.C. Ministry of Environment 1995) involved a

simple tally of the total length of stream logged to at least one streambank. 

A scoring system was used to rank disturbance based on several criteria

weighted by the overall proportion of logged streambanks in a sub-basin or

watershed. In the first major revision of the  (B.C. Ministry of Forests

and B.C. Ministry of Environment 1998), the riparian hazard assessment de-

scribed a procedure modified after the Riparian Assessment and

Prescriptions Procedures (Konning 1999). The procedure involved an

overview assessment, based on riparian vegetation type, that described the

“potential function” associated with the stand structure of the riparian forest.

The potential level of riparian functioning included parameters that consider

consequences to the channel, including bank stability and delivery of  to

the channel. Stand structure was categorized based on a qualitative assess-

ment that described both the species and the age distribution of the riparian

canopy. The current version of the  (B.C. Ministry of Forests and B.C.

Ministry of Environment 1999) simply requires that the professional com-

pleting the assessment consider the role of riparian vegetation and  in

maintaining channel stability and structure, and how this role has been af-

fected by logging.

Bird (2000) compared the results from both overview and detailed chan-

nel surveys, designed to identify the effects of streamside logging on channel

conditions, against the result of the  riparian hazard assessment (B.C.

Ministry of Forests and B.C. Ministry of Environment 1998). Field work was

undertaken in headwater reaches of Blueberry Creek and Little Cayuse Creek

near Castlegar, and in Gold Creek near Cranbrook. Results of the hazard 

assessment are shown in Figure 2. Overall, the procedure correctly identified

channel impacts from riparian logging when the potential level of riparian

functioning was low (e.g., a shrub-herb riparian cover). However, the 
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procedure was less successful when potential levels of riparian functioning

were moderate or high (e.g., pole sapling to young forest cover). For exam-

ple, Gold Creek contained remnants of an old road crossing, and disturbance

has persisted in the channel although the riparian forest has re-established.

In this example, Gold Creek was narrow and not capable of transporting the

logging debris downstream in the time since logging. Much of this debris will

likely remain in the channel until organic decay breaks the material into

smaller pieces that can be floated and transported downstream by high flows.

Stream power, channel width, and the length of individual pieces of logging

debris appear to be important limitations on the ability of the channel to 

recover from disturbance initiated by streamside logging. Time scales of

channel recovery are not necessarily the same as time scales of riparian re-

covery. These factors should be considered by a riparian hazard assessment.

These results illustrate a limitation of the procedure. The assumption 

that riparian logging necessarily leads to channel disturbance in step-pool

streams, and that the present condition of the riparian area, indicates that

channel condition cannot be applied in all circumstances. In many cases,

streamside logging can result in channel disturbance, especially if falling oc-

curs across streambanks or if machinery operates in or around the channel.

However, if direct disturbance does not occur, then the channel may remain

relatively stable until the riparian area recovers. Conversely, when streamside

logging has resulted in channel disturbance, recovery of the riparian area

does not necessitate the recovery of the channel. Disturbance may persist in

the channel for several decades while the riparian area begins recovery soon

after harvest. These results suggest that the current condition of a riparian

area may have some utility in identifying sites with potential channel distur-

bance, but it should not be used as a surrogate measure in an assessment.

4 CONCLUSIONS

There is no clear connection between the condition of the riparian area and

current channel conditions. Following streamside logging, stable channel

conditions were observed with a “pole sapling” riparian area, while disturbed

channel conditions were observed with a “young forest” riparian area. In

part, the procedure may be confounded because it relies on the identification

of indirect channel impacts from riparian logging. Indirect impacts include

the loss of bank cohesion following decay of the riparian tree-root network,

and the lack of large riparian trees available to the channel from overbank

sources. The effects of indirect impacts may not be fully apparent in the

channel for several decades and not observed until the riparian area has 

partially recovered. Overview assessment procedures designed to identify

channel impacts from streamside logging should focus on direct channel im-

pacts. These tend to occur from operating machinery in or across the stream

channel, operating machinery on top of banks, salvaging logs out of the ac-

tive channel, and delivering logging debris to the channel from surrounding

hillslopes or valley bottoms. These impacts occur regardless of the current

condition of the riparian area (e.g., pole sapling, or mature forest).

Procedural recommendations for completing a riparian hazard assess-

ment in both step-pool and riffle-pool streams as part of an  include:





1. Describe the riparian canopy (age, logging history, species composition,

cover, etc.) from recent air photos and forest-cover maps on a reach-by-

reach basis. Supplemental field observations may be included but should

not be required at this stage of the assessment.

2. Describe the morphological setting of the stream reach from terrain maps

(if available) and air photos. The morphological setting describes the

reach and near-reach environment by landform. Reaches bordered by an

erodible floodplain or valley bottom should be considered a priority for

field work. Other reaches may be non-alluvial and not influenced by

streamside logging. These map and air-photo observations can be con-

firmed with a limited field inspection.

3. Determine the hydraulic geometry of individual stream reaches. Slope can

be derived from topographic maps, while width and depth can be estimat-

ed from regional functions of drainage basin area. In some cases, these

relations may need to be developed for the  being undertaken and

may require field work. Reaches with sufficient stream power to mobilize

logging debris, and reaches with sufficient width to allow this debris to be

transported downstream and reorganized into jams, should be considered

a priority for field work.

4. Determine the magnitude and frequency of post-logging flood events 

capable of modifying the channel. Flood events should be described in the

context of the channel type (e.g., step-pool vs. riffle-pool streams). Reach-

es with one or more post-logging, channel-forming floods capable of

redistributing logging debris should be considered a priority for field

work.

5. Determine if one or both channel banks have been logged. This informa-

tion can be derived from air photos and forest-cover maps and will not

normally require field work. Reaches with both streambanks logged

should be considered a priority for field work.

6. Estimate the channel type from topographic maps and air photos. Riffle-

pool streams are more reliant on bank integrity relative to step-pool

channels, and the loss of root cohesion can result in channel disturbance.

7. Focus any field work in reaches where riparian vegetation plays an impor-

tant role in maintaining a stable channel form. Riparian vegetation is

most effective in streams that can modify their boundary and erode chan-

nel banks, and in streams that can reorganize any  delivered to the

channel (e.g., alluvial or semi-alluvial streams where  plays a func-

tional role in maintaining channel morphology).

8. In the field, identify impacts of streamside logging. These include:

• Logging debris in the channel (e.g., branches, tree tops, bark, small logs,

and  with saw-cut ends).

• Upturned root wads along the banks (blowdown) that have disturbed 

the streambanks or have delivered sediment from the root wad to the

channel.

• Simplified channel conditions (i.e., the channel lacks morphological com-

plexity).

• A lack of functional and/or stable .

• Accumulations of small, unstable  pieces and logging debris that

form jams.

• Increased frequency of log jams initially after logging operations (size of

jams depends on mobility of the logging debris).





• Decreased size and frequency of log jams several decades after logging 

operations.

• Machinery damage to channel banks (e.g., trails or tracks adjacent to col-

lapsed banks).

• An unusually wide section of channel, given its position within a water-

shed (e.g., lack of root cohesion in the bank materials has increased the

rate of localized bank erosion).
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Riparian Logging and Channel Stability

ROBERT G. MILLAR

ABSTRACT

Recently developed theory is used to derive a simple planform stability dia-

gram. The stability diagram is based on the threshold between meandering

and braiding rivers, and includes a friction angle parameter that can be used

as a surrogate to quantify the stabilizing influence of riparian vegetation. The

planform stability diagram can be used as a relatively simple screening tool

to determine the sensitivity of a particular river or stream to riparian logging.

The necessary parameters are channel slope (S), bankfull or mean annual

discharge (Q), and the median bank grain diameter (D50). Given that direct

riparian logging is now forbidden under the Forest Practices Code, the 

stability diagram is probably most useful in assessing the current channel

condition, and in the case of a wide and unstable channel, to assess whether

direct riparian logging represents a significant factor in the current channel

condition.

1 INTRODUCTION

The effects of logging activities on sediment load and peak discharges have

received considerable attention. Less emphasis has been directed towards the

effects of riparian logging and its influence on channel stability, despite evi-

dence that it can be significant (e.g., Beeson and Doyle 1995). The main

difficulty has been, first, to quantify the influence of riparian vegetation on

bank stability, and, second, to determine the effect of reduced bank stability

on channel morphology (American Society of Civil Engineers 1998). Some

recent advances in this area (Millar and Quick 1993; Millar 2000) are dis-

cussed in this paper, and some implications of this work for British

Columbia forest practices and channel assessment procedures are also dis-

cussed. A theoretical analysis will be presented, which can be used to derive a

simple planform stability diagram. It is proposed that this stability diagram

can be used to identify those rivers and streams that rely on riparian vegeta-

tion for stability, and that are inherently sensitive to changes in riparian

vegetation.





2 RIPARIAN VEGETATION AND BANK STABILITY

Riparian vegetation can increase the stability of bank sediment by: 

1. reducing the near-bank velocity and effective bank shear stress; 

2.  increasing the bank strength through binding of the sediment by root

masses; and 

3.  enhancing interstitial deposition of fine washload sediment. 

Because of the difficulty in adequately quantifying the influence of bank

vegetation on channel morphology, its effect has not been explicitly consid-

ered in any previous formulations for the meandering-braiding transition

slope S*. However, it is proposed that by using a method developed by Millar

and Quick (1993), riparian vegetation strength can be quantified in terms of

the bank friction angle, φ′, which can then be readily incorporated into

quantitative analyses. 

The bank stability algorithm used by Millar and Quick (1993) is based on trac-

tive force method for stable channel design developed by the U.S. Bureau of

Reclamation (Lane 1955). In the  relation, φ′ is the angle of repose of the

noncohesive bank sediment, which approaches an upper limiting value of

about 40° for coarse gravel. Millar and Quick (1993) modified the original re-

lation in order to account for the stabilizing influence of bank vegetation:

τbank ≤ 0.048 tan φ′ 1 – sin2 θ (1)

γ (s – 1) D50
sin2 φ′

where 

τbank = reach-averaged bank shear stress, 

(Pa); γ = unit weight of water, 

(N/m3); s = specific gravity of bank sediment, 

D50 = median sediment diameter (m), and 

θ = bank angle (°). 

The coefficient 0.048 in Equation 1 is related to the critical dimensionless shear

stress for the bank sediment. 

The two key independent variables related to bank stability are D50 and φ′.
The value of D50 is assumed here to be the same for both the bed surface and

bank sediment, which is generally reasonable for gravel banks, but is not valid

where banks are silt or fine sand. This assumption is necessary in order to de-

rive a relatively simple relation for S*. The value of φ′ in Equation 1 can varied

from a minimum value of about 40°, which indicates little influence from bank

vegetation, up to a maximum value approaching 90° in order to account for the

stabilizing influence of bank vegetation.

Millar and Quick (1993) developed an analytical model that was used to

investigate the influence of bank stability and bank vegetation on the hy-

draulic geometry of gravel-bed rivers. The model was calibrated using data

from Andrews (1984) and Hey and Thorne (1986) in order to provide an esti-

mate of φ′ for each river. This involved using different trial values of φ′ until

an agreement was forced between the modelled and observed channel width,

W. The rivers in the Andrews (1984) and Hey and Thorne (1986) data sets are

described as stable, single-thread (meandering) channels. Andrews (1984) has

subjectively stratified the data into thin and thick bank vegetation classes.





Similarly, Hey and Thorne (1986) had stratified their data into four classes

from vegetation type , grass with no trees or bushes, to vegetation type ,

with >50% trees and bushes. Differences in the type and density of bank veg-

etation appear to explain much of the variation in the values of φ′. Despite a

wide range of calibrated φ′ values from each vegetation class, the mean values

of φ′ increase consistently with bank vegetation density (Table 1). 

The friction angle φ′ represents a lumped calibration parameter that prob-

ably accounts for several different processes, including reduction of

near-bank velocity and shear stress, binding of the bank sediment by root

networks, packing and imbrication, and cementing of the gravel clasts by in-

terstitial fines. Direct accounting of each of these processes would be difficult

and complex. The proposed use of φ′ permits bank vegetation and other ef-

fects to be readily quantified in terms of a single parameter. This approach is

analogous to the use of Manning’s n to characterize hydraulic roughness. Al-

though a relation between φ′ and subjective vegetation “density” has been

shown (Table 1), this relation is not a simple one, and the value of φ′ is prob-

ably species dependent, and more closely related to rooting depth, and

strength and density of the root network. 

3 THEORETICAL MEANDERING-BRAIDING TRANSITION CRITERION

The classic paper on river channel patterns by Leopold and Wolman (1957)

contains the well-known empirical relation for the meandering-braiding

transition:

S* = 0.013Q-0.44 (2)

where 

S* = transition slope that separates meandering from braided rivers, and 

Q = bankfull discharge (m3/s).

Braided rivers tended to have slopes greater than S*, while the meandering

rivers have flatter slopes. Other investigators have derived similar empirical

relations to Equation 1, but with different values for the coefficient and expo-

nent (see Bridge 1993 for a recent summary). 

Despite being widely cited in the literature, Equation 2 does not perform

particularly well as a predictor of meandering and braiding when applied to

independent field data from gravel-bed rivers. The principal limitation of it

is that it does not consider the influence of bank stability on S*. Using an 

analytical model, Millar (2000) developed the following theoretical relation

for the meandering braiding transition:



  Summary of φ′ values obtained through model calibration of each vegetation class

Data source Andrews (1984) Hey and Thorne (1986)

Vegetation type Thin Thick I II III IV

φ′ (°) Mean 37.5 51.6 39.9 43.7 48.0 55.6
Range 29.3–46.3 42.7–58.8 20.1–51.7 30.1–58.8 32.0–72.0 36.3–79.1

n 14 10 12 16 13 20



S* = 0.0002D50
0.61  φ′ 1.75 Q-.25 (3)

where 

D50 = median sediment diameter for the banks and bed surface (m), 

φ′ = bank sediment friction angle (°), and 

Q = bankfull discharge (m3/s). 

This relation overcomes the main limitations of Equation 2 because it includes

the parameters D50 and φ′, which define the bank stability. This theoretical re-

lation was able to discriminate between meandering and gravel banks with varying

densities of bank vegetation (Millar 2000). 

4 CASE STUDY: ANALYSIS OF SLESSE CREEK

Slesse Creek is a mountain stream straddling the Canada-USA border in

southwestern British Columbia.  It represents an interesting case study of a

stream that has transformed from a relatively narrow and stable sinuous

planform, to a wide and unstable braided morphology. The observed trans-

formation can be attributed to a reduction in the stability of the banks

following streamside clearcut logging. Detailed description is given by

MacVicar (1999). 

Slesse Creek is a fourth-order stream with a total drainage area of 170 km2,

of which approximately 100 km2 of the upper watershed is located south of

the Canada-USA border in Washington State. It flows through a glaciated

valley, flanked by steep hillslopes with gradients in excess of 1:1. Upper reach-

es are largely confined by bedrock, while in the lower reaches north of the

Canada-USA border a narrow alluvial plain has developed. Remnant glacial

boulders and bedrock vertically control the slope of the channel.

The upper catchment south of the Canada-USA border is pristine forest

preserved within the Mount Baker Wilderness Area. On the Canadian side,

logging to the streambanks occurred during the 1950s and 1960s. Figure 1

shows the condition of the channel approximately 2 km north of the Cana-

da-USA border prior to logging (1940), and subsequent to logging (1993). 

In 1940 the channel was sinuous or irregularly meandering, with an average

width of approximately 30 m. Bank vegetation in 1940 would have consisted

primarily of mature, old-growth coniferous forest. By 1993, the channel had

widened to approximately 150 m, and had developed a braided morphology.

Current bank vegetation consists of sparse, deciduous trees and bushes. The

watershed upstream of the study site is essentially pristine, and one can

therefore assume that the discharge and sediment supply would not have

changed appreciably from pre-logging levels. The transformation in plan-

form morphology is attributed to a reduction in the stability of the banks

following logging. It represents a good opportunity to test the theoretical

braiding criterion developed herein.

Discharge records from a hydrometric station downstream indicate a

mean annual flood of approximately 92 m3/s (MacVicar 1999), which is as-

sumed equivalent to the bankfull discharge, Q. Pebble counts from two

representative bank and bar surfaces returned a value of D50 = 0.13 m. The

current slope of the reach, obtained from maps and field surveys, is approxi-

mately 0.02, and does not appear to have changed appreciably over

pre-logging conditions. Using these values of Q, D50, and S with the 





hydraulic geometry model (Millar and Quick 1993) and solving for the range

of values 40° ≤ φ′ < 90°, yields a solution curve that indicates the variation of

W with φ′ (Figure 2). Each point on the solution curve represents an optimal

solution. Figure 2 can be used to estimate the appropriate pre-logging value

for φ′, and to confirm the presumed post-logging value of φ′ = 40°. For a

1940 pre-logging channel width of 30 m, an estimate of φ′ = 70° is obtained

by interpolation (Figure 2). Assuming a post-logging value of φ′ = 40°, which

would be expected in the absence of significant bank vegetation, an optimum

width of about 120 m is predicted. This is somewhat less than the observed

width of 150 m, but is considered a reasonable agreement because the hy-

draulic geometry model does not account for bars and islands. It does

indicate that the effect of streamside logging on erodibility of the banks can

be reasonably represented by a reduction in the value of φ′ from about 70° to

the limiting value of 40°.

Given the reduction in the value of φ′ following logging, equation (3) can

be used to determine the effect on the theoretical value of S*. The pre-  and

post-logging values for Q, W, D50, S, and φ′ are summarized in Table 2. Of

the independent variables Q, D50, and φ′, only φ′ has changed significantly.

The value of S has remained more or less constant at 0.02. The correspond-

ing values of S* calculated from equation (1) for both the pre-  and

post-logging conditions are also shown, together with the predicted and 

observed planform morphology (meandering or braided). The effect of re-

ducing φ′ from 70° to 40° following logging results in a decrease in the value



  Slesse Creek approximately 2 km north of the Canada-USA border.



of S* from 0.032 to 0.012. The theory predicts that a meandering channel 

(S < S*) would have existed under pre-logging bank stability conditions,

whereas a braided channel (S > S*) would develop following a post-logging

reduction in bank stability. This is in agreement with observation.

5 PLANFORM STABILITY DIAGRAM

Field observations suggest that the magnitude of planform response to

changes in bank vegetation varies greatly, with some rivers being relatively

insensitive (Trimble 1997), whereas others may undergo complete planform

metamorphosis (Mackin 1956). Slesse Creek is one example of a river that is

highly sensitive to changes in riparian vegetation. A stability diagram has

been developed by plotting S versus D50
0.61Q-0.25 (Figure 3), which allows

equation (3) to be plotted using values of φ′ consistent with sparse or 

ineffective riparian vegetation (40°), and for dense and well-developed,

deep-rooting species (70°). This divides the field into three regions, and sen-

sitivity of river planform to changes in the bank vegetation can be readily

determined from its plotting position. Rivers that plot in Region  are pre-

dicted to be relatively insensitive to changes in riparian vegetation, and

would develop a single-thread or meandering channel irrespective of the type

and density of the bank vegetation. Rivers that plot in Region  are poten-

tially the most sensitive to changes in the character of the bank vegetation. 
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  Slesse Creek solution curve showing the variation of channel width with φ′.

  Summary of pre- and post-logging parameters for Slesse Creek

Q W D50 φ′
Year (m3/s) (m) S (m) (°) S* Predicted Observed

1940 92 30 0.02 0.13 70 0.032 M M
1993 92 150 0.02 0.13 40 0.012 B B

M = meandering. B = braided.



If the banks are in a sparsely vegetated state, or when shallow-rooting, inef-

fective species dominate the riparian zone, a wide and shallow braided

channel would be expected. Meandering channels could exist only where

banks had developed high values of φ′ that are consistent with dense or deep-

rooting riparian species. Changes in the type and calibre of bank vegetation

would have the potential to completely alter channel planform. Clearing of

vegetation along banks of meandering rivers that lie in Region II would cause

destabilization and widening, and potentially metamorphosis to a braided

channel. Rivers that plot in Region III are likely to remain braided irrespec-

tive of the condition of riparian vegetation. 

6 IMPLICATIONS FOR CHANNEL ASSESSMENT PROCEDURES

The planform stability diagram (Figure 3) can be used as a relatively simple

screening tool to determine the sensitivity of a particular river or stream to

riparian logging. The necessary parameters are channel slope (S), bankfull or

mean annual discharge (Q), and the median bank grain diameter (D50).

Those rivers that plot in Region I well below the curve for sparse vegetation

(φ′= 40°) would be least sensitive to direct riparian logging, while those that

plot above that curve in Region II would potentially undergo a metamorpho-

sis from meandering to a braided planform. 

Given that direct riparian logging is now forbidden under the Forest Prac-

tices Code, Figure 3 is probably most useful for assessing the current channel

condition, and in the case of a wide and unstable channel, for assessing

whether direct riparian logging represents a significant factor in the current

channel condition.
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Effects of Forest-harvest Rates on Stream-channel Changes

in the Central Interior of British Columbia

PIERRE G. BEAUDRY AND ALLEN GOTTESFELD

ABSTRACT

The study investigates the relationship between the level of forest harvesting

within 12 medium-sized watersheds and the change in stream-channel width

over time. Stream-channel widths and sediment sources were measured from

a chronosequence of rectified aerial photographs, dating back to the early

1960s. During the period between the mid 1960s and 1984 most of the study

reaches evolved towards narrower channels. During the period between 1984

and the mid 1990s most of the watersheds experienced an increase in average

channel width. No statistical relationship could be established between the

level of forest harvest and the increase in channel width. Decadal variations

in climate appeared to best explain the variability in the observed increases in

stream-channel width during the late period.

INTRODUCTION

Forest-harvesting activities have the potential to alter a variety of natural

processes within a watershed. For example, activities that remove the trees

and vegetation in a watershed can lead to increased water flows (Bosch and

Hewlett 1982; Jones and Grant 1996). Road networks often cause increased

inputs of fine sediments (Madej 1982), and higher peak flows (Jones and

Grant 1996). Landslides increase the amount of both coarse and fine sedi-

ments, and harvesting close to channel banks can decrease the amount of

coarse woody debris in the stream and cause bank instability (Naiman et al.

1992). A river’s response to land-use activities can be quite complex; howev-

er, it can often be detected from changes in the shape and features of the

stream-channel bed (Ryan and Grant 1991).

In areas where fine gravel and sand are readily available as potential bed-

load, channel filling, channel widening, and bar instability are a common

response to forestry activities such as road-building and forest-harvesting

(Knighton 1984). Increases in both the water and sediment supply to a

stream channel typically cause the channel to become wider, shallower,

straighter, and steeper (Schumm 1971; Leopold 1994). If the stream channel is

large enough, many of these changes can be mapped over time using

chronosequences of aerial photographs (Sedell and Froggatt 1984; Hogan and

Schwab 1990; Ryan and Grant 1991; Gottesfeld 1997; Ham and Schwab 1998). 





It is generally believed that the more extensive the clearcut logging is in a

watershed, the greater will be the level of negative impacts on certain charac-

teristics of stream-channel morphology, such as stream-channel width

(Knighton 1984). The main focus of this study is to investigate the effects of

the level of forest-harvesting in a watershed on changes to stream-channel

width of medium-sized watersheds in central British Columbia. 

STUDY AREA

Twelve sub-drainages of the Willow and Bowron watersheds were randomly

selected for this study. Four of the drainages are located in the Willow water-

shed and eight drainages are located in the Bowron watershed (Figure 1). 

The Bowron River and Willow River are adjacent watersheds located east and

southeast of Prince George and are 3403 km2 and 3206 km2, respectively.

They occupy part of the Fraser Basin and Fraser Plateau areas described by

Holland (1976). The headwaters of the watershed are located in the Quesnel

Highlands and are bordered to the east by the Cariboo Mountains and Co-

lumbia Mountains. The landscape is characterized by moderate to steeply

rolling hills ranging in elevation from 1200 to 1500 m, with a few higher

mountains up to 2000 m. The main valleys are wide, and slope at less than

2%. Both watersheds have experienced extensive harvesting in the past 

35 years (Beaudry and DeLong 1996; Berris 1997). 

In the region near Prince George, floods typically result from snow melt, or

from rain on the melting snowpack, and occur between late April and early

June. In small watersheds, floods may also result from intense, late-summer

rainfall. The study streams are ungauged; however, long-term gauging

records have been collected by the Water Survey of Canada () near the

mouths of the Willow (08006), Bowron (08003), and Cariboo rivers

(08003). These records provide general information about the hydrology

of the region (Figure 2). A frequency analysis of the records for the Bowron

and Willow rivers was used to assign return periods to the various annual

floods (Northwest Hydraulic Consultants 1998) (Figures 3 and 4). Nearly all

of the maxima are nival floods. In the Willow River, only the event of 1964

(25 September) was not associated with spring snow melt. In the Bowron

River, only four events were not snow-melt generated; these were 15 October

1958, 26 September 1964, 15 September 1969, and 29 October 1973. Barkerville,

at an elevation of 1265 m, is the nearest climate station with long-term

records. Here, precipitation is distributed fairly evenly throughout the year,

and totals about 1000 mm (Figure 5). The maximum, recorded, daily rainfall

occurred in September (69.9 mm), though daily precipitation exceeding 50

mm has been recorded in most summer months. 

METHODS

The objective of this study is to investigate the effect of “level of harvest” on

changes to stream-channel width. In this study we define “level of harvest”

simply as the cumulative amount of forest-harvesting in a watershed at a

Study Objectives

Regional Hydrology

General Geographical
Location







  Geographic distribution of the study watersheds.
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given time, expressed as a percentage of the watershed. Considering land-

forms as a whole, river channels are quite sensitive elements, at least in

certain dimensions such as channel width (Knighton 1984). Seemingly, 

channels can adjust to changed land-use conditions, at least in the width 

dimension (Knighton 1984). Stream-channel width is a relatively easy plani-

metric property to measure from historical air photographs, and is not as

dependent on stage height as are other channel properties—such as extent of

gravel bars or islands.

Consequently, we decided that average stream width was the most appro-

priate variable to investigate in this study. 

The hypotheses to be tested are as follows:

H0 = The “level of harvest” does not affect stream-channel width.

H1 = The “level of harvest” has a significant effect on stream-channel

width.

The significance level is set at α=0.05

We identified 48 sub-drainages in the Bowron and Willow watersheds that

were suitable for this project. These sub-drainages ranged in size between 20

and 120 km2, and had a variety of logging histories, geological conditions,

and topographic conditions. In an attempt to get a balanced experimental

design and an even distribution of the independent variable (i.e., “level of

harvest”), we stratified our population of 48 watersheds into three levels of

harvest: 1) “low harvest,” which was defined as ≤13% of the watershed har-

vested in 1994, 2)“moderate harvest,” which was defined as >13% and ≤30%

of the watershed harvested in 1994, and 3) “high harvest,” which was defined

as >30% of the watershed harvested in 1994. Within each of these three strati-

fied groups we randomly selected four watersheds to obtain an experimental

sample of 12 watersheds. 

Detailed measurements of the stream-channel planimetric characteristics

were made on a chronosequence of rectified aerial photographs for the 12

study watersheds (Northwest Hydraulic Consultants Ltd. 1998). The channel

mapping was limited to the lower (partly alluvial) stream reaches where the

Stream-channel
Measurements

Watershed Selection
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channel can alter its morphology. The selected air photographs and 
maps were reviewed to select the stream length for mapping. These generally

included the lower 3–10 km of mainstem stream channel, or about one-third

of the total main channel length.

In each watershed, the length of channel chosen for mapping was divided

into homogeneous reaches. Reach breaks were placed at distinct changes in

stream-channel gradient, changes in channel pattern, junctions with major

tributaries, or at entrances and exits of canyons. Typically, the mapped sec-

tion of stream contained three to five reaches. A total of 49 reaches were

mapped for the 12 watersheds. 

The photogrammetrist controlled the historic air photo from the 83

 control, which was coordinated from 1:60 000 British Columbia gov-

ernment photography dated 1984. Typically,  control was transferred

from one set of coverage to another, to an accuracy of about ± 0.1 mm at

photo scale. The pooled error between any two points is ± 0.14 mm, which,

for a typical spacing of about 100 mm between control points, produces a

scale error of 1 part in 700, or about 0.1%. This is insignificant when com-

pared to the inaccuracy introduced by poor-quality air photographs, or to

the difficulty in accurately mapping boundaries of mature vegetation

(Northwest Hydraulic Consultants Ltd. 1998).

The photogrammetrist states that the stream-channel boundaries can be

accurately mapped within one- or two-tenths of a millimetre at map scale

(1:5000). Assuming that the channel boundaries are mapped to an accuracy

of ± 0.2 mm at map scale, then the pooled error in the channel width is ± 1.4

m on the ground. On this basis, if channel widths from one year of mapping

to the next differ by less than this value, it is possible that the difference re-

sults from control errors rather than from changes in channel width. The

quality of the data extracted from the photos was judged sufficiently accurate

for the purpose of measuring and comparing changes in channel width. 

For each study stream, average channel widths over all the mapped reaches

were calculated for each year of mapping. The average minimum channel

width in each watershed was used to space points every seven channel widths

along the thalweg (i.e., line of greatest depths), for the most recent year of

maps. Channel width was then measured perpendicular to the flow at each 

of these points. The points were then transferred to the other maps, and the

channel width was re-measured for the other years at the same point. The av-

erages of these measurements, for each reach, are the values used for the

statistical analysis. All of the reaches from three of the 12 watersheds initially

selected were rejected, along with a few additional reaches from the other

nine watersheds. These were rejected because the channels were too narrow,

making the relative errors of the width measurements unacceptable. A total

of 27 reaches, with acceptable data, remained for the analysis. 

The amount of sediment delivered to a stream channel can play a large role

in shaping the channel because the channel must respond to the amount of

water and sediment it transports. In this project, sediment sources greater

than 0.25 mm2 (or 0.5 x 0.5 mm) on the air photos,  were measured and

classified and then marked onto 1:20 000  maps in each of the study

areas. The length and width of each sediment source was converted to a dis-

turbed area in hectares using the nominal scale of the air photograph,

corrected for elevation. The sediment sources were coded by the date when

Sediment Source
Inventory

Channel-width
Variability





they first were visible on the photographs, by their watershed and tributary

number, and also assigned a source number. Each source was then classified

by type, location, land use, deliverability, and size. 

We used regression analysis to determine if there was any statistical relation-

ship between the “level of harvest” in the watershed (independent variable)

and the percent change in width (%∆W) of each study reach (response vari-

able) for two time periods (α = 0.05). The “early period” represents a period

of about 20 years between the mid 1960s and the mid 1980s. The “late period”

represents a period of about 10 years between the mid 1980s and the mid

1990s. Because the air photos were not all flown on the same dates, the time

spans for both of these periods are not identical for all watersheds. Table 1

provides the dates covered by each of the periods for the nine retained study

watersheds. 

Since the duration of the two periods is substantially different, there was 

a concern that the concept of “average annual change” in channel width was

not necessarily the most appropriate variable for this analysis. The value of

“average annual change” was obtained by dividing the total change in width

by the duration of the period (17–20 years for the early period, and 4 and 

10 years for the late period). Since it is unlikely that the changes occur gradu-

ally and evenly over the years, the use of “average annual change” may be

misleading in a situation where the duration of the different periods is so

variable. Consequently, we also examined the absolute change in channel

width for each of the periods, for each of the study reaches. 

In retrospect, several limitations have been identified with this study design.

These are presented here so that the reader is aware of the inherent limita-

tions of the study. These limitations are as follows:

1. For many of the small reaches in this study, the air-photo resolution is not

sufficiently adequate to precisely measure the small changes in channel

width that occurred.

2. The duration of the “early period” is substantially different than the dura-

tion of the “late period.” This makes it impossible to compare the changes

in channel width over a uniform time period.

Limitations of the
Study Design

Statistical Analysis



  Dates covered by the “early period” and the “late period” for each of the nine
study watersheds

Years in Years in
Dates covered by “early Dates covered by “late

Watershed “early period” period” “late period” period”

Post 22/08/66 to 25/07/84 18 25/07/84 to 10/07/90 6

H1 22/08/66 to 25/07/84 18 25/07/84 to 10/07/90 6

H3 22/08/66 to 25/07/84 18 25/07/84 to 10/07/90 6

Dominion 22/08/66 to 25/07/84 18 25/07/84 to 10/07/90 6

Grizzly Bear 23/08/66 to 25/07/84 18 25/07/84 to 10/07/90 6

Gaboreau 20/06/67 to 24/07/84 17 24/07/84 to 10/07/90 6

Jerry 20/06/67 to 24/07/84 17 24/07/84 to 29/07/94 10

Pundata 15/08/67 to 22/09/87 20 22/09/87 to 16/07/91 4

Thursday 10/09/69 to 25/07/84 20 25/07/84 to 20/07/94 10



3. There is a large variability in watershed characteristics among the study

watersheds, despite our attempt to control this. 

4. Within each of the two periods studied, the duration of the time span be-

tween successive photos is not consistent between watersheds. 

All of these limitations are inherent to this type of study. It is very difficult

to find 12 homogeneous watersheds within a small geographic area that have

a good distribution of desired forest-harvest levels. 

DESCRIPTIONS OF STUDY WATERSHEDS

Physical characteristics of the nine study watersheds were generated from

1:20 000  digital maps and are provided in Table 2. The characteristics

of the 28 study reaches are provided in Table 3. The average reach gradient

ranges between 0.3% and 4.4% (Table 3). For most of the study watersheds

harvested, intensive forest harvesting began in the late 1970s. The exceptions

are Thursday Creek, where harvesting began in the early 1960s, and Post

Creek, where harvesting did not begin until the mid 1980s (Table 3). Virtually

all of the forest harvesting in the study watersheds was done by ground-based

systems (either hand falling or mechanical harvesters) and the trees were

ground-skidded with rubber-tired skidders. Small, localized patches of tim-

ber were hand felled where the terrain was unsuitable for mechanical

harvesters. Very limited areas were cable yarded. The history of forest har-

vesting in the watershed is provided in Table 4. The total amount of forest

harvesting in the watershed, at the end of the “late period,” ranges from 0%

to a maximum of 42.3% (Table 4).



  Morphological characteristics of the nine study watersheds

Watershed Stream % of % of Total
order magnitude watershed watershed length

Watershed (from (from less that greater Basin elevation of
Watershed size 1:20 000 1:20 000 10% than 30% Min Max mainstem
name (km2) TRIM) TRIM) gradient gradient (m) (m) (m)

Grizzly Bear 46.2 4 44 18.5 25.1 779 1 880 13 900
Dominion 48.4 3 38 11.9 37.0 1 090 2 179 14 540
H1 65.1 4 157 9.5 51.7 1 050 2 172 15 160
Pundata 37.4 3 35 34.5 0.7 994 1 637 13 040
Gaboreau 74.4 4 68 43.1 1.7 881 1 780 17 560
H3 51.1 3 35 17.2 28.6 975 1 949 13 760
Post 110.0 4 99 18.6 25.6 858 1 946 26 165
Jerry 118.1 4 138 56.7 1.6 881 1 540 20 880
Thursday 21.8 3 19 24.8 3.1 709 1 563 11 404





  Characteristics of the 27 study reaches

Average reach width (m)
Reach (measured using cross-sections 

gradient on air-photos)
Water- (%) End of early

Reach shed (from Beginning period and End of
Watershed identi- size Reach Hillslope 1:20 000 of early beginning of late
name fication (km2) length (m) coupling1 TRIM) period late period period

Grizzly Bear Gri2 46.0 1 572 L 2.4 15.7 10.5 22.7

Dominion Dom3 47.0 979 H 2.5 14.6 13.7 14.7
Dom4 45.0 1 568 M 1.8 13.5 13.5 14.4

H1 H1_1 64.1 1 058 M 2.6 13.7 13.3 13.7
H1_2 63.8 1 775 H 1.8 10.3 10.4 10.4
H1_3 61.6 1 039 M 2.0 14.8 13.6 13.8

Pundata Pun1 37.4 2 292 H 3.0 17.4 8.6 16.0
Pun2 35.0 1 818 M 2.5 33.7 19.1 29.5
Pun3 32.0 1 620 L 2.4 19.4 12.7 20.5

Gaboreau Gab1 74.1 4 014 H 1.3 29.4 14.9 11.7
Gab2 61.2 3 074 L 1.8 20.5 8.8 8.7
Gab3 40.6 2 612 M 2.0 23.9 13.8 9.6

H3 H3_2 54.1 2 247 M 1.7 27.3 21.5 22.2
H3_3 44.9 1 009 H 2.5 11.0 9.9 11.7
H3_4 43.6 2 547 H 2.2 11.6 10.5 10.7

Post Pos1 110.0 1 009 L 1.2 24.6 24.0 31.3
Pos2 107.0 2 587 L 1.4 15.5 15.7 17.3
Pos3 104.0 2 040 M 1.6 13.9 14.9 32.4
Pos4 99.0 2 819 H 2.1 12.0 12.6 27.7
Pos5 98.0 1 496 H 1.7 13.1 14.1 20.0

Jerry Jer1 118.1 1 047 L 0.2 11.9 10.9 9.6
Jer2 116.2 1 200 L 0.3 9.4 8.5 7.7
Jer3 113.0 2 856 L 0.3 10.1 7.2 7.2
Jer4 105.0 2 648 L 0.3 10.0 7.9 7.3

Thursday Thu2 19.8 1 572 M 3.1 16.8 8.5 13.6
Thu3 18.0 547 H 2.4 11.5 7.9 9.8
Thu4 16.5 1 120 L 4.4 20.4 10.4 16.8

1 Hillslope coupling refers to the average connectivity of the hillslope to the stream channel reach. A “High” hillslope coupling
means that sediment generated on the hillslope will generally be delivered directly to the stream channel. A “Low” hillslope 
coupling means that there is a wide floodplain between the hillslopes and the stream channel, and sediment generated on the
hillslope will generally not be delivered directly or immediately to the stream channel. A “Medium” hillslope coupling means
that there is a mix of “Highs” and “Lows” in that reach.





  Forest harvesting history of the nine study watersheds

Biogeoclimatic
Reach- Watershed subzone (in order of

Watershed identi- size spatial importance % of watershed logged
name fication (km2) in the watershed) 1966 1984 1994

Grizzly Bear Gri2 46.0 ICHvk2, SBSwk1 0 4.6 11.6

Dominion Dom3 47.0 ESSFwk1, SBSvk 0 0 0
Dom4 45.0 ESSFwk1, SBSvk 0 0 0

H1 H1_1 64.1 ESSFwk1, SBSvk 0 0 1
H1_2 63.8 ESSFwk1, SBSvk 0 0 0
H1_3 61.6 ESSFwk1, SBSvk 0 0 0

Pundata Pun1 37.4 SBSwk1, ESSFwk1 0 5.0 13.0
Pun2 35.0 SBSwk1, ESSFwk1 0 5.3 11.0
Pun3 32.0 SBSwk1, ESSFwk1 0 5.0 10.6

Gaboreau Gab1 74.1 SBSwk1 0 12.0 28.0
Gab2 61.2 SBSwk1 0 7.8 21.0
Gab3 40.6 SBSwk1 0 1.2 22.0

H3 H3_2 54.1 ESSFwk1, SBSvk 0 10.9 18.9
H3_3 44.9 ESSFwk1, SBSvk 0 4.9 17.0
H3_4 43.6 ESSFwk1, SBSvk 0 2.3 15.0

Post Pos1 110.0 ESSFwk1, SBSvk 0 0 25.0
Pos2 107.0 ESSFwk1, SBSvk 0 0 23.0
Pos3 104.0 ESSFwk1, SBSvk 0 0 22.5
Pos4 99.0 ESSFwk1, SBSvk 0 0 21.0
Pos5 98.0 ESSFwk1, SBSvk 0 0 21.0

Jerry Jer1 118.1 SBSwk1 0.5 22.0 38.0
Jer2 116.2 SBSwk1 0.5 21.0 37.6
Jer3 113.0 SBSwk1 0 19.0 35.6
Jer4 105.0 SBSwk1 0 16.0 31.6

Thursday Thu2 19.8 SBSj1 9.9 28.6 38.0
Thu3 18.0 SBSj1 10.9 31.5 39.4
Thu4 16.5 SBSj1 11.6 30.2 42.3



RESULTS

The change in the average stream width was calculated, for each of the study

reaches, for both the “early period” and the “late period.” We examined the

changes expressed both as: 1) a percentage change per year and 2) a percent-

age change for the entire period. These were calculated as follows:

“early period” change per year

%∆W/Y =  (Weep – Wbep )/ Wbep / Y *100 (1)

“late period” change per year

%∆W/Y =  (Welp – Wblp )/ Wblp / Y *100 (2)

“early period” change per period

%∆W =  (Weep – Wbep )/ Wbep *100 (3)

“late period” change per period

%∆W =  (Welp – Wblp )/ Wblp *100 (4)

where

%∆W/Y is the percentage change in average width per year, 

Wbep is the average width of the reach at the beginning of the “early period,” 

Weep is the average width of the reach at the end of the “early period,” 

Wblp is the average width of the reach at the beginning of the “late period,”

Welp is the average width of the reach at the end of the “late period,” 

Y is the number of years in a period, and 

%∆W is the percentage change in average width for the period. 

The average change in channel width per year (%∆W/Y ) of each reach

and the standard deviation are presented as dot and line plots in Figures 6

and 7. Figures 8 and 9 show the data for the average change in channel width

per period (%∆W). The data are sorted and presented in order of increasing

amount of the watershed harvested as measured at the end of the period in

question.

The data presented in Figures 6 and 8 show that there was little change 

in stream-channel width during the early period. This was irrespective of

whether the change was calculated on an annual basis (Figure 6) or over the

whole period (Figure 8). It appears from these figures that most of the stream

reaches actually decreased in width over the early period. 

In contrast to the early period, the changes in channel width during the

late period were, for some reaches, quite substantial (Figures 7 and 9). In

most cases the stream channels experienced an increase in width during this

period. The apparent trend of a decrease in width during the early period

and an increase in width during the late period appears to be consistent irre-

spective of the way the changes are reported (i.e., per year or per period).

The amount of change does not appear to be related to the amount of har-

vest in the watershed. 

Changes in Stream
Width over Time
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The changes in the number and nature of sediment sources over time, for the

nine study watersheds, are presented in Table 5. The second column provides

the total number of discrete sediment sources identified from air photos for

each year of the enumeration. The number of sediment sources did not

change dramatically over time, in any of the study watersheds, except possi-

bly Pundata Creek. The reduced number of sediment sources in Pundata

Creek is the result of the revegetation of a number of small slides and slumps

along the channel that were identified in 1967. The third column presents the

total number of sediment sources directly coupled to stream channel (i.e.,

those that deliver sediment directly to the channel). These numbers do not

dramatically change over time either, again with the possible exception of

Changes in Sediment
Sources over Time



  Evolution of sediment sources over time for each of the nine study watersheds

Number of
Number of sediment sources Number of sediment 

Number of sediment sources coupled to the sources coupled to
Watershed and year of sediment coupled to stream and the stream, logging 
aerial photography sources the stream1 logging2  related related, and  large3

Gaboreau - 1967 13 11 0 0
Gaboreau - 1984 22 19 1 0
Gaboreau - 1990 12 11 1 0

Jerry –1967 0 0 0 0
Jerry –1984 8 0 0 0
Jerry –1994 11 0 0 0

Pundata –1967 11 11 0 0
Pundata –1987 13 13 0 0
Pundata –1991 2 2 0 0

H1 –1966 27 13 0 0
H1 –1984 34 17 0 0
H1 –1990 39 20 0 0
H3 –1966 18 11 0 0
H3 –1984 22 14 0 0
H3 –1990 21 11 2 1

Dominion –1966 40 21 0 0
Dominion –1984 44 24 0 0
Dominion –1990 44 23 1 0

Grizzly Bear- 1966 19 5 0 0
Grizzly Bear - 1984 14 3 0 0
Grizzly Bear- 1990 16 4 0 0

Thursday –1969 5 4 3 2
Thursday –1984 8 5 4 2
Thursday –1994 6 5 3 1

Post – 1966 54 34 0 0
Post –1984 43 21 0 0
Post –1990 36 15 3 1

1 “Coupled to the stream” indicates that sediment produced from the source is delivered directly to the stream channel.
2 “Logging related” indicates that the sediment source was most likely created by forest harvesting operations (e.g., clearcuts,

roads, trails, gravel pits). 
3 “Large” refers to any sediment sources equal to or larger than 0.05 ha in area.



Pundata Creek. The fourth column presents the number of sediment sources

that are a direct result of the forest-harvesting operations and that deliver

sediment directly to the stream channel. For all watersheds these numbers

are very low. The last column identifies the number of large sediment

sources (i.e., >0.05 ha) that are both coupled to the stream and caused by

forest-harvesting operations. These numbers are also very low. These data

suggest that the direct contribution of forest-harvesting activities to changes

in sources of coarse sediment over time was minor. Consequently, the

changes in channel width cannot be attributed, to any large degree, to

changes in the number of sediment sources. 

Annual peak flows The flood of record in the Willow River occurred in

1982, with another large flood occurring in 1979. These events were assessed

as having a return period of greater than 50 years for 1982 and about 30 years

for 1979 (Figure 4). During the “late period” there was only one large event

recorded in the Willow River. This event occurred on June 13, 1990 and was

assessed as having a return period of about 18 years (Figure 4). However,

anecdotal information suggests that individual tributary watersheds of the

Willow River may have behaved differently than the main river itself during

this flood. Several bridges, crossing tributary drainages, were washed away

during the June 13, 1990 rain event in both the Willow and Bowron water-

sheds. These included bridges on Grizzly Bear Creek, Thursday Creek, and

George Creek. Also, the 1990  streamflow records for the Willow River

state that the peak flow value was “estimated.” This indicates that there was 

a failure in the streamflow recording system and that a true measurement is

not available. It is thus possible that the 1990 flood in the Willow River was

actually larger than estimated, and that it had a return period resembling

that in the Bowron. 

The flood of record in the Bowron River occurred on June 13, 1990 and

well exceeded any previous floods on record, and was assessed as having a 

return period greater than 50 years (Figure 3). This type of flooding event 

has the potential to cause significant streambank erosion that may result in 

a wider stream channel.

Annual nival flows The adjustment of stream-channel form is affected by

both the magnitude and the duration of flood flows (Knighton 1984). In the

past 42 years, the important flood events in the Bowron and Willow

watersheds have all been snowmelt- produced or snowmelt-related. It may

be useful to consider the total nival flows as those possibly doing most of the

geomorphic work of the stream channel and to consider them as separate

from the unusual events caused by other runoff processes. The analysis of 

the annual total nival flow may provide additional information, relative to

changes in channel width, at least for snowmelt-dominated watersheds.

For north-central British Columbia the volume of the nival flow is esti-

mated by computing the total discharge during April, May, June, and July,

the months that include virtually all of the nival melt. Figure 10 presents the

long-term trends of annual nival flows for three large snowmelt-dominated

watersheds located in the vicinity of the study area. For the Bowron and Mc-

Gregor rivers there is a clear trend towards decreasing nival flows during the

“early period” of this study (i.e., 1965–1984) and consequently a possible re-

duction in the channel-forming geomorphic work. The Willow River

presents a similar trend, although not as substantial as the other two water-

Variations in
Streamflows over Time
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sheds. If you accept that this “early period” was one of quiet activity, from

the point of view of fluvial work, then the observation that stream channels

decreased in width during this period is intuitively reasonable.

These observations of a reduction in nival flows from 1966 to 1984 corre-

spond quite well to the historical snowpack data collected at the Barkerville

snow course, which is located near the watershed divide between the upper

Willow and Bowron rivers (Figure 11).

The relationship between the amount of harvesting and the change in chan-

nel width during the “early period” is presented in Figure 12. This “early

period” relationship suggests that the width of the stream channel decreases

as the amount of forest harvesting increases in a watershed. We believe that

this interpretation is nonsensical and not a true representation of cause and

Regression Analysis
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effect. Based on our understanding of watershed processes, we cannot envi-

sion a situation where an increase in the amount of harvesting within a

watershed would directly cause a decrease in the stream-channel width.

Other processes, such as climate and the particular characteristics of the

stream channel are probably controlling changes in channel width, rather

than the amount of harvesting, and the significant relationship is just coinci-

dental. We believe that this result is a Type  error; that is, the null

hypothesis is really true and it is rejected by the sample. 

During the “late period,” the maximum amount of forest harvesting in

the study watersheds reached 42%. During this time, the amount of harvest-

ing increased in all of the study watersheds. Forest harvesting in Dominion

and H1 watersheds remained below 1% (Table 4). The relationship between

the amount of forest harvesting and the change in channel width during the

“late period” is presented in Figure 13. The linear regression is not statistically

significant. This suggests that there is no clear relationship between the

amount of forest harvesting in the study watersheds and the change in

stream-channel width for the interval between 0 and 42% of the watershed

harvested. This relationship does not suggest that there was no change in

channel width during the time period studied, but rather that this change

was not directly caused by the amount of forest harvesting in the watershed.

Indeed we did document changes in channel width, for both the “early” and

“late” periods. During the “early period” most of the stream channels de-

creased in width, which corresponded to a period of relative quiescence in

terms of fluvial work. This is in contrast to the “late period,” which experi-

enced a large flood event and an increase in channel width in many of the

reaches measured.



150

125

100

75

50

25

0

-25

-50

-75

%
 c

ha
ng

e 
in

 c
ha

nn
el

 w
id

th
 -

 "
la

te
 p

er
io

d"

0 5 10 15 20 25 30 35 40 45

% of watershed logged in 1995

Y = -0.0733x + 29.004
R2 = 0.0005

S.E. = 43.9
n = 27

P-value = 0.91

  Linear regression of the change in channel width during the “late period”
and the percentage of the watershed harvested at the end of the “late
period.”



DISCUSSION AND CONCLUSIONS

In the northeastern section of the Fraser Plateau of British Columbia, post-

logging stream-channel changes are often subtle. The watersheds of this

interior region are not like the coastal watersheds of British Columbia and

southeast Alaska, where forest harvesting can cause substantial increases 

in mass movements—most often initiated by road construction and forest

removal—and dramatically change sediment budgets of the fluvial system

(Roberts and Church 1986; Grant and Wolff 1992; Hartman et al. 1996).

These increases in the supply of coarse sediment to the stream network can

dramatically change stream morphology (Montgomery et al. 1995; Hartman

et al. 1996; Wood-Smith and Buffington 1996; Hogan et al. 1998; Hogan

1989). Over a period of almost two decades (i.e., the “early period”), changes

to the channel width of tributary streams of the Bowron and Willow River

watersheds were generally modest.

The aim of this project was to investigate whether there was a direct rela-

tionship between the level of harvest in a small to medium-sized watershed

of the central interior and changes in stream-channel widths. In our study,

increases in channel width, observed during the “late period,” were not sig-

nificantly related to the level of forest harvesting within the watershed. The

maximum amount of forest harvesting in the study watersheds was 42%.

Stream-channel width may respond to higher levels of forest harvesting, but

this could not be determined from this study. It is assumed in this study that

a significant increase in channel width is an indicator of detrimental impacts

on fish and their habitat. This is caused by dramatically changing the coarse

sediment supply and in-stream distribution of sediment. 

The changes in stream width observed in our study appear to have been

driven by the natural variations in regional climate and an extreme runoff

event, rather than the amount of forest harvesting within the watershed.

During the “early period,” extending from the mid 1960s to the mid 1980s,

the annual nival flows appear to decrease, resulting in a probable reduction

in the amount of fluvial activity. This resulted in the narrowing of most of

the stream-channel reaches in the study. During the “late period,” extending

from the early 1980s to the mid 1990s, about one-half of the study reaches 

experienced substantial channel widening, while the other half experienced

very little change. It is likely that most of the observed channel widening 

occurred as a result of the very large flood event of June 13, 1990. This chan-

nel widening appeared to be independent of the amount of forest harvesting

in the watershed. 

The observed channel widening during the “late period” could not be at-

tributed to increases in the supply of coarse sediment from upland sources,

such as mass wasting. The sediment source survey indicated that the upland

supply of coarse sediment remained relatively constant, for all reaches, over

the time span of the study. 

This study was set up to investigate the effects of the “level of harvest” in 

a watershed on the changes in stream-channel width. The study watersheds

were selected to provide a fairly even distribution of samples, representing a

spectrum of levels of harvest that are typical for watersheds of this size in the

vicinity of Prince George. This study could not establish a clear relationship

between these two variables. However, during the course of this investigation

we noticed that other harvesting-related variables could possibly serve to ex-

plain the variations observed to changes in stream-channel width. One of the





variables that appears to be potentially important is the extent of harvesting

along the edge of the stream channel (i.e., riparian harvesting). Many of the

stream reaches that experienced channel widening were also logged to the

edge. The opposite was also true; that is, several reaches experienced channel

widening despite the lack of riparian logging. We think that the extent of ri-

parian harvest is an important variable, and, associated with stream power

and the level of harvest in the watershed, may better describe the variability

in changes to stream-channel width observed in this study. This is certainly

an important management issue and could be the subject of an interesting

and worthwhile investigation. The paper presented here by Millar (2001)

provides some very interesting data to support the idea that the extent of 

riparian harvest can have a significant impact on channel widening. 

The authors are personally familiar with several other stream channels, in

proximity to the study streams, that experienced similar widening during the

“late period” (mostly caused by the June 1990 flood). These include Stone

Creek, Narrow Creek, tributaries of upper Indian Point Creek, and tribu-

taries of Haggen Creek, where the amount of harvesting varies from less than

1% to about 45% (Beaudry and DeLong 1996; Berris 1997; British Columbia

Forest Service 1996; Soto et al. 1997). These informal observations support

the findings of this study, which concludes that there is a poor relationship

between the level of harvest in a watershed and channel widening during the

“late period.” These observations also suggest that the study watersheds are

representative of other watersheds in the area. 

Recognizing the often subtle nature of stream-channel change in this re-

gion suggests that future similar work be performed using a set of watersheds

better matched for channel gradient and size. However, in a retrospective

study, it is often very difficult to choose experimental units (e.g., watersheds)

for testing the effects of a specific variable (e.g., extent of forest harvest),

while maintaining other variables constant, such as size of watershed, extent

of riparian logging, or stream power. The uncontrolled nature of a retrospec-

tive study of this kind means that the investigator must work with the

“experimental units” and “treatments” available at the time of the study. 

We focused our study on watersheds ranging in size between 30 and 75 km2

because we think that these are the most sensitive to forest-harvesting opera-

tions. Unfortunately, in the Fraser Plateau, the streams that drain watersheds

of this size are often too small for adequate air-photo resolution. All of these

factors impose potentially severe limitations on the power of the statistical

analysis.
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