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ABSTRACT 

Data compiled from standardized procedures for width measure

ment at established streamflow gaging stations were used to develop a 

power-function relation between width in feet (WA), and mean discharge 

in acre-feet per year (Q), for high-gradient perennial streams. High

gradient channels, which generally exhibit low variability for most 

factors influencing the width-discharge relation, were selected to 

indicate a standard exponent in the power-function equation. Flume data 

supported extrapolation of the high-gradient relation, Q = a wAl . 98 , 

through five orders of discharge magnitude. Further support for a 

standard exponent of the regression equation was provided by data from 

Kansas streams that had very silty beds and similar gradients, climate, 

and vegetation. Regression analysis of data from these streams gave 

an exponent of 2.01. Hence, a constant exponent of 2.0 was used for 

the width-discharge relation of all streams. 

To account for the effect of sediment on channel geometry, 

silt-clay percentages of the bed and bank material of 98 perennial 

streams of the western and midwestern United States were introduced 

into the standard width-discharge relation. Bed and bank cohesiveness, 

as indicated by silt-clay content, is considered a measure of channel 

competence. Narrowest streams for a specific mean discharge occur 

where channel competence, due to fine material and other variables 

including channel armoring and lush riparian vegetation, is greatest. 
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Thus, at constant discharge, stream width varies inversely with both 

bed and bank silt-clay content. Multiple-regression analysis yielded 

the equation: Q = 2.0 wA2.0 (SC bd )0.22 (SCbk )0.57 where SC bd and SC bk 

are percent silt-clay of bed and bank material, respectively. The 

average standard error of estimate for the relation is 58 percent, much 

of which is inferred to result from excessive width caused by bank 

erosion of historically recent flood events. Other causes of deviation 

from the relation include errors associated with the collection and 

analysis of data, climate and riparian vegetation, discharge variabil-

ity, and armoring by coarse sediment sizes. 

Studies showing that stream channels are widened during periods 

of flooding suggest that most streams subsequently narrow toward an 

equilibrium width at normal discharges. Assuming that about one-sixth 

of the data sets, those exceeding one standard deviation, indicate 

streams too narrow owing to unrepresentative data or recently deficient 

runoff, the multiple-regression equation was modified to define channel 

equilibrium. For known conditions of mean discharge and sediment 

characteristics, an equilibrium width, Weq , can be calculated. Com

parison with the measured width, WA, defines the instability ratio, 

WA/Weq , The instability ratio identifies the degree to which channel 

width varies from assumed equilibrium, and ranges from 1.0 to 1.5 for 

most perennial streams. 

The ratio of suspended load to bed load appears to be a prin

cipal determinant of channel morphology, whereas sediment yield affects 

the rapidity with which channel healing can occur after widening by 



xi 

flooding. Greatest channel instabilities generally occur in sand

channel streams of arid to semiarid areas. In humid areas, lush vege

tation, which encourages accretion of fine sediment sizes to bank 

material, induces channel stability. Low discharge variability, as 

shown by springs and regulated streams, generally results in low values 

of instability. 

Utility of the multiple-regression equation includes estimation 

of discharge from ungaged basins, and prediction of short-term changes 

in channel morphology resulting from altered supplies of water or 

sediment. Isolation of the influence of sediment on the width-discharge 

relation also permits consideration of the effects of other variables 

on channel shape. 



INTRODUCTION 

Of the goals of geomorphology, an understanding of the inter

related variables, processes, and dynamics that determine the morphol

ogy and position of alluvial stream channels remains among the most 

elusive. Fluvial processes are characterized, possibly without exces-

sive exaggeration, by Shelton (1966, p. 146): 

The interplay of such variables as discharge, velocity, tur
bulence, shape and roughness of channel, quantity of load and 
the sizes and shapes and proportions of the different kinds 
of particles, the ways in which these change downstream, and 
even the effect of the rotation of the earth, is so intricate 
and difficult to study that so far it has defied complete 
analysis by man. 

The study described herein does not presume to solve problems of in

finite complexity -- problems defying human analysis. Rather, it pro

fesses to inch closer to a goal, which is considered obtainable, by 

providing data and observations pertinent to several specific aspects 

of the total problem. 

Background Statement 

The adage that streams are the authors of their channels is 

probably as old as the concept of geomorphology. Only during the last 

30 years, however, has considerable attention been given to the rela-

tion between discharge and the parameters of width, depth, and velocity 

of natural alluvial stream channels. It has been during that period 

that quantitative methods have been developed to relate flow character-

istics to parameters of channel size. The influence on channel 

1 



morphology of the sediment transported by a stream also has long been 

recognized, but only limited attention by geomorphologists, mostly 

during the last 20 years, has been given to the quantitative manner by 

which sediment helps control channel shape. 

This study was designed to demonstrate that the cross-sectional 

shapes of alluvial stream channels vary in a predictable manner with 

the caliber of the sediment transported by the stream. Furthermore, 

the variation can be described mathematically, although other variables 

generally can alter the sediment and channel-morphology relation. Like 

most studies, this one relies heavily on the work that has preceded it. 

It differs from past work by considering the correspondence of width 

and discharge before introducing sediment differences as a third vari

able. 

Initial Assumptions and Scope 

The central, data-based part of this report requires several 

initial assumptions that to a degree also may be considered hypotheses 

of the study. In proper order, these assumptions signify the basic 

structure for much of the study. It is assumed first that if, in a 

data set, all variables of potential influence to channel width other 

than discharge are held constant, a power-function relation exists 

between corresponding values of width and discharge. Demonstration of 

a power-function relation, which is indicative of allometric change 

(Bull, 1975, p. 1490), may be possible only by empirical means; numer

ous studies of the past few decades, however, indicate the assumption 

is reasonable. Definition of the power-function relation leads to a 
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second assumption, that a third variable, sediment type, affects the 

width-discharge relation in a predictable manner. The major goal of 

this paper is to provide support for the validity of this assumption, 

and to describe the predictability in a quantitative manner. 

The last two assumptions or hypotheses expand on the second, 

although the relationships to it are not immediately obvious. It is 

assumed that channel widths do not fluctuate about a central or equi

librium width, but that they normally maintain widths in excess of what 

might be defined as an equilibrium condition. Excepting abnormal sit

uations and brief periods of flooding, therefore, channel widths are 

always either essentially static or actively narrowing. Lastly, it is 

proposed that the degree to which a channel width varies from equilib

rium can be described quantitatively; the amount of deviation, in turn, 

is defined to be a measure of channel instability. 

The principal goals of the study are not to prove the above 

assumptions, but to demonstrate empirically that they are reasonable 

and of probable validity. Only channels of perennial streams are con

sidered, although it would be equally significant to determine the 

control that sediment exerts on the geometry of ephemeral channels. 

The manner in which other variables affect the width-discharge relation 

is also considered, but not nearly to the same degree as is sediment. 

3 

An ultimate objective of the study would be an increased understanding 

of the changes in fluvial-sediment processes that occur as a consequence 

of man's activities -- changes due to land-use practices, stream regu

lation and sediment-load reduction by dam construction, or channel 



modification by such practices as solid-waste disposal and dredging 

for sand and gravel. This topic is largely beyond the scope of the 

present study, however, and therefore only limited discussion is pro

vided, mostly near the end of the paper. 

4 

Data used in this report were collected by the writer and others 

from streams in several western states (fig. 1, in pocket). Many of the 

channel-geometry measurements and sediment samples were obtained and 

analyzed by the writer, but many others were collected by other 

hydrologists. Most of the data not gathered specifically for this study 

were taken from various published reports. A majority of the measure

ment and sampling sites were at U. S. Geological Survey stream-gaging 

stations having 10 years or more of discharge records. For most sites, 

therefore, average or mean annual discharge is known with reasonable 

accuracy. 



LITERATURE REVIEW 

Literature pertinent to this report can be separated into two 

general categories: papers that relate streamflow characteristics to 

properties of channel cross sections, and papers that relate sediment 

characteristics to properties of channel cross sections. The present 

paper differs from earlier studies by combining results of both cate

gories. 

Streamflow Papers 

Among the early papers dealing with the effect of discharge on 

channel shape in the downstream direction, an article by Kennedy (1895) 

empirically defined the critical velocity and limiting depth at which 

threshold bank erosion will occur. The data for the study were col

lected from canals in India and Pakistan, but results later were applied 

to natural stream channels. The article is of interest here because it 

provided the original regime concept -- the equilibrium conditions 

necessary for no net erosion or deposition. It did not consider specif

ically the manner in which streamflow or sediment controls the cross

sectional shape of a channel. Expanding on the work of Kennedy (1895), 

Lacey (1930) proposed a power-function equation for the width-discharge 

relation in the downstream direction that was based on data from both 

natural channels and canals. Among the channels considered were those 

of deltaic distributaries, which differ from other channels owing to 

tidal effects. 

5 
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Though not the first to apply the regime concept to rivers, 

Leopold and Maddock (1953) published the first widely accepted, bench

mark paper of the association between perennial discharge and channel 

properties. They established power-function relations between mean 

discharge and the parameters width, depth, and velocity. From a geo

morphic viewpoint, a shortcoming of the study by Leopold and Maddock 

(1953), and of several other papers, was the lack of an observable datum 

from which channel width and depth could be measured. Instead, measure

ments were related to an abstract reference level, that of the water 

surface at mean discharge. A study of the Brandywine Creek drainage, 

Pennsylvania, by Wolman (1955) reduced the problem by use of measure

ments determined for bankfull stage, a readily observable feature in 

that drainage basin. Other hydrologists in England and Wales (Nixon, 

1959), central Pennsylvania (Brush, 1961), Illinois (Stall and Fok, 

1968), Alaska (Emmett, 1972), and elsewhere, made similar measurements 

at bankfull stage. Bankfull stage at many streams, however, is diffi

cult to define. Variations often occur in the downstream direction, and 

the opposite banks of some streams are at different levels. For these 

reasons, definition of bankfull stage is particularly difficult in arid 

regions and where channel entrenchment has occurred. Thus, the problem 

of relating channel characteristics to a standard, observable datum had 

been only partially solved. 

From 1953 to 1966 and beyond, many workers, intrigued by the 

hydraulic-geometry concept, tested the original downstream exponents 

published by Leopold and Maddock (1953) in their power-function 



relations. Besides various exponent values proposed for the so-called 

bankfull stage, the literature contained other values determined for 

mean discharge, equilibrium, or a given recurrence interval (Leopold 

and Miller, 1956; Simons and Albertson, 1960; Kellerhals, 1967), and 

some determined from theoretical considerations (Leopold and Langbein, 

1962; Langbein, 1965; Engelund and Hansen, 1967). Although inevitable 

variation in the exponent values resulted from the different studies, 

only a few (Brush, 1961; Mackin, 1963; Carlston, 1969) seriously chal

lenged the original work of Leopold and Maddock (1953). 
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In 1966, at the suggestion of W. B. Langbein, attention within 

the U. S. Geological Survey was turned to in-channel reference levels 

for hydraulic-geometry measurement. Langbein possibly recognized that 

active, short-term geomorphic features might be identifiable in all 

stream channels, and that they are indicative of very recent rather 

than historic stream dynamics. The suggestion was advanced as a 

possible means of estimating flow characteristics from ungaged basins; 

the intent was to determine discharge from channel characteristics, 

instead of treating the channel forms, such as bankfull stage, as the 

dependent variable. The first paper employing this suggestion was by 

Moore (1968), who estimated mean runoff from Nevada basins on the basis 

of channel width and average depth measured from the top edge of in

channel bars. The bars were regarded as the highest channel features 

subject to annual bed-material movement, and the lowest prominent bed 

forms. The same technique was used in California by Hedman (1970), in 

western Georgia, U.S.S.R., by Kopaliani and Romashin (1970), in Kansas 



by Hedman and Kastner (1972), in Colorado by Hedman, Moore, and 

Livingston (1972), and in New England by DeWa1le and Rango (1972). 

8 

Experience has shown, however, that measurements based on bar 

geometry are subject to the same problem as is the bankfull stage of 

Wolman (1955) -- the lack of a universally recognizable datum. Many 

sluggish streams, for example, that have a well defined bankfull stage 

do not exhibit bar geometry. An alternative in-channel reference level, 

therefore, was proposed by Hedman, Kastner, and Hej1 (1974). They 

termed the reference level the active channel, and described it as 

"the lower part of the channel entrenchment in the flood plain that is 

actively involved in the transportation of water and sediment during 

the usual regime of a stream" (Hedman, Kastner, and Hej1, 1974, p. 3). 

The limits of the active channel are identified by an abrupt break in 

slope of the channel banks (fig. 2). The lower limit of permanent 

vegetation generally extends down to the break in bank slope, and 

thereby provides a reference level in channel reaches where bank cohe

siveness is too low to maintain a clearly defined break in slope. For 

many mountain streams and streams of the eastern United States, the 

active-channel datum approximates the bankfull stage of Wolman (1955), 

but in the entrenched channels of the midwest it is commonly 5 or 10 

feet (about 1.5 to 3 m) lower than the main flood-plain level (FM of 

fig. 2). The upper limit of the active channel for many streams of the 

western United States is marked by the lowermost riparian vegetation. 

Several other papers are noteworthy because they relate specific 

aspects of streamflow to channel morphology. A study by Schumm and 





Lichty (1963) correlated changes in the channel width of the Cimarron 

River in southwestern Kansas to the occurrences of major flood events. 

By use of old records and photographs, they showed that between 1914 

and 1942, a period including at least four major flood events, the 

Cimarron River changed from a narrow, meandering stream, to a very 

broad, shallow, and generally straight stream; between 1942 and 1960, 

10 

a period having only one significant flood, flood-plain construction 

and channel narrowing occurred (Schumm and Lichty, 1963). Unfor

tunately, the study included no collection or analysis of bed- or bank

material data. 

A study similar to that of Schumm and Lichty (1963) was de

scribed by Burkham (1972). Changes in channel width of the Gila River 

in Safford Valley, Arizona, were related to the occurrence of floods as 

well as changes in riparian vegetation during the period 1846 to 1970. 

Like the Cimarron River of Kansas, the channel of the Gila River was 

relatively narrow and meandering prior to 1900; large winter floods 

from 1905 to 1917 straightened the channel, widened it, and destroyed 

flood-plain vegetation. Between 1918 and 1970 the Gila River channel 

in Safford Valley narrowed and increased in sinuosity (Burkham, 1972, 

p. 22-23). A subsequent report (Burkham, in press) proposes that 

channel morphology is the result of conditions recently imposed on the 

stream; the rapidity with which morphology changes is dependent on the 

manner in which the discharge conditions of water and sediment change. 

A final paper pertinent to a literature review of discharge and 

channel-shape relations is by Gregory and Park (1974). They reported 
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that since closure in 1959 of the Chatworthy reservoir in southwest 

England, the channel capacity of the River Tone downstream from the dam 

has decreased by up to 54 percent. A cause of the lowered capacity is 

not proposed, but peak discharges below the dam are reported to have 

been reduced by 40 percent since dam construction. 

In this resume of the literature dealing with correlations 

between discharge and channel parameters, not all papers, of course, 

have been mentioned. Owing to current interest in channel-geometry 

techniques of estimating flow characteristics from ungaged basins, many 

more papers of this topic are likely to be published in the near future. 

Currently studies and papers by personnel of the U. S. Geological Survey 

are in progress concerning the channel geometry of streams in several 

areas including Alaska (J. M. Childers), New Mexico (A. G. Scott and 

J. L. Kunkler), and the entire Missouri River basin (E. R. Hedman and 

W. M. Kastner; W. R. Osterkamp). 

Sediment Papers 

Literature relating sediment characteristics to properties of 

channel morphology is much less extensive than for that of streamflow 

characteristics, and much of what has been published concerns parameters 

of meandering rather than channel cross sections. Until about 1955 

sediment studies were largely by engineers investigating the physics 

and hydraulics of sediment transport; geomorphic approaches had not 

been tested. As noted by Maddock (1973, p. 1929): "It is ... unfor

tunate that studies of channel equilibrium, which were nearly all in 
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sand-bedded streams, ignored for a long period of time the influence of 

sediment concentration and size on channel width, depth, velocity, and 

slope. 1I That the influence of sediment on channel parameters was 

ignored, however, is logical as well as unfortunate. Geomorphologists 

have not had the necessary skills to isolate the effects of sediment 

from the "almost infinite complexity" exhibited by stream channels. 

To reduce complicating variables, therefore, several of the 

first quantitative studies relating sediment characteristics to prop

erties of channel cross sections employed flumes. Representative of 

studies comparing data collected from equilibrium channels developed in 

flumes to natural alluvial channels are those of Leopold and Wolman 

(1957), Wolman and Brush (1961), and Schumm and Khan (1972). Although 

the flume studies have yielded beneficial information, comparisons to 

natural stream channels are of limited applicability. Most flume 

studies have been conducted at steady discharge or a narrow range of 

discharges relative to natural conditions, grading of sediment sizes 

necessarily has been limited, and bank vegetation has not been present. 

The first of a sequence of papers relating the shape of alluvial 

channels to sediment type was published by Schumm (1960). The basic 

proposal of that paper was that a power-function relation exists between 

a weighted mean percentage of bed and bank silt-clay and the width

depth ratio of the stream. Discharge was not considered, but was intro

duced indirectly by use of the width-depth ratio. The power-function 

relation that Schumm (1960) developed showed a standard error of 0.202 

log units (average 48 percent), but did not include data for 11 
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gravel-bed streams and 10 streams determined to be unstable. Data used 

in the regression analysis were collected mainly from streams of low to 

moderate gradient draining areas of arid and semiarid climate; many of 

the sampled streams had sand beds and showed poor pool-riffle develop

ment. In a succeeding paper (Schumm, 1963), the relation between 

weighted silt-clay percentages and width-depth ratios was used to 

explain variations in sinuosity of alluvial streams of the Great Plains. 

As in his earlier study (Schumm, 1960), discharge was not considered 

directly. A third paper of note (Schumm, 1968), employed the results 

of the Great Plains study (Schumm, 1963) to analyze the paleohydrology 

of a river system in Australia. This paper provided a basis of pre

diction of the changes in morphology that might occur as a result of a 

significant change in the regimen of sediment transport of a stream, 

whether natural or induced. Again. however. little attention was given 

to water discharge except for its relation to meander wavelength. 
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ACTIVE-CHANNEL GEOMETRY 

In the study described here, the active-channel reference level 

is the basis of all channel-geometry measurements. In the preceding 

literature review, the development of thought in relating channel shape 

to discharge characteristics was emphasized because consistency in 

techniques of channel measurement has been conspicuously absent during 

at least the last 30 years. A wide range of climatic and geologic 

environments are represented by the sites that were measured and sampled 

for this study (fig. 1), and use of a suitable measurement technique was 

therefore considered necessary. It is suggested that the active-channel 

reference level fulfills this requirement. 

Definition and Utility 

Casual observation can demonstrate that a wide variety of 

natural alluvial-channel cross sections exist. Most channel sections, 

however, can be visualized as roughly conforming to an idealized shape 

having (1) a horizontal to subhorizontal bed upon which water flows at 

normal stages, (2) two relatively steeply sloping banks that contain 

the water and extend from the edges of the bed upward above the water 

surface, and (3) two gently sloping surfaces, the active flood plain, 

beyond the banks (figs. 2, 3, 4, 5, and 6). Depending on the geomorphic 

history of the stream, additional surfaces of various slopes repre

senting a main flood plain, terraces, entrenchment, or colluvial 

deposition may occur above and beyond the active flood-plain surfaces. 

14 



Figure 3. Poplar River near Poplar, Montana 

The active-channel reference level, represented in section A 
figure 2, is app oximated by the tape. The man is sitting on a poorly 
developed active flood plain (FA of fig. 2) below which the active
channel bank is nearly vertical. 

15 
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Figure 4. Waubonsie Cree near Bartlett Iowa 

The active-channel level as indicated in section B of figure 2 
is well below the level of ban full stage (scarp in upper left of 
photograph). 



Figure 5. Soldier Creek near Soldier, Kansas 

This stream shown as section C of figure 2 is subject to 
flashy discharge resulting in poorly defined active-channel edges. 

17 
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Figure 6. Moreau River near Faith South Da ota 

The active-channel and ban full refe ence levels for this wide, 
sandy stream (06359500 of fig. 1) are probably the same (shown as 
section 0 of fig. 2). 
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Ideally, the break in slope between the banks and active flood-plain 

surfaces is distinct, although the bank slope of a well defined active 

channel can vary from nearly vertical to 20 degrees or slightly less. 

The active flood plain and higher surfaces of stable sections commonly 

support perennial vegetation, and thus the definitive break in slope 

generally occurs at the lower limit of permanent vegetation (Hedman, 

Kastner, and Hejl, 1974, p. 3). In most instances, the stabilizing 

influence of the vegetation is a principal cause of the break in slope. 

Sections A, B, C, and D of figure 2 are representations of 

different active-channel shapes, those of figures 3, 4, 5, and 6, 

respectively. Section A typifies streams with beds of coarse sand and 

gravel; the banks are sandy and are stabilized by grasses and forbs. 

Section 8, and figure 4, illustrate a midwestern stream (06806000 of 

fig. 1) entrenched in loess deposits. The bed material ;s mostly fine 

sand, and the banks are highly silty. Bankfull stage for streams of 

this sort might be judged much higher than the active-channel reference 

level. The channel of section C is also entrenched, but different 

geologic conditions and discharge variability from those of section 8 

result in a wider active channel and entrenchment relative to discharge. 

The bank material is fine grained, but the bed material is mostly sand 

and gravel derived from glacial till. Section D, like section A, has 

a sandy channel but unlike section A, the active-channel sides are not 

well developed and stable. Discharge is flashy, which probably results 

in channel widening and a deficiency of perennial vegetation along the 

channel sides. Widths measured at bankfull stage and the active-channel 
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reference level would probably be similar for the streams of sections A 

and D (figs. 2, 5, and 6). 

The active-channel reference level, that is the break in slope 

between the bank and active flood plain (fig. 2), defines the upper 

limit for which a channel section is actively if not totally sculptured 

by the normal process of water and sediment discharge. Higher surfaces 

are indicative of variations in vegetation, flood discharges, and 

previous geomorphic events or processes, and therefore they cannot be 

reliably correlated with the present regime of a stream. In Kansas, 

for example, discharge in a variety of perennial streams was confined 

to the active channel an average of 93 percent of the time (Hedman, 

Kastner, and Hejl, 1974, p. 3). Thus, the active channel of perennial 

streams is affected by water and sediment discharge continuously, but 

channel features at higher levels are affected by flow durations of 

about 7 percent or less. 

Experience has shown that a site for active-channel measurement 

should be selected with care. If possible, measurement should be made 

in the narrowest and straightest reaches that persist in this manner 

for at least several channel widths. Averaging of measurements from 

several cross sections in the same reach is advisable. Sites for 

measurements and sampling should be avoided if bedrock is exposed in 

the channel section, or if bank instability is apparent in or directly 

above the active-channel section. Sites should also be rejected if any 

scouring or recent deposition has resulted from flow around sharp bends 

or channel obstructions such as logs or colluvial boulders, or if man 
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has altered the active-channel section in any way, such as by bulldozing 

or placement of riprap. Reaches that include high-discharge cut-off 

channels or split channels should be avoided. If a stream has moder

ately to well developed pool-riffle sequences, sampling and measurements 

preferably should be taken from a generally straight reach intermediate 

between the two but in proximity to a riffle. 

This definition of the active-channel, with practical limi

tations on site selection, permits a standardization of channel cross

section measurements for nearly all perennial alluvial streams. For 

many streams, it coincides with Wolman's (1955) bankfull stage. For 

others, such as various streams entrenching outcrop areas of Pierre 

Shale, for example, it prescribes a reference level significantly lower 

than bankfull. Where a bankfull stage cannot be identified, such as 

in many sand-channel reaches of semiarid regions, the definition directs 

attention to a vegetative level and possibly, therefore, subtle breaks 

in bank slope. Unlike the depositional-bar level, the active-channel 

datum occurs at all perennial streams, and generally it is observable 

above water level. For these reasons, but principally because of its 

dependence on typical flow rates, the active-channel reference level 

of Hedman, Kastner, and Hej1 (1974) was used for measurements of channel 

morphology in this study. 

The adaptability of the approach to most natural or altered 

channels, and its capacity for standardization, are features that are 

nearly imperative for a study that covers an area of diverse climatic 

and geologic conditions. In 1974, a test was conducted in northern 



Wyoming that included stream channels of diverse climatic and geologic 

conditions. Seven hydrologists or pairs of hydrologists, several of 

whom were not experienced with the active-channel reference level, 

participated. Sites at 22 channels ranging from high-mountain streams 

to highly ephemeral washes of the Powder River basin (fig. 1) were 

measured for active-channel width by the participants. The standard 

deviation of the measurements was 0.0793 log units (average standard 

error 18 percent), which was lower than for widths measured at other 

reference levels during the same test (K. L. Wahl, Hydrol., U. S. 

Geol. Survey, written commun., 1975). 

Significance of Active-Channel Processes to Bank Erosion 
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Geomorphic processes that occur at levels above the active 

channel are not considered, for the most part, in this paper. The 

active channel of a perennial stream, however, is a product of contin

uous discharge of water and sediment yielded from the hillslope sub

system of a basin, and therefore active-channel processes cannot be 

separated completely from flood-plain or hillslope processes. Strahler, 

for example, suggests that in fluvial-denudation studies, the entire 

profile from stream to divide should be analyzed (Strahler, 1968, 

p. 998-999). The effects of geomorphically significant events that 

occur in a basin must eventually be transmitted in some manner to the 

stream below. Similarly, changes in the regimen of the active channel 

must eventually modify higher slopes or surfaces. It is suggested, 

therefore, that an understanding of active-channel processes can benefit 

flood-plain and hillslope studies. 
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Examples of the importance of active-channel processes to flood

plain or hi11s1ope morphology are easily cited. As shown by a number 

of workers (Dury, 1964; Hack, 1965; Schumm, 1968), changes in discharge 

regimen can alter meander patterns and flood plains. The rate at which 

debris is removed from the foot of a hi11s1ope helps determine the 

hillslope form. Lateral movement of a channel can produce unstable 

cutbanks in alluvium, moderately stable bluffs as in limestone, or 

various sorts of mass wasting. Wolman and Miller (1960) demonstrated 

that infrequently occurring geomorphic events, in this case floods, have 

less total effect on the landscape than do the frequent or continuously 

occurring events. The active channel of a perennial stream, hence the 

landscape features influenced by the active channel, is shaped by the 

nearly continuous processes that they found to be important. 

Variables and Processes of Channel Morphology 

The work of Kennedy (1895), Lacey (1930), and Leopold and 

Maddock (1953), among others, has demonstrated a correlation between 

width and discharge for the downstream direction in both natural and 

man-made channels. These same authors, and others, have also identified 

sediment transport as a variable affecting the width-discharge relation, 

but no one yet has defined a quantitative influence. Other variables 

alter the relation, but none are as easily measured and perhaps as 

significant as the sediment character of the bed and banks. 



24 

Average or Typical Discharge 

Discharge is probably the most studied and generally significant 

of the variables affecting channel size. That power-function relations 

occur between parameters of discharge and width or depth in the down

stream direction is well accepted. The specific form of the regression 

or power-function equations, however, vary with the author. Most 

published equations associate channel width to discharge and have, or 

can be converted to, the general form: Q = a wb where Q and Ware 

defined measurements of discharge and width. Width is shown here as 

the independent variable because normally it is measured as a means of 

estimating discharge. The coefficient, a, depends on the units used, 

and for convenience can be considered a function of the variables that 

affect the width-discharge relation. If other variables are held con

stant, therefore, the exponent, b, is a function of the discharge para

meter only, and can be assumed constant. A listing of "downstream" b 

values taken from the literature shows that most range between 1.5 and 

2.0 (table 1). Thus, agreement has not yet been reached on the form of 

the power-function relation between width and discharge. 

Most of the exponents listed in table 1 correlate mean or bank

full discharge to a width measured at the active-channel reference level 

or the water surface at mean or bankfull discharge. Ideally, the width 

and discharge should be measured at the same stage, but commonly active

channel widths are regressed with mean discharge. The inherent error 

caused by using mean discharge, however, is probably small, because the 

flow durations represented by mean discharge and the active-channel 
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TABLE 1 

VALUES OF "b" BY VARIOUS WORKERS FOR EQUATION Q = a Wb 

Source Area "b" Basis of Q Basis of W 

Leopold and 
Maddock (1953) United States 2. Mean Mean Q 

Wolman (1955 ) Pennsylvania 1.8 50% duration Bankfull Q 

Wolman (1955 ) Pennsylvania 1.7 2% duration Bankfull Q 

Leopold and 
Variab1eY Variab1eY Miller (1956)x New Mexico 2.0 

Nixon (1959 ) England and 
Wales 1.9 Bankfull Bankfull Q 

Brush ( 1961) Pennsylvania 1.8 Bankfull Bankfull 0 

Sta 11 and 
Fok (1968) III inois 2. 1 Variable Variable 

Emmett (1972) Alaska 2.0 Bankfull Bankfull Q 

Moore (1968) Nevada 1. 55 Mean Oep. barz 

Hedman (1970) Ca 1 Horni a 1. 54 Mean Oep. barz 

Hedman and Kastner 
barz (1972 ) Kansas 1.45 Mean Oep. 

Hedman, Moore and 
barz Li vi ngston (1972) Colorado 1. 96 Mean Oep. 

Hedman, Moore and 
Z Livingston (1972 ) Colorado 1.80 2-yr flood Oep. bar 

OeWalle and 
barz Rango (1972) New England 1.46 2.33-yr flood Oep. 
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TABLE l--Continued 

Source Area "b" Basis of Q Basis of W 

Hedman, Kastner 
and Hejl (1974) Kansas 1.88 Mean Active ch. 

Hedman, Ka s tner 
and Hejl (1974) Kansas 1.41 2-yr flood Active ch. 

Osterkamp and Hedman 
(unpublished) Rocky Mountains 1.98 Mean Active ch. 

x For ephemeral streams 

y Measurements dependent on stage and discharge 

z In-channel feature of the depositional bar 

stage are similar. For perennial streams of Kansas, mean discharge 

corresponds to flow durations averaging about 15 percent and stages 

slightly lower than the active-channel stage. In practice, use of mean 

discharge to define a relation with width is preferable to other flow 

rates because it has greater utility than other measures of discharge 

and is a readily available quantity for many gaging stations. 

Geology and Sediment Supply 

The second primary variable of channel morphology generally is 

regarded to be the sediment transported by a stream. Neglecting eolian 

processes, the sediment in transport is in part a direct result of the 

surficial geology of a basin. Sand-bed channels occur in basins of 

sandstone outcroppings, and silty channels commonly are found in streams 

flowing across marine shale. It long has been known that the sandy 
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streams tend to be wide and shallow, and the silty streams tend to be 

narrow and deep. Except for the study of channels in semiarid parts of 

the United States by Schumm (1960), however, little quantitative work 

relating sediment characteristics to the geometry of natural alluvial 

stream channels has been published. 

Sediment characteristics cannot easily be separated from varia

tions in discharge. High flows tend to widen active channels and all 

other discharges tend to narrow them. Narrowing occurs by a process 

of accretion. The active-channel sides are extended inward, probably 

by the steady addition of suspended sediment to the banks. When little 

silt and clay are available for fluvial transport, as in the Sand Hills 

of central Nebraska, active-channel banks contain relatively high 

percentages of poorly cohesive fine sand. The sandy banks result 

from limited capacity for accretion; the lack of cohesiveness permits 

easy enlargement of the channels by high flows. Consequently, the 

channels of the Sand Hills are wide relative to most perennial streams. 

Similarly, if a flood has greatly widened an active channel of a stream 

with a well graded sediment supply (variable geology in the basin), 

reconstruction of the active channel is slow and difficult. The 

flooding dislodges and removes most fine-grained alluvium, leaving an 

abundance of available coarse material for transport as bed load, but 

little fine material for suspended load. 

The process by which banks are built inward by cohesion of 

suspended-sediment particles generally results in large differences 

between particle sizes of bed and bank material. Banks normally contain 
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high silt-clay percentages, reflecting predominantly fine particle sizes 

suspended in typical discharges. Bed material, however, tends to be 

winnowed of fines, leaving relatively coarse sizes. For most active

channel sections, therefore, there is a marked difference in silt-clay 

percentages between bed and bank material. As demonstrated by Schumm 

(1960), the magnitude of the difference can be correlated with channel 

shape. 

When destructive flooding has widened a channel, the rapidity 

with which healing or active-channel reconstruction occurs depends in 

large part on the availability of fine particle sizes. In western Iowa 

accretion of the banks of recently widened channels occurs rapidly. In 

that area streams dissect loess deposits and transport high concen

trations of suspended sediment. The abundant fine material is readily 

added to the banks. If concentrations of suspended sediment are low, 

however, flood-plain reconstruction and channel narrowing are slow. 

Figure 7 shows the active channel of Plum Creek near Louviers, Colorado, 

in 1975 (06709500 of fig. 1). Major flooding occurred there in 1965 

and caused the extremely wide and sandy channel. Relative to streams 

of western Iowa, suspended-sediment concentrations in Plum Creek are 

very low and virtually no channel narrowing has occurred since the 

flood. Even when the suspended load is extremely low, however, rela

tively narrow, stable channels can form if the discharge is very stable. 

Flow rates of large springs in southern Missouri are steady and vir

tually no suspended sediment is discharged. The channels of most 

springs are thought to have widths comparable to other streams of 



Figure 7. Plum Creek near Louviers, Colorado 

The active-channel which extends to the cutban , was greatly 
widened by flooding of 1965. Lack of fine-grained sediment and 
inability of vegetation to become re-established has prevented 
significant narrowing since the flood. 
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similar discharge. Eolian processes and slope wash from above are 

possibly important factors for bank accretion downstream from springs 

and along streams of similarly low sediment discharge. 

Other Variables of Channel Morphology 
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The wide channels of streams in the Sand Hills of Nebraska 

result largely from availability of sediment in a narrow size range 

mostly fine- to medium-grained sand. Nevertheless, the streams have 

well formed active-channel banks with sufficient silt and clay to 

produce weak cohesion and moderate stability. The presence of bank 

vegetation in the Sand Hills and elsewhere produces organic content and 

cohesiveness that, in some cases, is more effective in controlling bank 

erosion than is a high silt-clay proportion. As a community of riparian 

vegetation becomes older and better established, it provides increas

ingly greater stability to the active channel. Thus, there appears to 

be a general tendency for streams of humid areas to be narrower than 

those of arid regions. In the Sand Hills the banks are much sandier 

than at most other streams, but vigorous riparian vegetation provides 

sufficient bank cohesion that the streams of the area are not exces

sively wide. 

Streams of steady discharge, ones which rarely if ever have 

destructive floods, cannot be widened excessively by natural processes. 

If the streams of the Sand Hills were subject to flooding, channel 

widths would be greater than they are; during floods the bank vege

tation would be inadequate to hold the sandy banks intact. Discharge 

of streams in central Nebraska, however, is very stable. Almost no 
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flow occurs as direct runoff. Instead, virtually all precipitation 

infiltrates the highly permeable dune-sand deposits of the area, and 

the water is discharged as base flow. The lack of high flow rates 

provides opportunity for vegetation to become well established without 

being ripped out periodically. The opposite is true for basins with 

soils of low permeability. Runoff can be flashy, causing flooding very 

destructive to banks and bank vegetation. Hence, the variability of 

stream discharge is a determinant of active-channel width. More 

specifically, channel width is dependent on the amount of time elapsed 

since the last destructive flood. 

Figure 8, which is based on the work of Burkham (1970, 1972), 

is an interpretation of the manner in which the average channel width 

of four parts of a reach of the Gila River in Safford Valley, Arizona, 

varied from 1875 to 1968. The subreaches are lettered in downstream 

order and range in length from about 6 (0) to 20 miles (B) (about 10 

to 32 km). The data upon which the interpretations are based show a 

consistent pattern of increased width following major flood events, and 

channel narrowing during periods without notable floodings (fig. 8). 

The upper subreaches, A and B, show the greatest widening, possibly 

because transmission losses of flood peaks resulted in less destructive 

discharges in the downstream subreaches. The greatest average widths 

occurred in the period from 1905 to perhaps 1925. Although extra

ordinary widening did not result during the flood of 1891, that event 

probably destroyed enough flood-plain vegetation that the flood of 1905, 

of similar magnitude, caused extensive widening. Further widening by 
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Figure 8. Changes of Channel Width, Gila River, Safford Valley, 
Arizona, 1875-1968 

Data points show average channel widths of adjacent subreaches, 
Gila River near Safford, Arizona, 1875 to 1968 (Burkham, 1972, p. 5). 
Approximate discharges of the major floods of the period are given for 
the appropriate years (Burkham, 1970, p. 21-30). Lines are interpre
tations of the changes of width with time, and the effect of floods, at 
the four subreaches. 
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succeeding floods in 1914, 1915, and 1916, probably was minor because 

those events were of less discharge, and the capacity for additional 

width may have been small owing to topography. Figure 8 of this paper 

differs from a similar graph by Burkham (1972, pl. 3) in two main 

respects. First, simply for the purpose of illustration, interpreta

tions of width changes with time are given for all four reaches for the 

period 1907 to 1917, although the limited data do not justify such 

interpretations. A more significant difference is the manner in which 

narrowing begins immediately after widening, and decreases in intensity 

with time, analogously to a decay curve. Observations for this study 

at the Plum Creek station (fig. 7) indicate that major flooding on 

sand-bed streams in arid areas causes widening that cannot quickly 

heal. Possibly reconstruction of a flood plain and active-channel 

morphology cannot begin until the stream has replaced a portion of the 

fine-grained alluvium lost during the flood. It appears that only 

recently has there been sufficient replacement of fine material along 

Plum Creek that significant channel narrowing might begin. Narrowing, 

which has not occurred measurably in the decade following the flood, 

may be very rapid in coming years. It is inferred that similar initial 

delays, followed by rapid healing, have occurred in the Gila River 

(fig. 8). 

However narrowing may proceed, the Gila River data (Burkham, 

1970, 1972) demonstrate the likelihood that widening is caused by 

floods, and at almost all other times there is at least a tendency 

towards narrowing. From his experiences of the Gila River study, 



Burkham (written commun., 1976) feels that: "Each flood caused the 

stream channel to widen; between periods of flooding, rapid healing 
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of the stream channel began". Relating widths of a channel to time and 

magnitude of destructive floods does, of course, oversimplify the 

conditions that prevailed during the period, but the correlation of 

widening and narrowing with occurrences of major floods seems apparent. 

The channel widths of subreaches A and B of the Gila River 

represented in figure 8 in no case are less than 135 feet (41 m). In 

the Sand Hills of Nebraska a stream of similar discharge probably would 

have an active channel about 100 feet (30 m) in width. It is inferred 

that differences in riparian vegetation, resulting probably from dif

ferent climates, are a principal cause for the very wide, unstable 

channel of the Gila River. The banks of streams in relatively hot, dry 

regions, such as the southwestern United States, seem less able to 

support lush, stabilizing vegetation than are areas of more temperate 

climate. Where southwestern streams are influent and phreatophytes 

are sparse or lacking, alluvial channels tend to be much wider than 

streams of similar discharge elsewhere. Ephemeral channels, in par

ticular, of the arid southwest are commonly very wide (Scott and 

Kunkler, in press). It is assumed that depth to the zone of saturation, 

therefore, can be an important influence on bank vegetation and thus 

active-channel morphology. 

Channel gradient generally is regarded to be a variable depen

dent principally on discharge and sediment load. In mountainous or 

other areas where average basin slope is high, channel gradient is often 



an independent variable of the channel geometry. Roughness in high

gradient, alluvial channels is normally very high; colluvial cobbles 

and boulders are common in the streams, and average particle size of 

bed material is large. At most flow rates, the cobbles and boulders 

are immovable. They provide armoring, which to hydraulic engineers is 

a well known sorting process in gravel-bed streams, both for the bed, 

and the banks. The armoring or natural riprap that typically forms 

active-channel banks along high-gradient streams provides sheltered 

crevasses in which fine-grained sediment can collect and support 

vegetation. Rather than being a variable of channel morphology, 

therefore, high gradients determine a specific sediment type that 

should be included in quantitative relations considering variation of 

channel size with caliber of bed and bank material. 
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Like depth to saturation, other variables having a likely 

influence on channel size and shape are actually determinants of 

riparian vigor. In parts of Kansas, for example, some streams receive 

saline seepage as they cross outcroppings of Permian age evaporite 

deposits. The active channels, particularly of small streams, generally 

are wider at the seep than are those immediately upstream from the 

seeps. It is assumed that intolerance by plants to the saline water 

is responsible for the anomalously wide channels. Similarly, Burkham 

(1972, p. 5) gives data showing that dramatic increases in channel 

width occurred in subreach D of the Gila River after saltcedar and 

other flood-plain vegetation were mechanically eradicated in 1966 

(fig. 8). 



36 

Some streams, particularly in limestone terrain, have an active 

channel wider than discharge and sediment conditions would indicate. 

The channels incise the bedded rocks and flow either on bare limestone 

or a veneer of alluvium resting on bedrock. It is inferred that the 

inability of the stream to scour effectively at high discharges results 

in greater shear on the banks than would otherwise occur. Hence the 

streams maintain relatively wide active channels. This situation, 

which is typical of small streams in eastern Kansas, Missouri, and 

no doubt other parts of the midwestern United States, illustrates 

that lIall uv ial channel ll is a relative term. In this study, measure

ments at several streams were disregarded because it appeared that 

widths were influenced by bedrock control -- that true alluvial con

ditions did not prevail. 

In this discussion of the variables and processes that affect 

the geometry of active channels, little attempt has been made to support 

some of the ideas expressed. The assumed variables have been proposed 

as the likely controls of active-channel morphology in order that the 

reader fully understands the intent and reasoning of the paper. It 

is not the purpose of this report to present definitive proof for 

several of the assumptions, but data are presented to show that 

discharge and sediment influence channel size and shape in a predictable 

manner. In so doing, evidence, if not proof, inevitably is given also 

in support of the other variables and processes described above. 



TECHNIQUES 

Conventional field, laboratory, and correlation techniques 

were used for the collection and analysis of data in this study. The 

approach of considering the combined effects of discharge and sediment 

characteristics on channel morphology, however, is believed unique. To 

achieve consistent data, field methods were specific and are discussed 

fully. Brief descriptions are given of the laboratory and correlation 

techniques employed. 

The field techniques for both measurement and sampling of the 

active channel evolved as the study progressed, and the relevance of 

bank samples was not appreciated until many streams had been visited. 

Unfortunately, therefore, some early data were necessarily eliminated, 

and the field methods described here for sampling were followed fully 

only during the latter part of field activities. 

Field Methods 

In the section defining the active channel. several criteria 

were given for proper site selection and measurement. In the broad 

sense, the active channel ;s defined at any site exhibiting a break in 

bank slope that approximates the lower limit of permanent vegetation. 

To afford useful data collection, however, a limiting, field-oriented 

definition is required that results in standard procedures of measure

ment and sampling. The precautions previously given were followed to 
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the extent practical when measuring active-channel geometry. Width was 

measured at several places in a short reach to insure consistency, and 

one was selected as representative for depth measurements and sampling. 

Depth below the active-channel reference level was measured at 10 to 15 

evenly spaced verticals along the channel width; the measurements were 

averaged to yield a single value. Cross sections in no case were 

measured if the stage was higher than the top of the active channel. 

All bed- and bank-material samples were collected at the place 

of width and depth measurement. As previously described, a section to 

be sampled was regarded as having a largely horizontal bed upon which 

the water flows, and two vertical to subvertical banks by which the 

water is contained at most stages. A well defined rectangular to 

trapazoidal section is most probable for streams that transport sand 

as bed load and silt and clay as suspended load. Two integrated 

(composite) samples normally were collected at each section -- one 

across the entire width of the channel bed, and one combining sediment 

from each bank to the top of the active channel. Where the channel 

bottom at the sides was gradational with the banks, care was taken not 

to include in either the bed or bank composites material from the 

gradational zone of the channel section. 

At streams that could be waded, the channel bed was sampled 

simply by hand collecting 5 to 10 portions of bed material at equal 

intervals across the width. Each portion was about the same weight, an 

ounce or less, but it appeared useless and generally not feasible to 

try to collect all portions exactly the same size and weight. Only 
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the top few centimeters of the bed were sampled, and for those portions 

of the composite sample collected from parts of the section under water, 

care was exercised to prevent the winnowing of fines from the sediment 

as it was lifted to the surface. The same logic and precautions applied 

when sampling the banks. If the bed and banks graded into each other, 

the gradational parts were not sampled, but portions for the bank com

posites were collected only where the section reasonably could be 

identified as part of the bank. The uppermost portions were collected 

below the lower limit of permanent vegetation or the break in slope 

that identifies the active-channel reference level. During the final 

stages of field work, a separate composite sample was collected for 

each bank, because the sediment characteristics of the two often differ. 

At streams that could not be waded, samples were collected 

from a bridge using a standard bed-material sampler, or from a small 

boat using a sampler improvised for the purpose. Generally, only four 

or five portions for the bed composite were collected from unwadable 

streams owing to the greater difficulty of sample collection. Bank 

samples were collected by hand. 

Of primary importance, bed material in channels of moderate to 

low gradient was sampled to reflect the dominant sediment sizes that 

are transported at other than flood events. A sample collected, 

therefore, at a gravel riffle on an otherwise sand-bed channel was 

considered unrepresentative. For similar reasons, samples were not 

taken from pools or locally scoured reaches, or from sections showing 

evidence of recent but local deposition. Composite portions taken 



with a sampler from a bridge were not collected very near piers, where 

scouring might have affected the sample. 
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Several of the sampling procedures mentioned above did not apply 

well to gravel-bed streams, especially those of mountainous areas. In 

high-energy environments the bed material generally is too coarse to 

be sampled in small amounts. Instead, estimates were made of the 

largest sizes present and the average or dominant size of gravel or 

cobbles. If a bimodel suite of sizes was present (e.g. cobbles and 

coarse sand), a sample of the matrix sand was collected. The banks of 

mountain streams were sampled in a similar manner as other streams. 

If, however, the banks were formed of boulders or cobbles embedded in 

a fine-grained matrix (often highly organic), the matrix material was 

sampled, and the boulders were noted. 

Samples of bed and bank material for total organic-carbon 

analysis were taken at several streams. Procedures for collection of 

these samples were identical to those collected for particle-size 

analysis. 

Laboratory Analyses 

Standard particle-size analyses were performed on the bed- and 

bank-material samples. Initially, weighed samples were separated into 

fractions passing screens of 1.19, 2,4, and 8 mm (millimeters). 

Portions of the pan, or 1.19-mm, fraction were used for analyses of the 

finer sizes. Of each sample, one portion was placed in a visual

accumulation tube to distinguish amounts of sediment finer than 1.0, 

0.5, 0.25, and 0.125 mm in diameter. The other portion was oxidized, 



weighed, stirred with a vibrator, and sieved into fractions greater 

and smaller than the 0.062-mm size. The finest fraction was defined 

to be silt and clay. 
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This procedure for particle-size analyses differs slightly from 

that used by Schumm (1960, p. 18) in his study of the effects of 

sediment types on channel shape. He used a 200-mesh sieve, resulting 

in particle sizes up to 0.074 mm for the silt-clay fraction. In addi

tion, he dispersed the fine material by treatment with sodium hexameta

phosphate, thus breaking down aggregates of silt and clay. Because 

the aggregates can be transported as distinct particles in the natural 

system, it seemed inadvisable to treat samples in a similar manner 

for this study. Some of Schumm's analytical data used in this paper 

have been adjusted to compensate for the differences in laboratory 

techniques. 

Several samples of bed and bank material were collected for 

analysis of total organic carbon. These analyses were conducted by 

personnel of the U. S. Geological Survey Central Laboratory, Salt Lake 

City, Utah. The samples are split into two portions. Total carbon is 

determined for one portion by high-temperature combustion analysis, 

in which all carbon in the sample is converted to carbon dioxide and 

measured. Inorganic carbon in the other portion is determined by 

treatment with hydrochloric acid, heat, and measurement of the carbon 

dioxide evolved. Total organic carbon of the sample is computed as a 

difference between the two measurements (A. M. Diaz, Chemist, U. S. 

Geol. Survey, written commun., 1976). 
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Data Correlation 

All channel-geometry and sediment data collected for this report 

were intended for use in regression analyses. For various reasons some 

data, those from streams of probable bedrock control for example, were 

rejected. All regression equations presented here were developed by 

digital computer at the University of Kansas computer center. 

The regression program that was used for this study is number 

BMD02R of the Biomedical Computer Programs, a series of programs 

developed by the University of California School of Medicine (Dixon, 

1970). The program computes a stepwise succession of multiple linear

regression equations by adding a variable at each step. Several of the 

computer runs made for this study used only one independent variable, 

the active-channel width, and therefore output was simple power

function equations. In other runs a multiple linear-regression equation 

was computed from three independent variables -- width and the sediment 

characteristics of the bed and banks. For multiple regression, the 

first step defines the simple relation with the variable, generally 

channel width, that best correlates with variation of the dependent 

variable, average discharge. Each succeeding step selects and adds 

to the equation the variable producing the greatest reduction in the 

error sum of squares for that step. 

Program output includes the regression equations, residuals, 

and standard errors of estimate. The residuals, the deviation from the 

regression equation of individual values, are of benefit in identifying 

erroneous or anomalous data sets. The standard errors of estimate is 



a measure of the average scatter of the data about the regression 

relations. 
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REGRESSION ANALYSES 

The general approach of this study is to establish a reliable 

relation between active-channel width and average discharge. Much of 

the scatter of points for the width-discharge relation is explained as 

a function of sediment characteristics. In the idealized process of 

regression, remaining scatter is assumed to be the result of improper 

site selection and measurement, and varying degrees of channel insta

bility. Likely causes of instability are discussed for several 

individual channels. 

Variation of Width with Average Discharge 

Like many other relations between two geomorphic variables, it 

is assumed that a simple power-function relation exists between active

channel width and average discharge. This assumption is consistent 

with the empirical results provided in a number of studies (table 1), 

and if accurate, can be cited as an example of static allometric change 

(Bull, 1975, p. 1491). If the concept of allometric change is appli

cable, the active-channel width must increase (or decrease) at a rate 

proportional to some power of the average discharge as it increases 

(or decreases) in the downstream direction. The alternate form, that 

of discharge as a power function of width, would be equally valid, and 

is used in this report. 

Assuming a condition of static allometric change, a quantitative 

expression for the active-channel width (WA) and average-discharge (0) 
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relation in the downstream direction is obtained by following the 

derivation of Bull (1975, p. 1490). If dQ/dl and dWA/dl are the rates 

of change of average discharge and active-channel width with channel 

length (1) in the downstream direction, then the relative rates of 

change can be expressed as: 

dQ/dl dWA/dl 
and 

Q WA 

dQ/dl dWA/dl dQ 1 dW 1 
Therefore: = (b) or -- = (b) --.A 

Q WA dl Q dl WA 

At a specific gaging station, 1 is a parameter, and the equation can 

be regarded as parametric. Hence: 

-= 

Integrating: 

and ln Q + kl = b ln WA + k2 

Letting k2 - kl = ln a: ln Q = ln a + b ln WA 

Taking antilogs yields: Q = a WAb 

Therefore, width and discharge data plotted on logarithmic 

coordinates give a straight-line relation if (1) the allometric

change assumption is valid, and (2) all other variables that might 

affect the relation are held constant. If such a straight-line 
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relation is obtained with minimal scatter of data points, it is inferred 

that both qualifications are reasonably fulfilled, and that a power

funtion relation between the two variables exists. Furthermore, the 

coefficient lIa ll is dependent on the units used, but can be defined as 

the numerical resultant of all variables affecting Q other than WA. 

Thus, a = f (V l , V2, V3, V4 ... Vn) where V is any variable that 

influences the width-discharge relation, and the exponent, lib", is a 

constant. Many of the studies represented by table 1 attempt to 

develop a standard or constant value for b without recognizing that 

in order to do so, Vl through Vn must be held constant. 

Table 1 shows that the range of values proposed for b is large 

enough that widths significantly greater or smaller than typical 

channel sizes used in the studies will result in large differences in 

estimated discharges. It follows, therefore, that to establish a usable 

power-function relation with a standard exponent, it is necessary to 

consider a set of data that closely defines a straight-line relation on 

logarithmic coordinates through at least several orders of magnitude. 

The variables Vl through Vn for all values of the data set must have 

sufficiently low influence on the width-discharge relation that minimal 

scatter occurs; in other words, for all data of the group, the coeffi

cient, a, must approach a constant value. 

Perennial mountain streams of high gradient appear to be the 

only large group of natural, alluvial channels that shows a consistent 

effect on the width-discharge relation by the several variables. 

Suspended-sediment concentrations of high-gradient streams generally 
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are very low, in-channel roughness is generally high, and climate and 

riparian vegetation tend to be similar along alpine streams through a 

range of the middle latitudes. Mountain streams also show similar 

discharge characteristics. The highest discharges are generally the 

result of snowmelt and therefore rarely result in major flooding; strong 

base flow is typical at lower discharge rates. Active-channel sides 

generally are armored by boulders or cobbles, thereby causing bank 

stability that is often enhanced by relatively permanent vegetation 

extending nearly to the water's edge (fig. 9). 

Rather than use a group of streams poorly defined as 

IImountainous" to develop a regression equation and standard exponent, 

the stream data regressed were included solely on the basis of channel 

gradient. Pertinent data (table 2) are presented for suitable sites 

at or near 32 gaging stations on streams of channel gradient exceeding 

0.0080 ft/ft (foot per foot). All sites are in the western United 

States, and all but one, Cherry Creek near Franktown, Colorado, are in 

mountainous areas. Gradients were measured from topographic maps, 

most of which are at a scale of 1:24,000 (7~-minute quadrangle maps). 

Active-channel widths, which were measured independently by several 

hydrologists, range from 8.0 to 73 feet (2.4 to 22 m); average annual 

discharges of the measured streams range from 2,510 to 165,200 acre

ft/yr (acre-feet per year) or 0.09789 to 6.443 cubic meters per second 

(m3/s). 



Figure 9. 
Stream Big Horn 

Armoring by Cobbles and Boulders Along an Alpine 
ountains yoming 

Channel stability 1S enhanced by very coarse alluvium lining 
the ban s which allows vegetation to e tend nearly to the edges of 
the water. The p1ctured reach is straight and of constant width 
indicative of a suitable site for measurement and stable condi ions. 

8 
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TABLE 2 

BASIC DATA FOR HIGH-GRADIENT STREAMS 

Length 
Average of 

Active dis- Channel Dis- Source 
Channel charge gra- charge of 

Station Station width (acre- dient record ~!~~~a Number Name ( ft) ft/yr) (ft/ft) (yr) 

06048500 Bridger Creek nr 
Bozeman, MT 22.0 26,520 .0152 24 A 

06061500 Prickly Pear Creek 
nr Clancy, MT 24.0 34,990 .0158 40 A 

06062500 Tenmile Creek nr 
Rimini, MT 19.0 12,610 .0216 59 A 

06077000 Sheep Creek nr 
White Sulphur 
Springs, MT 25.0 23,110 .0083 31 A 

06109800 S. Fk. Judith River 
nr Utica, MT 20.0 14,780 .0179 15 A 

06115500 N. Fk. Musselshell 
River nr 
Delpine, MT 17.0 8,690 .0082 33 A 

06191000 Gardner River nr 
Ye 11 ows tone 
Nat. Park 55.0 159,400 .0170 34 A 

06271000 Ten Sleep Creek 
nr Ten Sleep, WY 51.0 105,800 .0190 41 A,B 

06289000 Little Bighorn River 
at State Line nr 
Wyola, MT 49.0 109,400 .0118 34 A 

06298000 Tongue River nr 
Dayton, WY 52.0 135,500 .0143 44 A,B 

06298500 Little Tongue River 
nr Dayton, WY 16.0 9,350 .0238 20 A,B 
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TABLE 2--Continued 

Length 
Average of 

Active dis- Channel Dis- Source 
Channel charge gra- charge of 

Station Station width (acre- dient record widtha 
Number Name (ft) ft/yr) (ft/ft) (yr) meas. 

06311000 N. Fk. Powder River 
nr Hazelton, WY 16.0 10,360 .0091 27 A,B 

06314500 N. Fk. Crazy Woman 
Creek nr Grueb, 
WY 20.0 13,400 .0309 24 A 

06315500 M. Fk. Crazy Woman 
Creek nr Grueb, 
WY 25.0 16,160 .0123 31 A 

06317500 N. Fk. Clear Creek 
nr Buffalo, WY 18.0 10,060 .0280 20 A,B 

06318500 Clear Creek nr 
Buffa 10, \~Y 35.0 45,280 .0240 47 A,B 

06409000 Castle Creek abo 
Deerfield Res. nr 
Hill City, SO 13.0 7,240 .0082 25 A 

06431500 Spearfish Creek at 
Spearfish, SO 34.0 36,320 .0141 27 A 

06616000 N. Fk. Michigan 
River nr Gould, 
CO 18.0 12,820 .0089 24 A 

0671 0500 Bear Creek at 
Morrison, CO 38.0 39,270 .0357 59 A,S 

06712000 Cherry Creek nr 
Franktown, CO 13.0 6,500 .0250 34 A 

06716500 Clear Creek nr 
Lav/son, CO 58.0 99,260 .0136 28 A 
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TABLE 2--Continued 

Length 
Average of 

Active dis- Channel Dis- Source 
Channel charge gra- charge of 

Station Station width (acre- dient record widtha 
Number Name (ft) ft/yr) ( ft/ft) (yr) meas. 

06719500 Clear Creek nr 
Golden, CO 73.0 165,200 .0195 64 A,B 

06722500 S. St. Vrain 
Creek nr Ward, 
CO 21.0 20,300 .0391 24 A 

06725500 M. Boulder Creek 
at Nederland, CO 32.0 39,270 .0231 67 A,B 

06730300 Coal Creek nr 
Plainview, CO 8.D 3,350 .0352 15 B 

06733000 Big Thompson River 
at Estes Park, 
CO 50.0 92,01 0 .0098 28 A 

08387000 Rio Ruidoso at 
Ho 11 y\'/ood, NM 16.0 9,350 .0087 21 C 

09073400 Roaring Fork River 
nr Aspen, CO 39.0 108,000 .0109 10 B 

09074800 Castle Creek ab 
Aspen, CO 23.0 30,570 .0333 5 B 

09075700 Maroon Creek ab 
Aspen, CO 31.0 45,060 .0260 5 B 

09442692 Tularosa River ab 
Aragon, NM 9.0 2,510 .0083 8 C 

a A, B, and C refer to field investigations by E. R. Hedman or 
W. M. Kastner, 1973; W. R. Osterkamp, 1975; and A. G. Scott and 
J. L. Kunkler, 1975; respectively. 



Simple linear regression of width (ft) against discharge 

(acre-ft/yr) for the 32 data sets yields the relation: 

Q = 41.2 wAl . 98 
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The standard error of estimate is 0.0975 log units (+25, -20, and 

average 23 percent), part of which is no doubt the result of improper 

selection of the cross sections. The remaining error is caused by the 

other variables previously noted and by inaccurate discharge data from 

the gaging stations. The results of the regression are shown graph

ically in figure 10. The plotted points fall into two and three log 

cycles respectively for active-channel width and average discharge. To 

extend the data base for the regression line defined by the natural

channel data, therefore, results of pertinent flume studies (Leopold and 

Wolman, 1957, p. 76; Wolman and Brush, 1961, p. 209) also are shown 

(fig. 10). These data were not included in the regression analysis, but 

they are provided as evidence that the assumption of static allometric 

change is reasonable and that the regression equation is valid. The 

widths of the flume channels were measured at equilibrium conditions of 

constant discharge and gradient in excess of 0.0080 ft/ft. Most of the 

points plot on the narrow side of the regression line (fig. 10). A 

possible cause is that the imposed channels were narrow, and were 

allowed to widen to assumed equilibrium. As previously stated, natural 

channels apparently react in an opposite manner; they are widened by 

infrequent flooding, and then narrow by accretion toward a stable 

condition. 
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The flume data support extrapolation of the regression line 

through nearly five log cycles of discharge, and corroborate the slope 

of the line as a standard slope or exponent. The regression relation 

defined by the high-gradient streams minimizes the effects of variables 

other than discharge and human judgement, and provides an exponent in 

agreement with that of Leopold and Maddock (table 1). Although their 

work was based on data and methods less precise than those now avail

able, the agreement is considered significant because their study was 

founded on the most data and had the greatest areal representation of 

those studies cited in table 1. 

Influence of Sediment on the Width-Discharge Relation 

The effect of fluvial-sediment characteristics on the width-

discharge relation can be considered in two ways. One is by running 

simple-regression analyses of width against discharge for streams of 

similar sediment characteristics, and the other is by developing a 

multiple-regression equation that includes various perennial streams, 

regardless of the sediment characteristics. The two techniques in 

part duplicate each other, but each approach also has benefits un

available in the other. 

Simple-Regression Analyses 

If the exponent of the equation Q = a wAb is slightly in 

error, compensation must result in the coefficient, a, and regression 

results may appear reasonable. This exchange between "b" and "a" 

partially explains the variation of results shown in table 1. Because 
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of the possibility that the flume data are not applicable to the high-

gradient regression relation, it has not been proved that 1.98 is the 

proper value for a standard exponent. Further support of the exponent, 

therefore, can be obtained by regressing data for a different group of 

channels having specific characteristics. Because it is a primary 

hypothesis of this study that sediment exerts a basic control on channel 

shape, a group of channels exhibiting similar bed-material character-

istics was selected. 

Data were regressed for 13 stream channels, all of which 

showed a silt-clay content of the bed material equal to or greater than 

70 percent. To minimize the effects of climate and riparian vegetation, 

all sites selected were in the eastern two-thirds of Kansas. Several 

of the data sets were collected by S. A. Schumm nearly 20 years ago. 

Active-channel widths of the streams ranged from 11.0 to 125 feet (3.4 

to 38 m), and average discharges ranged from 9,130 to 1,207,000 acre

ft/yr (0.356 to 47.07 m3/s). The regression equation that resulted is: 

Q = 89.5 WA2. Ol , with a standard error of estimate of 0.1167 log units 

(+30, -24, and average 27 percent). 

Thus, the exponents for gravel-bed (high-gradient) and silt-

clay bed streams are in close agreement. A similar regression was not 

run for sand-bed streams, however, because the effects of discharge 

variability on channel size appeared too great to allow meaningful 

results. In addition, it had become apparent that significant differ

ences in bank cohesiveness occur among sand-bed streams. High-gradient 

streams and silt-clay bed streams represent greatly differing conditions 



but both generally have cohesive banks. Because a similar exponent 

was calculated for the two stream types, and because the flume data 

support the regression analyses, it appears that a standard exponent 

of 2.0 should be used for all power-function equations of width and 

discharge in the downstream direction. 
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Before developing a multiple-regression equation to describe 

the effect of sediment on channel geometry, the various channels were 

separated into groups on the basis of bed- and bank-material sizes. 

Among the groups are the two described above. Not all sizes of a 

particle-size analysis can be included conveniently in regression 

analyses, so single parameters of the bed and bank material were 

selected. Following the work of Schumm (1960), the combined percent 

values of silt and clay of the bed-and bank-material analyses were used. 

The silt-clay content of the banks is considered indicative of the 

suspended load of the stream, and in a regression is a measure of bank 

competence. The silt-clay percent of the bed material represents the 

caliber of the bed load, which can be regarded as the tendency of the 

stream to scour at normal discharges and velocities. For example, a 

predominantly silt-bed channel normally is scoured in a manner that 

the cross section is relatively deep and U-shaped; a sand-bed channel 

tends to be shallow and flat-bedded. It is largely for this reason 

that depth is not included in the regression analyses of this study. 

By considering bed-material caliber and the width-discharge relation, 

depth is indirectly included. Another reason that depths are not used 

is because consistency of measurements is very difficult to obtain. 



Average depth or thalweg depth, particularly for pool-riffle type 

streams, varies depending on the site of measurement. Although he 

used width-depth ratios in his study (Schumm, 1960) of the effect of 

sediment on channel shape, Schumm (1961, p. 27) showed depth to be 
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poorly correlated with the mean annual flood. A similar conclusion for 

mean active-channel depth and a wide range of discharges was reached 

by Hedman, Kastner, and Hejl (1974, p. 14). 

The main reason for separating the stream-channel data into 

sediment-dependent groups is to distinguish which sizes induce the 

greatest and least deviations of data points from the regression equa-

tions. The standard error of estimate for each group regression, 

therefore, provides an indication of the general stability inherent 

in channels with the given sediment characteristics. The computer 

program was modified for the sediment-group regressions in order that 

an exponent of 2.0 was imposed on the power-function equations. Thus, 

the coefficient was forced to change as a result of the differing 

sediment conditions, and all group regression runs yielded equations 

of the form: -Q - a W 2.0 - A 

Table 3 is a summary of the results of the sediment-group 

regression analyses; the regression equations, including that of the 

high-gradient streams, are shown graphically in figure 11. The results 

indicate that for streams of similar active-channel width, the average 

discharge of silt-clay type channels is generally about eight times 

greater than that of a stream with a sand bed and banks. The standard 

errors of estimate (table 3) suggest that stream channels become 
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TABLE 3 

WIDTH-DISC~ARGE RELATIONS OF SELECTED SEDIMENT-TYPE CHANNELS 

Character No. of Regression Standard 
of group sites equation error 

Si It-cl ay of bed 13 o = 86 3 W 2.0 0.1167 
70-100% 

. . A 
(+31,-24, ave. 27%) 

Silt-clay of bed 11 Q= 47.5 wA2. O 0.1070 
30-69% (+28,-22, ave. 25%) 

Silt-clay of bed 26 Q= 40.6 wA2. O 0.2272 
7-29% (+69,-41, ave. 55%) 

Silt-clay of bed 11 Q= 0.1906" 
<7%, of banks ~50% 

32.3 wA2.O 
(+55, -36, ave. 45%) 

Silt-clay of bed 20 Q= 11.0 WA2.O 0.2451 
<7%, of banks <50% (+76, -43, ave. 59%) 

increasingly more stable as the silt-clay content of the bed and banks 

increases. Moreover, the results given in table 3 indicate that if 

the silt-clay content of a channel bed exceeds roughly 25 percent, the 

channel is likely to have relatively high stability. When the silt-

clay portion of the bed material is greater than about 25 percent, it 

appears that the cohesiveness of the bank material generally is adequate 

to prevent channel widening during floods. 

The relative positions of the regression equations (fig. 11) 

show that the high-gradient channels roughly correspond to a sediment 

group of moderately low silt-clay content in the bed material. The 

fine material in the banks of streams often is high for this sediment 
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10 100 
ACTIVE CHANNEL WIDTH, W., IN FEET 

Figure 11. Regression Relations of Stream Channels of Specified 
Sediment Characteristics 

The regression lines are drawn from the equations of table 3. 
Included for comparison is the regression line of high-gradient streams. 
SE represents average standard error of estimate. 



group owing to suitable conditions of low to moderate channel gradient 

and available suspended load. Although the bed- and bank-material 

properties of this sediment group and of the high-gradient streams 

are obviously different, the sediment characteristics and other 

variables of the two channel types produce similar regressions. A 

possible cause for this similarity is discussed in a later section. 

Multiple-Regression Analyses 

The simple regressions for sediment groups demonstrate that 

the sediment characteristics of a stream channel have a predictable 

effect on the width-discharge relation. Returning to the power-

function equation previously discussed, it is reasonable to write: 

Q = a W 2.0 
A 

where a = f (Vl , V2, V3, V4 .... Vn) 

and V is any variable affecting the width-discharge relation. Letting 

Vl and V2 represent measures of the sediment caliber of the active

channel bed and banks respectively, it follows that: 

a = Vl x V2Y a 

where a = f (V3, V4 ... Vn) 
, 
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The coefficient, a , therefore, is a function of all variables affecting 

the width-discharge relation other than the sediment characteristics 

of the bed and banks. The exponents x and yare defined during the 

regression analysis and express the degree to which the variables Vl 

and V2 influence the width-discharge relation. Hence: 

Q = a' W 2.0 V x V Y 
A 1 2 



Converting to a form usable in BMD02R (Dixon, 1970), a new 

dependent variable is created, thereby imposing the standard exponent, 

and: 
2 0 'x y (Q/W . ) = a V V 

A 1 2 

Defining Vl and V2 as the silt-clay percentages (SC) of the bed and 

banks respectively; 

and 

Vl = SC bd 

V2 = SCbk 

(Q/WA2.0) = a' (SCbd)x (SCbk)Y 
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After regression to determine the numerical values of a , x, and y, the 

dependent variable is converted back to average discharge, yielding the 

multiple-regression relation: 

Q = a' WA2.0 (SCbd)x (SCbk)Y 

Table 4 (in pocket) presents data for 98 sites included in the 

multiple-regression analysis. Most of these data also were used for 

the sediment-group regressions previously described. Almost all of the 

width and sediment data were collected at or near U. S. Geological 

Survey stream-gaging stations. With few exceptions, the station names 

and numbers are those referring to existing or discontinued gages in 

various basic-data reports published by the Geological Survey. For 

nearly all stations the discharge data (table 4) were taken directly 

from the various basic-data reports. Several sites are not at a gage, 

and for them an appropriate station name and number are designated. 

For these sites average discharge is estimated from other records. 
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More than half of the active-channel widths (WA) listed in 

table 4 were measured for this study. Others were measured by Hedman, 

Kastner, and Hejl (1974) and Schumm (1960, 1963) for other projects. 

About half of the listed sediment data were collected and analyzed for 

this study. Other analyses were either supplied by the U. S. Army 

Corps of Engineers (unpublished data; written commun., 1975), or 

provided by S. A. Schumm (written commun., 1975). Some of the bank 

silt-clay percentages (table 4) were estimated on the basis of other 

analyses and basin characteristics, but most are presumed to be reason

ably accurate. All channel gradients were measured from topographic 

maps. The reaches represented are generally one to eight miles (1.6 

to 13 km) in length, and extend upstream and downstream from the mea

sured section. Reaches including major tributary inflow, channel 

alteration, or other complicating features such as possible backwater 

effects, were avoided when selecting reaches for a gradient calculation. 

Also provided in table 4 are summary descriptions of the dominant 

surficial geologic units of the basins, and relevant comments. 

Average discharge for all stations is based on at least 5 years 

of record, and a large majority is based on 20 years or more. It is 

inferred that the discharge data are reasonably accurate for most 

stations; possible exceptions are those stations with a relatively 

short period of record, those which have had regulation for 10 years or 

less, and several with unstable channels. The accuracy of the active

channel measurements and particle-size analyses is probably high, but 
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some of these data no doubt are unrepresentative of the width-discharge

sediment relations of the active channel. Caliber of bed material, for 

example, can vary depending on the time of year, recent precipitation 

patterns in the basin, and land-use activities. Samples from sand-

bed channels are more likely representative than those from streams 

containing both sand and fine-grained material. It necessarily is 

assumed that the width measurements of other investigators, particularly 

Schumm, were made in conformity to the active-channel definition, but 

for some sites doubt exists. Data of Schumm found to be grossly anom

alous to the relations developed here have been rejected as being of 

improbable accuracy. Silt-clay data listed in table 4 for sites not 

measured specifically for this study (other than those obtained from 

Schumm) may be poorly representative because the samples were collected 

at a time and site different from that of measurement. Although many 

of the bank-material percentages are estimated, they are probably more 

diagnostic of channel conditions than some of the bed-material analyses. 

The bank-material samples provide a time-integrated analysis that is 

largely unaffected by the very short-term influences, such as 

convective-storm tracks, of the basin upstream from the station. 

Many of the particle-size analyses of bed material indicated 

no measurable silt or clay. The regression equation, however, requires 

non-zero values for all independent variables, and 1 percent was 

entered when analyses showed silt and clay lacking. Otherwise, all 

basic data used in the regression analyses (table 4) were unaltered. 

Seventeen data sets not used in the simple sediment-group regressions 
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were used for the multiple-regression analysis. No available data 

were rejected for the multiple regression unless good reason could be 

cited, but some questionable data sets were excluded from the simple 

regressions without specific justification. 

Multiple-regression analysis of the 98 data sets given in table 

4 yields the relation: 

-Q = 2.0 WA2. 0 (SC )0.22 (SC )0.57 
bd bk 

where silt-clay percentages are expressed as numbers ranging from 1 

to 100, width is in feet, and average discharge is given in acre-ft/yr. 

The equation indicates that both bed and bank silt-clay percent-

ages have a strong influence on the standard relation of width squared 

and discharge. The range of silt-clay content in natural, alluvial 

stream beds approximates 100 percent. This range results in a nearly 

three-fold range of possible predicted discharges. The regression 

analysis indicates that a greater effect is caused on the estimated 

average discharge by the silt-clay content of the banks. If two 

channels are of similar active-channel width and bed material, the 

equation predicts that one having banks of 100 percent silt-clay has 

an average discharge nearly four times greater than one with banks of 

10 percent silt and clay. Natural channel banks lacking silt and clay 

rarely occur, but the predicted discharge of such a stream would be 

about 7 percent that of a similar stream with banks entirely formed 

of fine-grained sediment. 

The standard error of estimate for the above equation is 0.2384 

log units (+73, -42, and average 58 percent). This figure is possibly 
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a deceptive indication of the precision that the equation presents. 

Included in the standard error are errors in width (reference-level) 

and discharge measurement, errors due to improper selection of the 

measurement site, and errors due to unrepresentative bed-material 

samples. On the basis of the simple regressions for high-gradient 

streams and highly silt-clay bed streams, it is assumed that these 

errors account for roughly a third of the standard error in the 

multiple-regression analysis. The remaining part of the standard error 

is inferred to be largely caused by width variation resulting from 

differences in climate, vegetation, and particularly recent flooding. 

These influences of the width-discharge relation generally appear to 

have limited effect for the high-gradient and highly silt-clay bed 

channels. 

As shown by the standard errors for the sediment-group 

regressions (table 3), the width-discharge relation for sand channels 

is poorly defined relative to that of other channels. The limited 

bank cohesiveness, especially in arid and semiarid regions where 

riparian vegetation is inadequate to provide bank stability, makes 

the sand channels highly susceptible to widening by flooding. Once 

widening has occurred, flood-plain reconstruction and channel narrowing 

can be slow. Most of the sand channels represented in table 4 are 

assumed to be too wide owing to flooding during the last 20 years or 

more. The degree to which each is too wide is dependent on several 

factors, including length of time since the flooding occurred, and 

climate. Thus, the standard error of estimate for the multiple 



regression is increased by the varying amounts of excessive or non

equilibrium channel width, primarily for sand-bed streams. A standard 

error as low as 0.13 (average 30 percent) would suggest the highly 

unlikely circumstance that most of the streams used in the regression 

were at or near equilibrium conditions at the time of measurement. 

Given the readily measurable quantities of active-channel width and 

silt-clay amounts of the bed and banks, therefore, the multiple

regression equation estimates an average discharge based on an assump

tion of low to moderate nonequilibrium for all channels. Because a 

large majority of alluvial stream channels probably do not represent 

equilibrium conditions, the assumption seems reasonable and is neces

ary if the equation is to express typical, natural conditions. 

Channel Stability 

The estimation of average discharge from ungaged basins is the 

obvious utility of the multiple-regression equation. The equation 

cannot be used to predict an equilibrium width, but if average dis

charge is known, the equation can be modified to estimate the extent 

to which a channel width deviates from stability. 

The concept of stability has been used by many workers when 

describing stream channels. The term consistently has been poorly 

defined because no suitable basis has been available to compare the 

stability of one stream against another. Although stability or in

stability has been mentioned repeatedly in this paper, it has not yet 

been defined here either. The development of the multiple-regression 

66 



equation, however, provides a basis for a numerical definition of 

instability that is synonymous with deviation from equilibrium. 

A definitive equation for instability can be developed using 

the multiple-regression equation and the data of table 4. For all 

stations a predicted average discharge, Qp' is calculated for assumed 

conditions of moderate nonequilibrium (instability) by the regression 

equation: 

Q = 2 ° W 2.0 (SC )0.22 (SC )0.57 
P . A bd bk 

The predicted discharge for each station is compared to the measured 
I 

average discharge, Q (table 5). If a value of Qp is smaller than Q, 

the active-channel width is relatively narrow and channel conditions 
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at the time of sampling and measurement probably approached equilibrium. 

If the predicted average discharge is larger than the measured value, 

the channel is too wide, indicating greater than normal deviation 

from equilibrium. Because extreme width and instability can occur if 

destructive flooding has been recent, a positive data skew is to be 

expected. In other words, for a group of data of specified discharge 

and sediment characteristics, the mode of the widths should be less 

than the mean width, and a majority of all sites should have smaller 

predicted discharges, Qp' than the corresponding measured discharges, 

Q. Calculations confirm that a positive skew occurs; 57 of the 98 data 

sets (table 4) give values for Qp/Q less than unity (table 5). 

The assumption is made that all values of Q /Q falling within 
p 

approximately one standard deviation of unity are based on reliable 

data, and that greater or lesser values may be unreliable. Therefore, 
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TABLE 5 

PREDICTED AND MEASURED AVERAGE DISCHARGES OF SELECTED STREAMS 

Site Number Predicted Measured Qp 
(as listed Discharge, Qp Discharge, Q /-Q 

in table 4) (acre-ft/yr) (acre-ft/yr) 

1 29,830 39,630 0.75 

2 1,380 10,560 0.13 

3 5,830 11,370 0.51 

5 42,710 50,420 0.85 

6 79,390 96,300 0.82 

7 29,560 35,570 0.83 

10 45,220 131,000 0.35 

12 107,400 158,700 0.68 

14 93,930 112,300 0.84 

19 364,600 500,600 0.73 

21 21,830 22,820 0.96 

23 32,720 57,890 0.57 

24 4,660 6,500 0.72 

26 296,200 333,300 0.89 

29 129,100 130,400 0.99 

34 53,430 67,090 0.80 

35 29,120 31,590 0.92 

38 36,820 51 ,080 0.72 

41 13 ,580 16,160 0.84 
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TABLE 5--Continued 

Site Number Predicted Measured Qp 
(as listed Discharge, Qp Discharge, Q /-Q 
in tabl e 4) (acre-ft/yr) (acre-ft/yr) 

42 50,070 55,500 0.90 

45 313,500 467,300 0.67 

46 255,200 526,000 0.49 

47 40,880 58,320 0.70 

48 8,830 9,130 0.97 

49 675,500 755,700 0.89 

53 2,360 6,590 0.36 

55 14,730 25,140 0.59 

56 24,810 30,500 0.81 

57 2,600 3,950 0.66 

58 134,800 150,000 0.90 

59 57,910 87,660 0.66 

62 92,740 165,000 0.56 

64 9,940 10,650 0.93 

66 69,640 107,200 0.65 

67 24,340 52,310 0.47 

69 77 ,560 99,280 0.78 

73 379,900 418,800 0.91 

74 1,144,000 1,207,000 0.95 

75 47,030 60,060 0.78 
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TABLE 5--Continued 

Site Number Predicted Measured Qp 

(as listed Discharge, Qp Discharge, Q /-Q 

in table 4) (acre-ft/yr) (acre-ft/yr) 

76 74,380 78,250 0.95 

77 261,500 264,400 0.99 

78 62,350 74,620 0.84 

80 53,890 99,980 0.54 

82 3,590 7,020 0.51 

83 126,600 133,000 0.95 

84 125,200 158,000 0.79 

85 368,600 813,600 0.45 

87 56,020 63,700 0.88 

88 170,700 204,000 0.84 

89 188,800 210,800 0.90 

90 2,300 2,960 0.78 

92 32,360 46,500 0.70 

94 33,070 49,300 0.67 

95 112,800 180,000 0.63 

96 163,600 365,100 0.45 

97 19,230 31,000 0.62 

98 86,170 91 ,300 0.94 



it is assumed that the lowest 16 values (98/6) of Qp/Q are the result 

of misleading data, and that these data invalidly indicate channels 

narrower than equilibrium. Eliminating the lowest 16 values of Qp/Q, 

the lowest ratio of the remaining 82 values is about 0.66. This ratio 

is the amount by which the regression equation can be adjusted to 

approximate stability or equilibrium. The adjustment. yields a new 

equation that calculates a maximum average discharge, Qst' assuming 

complete stability for the stream. 

2.0 WA2. 0 (SC )0.22 (SC )0.57 
- ____ ~ ____ ~b~d ______ ~b~k __ __ 
Qst = 

0.66 

Qst = 3.0 wA2. 0 (SCbd )0.22 (SCbk )0.57 

As a stream approaches a condition of stability, however, it is gener-
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ally the geometry of the channel rather than the average discharge that 

changes. A more useful form of the equation, therefore, calculates an 

equilibrium channel width, Weq , if average discharge and silt-clay 

contents of the bed and bank material are known: 

[ J 0.5 
_ 0.33 Q 

(SC )0.22 (SC )0.57 
bd bk 

where Q is in acre-ft/yr, SC bd and SC bk are percentages, and Weq is in 

feet. Although it is felt that this equation provides a useful approx-

imation of an equilibrium width, it is emphasized that the equation 

arbitrarily is based on the assumption that one-sixth of the data 

should be rejected as unreliable or misleading. Until the equation 



is tested empiricallYt therefore t it can be considered only an approx

imation. Calculation of an equilibrium width t Weq , permits comparison 

with the measured active-channel width, WA. The ratio WA/Weq for a 

gaged stream gives a measure of channel instability; it is a non

dimensional number expressing the amount of width beyond a condition 
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of equilibrium that a stream exhibits at the time of measurement. Thus, 

the ratio is a numerical approximation of channel instability when 

representative measures of average discharge and silt-clay percentages 

of the bed and banks are available. If the assumption and data on 

which the ratio is based are accurate, the values of the ratio gener-

ally should fall between 1.0 and 1.5. Suitable explanations should 

be available for values higher or lower than this range. 

Table 6 gives measured and equilibrium widths, and instability 

ratios for the 98 sampling sites of table 4. Fifty-nine, or 60 percent, 

of the stations have instability ratios of 1.0 to 1.5. An additional 

nine ratios range from 0.90 to 0.99; although all values less than 1.0 

initially are assumed to be invalid, these ratios approaching 1.0 may 

represent streams slightly narrow owing to recently deficient runoff 

or misleading measurement or sampling. Thus, about two-thirds of the 

ratios appear reasonab1e t one-tenth typify channels too narrow, and 

about one-fifth indicate excessive width and instability. In spite 

of the subjectivity of this scheme t therefore, it provides a basis of 

comparison of channel characteristics and a means of predicting future 

channel changes assuming specified conditions of discharge and sediment 

transport. By defining a set of standard or equilibrium widths 
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TABLE 6 

MEASURED AND EQUILIBRIUM WIDTHS AND CHANNEL INSTABILITIES 

Site Number Measured Equil . Instability 
(as 1 i sted Width, WA Width, Weq Ratio 
in table 4) (ft) (ft) (WA/Weq ) 

1 32.5 30.6 1.06 

2 6.6 14.9 0.44 

3 16.0 18.2 0.88 

4 50.0 20.8 2.40 

5 35.0 31.0 1.13 

6 47.0 42.3 1.11 

7 33.0 29.6 1.12 

8 40.0 23.3 1.72 

9 40.0 26.0 1.54 

10 48.0 66.7 0.72 

11 67.0 43.5 1. 54 

12 80.0 79.4 1. 01 

13 104 83.4 1. 25 

14 63.0 56.2 1.12 

15 25.0 16.4 1.53 

16 63.0 46.5 1. 36 

17 75.0 55.3 1. 36 

18 80.0 60.6 1.32 

19 115 110 1.05 



Site Number 

(as listed 
in table 4) 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

TABLE 6. Measured and Equilibrium Widths 
and Channel Instabilities--Continued 

Measured Equil. 

Width, WA Width, Weq 
(ft) (ft) 

115 68.4 

88.0 50.5 

22.0 18.4 

41.5 45.1 

13.0 12.5 

123 92.0 

153 133 

151 94.8 

392 210 

89.0 73.0 

205 106 

123 51. 7 

11.0 6.7 

100 44.1 

36.0 32.9 

29.0 24.7 

115 78.1 

45.0 20.4 

32.0 30.8 

16.0 11.4 
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Instabil ity 

Ratio 

(WA/W ) eq 

1.68 

1. 74 

1.20 

0.92 

1.04 

1.34 

1.15 

1. 59 

1.87 

1.22 

1.94 

2.38 

1.63 

2.27 

1.09 

1.18 

1.47 

2.20 

1.04 

1.40 



Site Number 

(as listed 
in table 4) 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

TABLE 6. Measured and Equilibrium Widths 
and Channel Instabi1ities--Continued 

Measured Equil. Instabil ity 

Width, WA Width, Weq Ratio 
(ft) (ft) (WA/Weq ) 

26.0 19.3 1.35 

13.5 12.0 1.12 

43.0 37.0 1.16 

16.0 11.7 1.37 

45.0 28.7 1.57 

154 154 1.00 

127 149 0.85 

24.0 23.4 l.03 

11.0 9. 1 1. 20 

250 165 1. 52 

150 116 1.30 

300 259 1. 17 

300 189 1.59 

8.0 10.9 0.73 

45.0 36.7 l. 23 

28.0 29.9 0.94 

30.0 27.2 l.10 

8.0 8.1 0.99 

110 94.7 1.16 

46.0 47.0 0.98 
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Site Number 

(as listed 
in table 4) 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

TABLE 6. Measured and Equilibrium Widths 
and Channel Instabilities--Continued 

Measured Equil. 
Width, WA Width, Weq 

(ft) (ft) 

20.0 14.8 

56.0 41.8 

36.0 39.2 

38.0 25.0 

23.0 19.4 

13.5 7.9 

52.0 52.7 

36.0 43.1 

12.0 5.2 

38.0 35.1 

52.0 41. 9 

25.5 20.4 

112 88.5 

73.0 62.6 

125 105 

25.0 23.1 

35.0 29.3 

118 96.9 

39.0 34.8 

165 112 

76 

Instability 

Ratio 

(WA/Weq ) 

1.35 

1.34 

0.92 

1. 52 

1.18 

1. 70 

0.99 

0.84 

2.29 

1.08 

1.24 

1. 25 

1.27 

1. 17 

1.19 

1.08 

1.19 

1.22 

1.12 

1.48 



Site Number 

(as listed 

in table 4) 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

TABLE 6. Measured and Equilibrium Widths 
and Channel Instabilities--Continued 

Measured Equil. 

Width, WA Width, Weq 
(ft) (ft) 

27.0 30.0 

37.0 26.6 

16.0 1B.3 

42.0 35.1 

42.0 38.5 

130 158 

63.0 45.1 

38.5 33.5 

60.0 53.6 

72.0 62.1 

8.3 7.7 

33.0 23.1 

22.0 21. 5 

33.0 21.2 

28.0 27.9 

78.0 BO.4 

137 167 

32.0 33.2 

45.0 37.8 

77 

Instabil ity 

Ratio 

(WA,W ) eq 

0.90 

1.39 

0.88 

1.20 

1.09 

0.82 

1.40 

1. 15 

1.12 

1.16 

1.0B 

1.43 

1.02 

1. 56 

1.00 

0.97 

0.B2 

0.96 

1.19 



resulting from the combined effects of sediment characteristics and 

discharge, the instability ratios permit at least qualitative eval

uation of the manner in which several other variables influence the 

width-discharge relation. 
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VARIABLES AND MODIFYING INFLUENCES OF THE 

WIDTH-DISCHARGE-SEDIMENT RELATION 

To here, minimal evidence has been presented supporting climate, 

vegetation, discharge variability, and other variables as factors 

affecting the width-average discharge-sediment relation. Present data 

do not appear adequate to identify quantitatively the relative impor

tance of these variables, but specific examples can be used in support 

of generalizations for these influences. 

Climate and Vegetation 

A simple explanation of the fluvial processes advocated in this 

report is that channels widen during periods of high discharge, mostly 

as a result of the combined effects of water and bed load. At low 

stages water velocities, turbulence, and bed material in transport are 

inadequate to produce net erosion. Instead, there is a tendency for 

suspended sediment to settle and adhere to the channel sides, particu

larly where vegetation or other obstructions cause locally still water. 

As the stage of a stream increases toward the active-channel reference 

level, water velocity and turbulence also increase, and net accretion 

decreases. Above some stage representing no net accretion, velocity 

and turbulence are great enough to cause net erosion and widening. The 

stage or discharge above which widening occurs is probably slightly 

lower than the active-channel level, and is a direct result of bank co

hesion. Instead of trying to make direct measurements of cohesiveness, 
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which are highly dependent on variations of moisture content, the silt

clay percentages of the bed and banks are used to indicate cohesiveness. 

Vegetation, and hence climate, also affects bank cohesiveness and the 

width-discharge relation. 

Riparian vegetation of perennial streams is dependent on climate 

as well as recent channel history. Where destructive floods have not 

occurred in recent years, a mature, woody, riparian growth predominates 

in most areas. As shown by Schumm and Lichty (1963) and Burkham (1972), 

however, where established vegetation is eliminated, new growth tends 

to be much less effective at stabilizing a channel; the new growth 

provides little bank cohesiveness. Both new growth and mature vege

tation significantly can increase hydraulic roughness and control 

velocity at stages above the active-channel reference level. Mature 

vegetation, with well developed, woody root systems, however, is able 

to provide much more cohesiveness and bank competence to stream channels 

than is a relatively young riparian community. Owing to vegetation, 

stability promotes stability, and instability promotes instability. 

Examples of these extremes are shown in figures 12 and 13. Although 

it has a relatively sandy channel, the Grand River near Gallatin, 

Missouri (table 4, fig. 12) has mature riparian vegetation and stable 

banks. Destructive flooding at this site has not occurred since 1947. 

The channel of Plum Creek near Louviers, Colorado (fig. 13), was greatly 

widened by the flood of 1965. The re-estab1ishment of vegetation and 

active-channel narrowing have not yet occurred, probably because plants 

rooted in the still loose sand and gravel are susceptible to scouring 



Figure 12. Grand River near Gallatin issouri 

The top of the screwdriver identifies the acti e-channel 
reference level. Well established vegetation provides stability to 
the moderately sandy ban s. 
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Figure 13. Plum Cree near Louvie s Colorado 

Almost no permanent vegetation has rooted along this st earn 
since the 1965 flood. Note ho eve that even without vegetation 
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a single meandering channel ;s forming that will probably become lined 
with vegetation in the future. 



even by minor flooding. The lack of silt and clay in the channel 

material limits plant growth, and the lack of vegetation discourages 

accumulation of fine material. Because average annual precipitation 

at the Louviers station is about 15 inches (381 mm), establishment of 

vegetation is more difficult than at Gallatin, where average annual 

precipitation is about 35 inches (889 mm). 
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By comparing the instability ratios (table 6) and average 

annual precipitation for the 98 stations measured for this study (table 

4), an indication of the effect of climate on channel morphology is 

possible. In figure 14 values of instability, WA/Weq , are plotted 

against bank silt-clay. Each point is identified by site number 

(table 4, fig. 1) and the approximate average annual precipitation 

in inches, as indicated by various standard reference materials. All 

stations with instabilities exceeding 1.80, suggesting wide, unstable 

channels, have semiarid climates. However, the four stations having 

the least mean annual precipitation, 12 to 14 inches (305 to 356 mrn), 

all show high stability or a narrow channel. The reasons for the appar

ent stability are unclear, but probably include vigorous riparian growth 

resulting from strong base flow. A better indication of the possible 

climatic effects on channel stability is provided by calculation of 

average deviation from an instability ratio of 1.00 of all stations 

within a specified precipitation range. Omitting one owing to sus

pected invalid data, twenty-two remaining stations of table 4 have an 

average annual precipitation ranging from 15 to 20 inches (381 to 

508 mm). The average deviation from 1.00 of the instability ratios for 
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these stations is 0.41. Similar calculations for 17 stations ranging in 

precipitation from 30 to 40 inches (762 to 1016 mm), and 6 stations with 

average precipitation exceeding 40 inches (1016 mm) yearly, give 0.21 

and 0.18 respectively. These averages are consistent with the expected 

trend of greater bank stability associated with greater average precipi

tation. In humid climates not only is vegetation more lush than in 

drier areas, but clay particles and soil organic material, both of which 

increase soil cohesiveness, generally are produced in greater abundance 

by chemical weathering in humid areas than in dry areas. An indication 

of this difference is apparent in figure 14. The average instability 

of channels with large silt-clay percentages of the bank material 

is relatively low (average instability-ratio deviation 0.28), and many 

of the channels represented are in areas of average annual precipitation 

exceeding 25 inches (635 mm). Stabilities of channels with less than 

60 percent bank silt-clay are more erratically distributed, and the 

values of average precipitation for these streams are generally lower 

than for the more silty channels. 

The gross effect of climate and vegetation on the width

discharge relation is readily apparent in some areas, but a means of 

measurement is not available yet. In parts of Montana and North 

Dakota native grasses and forbs are very resistant to bank erosion by 

high discharges, even if the bank material is primarily sand. Unusually 

narrow channels, such as that of Redwater River at Circle, Montana 

(table 4, fig. 15), occur in many small, northern basins. Data for 

the Redwater River and other streams of the same region give abnormally 



Figure 15. Redwater River at Ci cle ontana 

The anomalously narrow channel of this stream is inferred to 
be caused by the strong dense stand of grasses. 
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low values of the instability ratio (table 6, fig. 14). The bank 

vegetation can be regarded to have a maximum narrowing effect that is 

independent of channel size or discharge. The relative effect of 
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the resistant grasses, therefore, is smaller for streams of greater 

discharge. The instability ratio of Redwater River is anomalously low, 

0.44, but the ratio for a neighboring station of much higher discharge, 

Big Dry Creek near Van Norman, Montana, (tables 4 and 6, figs. 14 and 

16) is 1.06. Average precipitation, bank vegetation, and silt-clay 

percentages for the two stations are nearly identical. Because veg

etation apparently exerts a pronounced narrowing effect on small 

channels in some areas, therefore, it seems likely that not all insta

bility ratios less than 1.00 are the result of misleading or unrepre

sentative data. Rather, some low ratios probably represent valid data 

and conditions of near equilibrium for the prevailing climate and 

vegetation. 

The opposite effect can occur in warm, dry climates, where 

riparian vegetation lacks the vigor to enhance bank stability. As 

shown by Scott and Kunkler (in press), active channels of the plains 

areas of New Mexico tend to be very wide and unstable. Data from 

Galisteo Creek at Domingo, New Mexico (08318000 of fig. 1), for example, 

suggest a channel instability ratio of about 100. This stream is 

highly ephemeral, and therefore it is not directly comparable to the 

perennial streams sampled for this study. It is, however, illustrative 

of the degree to which lack of bank vegetation decreases active-channel 

stability. Whether the cause for sparse bank vegetation is climatic 



Figure 16. Big Dry Cree near Van orman ontana 

A thic matting of grasses causes stability on the right ban ' 
but the protective grasses have been removed from the left ban by 
recent flooding. 
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or destructive flooding, the effect on channel morphology is much the 

same. At Domingo, Galisteo Creek is probably a highly influent stream, 

and the depth to the zone of saturation may be too great to permit 

growth of phreatophytes. Lacking both surface- and ground-water 

supplies sufficient to support riparian vegetation, Galisteo Creek and 

many similar channels of the southwest United States have low bank 

cohesion and stability. Consequently, these channels are generally 

very wide relative to average discharge. 

Except under unusual conditions, ground water always occurs at 

very shallow depths along perennial streams. Owing to variations in 

height of the main flood plains above channel level, permeability of 

the alluvium, depth to bedrock, and, of course, climate, the avail

ability to phreatophytes of both ground water and surface water varies 

among perennial streams. Thus, variation also occurs in the vegetation 

and bank competence of the streams, including those with very stable 

discharges. Where average precipitation is low and flooding has 

drastically widened an active channel of a perennial stream, re

establishment of vegetation in the dry parts of the channel appears 

to be difficult, possibly because discharge is too variable. Flood

plain reconstruction and channel narrowing can be slow for streams of 

dry climates such as Plum Creek and the Cimarron and Gila Rivers, but 

channel healing after major flooding in humid areas seems to be much 

faster. 

High values of the instability ratio no doubt occur for 

perennial streams of most climates, but the data collected for this 



study suggest that instability is most probable in semiarid areas. 

Four of the five ratios exceeding 1.80 (table 6, fig. 14) refer to 

streams in areas with average annual precipitation ranging from 17 to 

19 inches (432 to 483 mm). Obviously, more numerous data than these 

are necessary to generalize with confidence, but it seems reasonable 

that light, erratic precipitation should result in vulnerable riparian 

vegetation and unstable banks. Based on earlier work by Langbein and 

Schumm (1958), a set of temperature-dependent curves relating sediment 

yields in areas of continental air-mass circulation to average pre

cipitation was presented by Schumm (1965, p. 785). These curves 

indicate that in areas of moderate temperatures, the highest sediment 

yields occur where average annual precipitation ranges between about 

12 and 20 inches (305 to 508 mm). Sharply lower sediment yields are 

expected at higher and lower precipitation rates. Though far from 

conclusive, the results of this study tend to support the general

izations proposed by Schumm (1965). Availability of large amounts of 

sediment for fluvial transport implies the same sort of instability 
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as do excessively wide active channels. It seems probable that climate 

is a significant cause of the instability. 

Bank vegetation helps stabilize an active channel both by the 

presence of its foliage and root system, and by adding cohesive organic 

matter to bank material through the decay of the vegetation. It is 

inferred that a buildup of decayed organic matter, particularly in 

sand channels of arid regions, is indicative of bank accretion and the 

tendency towards channel stability. High organic content of bank 
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material relative to that of the bed material demonstrates a degree 

of bank permanence sufficient to permit the decay and accumulation of 

the organic material. It indicates the probability that bank stability 

is provided by the generation of root systems which partially resulted 

in the decayed organic matter. The organic content of bank material 

also is assumed indicative of channel stability because decayed organic 

matter tends to act as an agent of soil cohesiveness in a similar 

manner as does silt and clay. Organic matter is conducive to the 

formation of stable soil aggregates, and thus increases the shear needed 

to dislodge the particles by flowing water (Mundorff, 1961, p. 20). 

Initially, it was assumed that little or no suspended organic 

matter is deposited on banks, but data indicate that the assumption 

probably is not valid. Greater concentrations of decayed matter in 

the bank material than in the bed material, however, are evidence that 

some bank stability exists. Otherwise, the organic matter would be 

washed away during high discharges, and bed and bank contents of 

organic matter would be equal. Bed and bank samples for analysis of 

total organic carbon were collected at several sand-bed or gravel-bed 

streams in arid to semiarid areas (table 7). To the extent possible, 

all undecayed organic matter was removed from the samples before 

analysis. All the sampled streams except the Saint Charles River 

(07108800 of fig. 1) had two well formed banks supporting either 

healthy grasses and forbs or natural growth of riparian vegetation 

(figs. 3, 12, 16, and 17). The right bank of the Saint Charles River 

showed evidence of recent scouring, and was vegetated only by annuals. 



Station 
Number 

06131000 

06181000 

06182500 

06695000 

06712000 

06897500 

07108800 

07117600 

TABLE 7 

TOTAL ORGANIC-CARBON CONTENT OF BED AND BANK 
tr1ATERIAL AT SELECTED SITES 

Total-Organic 
Instabil i ty Carbon (parts per 

Ratio thousand) 
Station Name (WA/Weq ) Bed Banks 

Big Dry Creek 
nr Van Norman, MT 1.06 0.0 26 

Poplar River nr 
Poplar, MT 10 

Big Muddy 
Creek at 
Da1ev;ew, MT 0.88 16 17 

S. Platte River 
ab Eleven Mile 
Canyon Res., CO 0.92 4.0 10 

Cherry Creek nr 
Franktown, CO 1.04 0.5 2.5 

Grand River nr 
Ga 11 at in, MO 0.82 0.0 4.9 

Saint Charles 
River nr 
Vineland, CO 6.7 1.0 

Chicosa Creek nr 
Fowler, CO 1.08 11 6.0 
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Flooding also had occurred on Big Dry Creek within a few months before 

sampling, but the section measured had sustained very little widening. 

Two stations listed in table 7, Poplar River near Poplar, Montana, and 

Saint Charles River near Vineland, Colorado, are not listed in table 4 

because the bed material was mostly gravel. 



Figure 17. Saint Charles River near Vineland Colorado 

The view is upstream. Recent flooding apparently has scoured 
some vegetation from the right bank and caused erosion of the left 
bank. 
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Table 7 shows that the six stations sampled, and for which 

instability ratios indicate relatively narrow channels, have banks of 

high silt-clay content. Because total-organic-carbon data from streams 

with high instability ratios are not available, except possibly for the 

Saint Charles River, comparisons cannot be made and table 7 is of 

limited value. The data, however, do indicate a tendency toward con

centration of organic matter in bank material, probably promoting bank 

stability. Analyses of bed samples from two stations, Saint Charles 

River and Chicosa Creek, possibly are misleading. In-channel vegetation 

at the former probably trapped and stored organic material in transport, 

and the latter was sampled during low flow when a coating of organic 

matter had accumulated on the sand of the channel bottom. Therefore, 

both may be unrepresentative. 

Floods and Variability of Discharge 

The channel-widening effects of historic floods, such as the 

flood of Plum Creek, are self-evident. Floods of much smaller recur

rence interval, however, also can produce significant channel widening, 

particularly if the banks are sandy and poorly vegetated, and if 

relatively high discharges are sustained for several days or more. No 

analysis of the effect of individual flood events has been made for 

this study, but there is evidence that high runoff rates for periods 

preceding measurement correlate with channel instability. 

To demonstrate the effect of recent flow history, instability 

ratios based on average discharge during the two years prior to 



measurement (Q2) are given for 85 of the 98 channel sites used in the 

multiple-regression analysis (table 8). Thirteen sites were elimi-

nated, mostly because the necessary discharge data were not available. 
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Some of the results are plotted on figure 14; arrows point from the 

position of an instability ratio of a station based on average discharge 

to the position based on the previous two years of discharge. For sand-

channel streams, results suggest that recent flow history is an im-

portant influence of channel instability. Most of the highly unstable 

streams had high runoff previous to active-channel measurement, and 

several sites with ratios less than 1.00 had deficient runoff. A 

negative correlation with recent discharge, however, is apparent for 

channels of high silt-clay content, indicating that short-term deviation 

from average discharge generally has little effect on channels with 

cohesive banks. 

The average deviation from 1.00 of the instability ratios 

based on Q2 is 0.30, which compares with 0.31 for the 98 stations of 

tables 4 and 6. Multiple-regression analysis using 02 gives the 

equation: 

Q = ° 83 W 2.0 (SC )0.22 (SC )0.81 
2 . A bd bk 

and has a standard error of estimate of 0.2373 log units (+73, -42, 

and average 57 percent). All of these figures are nearly identical 

to the results using the average discharge, Q, for the periods of 

record. The multiple-regression equation above differs slightly from 

that for average discharge, but a lower value of the coefficient 

compensates for a larger exponent of bank silt-clay. The varying 
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TABLE 8 

CHANNEL INSTABILITIES BASED ON TWO-YEAR AVERAGE DISCHARGES 

Instability 
Two Year Avera1e Equil. Ratio 

Site Number Discharge (Q2 Width (Weq ) (WA/Weq ) 

1 19,880 21. 7 1.50 

5 46,810 29.9 1.17 

6 72,290 36.6 1.28 

7 26,190 25.4 1.30 

8 70,000 36.4 1.10 

10 186,500 79.6 0.60 

11 53,500 36.6 1.83 

12 92,070 60.5 1.32 

13 110,500 64.2 1.62 

14 73,960 45.6 1.38 

15 21,210 16.9 1.48 

16 246,500 66.0 0.96 

17 304,400 68.3 1.10 

18 167,800 68.8 1.16 

19 625,500 123 .94 

20 261,900 85.9 1.34 

21 130,600 60.6 1.45 

22 14,540 14.7 1.50 

23 37,720 36.4 1.14 



Site Number 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

40 

41 

42 

43 

44 

45 

TABLE 8. Channel Instabilities Based on 
Two-Year Average Discharges--Continued 

Two Year Average Equi 1 . 
Discharge (Q2) Width (W ) eq 

193,500 95.9 

345,200 135 

225,200 96.7 

675,400 218 

127,200 72.1 

444,900 115 

83,610 57.7 

1,520 4.9 

82,830 62.7 

69,280 33.5 

28,440 23.4 

229,200 95.4 

32,900 21.0 

41,570 27.8 

29,250 19.8 

6,900 7.9 

62,01 0 39.1 

9,640 12.3 

39,180 36.7 

418,400 145 
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Instability 
Ratio 

(WA/Weq ) 

1.28 

1. 13 

1.56 

1.80 

1.23 

1. 78 

2.13 

2.23 

1. 59 

1.08 

1.24 

1.20 

2.14 

1.15 

1.31 

1.72 

1.10 

1.30 

1.23 

1.06 



Site Number 

46 

47 

48 

49 

50 

51 

52 

53 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

TABLE 8. Channel Instabilities Based on 
Two-Year Average Discharges--Continued 

Two Year Average Equil. 
Discharge (Q2) Width (Weq ) 

474,700 141 

91,210 29.3 

11,120 10. 1 

561,000 115 

505,400 155 

775,300 262 

857,500 185 

1,820 5.7 

24,920 29.7 

28,300 26.2 

8,840 12. 1 

117,200 83.7 

77 ,680 44.3 

22,000 18.5 

245,200 47.8 

199,700 46.1 

23,580 24.8 

16,190 24.0 

3,380 9.2 

81,440 45.9 

98 

Instabil ity 
Ratio 

(WA/Weq ) 

0.90 

0.82 

1.09 

1. 31 

1.61 

1. 14 

1.63 

1.40 

0.94 

1.15 

0.66 

1.31 

1.04 

1.08 

0.75 

1. 21 

1.53 

0.96 

1.47 

1. 13 



Site Number 

67 

68 

69 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

82 

83 

84 

86 

87 

89 
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TABLE 8. Channel Instabilities Based on 
Two-Year Average Discharges--Continued 

Two Year AveraJe Equil. 
Discharge (Q2 Width (Weq ) 

36,570 36.0 

4,890 8.4 

79,640 31.4 

67,710 25.4 

638,000 77.2 

462,500 93.0 

1,586,000 120 

82,460 27.0 

105,800 34.1 

266,800 97.3 

141,100 47.9 

631,500 129 

139,800 35.5 

7,070 18.3 

285,000 51.4 

333,200 55.9 

199,200 51.0 

121,800 46.4 

330,800 77.9 

18,680 13.4 

99 

Instability 
Ratio 

(WA/W ) eq 

1.00 

1.43 

1.21 

1.00 

0.95 

1.20 

1.04 

0.92 

1.03 

1. 21 

0.81 

1.28 

0.76 

0.87 

0.82 

0.75 

1. 24 

0.83 

0.93 

2.47 



Site Number 

92 

93 

94 

96 

97 

98 

TABLE 8. Channel Instabilities Based on 
Two-Year Average Discharges--Continued 

Two Year Ave~aJe Equil. 
Discharge (Q2 Width (W ) eq 

61,460 24.8 

57,870 32.0 

49,630 28.0 

553,900 206 

25,080 29.8 

154,800 49.2 

Instabil ity 
Ratio 

(WA/W ) eq 

0.89 

1.03 

1.00 

0.67 

1.07 

0.91 

positions of the instability ratios plotted in figure 14, however, 

clearly indicate that relatively recent discharges influence channel 

stabilities of sand-bank streams. Solely for the purpose of deter-

mining the standard error of estimate, therefore, a final regression 
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was made using a combination of data. Regressed data sets included the 

average annual discharge, Q, for all stations with a bank silt-clay 

content of 60 percent or more. The average discharge during the two 

years preceding measurement, Q2' was used for stations of bank silt

clay content less than 60 percent. The coefficient and exponents of 

the resulting equation are similar to those of the multiple-regression 

equation based on average discharge for the period of record. The 

equation resulting from the combined data has little usefulness because 

it is based on an undefined combination of two different rates of 
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streamflow. The standard error of estimate, however, is significant, 

and is 0.2076 log units (+61, -38 and average 50 percent). This error 

compares to 0.2384 log units for the multiple-regression equation based 

only on average discharge for the periods of record. 

The standard errors of the regressions for Q, Q2' and the com

bined data, indicate that the widths of streams with stable banks, 

generally those of high silt-clay content, correlate best with values 

of average discharge for the period of record. The widths of streams 

with sand banks, however, correlate best with relatively recent dis

charges. It appears, therefore, that the silt-clay banks are generally 

sufficiently cohesive that variations in discharge other than major 

floods have minimal effect on active-channel widths. 

The processes proposed here to describe the widening and 

narrowing of active channels imply that if the discharge of a stream 

is constant, the instability ratio will approach 1.00, regardless of 

the sediment characteristics. Thus, the flume data of Leopold and 

Wolman (1957) and Wolman and Brush (1961), which were collected at 

conditions of constant discharge, appear to support the regression 

analysis for high-gradient channels. Few natural streams approach a 

condition of constant discharge, so the above inference is difficult 

to prove. Many streams are regulated by large dams, however, generally 

resulting in a significant reduction of discharge variability from 

unregulated conditions. High values of the instability ratio for 

most regulated streams would seem unlikely. 
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Depending roughly on the distance downstream from one or more 

dams appropriate stations plotted on figure 14 have been designated as 

regulated or partially regulated. The average deviation from 1.00 of 

the instability ratios for 11 regulated streams is 0.15, and for 8 

partially regulated streams the average deviation is 0.25. Both of 

these averages are lower than the average deviation of 0.31 for the 98 

stations of tables 4 and 6, and provide strong support that steady 

discharge has a stabilizing influence on the morphology of natural 

channels. 

Because it consists almost totally of ground-water effluent, 

discharge in the Sand Hills of Nebraska is much less variable than it 

is for most natural channels. Nevertheless, discharges of the average 

annual floods for these streams ordinarily are five to ten fold greater 

than the mean discharge. Even these relatively low peak discharges 

apparently are sufficient to erode the sandy banks of streams in central 

Nebraska and maintain instability ratios of 1.2 to 2.0. Discharge 

variability of the South Platte River above Eleven Mile Canyon 

Reservoir, Colorado, is also low relative to most unregulated streams. 

Typical of mountainous areas, highest discharges at this station 

generally occur in the late spring or early summer as the result of 

melt-water runoff, and probably are not great enough normally to remove 

the resistant grasses and widen the channel. 

Various causes of channel braiding have been advocated by 

fluvial geomorphologists. Most agree that braiding cannot occur unless 

the bed and bank material are primarily sand or gravel. Leopold and 
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Wolman (1957, p. 53) also note that braided streams do not always 

transport an excessively large total sediment load. These general

izations, which are supported by observations and data collected for 

this study, imply that braiding does require an abundance of sand or 

fine gravel available for transport. Additionally, this study suggests 

that channels cannot maintain a braided condition if discharge has low 

variability. Discharges of most streams in the Sand Hills, particularly 

those of small to moderate size, are not sufficiently variable to cause 

the extreme channel widening and instability that is assumed necessary 

to cause braiding. Most braiding of the Sand Hills occurs on the 

largest streams in the eastern part of the area. Peak flows as a per

centage of average discharge there are generally much greater than for 

the smaller channels upstream. 

Very large floods apparently can widen active channels in part 

by uprooting vegetation and scouring the unprotected flood-plain 

deposits (Burkham, 1972, p. 7). At least some floods of smaller 

recurrence interval, however, seem to widen channels by undermining the 

vegetative part of the bank. Turbulence undercuts the root zone of 

vegetated banks, leaving a protruding ledge of root-bound soil. 

Further erosion continues to undercut the bank and remove the outermost 

soil and vegetation of the ledge. Figure l8A shows roots exposed by 

recent flooding on the Musselshell River near Roundup, Montana (06126500 

of fig. 1). The upper part of the active-channel bank has been under

cut, leaving the bottoms of some roots suspended above the water. 

Recently deposited silt and fine sand on the active flood plain 
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Figure 18. Bank of usselshell River nea Roundup ontana 

Flooding has undercut the ban of the active channel e posing 
roots of vegetation of the active flood plain (photograph A) . The 
flood also deposited a layer of silt and fine-grained sand on the 
active flood plain (photograph B). 

A 

B 
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(fig. 18B) shows that the water level during the flood was higher than 

the active-channel reference level. Bank undercutting is also apparent 

at Big Muddy Creek at Daleview, Montana (fig. 19), and Redwater River 

at Circle, Montana (fig. 15); both streams have instability ratios 

less than 1.00 (table 6). Evidence of recent high water was not 

observed at these stations during measurement and sampling, and it 

seems unlikely that the undercutting was the result of large discharges. 

Instead, it appears that the grasses of the banks are strong and dense 

enough that they induce exceedingly deep and narrow channels on small 

streams. Bank accretion of suspended and eolian sediment is facilitated 

by the deep matting of the grasses, and out-of-bank discharges spill 

onto a wide flood plain where they become ineffective at widening the 

active channel. Hence, the low instability ratios for the Daleview 

and Circle stations may be valid. 

Colluvium and Coarse Alluvium 

In his study of channel shape and sediment characteristics, 

Schumm segregated all gravel-bed streams, apparently because the large 

grain sizes caused inconsistent width-depth ratios when regressed with 

his weighted silt-clay percentages (Schumm, 1960, p. 25). The silt

clay percentages of high-energy streams are not easily measured, but 

if sampling and particle-size analyses were representative of the bed 

and bank material of these armored streams, it is doubtful that the 

results could be included reasonably in the multiple-regression equation 

of this paper without modification. A means of equating the stabilizing 

effect of armoring with that of silt and clay would be necessary. 



Figure 19. Big Muddy Cree at Daleview ontana 

Ban overhang at this site may be the result of dense grasses 
growing outward rather than the erosive effects of high discharges. 
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Therefore, no gravel-bed streams are included ;n the list of 98 stations 

(table 4) upon which the multiple-regression equation ;s based. 

Mountain streams generally flow on colluvium and coarse 

alluvium, but gravel- or cobble-bed channels of perennial streams are 

not confined to alpine areas. Numerous streams of the Ozark Plateau 

have gravel-bed channels, as do many other streams draining basins of 

limestone or glacial-drift geology. The coarse alluvium and colluvium 

of these streams provide stability for the channel by armoring the bed 

and possibly the banks with gravel and cobbles that are relatively 

immovable except during periods of high discharge. The armoring sup

plies the channel stability for turbulent streams that is caused by 

silt-clay cohesiveness of most low-energy streams. In other words, 

the silt-clay percentages used in the multiple-regression equation are 

substitutes for cohesion or stability expressions. Similarly, the 

armoring of channels by the coarse sediment sizes provides stability 

that should be comparable to the cohesiveness of silt and clay. The 

comparability is evident in figure 11, which shows that the width

discharge relation of high-gradient streams is roughly analogous to 

channels of low silt-clay content in the bed material, and high 

silt-clay content of the banks. 

A method has not been devised to measure and equate channel 

armoring to silt-clay percentages. Because of the position of the 

regression line for high-gradient streams in figure 11, however, the 

armoring of mountain streams is assumed to be equivalent to silt-clay 

contents of 7 and 70 percent for the bed and banks respectively. 
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These values obviously cannot apply well to all armored streams, but 

for the purpose of generalization they appear useful. Using silt-clay 

percentages of 7 and 70 percent for all stations, instability ratios 

were calculated for 31 of the 32 high-gradient channels listed in table 

2; results are given in table 9. Cherry Creek near Franktown, Colorado, 

is not included in table 9 because it is not a gravel-bed stream. Silt

clay percentages of 7 and 70 for the mountain streams in part were 

selected to give results consistent with an instability ratio of 1.00, 

but physical reasons also support the selection of these values. The 

bed armoring of turbulent streams protects the underlying sand, which 

therefore is not readily available for transport as bed load as is 

the unprotected sand in channels of the Sand Hills for example. Hence, 

a low value, but one higher than for sand channels, would appear 

representative for the bed silt-clay content. Bank material of high

gradient streams generally is sandy, but it also commonly is dark, 

indicating high organic content. Many mountain streams are lined with 

large boulders, which encourage the deposition of sand and silt, 

growth of riparian vegetation, and accumulation of organic matter in 

the matrix material of the banks. Thus, the banks generally are stable, 

but possibly not to the extent of well vegetated banks formed entirely 

of silt and clay along low-gradient streams. 

Figures 9 and 20, respectively, show a high-gradient stream 

in the Big Horn ~lountains of Hyoming, and Middle Boulder Creek at 

Nederland, Colorado. Both streams are well armored by cobbles and 

boulders, the largest sizes generally forming the active-channel sides. 



Station 

Number 

06048500 

06061500 

06062500 

06077000 

06109800 

06115500 

06191000 

06271 000 

06289000 

06298000 

06298500 

06311000 

06314500 

06315500 

06317500 

06318500 

06409000 

06431500 

06616000 

TABLE 9 

INSTABILITY RATIOS OF HIGH-GRADIENT STREAMS USING 7 AND 70 
FOR SILT-CLAY PERCENTAGES OF THE BED AND BANKS 

Equil. Width, Instabi 1 ity 

Weq Ratioa 

(ft) (WA/Weq ) 

22.50 0.98 

25.85 0.93 

15.52 1.22 

21.01 1.19 

16.80 1. 19 

12.88 1. 32 

55.17 1.00 

44.95 l.13 

45.70 1.07 

50.86 1. 02 

13.36 1. 20 

14.06 1. 14 

16.00 1. 25 

17.57 1.42 

13.86 1. 30 

29.40 1. 19 

11.76 1.11 

26.33 1. 29 

15.65 1. 15 

109 



110 

TABLE 9--Continued 

Equil. Wi dth, Instabi 1 ity 
Station Weq Ratioa 

Number (ft) (WA/Weq ) 

0671 0500 27.38 1.39 

06716500 43.53 1. 33 

06719500 56.16 1. 30 

06722500 19.72 1.06 

06725500 27.38 1. 17 

06730300 8.00 1.00 

06733000 41.91 1. 19 

08387000 13.36 1. 20 

09073400 45.41 0.86 

09074800 24.16 0.95 

09075700 29.33 1. 06 

09442692 6.92 1.30 

a Measured widths, WA, are listed in table 2. 

Bank vegetation, including trees, extends nearly to the edge of the 

water at both sites, and is protected by the boulders among which it 

grows. Very little variation in width is apparent at the two channels, 

especially the Wyoming stream (fig. 9); nearly constant width is 

inferred to be indicative of high channel stability. Figure 21, taken 

at Ten Sleep Creek near Ten Sleep, Wyoming, also shows boulders forming 
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Figure 20. Middle Boulder Creek at Nederland Colorado 

Like many mountain streams, the banks of this stream are lined 
with boulders and the bed is paved with gravel and cobbles. 



Figure 21. Ten Sleep Cree near Ten Sleep Wyoming 

The presence of a bluff on one side of a stream has little 
effect on channel width. 
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the natural riprap of the channel sides, and boulders and cobbles 

armoring the channel bed. In addition, it illustrates that active

channel widths are largely unaffected if one side of the channel is a 

rigid boundary -- in this case a granite bluff. If a stream is able 
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to mold the alluvium on one side to a condition approaching stability, 

the width-discharge relation for the stream will probably conform to 

the appropriate regression equations given in this paper. Figure 22 

shows a less turbulent high-gradient stream, North Fork Powder River 

near Hazelton, Wyoming. The bank material is a silt and sand matrix 

embedding gravel and cobbles, and is covered by subalpine grasses. 

Undercutting of the left bank, the concave side of the bend, is indica

tion that high discharges have not widened the channel, but that stable 

discharge and hearty grasses and forbs in combination are maintaining 

a narrow channel. 

As illustrated by the Nederland and Hazelton stations (figs. 20 

and 22), there are wide ranges in channel roughness, size of armor, and 

channel gradient for the streams designated here as "high gradient". 

It appears, however, that these differences have little effect on the 

width-discharge relation provided that the coarse particle sizes are 

plentiful enough to fully protect the underlying sand and fine gravel. 

Use of 7 and 70 percent to describe bed and bank cohesiveness 

may be applicable to armored streams of low to moderate gradient in 

humid areas, but possibly not to those in arid areas. When applied 

to Schumm's data for gravel-bed channels, which are all channels of 

moderate gradient in arid to semiarid areas (Schumm, 1960, p. 20), 



114 

Figure 22. North For Powder River near Hazelton Wyoming 

Gradient and roughness of this stream are lower than for many 
alpine streams but the width-discharge relation is typical of high
gradient streams in general. 



7 and 70 percent resulted in instability ratios ranging from 1.10 to 

3.04. His particle-size data show, however, that some of the gravel

bed streams he measured were not armored, but simply included gravel 
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in the bed material. For gravel-bed streams of the Ozark area, use of 

7 and 70 percent to describe cohesiveness gave better results than were 

obtained for streams of more arid regions. Instability ratios cal

culated for Big Piney River near Big Piney, Missouri (06930000 of 

fig. 1); Little Beaver Creek near Rolla, Missouri (06931500 of fig. 1); 

and Little Piney Creek at Newburg, t~issouri (06932000 of fig. 1); are 

1.05, 1.17 and 1.21, respectively. Average discharge at these stations 

ranges from 3,800 to 386,200 acre-ft/yr (0.148 to 15.06 m3/s), and 

gradients range from 0.0008 to 0.0056 ft/ft. Steady discharge owing 

to strong base flow is probably a contributing factor for the low 

instability ratios of these gravel-bed streams relative to those 

measured by Schumm (1960). 

Geology and Sediment Supply 

An original assumption of this study was that the surficial 

geology of a basin is an important variable of channel geometry, 

because the geology in large measure determines the sediment sizes 

available for fluvial transport. Experience has shown that the assump

tion is valid, but that the influence of other variables often is 

great enough to mask the effect of geology. Excepting some small 

drainage basins of uniform surficial geology, most basins of the Great 

Plains have a significant supply available for transport of all sediment 

sizes finer than coarse sand. The basin size, channel gradient, recent 
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flood history, and prevailing climate, however, determine the pro

portions of the sizes transported, and thus the dominant particle sizes 

of the bed and bank material. For example, previous to 1914, the bed 

and banks of the Cimarron River in southwest Kansas probably contained 

large amounts of silt and clay. A series of floods beginning in 1914 

winnowed the alluvium of fines, causing the available sediment for 

transport to be mainly sand (Schumm and Lichty, 1963, p. 80). Channel 

narrowing and increased meandering, aided by growth of in-channel 

vegetation. has occurred during the last three decades, and now in 

places, both bed and bank material contain large proportions of silt 

and clay (fig. 23). The surficial geology of the Cimarron River basin 

has changed very little during the last century, but the particle sizes 

transported at most discharge rates have varied greatly. 

It was proposed previously that fluvial transport of sand as 

bed load is a process that serves to widen channels; the opposing, or 

narrowing, process is bank stabilization by accretion of suspended 

sediment. It is basic to the hypothesis of this study that the relative 

amounts of bed load and suspended load largely determine the active

channel morphology. In the absence of flood events, therefore, the 

rate of total sediment transport has virtually no effect on the width

discharge relation. A stream of specified discharge characteristics 

and bed load-suspended load ratio should, at stable or equilibrium 

conditions, have approximately the same width regardless of changes in 

total-load concentration. 
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Figure 23. Cimarron River South of Garden City, Kansas 

Presently, the active-channel width is defined by the vege
tation growing across the channel. Trapping of sediment by the reeds 
appears to be causing formation of a much narrower active channel that 
can be seen meandering among the reeds in the middle portion of this 
photograph. 
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Summary statements of basin geology are given in table 4 for 

the 98 stations used in the multiple-regression analysis. Although a 

general correlation exists between geology and the sediment character-

istics of a stream, it is apparent that on the basis of geology, silt

clay percentages of bed and bank material cannot be estimated with 

consistent accuracy. Therefore, geology was considered in this study 

only when there was a need to estimate silt-clay percentages of one 

channel by comparison with those of another. 

Channel Gradient 

With the exception of mountainous streams, channel gradient 

in this study was considered a variable completely dependent on other 

variables, particularly discharge and variability of water and sediment. 

For all alluvial channels gradient was treated as a dependent variable. 

Width-discharge regressions were made graphically for various 

groups of streams of similar channel gradient. A regression was made 

for all streams with channel gradients of 0.0001 to 0.0002 ft/ft; 

another included gradients of 0.0003 to 0.0004 ft/ft; the highest 

gradients were those exceeding 0.0080 ft/ft. Because streams of the 

same gradient can have markedly varying discharge and sediment char-

acteristics, the regressions do not appear useful quantitatively, but 

they do permit several generalizations helpful in understanding the 

channels of this study. Figure 24 shows the width for all the gradient

group regressions at a discharge of 10,000 acre-ft/yr (0.39 m3/s). 

The curve defined by the points plotted in figure 24 summarizes the 

manner in which channel width changes relative to gradient. The 
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multiple-regression equation of this study is based on differences of 

discharge and sediment characteristics, and assuming that gradient is 

also, the curve is illustrative of the multiple-regression relation for 

a specific discharge rate. 

The channels of lowest gradient are mostly large streams of 

large drainage-basin area. The low gradients reflect a significant 

suspended load and stable banks, generally high in silt-clay content. 

A large basin, however, inevitably supplies at least small amounts of 

sand as bed material, sufficient to aid in minor widening. Channels 

with gradients of 0.0003 to 0.0004 ft/ft include streams of large 

basins with better supplies of sand for transport than those of lesser 

gradient, and streams of intermediate-sized basins that have virtually 

no source of sand. Hence, the average width of these streams, for a 

normalized discharge, is less than that for gentler gradient. A wide 

variety of discharges and sediment characteristics are represented by 

streams with gradients ranging from 0.0006 to 0.0012 ft/ft, but the 

group is dominated by streams draining intermediate-sized basins with 

ample supplies of sand for transport. Thus, many of these streams are 

wide and unstable. Most streams of the Sand Hills in Nebraska have 

gradients falling in this range. As channel gradient increases from 

0.0008 to about 0.0020 ft/ft, the average channel width decreases. 

Many perennial streams with these higher gradients have small- to 

intermediate-sized drainage basins and plentiful supplies of fine

grained sediment. It seems likely that widths of these streams also 

narrow as gradient increases because the armoring effect of bed 
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material becomes increasingly more significant. Small, upland streams 

with cohesive banks reduce the average widths of channels with gra

dients ranging from 0.0020 to 0.0080 ft/ft, but for this study many 

western streams of arid areas produce the opposite effect. The lack 

of stability caused by deficient vegetation along the arid-area channels 

is largely balanced by the stabilizing effects of armoring. The in

creasing channel widths in this range are possibly the result of 

increasing turbulence as gradients increase. Finally, as gradients 

approach and exceed 0.0080 ft/ft, the bed and bank armoring become 

dominant enough that no further change in average width is apparent 

(fig. 24). 

The generalizations above and represented by figure 24 are, of 

course, a result of the data used. The curve of figure 24 is based 

on about 300 channel-width and gradient measurements, many from the 

eastern part of the ~1issouri River basin and including nearly all sites 

previously listed in this report. Thus, parts of the curve are dom

inated by streams that transport large amounts of silt and clay relative 

to sand at normal discharge rates. If other parts of the country and 

other climates were fully represented, the curve probably would have a 

different shape. Possibly it would show a relatively uniform decrease 

of width as gradient increases from 0.0008 to 0.0080 ft/ft if this part 

of the curve were not dom; nated by mi dwestern stt'eams. It seems doubt

ful, however, that the greatest average widths would occur at gradients 

other than those suggested by the data of this study. 
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Returning attention briefly to the various exponent values of 

table 1, the explanations advanced for the shape of the width-gradient 

curve (fig. 24) also explain why general agreement for the value of 

"b" has not developed. Unless the variables that influence the width

discharge relation are considered, most studies of the sorts represented 

by table 1 can be expected to yield an exponent too small. The in

evitable sandiness of the beds of large streams promotes width, and 

the armoring common in upland channels of higher gradients, possibly 

aided by a pronounced vegetative effect, tends to cause narrow channels 

for streams of low discharge. The result is a regression line of lower 

slope than accurately describes the width-discharge relation. Figure 25 

is a plot of all width-discharge data assembled for this study. Also 

provided is a reference regression line. At discharge rates greater 

than 100,000 acre-ft/yr (3.90 m3/s), active-channel widths increasely 

deviate farther from the regression line; narrowest channels, relative 

to discharge, occur at mean discharges of 5,000 to 10,000 acre-ft/yr 

(0.20 to 0.39 m3/s). Channels of lesser discharge commonly are widened 

owing to bedrock control. Depending on the typical basin and discharge 

characteristics defined by an areal study, therefore, a biased set of 

data can provide an exponent value within a relatively wide range. 

Unusual Conditions 

The hypotheses and regressions presented here are proposed for 

almost all natural and many altered alluvial channels. Streams of 

atypical or nonideal conditions, therefore, must be reasonably ex

plained or included in the regression analyses if the equations are 
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Deviation to the wide side of the standard regression relation 
occurs at high discharges owing to sandiness and a lack of armoring, 
and at low discharges owing to bedrock control. 



broadly meaningful. The exceptional channel conditions described are 

those that were observed or considered during field activities, but 

because they are exceptional, only limited data are available. Some 

of these relatively unique groups of streams have attributes, such as 

the low discharge variability of springs, that permit testing of the 

hypotheses advanced in this study. 

Springs 
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Relative to most natural streams, springs are unique because 

they transport virtually no sediment as either suspended or bed load, 

and although discharge is variable, it generally is much less variable 

than for most other streams. Lacking fluvial sediment, accretion of 

the active-channel banks is very slow, depending mainly on additions by 

slope wash and eolian deposition. Unless there is significant drainage

basin area above the spring, flooding is also virtually nonexistent 

along the spring branch (the channel conveying the spring effluent). 

Thus, both widening and narrowing processes typical of most active 

channels are nearly absent from spring branches, and complete stability 

should result. 

Several springs of southern Missouri were visited to test the 

above assumption, but only one, Round Spring at Round Spring, Missouri, 

(07065000 of fig. 1), proved suitable. The widths of all other spring 

branches were influenced either by bedrock, high gradients and armoring 

by limestone cobbles, or contributing drainage areas above the spring 

outlet. Round Spring emanates from a limestone bluff at the edge of 

the Current River flood plain. The spring branch meanders slightly on 
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the silt, sand, and fine gravel of the flood-plain deposits before 

discharging into the river. The channel sides are nearly vertical, but 

bank material is mostly sand because much of the sediment transported 

by the Current River is sand and gravel as bed load. Based on an 

average annual discharge of 30,700 acre-feet (1.197 m3/s), and silt

clay percentages of 1 and 30 percent respectively for bed and bank 

material, the calculated equilibrium width of the active channel is 

38 feet (11.6 m), identical to the measured width of 38 feet (11.6 m). 

Similar calculations for the channel of Tularosa Spring are not 

nearly as supportive. Flow from the spring accounts for most discharge 

at Tularosa River above Aragon, New Mexico (table 2). The spring is 

about a mile (1.6 km) upstream from the measurement site. and therefore 

average discharge includes an unknown amount of surface runoff. An 

active-channel width of 9.0 feet (2.7 m) was measured by Scott and 

Kunkler (in press). but sediment samples were not collected. Because 

the channel gradient is 0.0083 ft/ft, bed and bank armoring and silt

clay equivalents of 7 and 70 percent were assumed (table 9). Calcula

tions gave an equilibrium width of 6.92 feet (2.l1 m). and an insta

bility ratio of 1.30. If sediment data were available for this stream, 

and if the measurement site were immediately downstream from the spring. 

perhaps the measured and equilibrium widths would be more nearly equal. 

Saline Discharge 

Outcroppings of evaporite deposits of Permian age occur in 

Texas, Oklahoma, and Kansas. Locally, springs and seeps discharge brine 

to the streams draining these areas. The high salinity inhibits growth 
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of bank vegetation and possibly causes aggregation of clay particles. 

Both processes reduce bank stability and cause channel widening at and 

immediately downstream from sites of brine seepage. In extreme cases, 

small streams with relatively stable channels become very wide and 

braided where saline discharge occurs. Where brine seeps into larger 

streams, such as the Solomon River in north-central Kansas (figs. 26 

and 27), apparent widening may be confined to a short reach. 

The effects on channel morphology of high salinity, like ar

moring cannot yet be considered quantitatively. Recognition of widening 

caused by brine seeps, however, serves to support some of the ideas 

proposed in this paper. Highly concentrated saline springs, like those 

occurring from central Texas into northern Kansas, are unique to areas 

of evaporite geology, but less saline conditions, sufficient to limit 

bank vegetation, are more widespread. The obvious widening due to 

high salinity suggests that subtle amounts of widening may occur along 

channels of arid areas where evaporation causes concentration of salts. 

Widening, or channel instability, is also an expected result where 

oil-field brines or other contaminants are released to streams too 

small to provide adequate dilution. 

Pools and Riffles 

Small variation in active-channel width through a reach several 

widths in length has been identified as an indication of channel 

stability. Consistent width is common for most channel segments, 

particularly those of high-gradient streams, sand-bed streams, and 

streams of low discharge variability. Low-gradient streams with well 
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Figure 26. Effects of B ine Seepage Solomon Rive ansas 
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Figure 27. Brine Seep from Left Bank of the Solomon R"ver near 
Salina Kansas 

Compare the seep area of the foreground with the well formed 
active-channel ban of the opposite side. Note the salt encrustation 
at the bottom of the photograph. 
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developed pool-riffle sequences, however, are exceptions. Channel 

width is commonly erratic, for example, along streams of eastern Kansas 

and Missouri. The pooled reaches of these streams have high bed and 

bank silt-clay contents, and riffles are formed by locally derived 

limestone cobbles. As typified by Mill Creek at Oregon, Missouri 

(06816000 of fig. 1) the riffles generally have narrow and poorly 

defined active channels (fig. 28). From a riffle to the central part 

of a pool the channels widen and then again narrow as another riffle 

is approached. Consistent width measurements, therefore, are difficult 

to achieve, but best results are obtained from measurements and samples 

taken immediately above or below the riffles. 

It is inferred that widths measured near the riffles relate best 

to the multiple-regression equation owing to the processes that form 

and maintain a pool-riffle morphology. Pool-riffle sculpturing occurs 

during high discharges; water-velocities are greatest then in the 

pooled reaches (Keller, 1971), and pools, therefore, become the sites 

of maximum scour. The channel scour is not confined to the vertical 

plane, but widening occurs as well. On the basis of casual observa

tions, it appears that the degree of widening is a function of distance 

from a riffle to the central part of a pool. Regardless of whether 

the riffles tend to widen also during floods, discharge at normal flow 

rates seems to be concentrated in a narrower section at riffles than 

at pools. Hence, a measurement site near, but not at, a riffle is 

inferred to be most compatible with the width-discharge-sediment 

relation. Bed material at the riffle is representative of sizes 



Figure 28. Mill Creek at Oregon issouri 

Typical of pool-riffle streams the channel widths of this 
creek are least at riffles and greatest in the central pool reaches. 
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transported only during high flows, but bed material collected else

where in the reach appears representative of ordinary discharge rates. 

The established widths of highly pooled streams do not appear 

subject to large changes with time. The banks of typical pool-riffle 

streams of Kansas and Missouri are fine grained, well vegetated, and 

stable, and further widening during most floods is minimal. At normal 

discharges water velocities in pooled reaches are very low, and sus

pended sediment tends to settle. Little sediment ;s available, there

fore, for transport and active-channel accretion. Calculations based 

on sediment-concentration and discharge data of pooled streams in 

southeast Kansas, for example, indicate that less than 2 percent of 

total sediment discharge occurs during the lowest 90 percent of flow 

duration (Osterkamp, in press). It appears, therefore, that unlike 

most other streams, the channel morphology of highly pooled streams 

is more the result of peak discharges than normal discharges. 

Data in support of the above conclusions are empirical 

widths of pooled streams best fit the regressions if measurements are 

taken near riffles. Only a few streams with well developed pool

riffle sequences are among those of the multiple-regression analysis. 

They include Mill Creek at Washington, Kansas; Black Vermillion River 

near Frankfort, Kansas; Vermillion Creek near Wamego, Kansas; Big Bull 

Creek near Hillsdale, Kansas; and Lightning Creek near McCune, Kansas 

(tables 4, 5, and 6). Others, including Mill Creek at Oregon, Missouri 

(fig. 28), were not regressed because widths were suspected of being 

excessively large owing to bedrock control. Of those regressed, only 

the Wamego station had an instability ratio in excess of 1.20. 



APPLICATIONS AND INFERENCES 

As previously noted, knowledge of the interrelations of stream

flow, fluvial-sediment characteristics, and channel morphology has 

application as a method of indirect determination of the average dis

charge from ungaged basins. It is hoped that the practical use of 

the regression equations developed in this report, however, is not 

limited to the estimation of discharge, but includes the prediction 

of the effects of land use and hydraulic structures. This section 

considers the possible channel changes caused by man1s activities, as 

well as changes of fluvial processes that may be largely unrelated to 

human use of land and water. Relations proposed in this paper are 

employed as a means of understanding observed changes of low-gradient 

channels, mostly in Kansas, during the last few decades. It is em

phasized that these examples are presented to demonstrate the possible 

utility of the regression equations, and that conclusions drawn from 

the examples are based on deficient data and are, therefore, specu

lative. 

Changes in Silt-Clay Percentages with Time 

The techniques developed in this report permit comparisons of 

channel data collected at different times at the same site. Changes in 

the active-channel characteristics and instability ratio of a stream 

can signify 1) simple adjustment toward or from equilibrium resulting 

from short-term excessive or deficient runoff, 2) adjustment of channel 
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characteristics caused by naturally occurring changes in runoff and 

sediment availability, and 3) induced adjustment of channel character

istics owing to land-use practices or hydraulic structures. Moderate 

change of width with time without significant change in the silt-clay 

contents of the bed and banks probably is indicative of normal vari

ations in discharge. Pronounced changes of both width and sediment 

characteristics, however, may reflect a basic change in streamflow or 

the amount and caliber of sediment transported by the stream. Ob

served changes at a single station are obviously of limited value 

unless detailed knowledge of the recent history of the basin, such 

as exists for the Gila and Cimarron River basins, is available. The 

possible causes of channel changes in areas for which comparative data 

from several streams are available may be easier to identify. 

Unfortunately, suitable channel data for comparison purposes 

are almost nonexistent. Excepting the work of Schumm (1960, 1963), no 

studies previous to the present study have included both bed- and bank

material analyses, and channel-width measurements taken in general 

conformity to the active-channel definition. Even some of Schumm's 

width measurements appear unrealistically large and possibly unreliable 

for purposes of comparison. 

Table 10 lists sites for which paired data sets are available. 

Station numbers ending with zero indicate that the data were collected 

in 1974 or 1975 for this study; station numbers altered to end with one 

refer to data collected by S. A. Schumm during the period 1958 to 1963. 

It is highly improbable that the two data sets of any pair listed were 
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TABLE 10 

WIDTH AND SEDIMENT CHANGES AT SELECTED STREAMS 

Average Percent Percent 
Discharge Channel Si1t- Si1t- Instab. 

Station Station (acre- Width clay clay Ratio 
Numbera Name ft/yr) (ft) of bed of bank (WA/Weq ) 

06786000 N. Loup River 
at Taylor, NE 333,300 153 1 25 1. 15 

06786001 N. Loup River 
at Taylor, NE 333,300 151 1 31 1. 21 

06797500 Elkhorn River 
at Ewing, NE 130,400 89.0 1 39 1.22 

06797501 Elkhorn River 
at Ewing, NE 130,400 105 1 36 1.41 

06856000 Republican River 
at Concordia, 

30b KS 573,100 150 25 1.30 

06856001 Republican River 
at Concordia, 
KS 573,100 250 1 30 1. 52 

06860000 Smoky Hill River 
at El kader, KS 26,720 45.0 1 38 1. 23 

06860001 Smoky Hill River 
at El kader, KS 26,720 500 4 27 15.87 

06864000 Smoky Hill River 
nr Russell, KS 150,000 110 20 1.16 

06864001 Smoky Hill River 
nr Russell, KS 150,000 115 1 76 1. 78 

06867000 Saline River nr 
Russe 11, KS 87,660 46.0 1 91 0.98 

06867001 Saline River nr 
Russell, KS 87,660 93.0 5 89 2.35 



135 

Table 10--Continued 

Average Percent Percent 
Discharge Channel Silt- Silt- Instab. 

Station Station (acre- Width clay clay Ratio 
Numbera Name ft/yr) (ft) of bed of bank (WA/Weq ) 

06867500 Paradise Creek nr 
Paradise, KS 14,060 20.0 17 71 1.35 

06867501 Paradise Creek nr 
Paradise, KS 14,060 32.0 7 74 1.98 

06869500 Saline River at 
92 b Tescott, KS 165,000 36.0 90 0.92 

06869501 Saline River nr 
Salina, KS 164,500 56.0 49 92 1.34 

06872500 N. F. Solomon 
River at 

87b Porti s, KS 107,300 52.0 1 0.99 

06872501 N. F. Solomon 
River nr 
Downs, KS 109,400 82.0 1 87 1. 54 

06876900 Solomon River at 
Nil es, KS 418,800 73.0 91 91 1. 17 

06876901 Solomon River at 
Bennington, KS 418,800 112 4 90 1.27 

06877600 Smoky Hill River 
at Enterprise, 
KS 1,207,000 190 4 68 1. 17 

06877601 Smoky Hill River 
at Abil ene, 
KS 1,207,000 125 87 97 1.19 

a Numbers ending in 1 refer to data coll ected by Schumm in period 
1958-1963. 

b No analysis available; value estimated on basis of analysis by Schumm. 
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collected at the same site, but for most stations the two measurement 

sites were probably very close. Most of the larger streams are par

tially regulated by dams built between 1950 and 1965. In spite of the 

resultant changes in flow regimen, some of the listed discharges for 

Schumm1s measurements (table 10) differ from those he published (Schumm, 

1960, p. 19-20); instead of using average discharges based on the 

shorter period of record then available, average discharge for the 

entire period of record now available is used for most of Schumm1s 

data. 

The eleven data sets of table 10 are assumed representative of 

channel changes that occurred in north-central Kansas and part of 

Nebraska during about a 15-year period. Inspection of the table shows 

that in that period, at most of the sites measured and sampled, width 

decreased, bed silt-clay content remained about the same, and the 

instability ratio decreased, at several stations markedly. The 

principal exception to the generalizations is for Smoky Hill River at 

Enterprise (Abilene) Kansas, where the width has increased and the bed 

silt-clay content has decreased. Although there is question about the 

accuracy of the Enterprise data, the general consistency of results 

between sets of the eleven data pairs suggests that comparisons are 

justified. 

During the period 1958 to 1974, numerous changes occurred in 

north-central Kansas that could have affected the width-discharge

sediment relation. Streams, particularly the main streams, became more 

regulated, farming practices changed, frequency of intense summer 
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storms and storm runoff decreased (J. A. Power, Assist. Chief Engr., 

Kans. Water Resources Board, written commun., 1975), and construction 

in both urban and rural areas increased. Because any or all of these 

factors may have had a measurable effect on stream channels, the cause 

of the general decrease in width and instability ratios remains 

speculative. 

The most reasonable explanation for the channel changes, how

ever, is that streams of the area were narrowing from excessive widths 

produced by historic flooding in early summer, 1951. The flood of 

record for most of the eleven stations (table 10), including the North 

Loup River at Taylor, Nebraska, occurred in 1951, and at places in 

central Kansas the 1951 flood is regarded as an event of recurrence 

interval of at least 400 years (P. R. Jordan, Hydrol., U. S. Geol. 

Survey, oral commun., 1975). The supposition that many streams were 

still wide due to the 1951 flood at the time of measurement by Schumm 

is supported by the instability ratios. The three largest values cal

culated from Schumm's data are all for unregulated streams, where peak 

discharges were not affected by dams or highly permeable surficial 

geology, and where widening probably would be most pronounced. All of 

the eleven channels were flooded and probably widened by the 1951 event, 

and all eleven channels showed at least a small reduction in instability 

during the 15 years between measurements. It seems unlikely that any of 

the other possible causes of channel change would have had as consistent 

an effect over a large area as the 1951 flood possibly had. 

The changes in silt-clay content of bed and bank material 

indicated in table 10 could result from several causes, but they are 



also consistent with the explanation proposed above. The previously 

cited studies of the Gila and Cimarron Rivers (Burkham, 1972; Schumm 
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and Lichty, 1963) showed that major flooding tends to straighten 

channels, increase channel gradients, and increase the caliber of bed 

material. Narrowing toward equilibrium conditions produces the opposite 

changes. Although data are incomplete, they indicate that changes in 

bank material during the l5-year period of general narrowing (table 10) 

were nominal. Only small amounts of change would seem expectable 

unless a basic cause, such as a change in climate or land use, altered 

the availability of suspended sediment relative to bed load. Most 

changes in bed material, however, were toward increased silt-clay 

percentages, indicative of narrowing regardless of the cause. At those 

stations where regulation since about 1960 has reduced flood peaks, 

narrowing probably has been aided by the lowered variability of dis

charge, but this explanation is not pertinent to five of the stations 

that are wholly unregulated. Most other cultural changes of conse

quence to channel morphology, including most changes in land-use 

practices, result in increased bed load and widening. Like regulation, 

the apparent reduction in recent years of the frequency of intense 

convective storms may favor channel narrowing by causing fewer widening 

discharges. However, unless average discharge also has decreased, 

which generally has not happened in north-central Kansas, any measured 

narrowing probably reflects change toward, rather than from, an equi

librium condition. 
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The general narrowing of channels in Kansas and Nebraska may 

have begun well before 1951, and the flood represents a short-term 

fluctuation in a longer-term trend. Perhaps channels widened exces

sively before and during the Dust Bowl era owing to discharge vari

ability and reduction of riparian vegetation, and narrowing began with 

a return to conditions of more normal precipitation. This explanation 

is consistent with observations from the Cimarron River basin in south

west Kansas (Schumm and Lichty, 1963, p. 79). 

Gradient Changes 

This study and others support the generalization that as streams 

with established flood plains increase in channel length and sinuosity, 

sediment size and channel width decrease. It does not follow, however, 

that reductions of sediment size and width are immediately accompanied 

by reductions in channel gradient. The regressions and stability 

concept developed in this paper pertain to the active channel, a 

geomorphic feature that in humid areas can change form and character 

within one or two years. Channel gradient and sinuosity normally 

change more slowly, possibly as a result of basic changes in the 

active-channel regime. Hence, instability of alluvial stream channels 

is of two types. One type, the instability of the active channel, is 

defined here and relates to short-term changes. The second type is 

a longer-term response to changes in the water-sediment input of a 

fluvial system, and it might be indicated by changes in gradient, 

meandering, and channel elevation during a period of decades or possibly 

centuries. It is inferred, therefore, that measurable changes with 
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time in both active-channel morphology and gradient suggest changes in 

the supply of water or sediment from a basin to a stream. Active

channel changes unaccompanied by gradient changes are suggestive of 

relatively minor modification of the water-sediment supply, such as 

variation in the caliber of sediment available from the flood plain. 

Gradient changes, as shown by changes in channel length, were 

determined for major streams of north-central Kansas for the period 

1890 to 1975 (table 11). Results are related to changes in the 

instability ratios (table 10) for north-central Kansas streams between 

about 1960 and 1975. Thirty-minute topographic maps, published by the 

U. S. Geological Survey from 1890 to 1900, provide the basis of com

parison for stream lengths measured from subsequent maps or aerial 

photographs. These early maps lack the accuracy of current standards, 

but are probably adequate for discerning rough changes in length of 

the major channels. All of the stream lengths were measured along 

the center line of the channel. 

Except for the lowermost part of the Smoky Hill River, all 

channel reaches measured show at least moderate lengthening from about 

1890 to 1975. Measurements for intermediate times indicate that 

almost all of the lengthening occurred during the first half of the 

period (table 11, fig. 29). The increases in channel length were much 

greater for the Solomon and Saline Rivers, which now have substantial 

silt and clay in the bed and bank meterial (tables 4 and 10), than they 

were for the upper reaches of the Smoky Hill River (table 11, fig. 29). 

Bed and bank material along much of the Smoky Hill River has remained 
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~umber 

(refers 
to 

fig. 29) 
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TABLE 11 

CHA 'GES I LE GTH OF -1AJOR STREAr1S OF 0 SAS 1890-1975 

Str"eam Reach 

South For~ Solomon River 
at section line, sec. 31, 
T.7 S., R.18 W., to Solomon 
River, 2 miles west of 
Beloit. 

Solomon River 2 miles west 
of Beloit, to Solomon River 
at county bridge, sec. 9 

Length 
of 

channel 
(miles) 

1890-1900 
Topo. maps 

97.5 

T.13 S. R.l W. 87.1 

Saline River at bridge sec. 23, 
T.12 S. R.10 W. to bridge 
U. S. Highway 40, 1 mile ~est 
of ew Cambria. 90.8 

Sma y Hill River immediately 
below Cedar Bluff Dam to 
Smo~y Hill River at Russell-
Ellsworth County line. 90.6 

Smo~y Hill River at 
Ell sworth- IcPherson County 
line to Smo~y Hill River at 
NW , sec. 32, T.14 S., R.2 W. 

Smo'y Hill River at bridge, 
SWl4 , sec. 1 9 T . 1 3 S. R. 1 E., 
to Smo'y Hill River at bridge 
sec. 9 T . 1 2 S. R. 6 E. 

69.7 

70.5 

Source 
of 

data 

Topo. 
aps, 

1951 

Topo. 
maps 
1951-2 

Tapa. 
maps 
1959-62 

Aerial 
Photos, 
1938-9 

Aerial 
Photos 
1938-9 

Aerial 
Photos 
1938-9 

I ercent 
L n change 

of from 
c a 90-1900 
( i1 maps 

2 +28 

137 +58 

159 +75 

+9 

-8 

Source 
of 

data 

erial 
Photos 
1975 

Aerial 
maps 
1975 

Aerial 
photos 
1974 

Aerial 
Photos 
1973 

Aerial 
Photos 
1973 

Aerial 
Photos 
1973 

Length 
of 

channel 
(miles) 

118.7 

139.1 

155.8 

104.8 

79.4 

67.8 

141 

Pe cent 
change 

from 
1890-1900 

maps 

+22 

+60 

+72 

+16 

+14 

-4 
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sandy. Minor shortening occurred between 1890 and 1975 downstream 

from the confluence of the Solomon and Smoky Hill Rivers (table 11, 

fig. 29). A study by Ratzlaff (1970) shows that the channel shortening 

during this period extended eastward nearly to the Missouri River 

confluence. The cause of the apparent decreases of channel gradient 

for north-central Kansas streams, but increased gradient of the Smoky 

Hill and Kansas Rivers farther east, is not known. Because most of the 

changes occurred previous to 1950, however, the flooding of 1951 does 

not appear to be a factor. Rather, the record of channel-length 

changes in northern Kansas suggests that reduction in the instability 

ratios from 1960 to 1975 are unrelated to longer-term changes of the 

major streams. The observed data are consistent with the possibility 

that the floods of 1951 reworked flood-plain alluvium, thereby widening 

channels, but had little effect on stream lengths. 

Scour 

Channel narrowing of unregulated streams during the 15 years 

prior to 1975 can be assumed to be a trend toward equilibrium from 

unstable widths caused by the 1951 flooding. The same is not neces

sarily true for regulated streams, which may have been widened by 

the flood, but also may have narrowed in response to a changed regimen 

of discharge and sediment transport. If channel instability is caused 

by a change in the sediment transported below a dam, channel degradation 

may occur. To test this possibility, rating-curve shifts, the observed 

changes with time of the stage-discharge relation, were analyzed for 

the nine gaging stations of Kansas listed in table 10. All of these 



stations lack bedrock control and are susceptible to scouring under 

the proper conditions. 

Discharges at Smoky Hill River at Elkader, Saline River near 

Russell, and Paradise Creek near Paradise have remained unregulated. 

The other six Kansas stations of table 10 have all received partial 
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to substantial discharge regulation by dams closed between 1948 and 

1967 (fig. 29). Except for the Paradise station, which has shown 

recent minor aggradation, very little shifting has been recorded for 

the unregulated stations. Similarly, little net change in the stage

discharge relation was recorded for the regulated stations except at 

Saline River at Tescott and Solomon River at Niles. At these two 

stations aggradation of 3 to 4 feet (0.9 to 1.2 m) has occurred in the 

last few years; before 1972 little net change in the stage-discharge 

relation was noticed. Thus, the channel degradation that often occurs 

downstream from a dam is not evident in the Smoky Hill River system. 

Because the major channels of north-central Kansas have neither 

degraded nor changed in length significantly in recent decades, it 

appears that the alteration of sediment transport by dam construction 

has had negligible effect on channel stabilities downstream from dams. 

The reductions in channel width that have occurred during the last 15 

years (table 10) are inferred to be the result of a lack of natural 

high-runoff events. There is no evidence that changes in the channel 

geometry have been caused by sediment storage in upstream reservoirs. 

Until recently, bed material of all the large streams in north-central 

Kansas was very sandy (table 10). At normal stages suspended-sediment 
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concentrations were probably low. Except immediately below the dams, 

where scour possibly occurred, the relative amounts of suspended and 

bed load, therefore, probably did not change much as a result of 

impoundment and release of relatively clear water from a reservoir. 

Sand-sized bed load is, of course, trapped by the reservoirs, but the 

channel sand stored as alluvium below the dams is probably sufficient 

to provide an unchanged supply of bed load for a much longer period 

than 15 years. This inference is supported by detailed sediment-load 

calculations for stations on regulated reaches of the Ninnescah River, 

a sand-bed stream that is impounded by Cheney Dam in south-central 

Kansas (Osterkamp, in press). Similar calculations for streams with 

predominantly silt-clay channels in southeast Kansas (Osterkamp, in 

press) show that large increases in sediment load per unit area of 

contributing drainage basin have occurred below dams since closure. 

In that area limestone of Pennsylvanian and Permian age provides 

bedrock control and resistance to scour. It therefore seems likely 

that the increased sediment loads are the result of increasing sin

uosity. 

The cause of the recent aggradation at the Tescott and Niles 

stations (fig. 29) is not known. The deposition at these sites, how

ever, indicates that silt-clay percentages of bed material have truly 

increased since Schumm's visits (table 10), and that the differences 

are not the result of sampling error. 
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Conclusions 

All interpretations and conclusions of this paper are dependent 

on the validity of the regression equations previously described. 

Conclusions based directly on the regressions have been discussed in 

detail, and need not be repeated here. 

Channel Stability 

The correlations of this study suggest that for a specified 

set of conditions, the power-function relation of channel width to 

average discharge is hydraulically controlled and constant. Definition 

of the width-discharge relation can be improved by introducing power 

functions of the silt-clay percentages of the bed and bank material, 

which are assumed indicative of the cohesiveness of the channel perim

eter. For any combination of discharge and channel-cohesiveness 

characteristics, it is assumed that an ideal or equilibrium width 

exists. The amount by which the actual width differs from the ideal 

is defined as the channel instability. It follows that for any combi

nation of bed and bank properties, a specific width and gradient exists 

at mean discharge that causes sufficient frictional losses of energy 

that a balance occurs between the erosive effects of turbulence and 

the tendencies for settling and cohesion of suspended sediment to the 

channel surface. If the channel is unstably wide, the frictional 

losses of the total kinetic energy are too large to permit sufficient 

stream power (the product of bed shear and velocity) and net erosion, 

and cohesion and narrowing predominates. If the channel is too narrow, 

stream power is excessive and enlargement of the channel perimeter or 
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widening occurs. Only when stream power is in balance with the combined 

processes of cohesion and gravitational settling of suspended sediment 

is there no net accretion or erosion. It is only then that an alluvial 

channel should be thought to have a truly rigid boundary. It is then 

that a condition of complete stability occurs, and any change of water 

or sediment discharge from that of stability immediately introduces new 

instability -- a condition of semi-rigid boundaries. 

Silt and clay contents and cohesiveness of the bed and bank 

material, however, are not the sole determinants of channel stability. 

Bank vegetation, organic content of the alluvium, armoring of the 

channel by coarse material, clay mineralology, and chemical quality of 

springs and streamflow are other variables that effect the equilibrium 

width for a specified discharge. Thus, the regression equations 

presented here are imprecise because they empirically generalize the 

influences of these and other variables. 

It is inferred that at constant discharge, the widest stable 

channels occur on streams that completely lack riparian vegetation 

and flow on loose, well sorted sand-sized alluvium completely devoid of 

clay or other binding material. Any increase in grading of the sediment 

in transport, or addition of bank vegetation, serves to produce cohesion 

and narrow the channel. The narrowest channels relative to discharge 

are those with large portions of binding material in channel alluvium 

that is protected on the sides by lush and mature riparian vegetation. 

Constant discharge, however, does not occur under natural 

conditions. Runoff to natural streams is continually changing, and the 
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range of discharges that a stream typically has during a year is an 

important variable of channel stability. Thus, a dominant or channel

forming discharge is a useful concept for the purpose of generalization, 

but one which misrepresents the processes that control channel mor

phology. Channels are shaped not by a dominant discharge, but by the 

integrated effects of the entire range of discharges that a stream 

exhibits. If average discharges are similar, widths of streams with 

erratic discharge will generally be greater than those of stable 

discharge. 

Channel widths immediately below reservoirs may show no relation 

to mean discharge. If release rates are strongly bimodal, the channel 

size will adjust to the greater discharges, although the average 

discharge rate may be much smaller. This effect tends to disappear 

with channel length downstream from the dam, because ordinarily the 

increasing amounts of natural runoff and attenuation of releases both 

have a moderating influence on the variability of the regulated 

streamflow. 

As applied to stream channels, the terms stability and insta

bility have appeared frequently in the literature without explanation 

of the meanings attached. In most cases it seems that instability is 

used synonymously with sandiness of the banks, the implication being 

that, regardless of discharge variability, sand-bank streams cannot be 

stable. The present paper provides a specific definition of instability 

that accounts for the sandiness of a channel, but does not depend on 

it. The definition proposes that any channel can be stable, regardless 



of the sediment characteristics, and that those characteristics must 

be considered in identifying the width that represents stability or 

equilibrium. 

Accretion and Gradient Adjustment 
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Observations and measurements of streams in both humid and arid 

areas suggest that the shape of an active channel is largely determined 

by the characteristics of water and sediment discharge, and the bank 

vegetation. During periods of normal discharge following a flood, 

bank accretion and flood-plain construction occur even if vegetation 

is unavailable to trap sediment. If vegetation is absent and little 

suspended load is transported, the process can be very slow. A signif

icant feature of the process of active-channel accretion, however, is 

that the amount of sediment transported by most streams has little 

bearing on the width-discharge relation. Sediment concentrations are 

of importance only as a determinant of the speed with which healing 

or accretion of an active channel can progress. 

The supply of fine or suspended sediment per unit time to most 

perennial streams is probably relatively constant from upland areas, 

but the supply from flood-plain alluvium in storage varies with recent 

flood history. After an erosive flood, the gradient can be high and 

the channel material may be very sandy. having been winnowed of the 

fine-grained sediment. The fine material transported by the stream 

then is derived largely from upland sources. not from storage; a portion 

of the suspended load instead becomes stored as channel narrowing and 

flood-plain construction develops. With time, progressively larger 
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amounts of suspended material are carried through a reach, bed load 

decreases, and channel gradients become smaller. Temporal differences 

in bed- and bank-material characteristics, channel width, and channel 

gradient, are the measurable results of these adjustments. 

It seems inappropriate, therefore, to refer to an equilibrium 

gradient for a stream unless a time or set of channel characteristics 

is specified. The average particle sizes of bed and bank material of 

the Cimarron River in southwest Kansas have no doubt been decreasing 

during the last three decades. An equilibrium width of the active 

channel certainly was much greater in 1950 than now would be the case. 

Since that time, the principal changes have been the supply of fine

grained sediment and riparian vegetation. Channel morphology, including 

gradient, has adjusted to those changes. 

Utility 

The relations proposed here, and the identification of the 

processes that cause those relations, are of both practical and academic 

interest. It has been mentioned previously that current interest in 

channel geometry centers on its use as a means of predicting discharge 

characteristics from ungaged basins. The incorporation of sediment 

characteristics into the width-discharge relation can provide signif

icant refinement of this technique when applied to perennial streams, 

but has not yet been tested for ephemeral channels. The relations are 

also of use in understanding and possibly predicting the changes that 

occur in stream morphology, particularly where the changes are sus

pected to result from unnatural causes. 
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Channelization and diversion are engineering practices that 

often are made with inadequate consideration of the changes that are 

imposed on the channel. Both channelization and augmentation of dis

charge by diversion upset the channel regimen by either increasing the 

gradient or the required conveyance; in both cases velocity and stream 

power are increased, resulting in an increase of the sediment sizes 

that can be moved. The regression equations of this paper provide a 

basis for predicting the channel changes that should be made or will 

occur if channelization or flow augmentation is imposed. For example, 

a hydroelectric project on the South Grand River in western Missouri 

will result in weekly peak discharges downstream from the dam several 

times greater than those previous to regulation. The multiple

regression equation was used to estimate the design width required to 

insure that recreational areas on the flood plain below the dam would 

not be endangered by uncontrolled channel widening. 

Streams of North-Central Kansas 

The information presented here for streams of north-central 

Kansas identifies changes that have been occurring, but the causes of 

the alterations remain in question. Consideration of the relations 

developed in this paper, however, suggests some of the processes that 

result in the observed changes. 

Sediment data and active-channel widths of north-central Kansas 

streams show that the last two decades have been a period of general 

channel healing, narrowing, and increasing stability. A lack of 

destructive flooding during that period, caused in part by dam 
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construction, appears to be the principal reason for the changes. The 

example of Kansas streams suggests that the disruption of sediment 

loads by reservoirs produces effects on downstream channel morphology 

dependent on the sediment sizes transported prior to impoundment. As 

evidenced by the major channels of north-central Kansas, minimal change 

occurs on sand-bed streams with low suspended loads. Impounded streams 

that formerly transported larger amounts of fine material, as indicated 

in this report by silt-clay contents of bed and bank material, are 

subject to greater channel modification than are the sandy channels. 

Gravel-bed streams, owing to the armoring effect, presumably would 

show only minor channel changes as a result of regulation, although 

no direct evidence is available to support this statement. 

Channel lengths and gradients of the Kansas River system 

(fig. 29) have not shown measurable change in recent years. The channel 

gradients, therefore, presumably are adjusted properly to the water 

and sediment currently passing through the system. Channel widths, 

however, are probably continuing to narrow, indicating that a stable 

condition for the shorter-term processes of the active channels has not 

yet been reached. Because the possible occurrence of highly erosive 

floods is reduced by the reservoirs of north-central Kansas, it is 

anticipated that significant widening of regulated reaches will not 

occur, and the channels will continue to narrow at an increasingly 

slower rate. Assuming no major floods, it seems likely that the bed and 

bank material of these channels will become finer grained with time, and 

that gradients will decrease slowly in response. Data of table 10 sug

gest that current sediment loads are generally finer than those of 1960. 



PROBLEMS AND LIMITATIONS 

The primary deficiency of the work described here, possibly, 

is one hardly unique to studies of hydrologic systems: the controlling 

variables are too numerous and complex to consider adequately. Simpli

fication, therefore, is necessary, and the equations provided in this 

report both disregard some of the relevant variables, and generalize 

the effects of others. Only the silt-clay portions of bed and bank 

material have been used to approximate the competence of the channel 

surface, although it appears nearly conclusive that the effects of 

vegetation and armoring strongly influence the channel geometry. The 

substitution of 7 and 70 percent silt-clay content for the bed and banks 

to approximate the effect of armoring is a crude but initial means to 

account empirically for the effects of coarse particle sizes. 

Multiple-regression analysis is a technique that assumes a 

cause and effect relation. The degree of sophistication can vary, but 

the assumption insures that the approach must remain empirical. 

Furthermore, it seems unlikely that any other method of studying the 

width-discharge-sediment relations can totally remove the problem from 

the realm of empiricism. A theoretical description of channel mor

phology probably must depend on instantaneous adjustment, hence equi

librium, to any change of the controlling variables. Although the 

active channel adjusts very quickly relative to other geomorphic 

features, the changes are far from instantaneous. Because of the 
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lingering effects of flood events, it is likely that significant 

standard error is inherent in the multiple-regression equations of 
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this paper. As suggested by Burkham (in press), stream channels develop 

a memory system of past events, which suggests a resistance to adjust

ment toward equilibrium. This resistance was expressed earlier as the 

observation that stability promotes stability, and instability promotes 

instability. It;s the memory of discharges, the lingering instability 

of stream channels, that prevents development of precise regression 

equations. 

Because variables such as vegetation and soil and water 

chemistry are not included directly in the regression equations, the 

quantitative expression for stability proposed here relies on a some

what arbitrary decision of which data sets represent equilibrium. Flume 

studies can be designed to aid in the identification of stable con

ditions, but it seems unlikely that such studies can both duplicate and 

measure the influence that different variables exert under natural 

conditions. Channel stability probably must remain a defined relation 

rather than a measurable set of conditions. Another deficiency in the 

stability concept proposed here is its restricted applicability to the 

active channel. Short-term channel dynamics are considered, but cal

culations of the instability ratio of this report do not necessarily 

lead to a prediction of long-term channel changes, particularly changes 

of gradient. Perhaps correlation of gradient with the multiple

regression equations, however, will lead to a quantitative definition 

of stability based on decades rather than years. 
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Further work initially should be concentrated on the accumu

lation of more numerous and representative data than are now available. 

The data for the regressions presently include too few bank-material 

analyses, and the width and sediment data that are available were 

mostly collected between the lower Missouri River and the continental 

divide. Although an empirical approach may continue when using channel 

geometry for estimating discharges from ungaged basins, a theoretical 

basis for the width-discharge-sediment relations seems obtainable. 

Possibly if physics, open-channel hydraulics, and sediment-transport 

mechanics were combined with the geomorphic approach of this paper, the 

role of sediment in channel geometry could be described on a more 

theoretical basis than now is the case. An interdisciplinary effort 

seems essential if continued progress is to be made in channel-geometry 

studies. 
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TABLE 4 

BASIC DATA USED IN THE MULTIPLE-REGRESSION ANALYSIS 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

OSTERKAMP 

Station 
Numberb Station Name 

06131000 Big Dry Creek nr 
Van Norman, MT 

06177500 Redwater River 
at Circle, MT 

06182500 Big Muddy Creek 
at Daleview, MT 

06255665 Badwater Creek 
at Lysite, WY 

06309500 Middle Fk. Powder 
River ab Kaycee, WY 

06312500 Middle Fk. Powder 
River nr Kaycee, WY 

06316400 Crazy Woman Creek 
nr Arvada, WY 

06325500 Little Powder River 
nr Broadus, MT 

06334000 Little Missouri 
River nr Alzada, MT 

06340500 Knife River at 
Hazen, ND 

06345500 Heart River nr 
Richardton, ND 

06348000 Heart River nr 
Lark, ND 

06349000 Heart River nr 
Mandan, ND 

06441500 Bad River nr 
Ft. Pierre, SD 

06445000 White River at 
Chadron, NE 

06480000 Big Sioux River 
nr Brookings, SD 

06481000 Big Sioux River 
nr Dell Rapids, SO 

Ave. Disch. 
(acre-ft/yr) 

39,630 

10,580 

11 ,370 

14,490 

50,420 

96,300 

35,570 

28,690 

55,930 

131 ,000 

75,350 

158,700 

186,200 

112,300 

20,000 

122,400 

199,200 

06600500 Floyd River at 130,400 
James, IA 

06606600 Little Sioux River 500,600 
at Correctionville, 
IA 

06607200 Maple River at 
Mapl eton, IA 

06608500 Soldier River at 
Pi sgah, IA 

06685000 Pumpkin Creek nr 
Bridgeport, NE 

06695000 S. Platte River ab 
Elevenmile Canyon 
Reservoir, CO 

06712000 Cherry Creek nr 
Franktown, CO 

165,900 

90,560 

22,820 

57,890 

6,500 

06784000 South Loup River at 178,200 
Saint Michael, NE 

06786000 North Loup River 
at Taylor, NE 

06787500 Calamus River nr 
Burwell, NE 

06789000 North Loup River 
at Scotia, NE 

06797500 Elkhorn River at 
Ewing, NE 

333,300 

216,000 

626,000 

130,400 

06799000 Elkhorn, River nr 373,300 
Norfolk, NE 

06824500 Republican River at 67,230 
Benkelman, NE 

06825500 Landsman Creek 
nr Hale, CO 

2,830 

06827500 S. Fk. Republican 41,010 
River nr Benkelman, NE 

DISS(RTATION-- GEOSCIENCES 
1976 

Width 
(ft) 

32.5 

6.6 

16.0 

50.0 

35.0 

47.0 

33.0 

40.0 

40.0 

48.0 

67.0 

80.0 

104 

63.0 

25.0 

63.0 

75.0 

80.0 

115 

115 

88.0 

22.0 

41. 5 

13.0 

123 

153 

151 

392 

89.0 

205 

123 

11 .0 

100 

Percent 
Silt-Clay 

Bed Banks 

13 38 

22 38 

18 23 

3 44 

13 55 

13 58 

2 73 

5 81 

37 82 

54 

6 46 

41 

2 35 

75 

35 70 

10 70 

17 73 

75 

75 

2 75 

75 

40 56 

51 

8 44 

30 

25 

38 

15 

39 

3 44 

5 22 

15 71 

30 

Ave. 
Precip. 
(i n/yr) 

12 

12 

16 

17 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

22 

23 

26 

27 

27 

28 

16 

14 

16 

22 

21 

22 

23 

22 

23 

18 

17 

18 

Ch. 
Grad. 

(ft/ft) 

.0006 

.0010 

.0006 

.0037 

.0050 

.0010 

.0007 

.0005 

.0009 

.0003 

.0002 

.0006 

.0002 

.0008 

.0007 

.0013 

.0250 

.0010 

.0013 

.0011 

.0010 

.0007 

.0007 

.0030 

.0023 

.0020 

Source 
of 

Analysis C 

This 
study 

This 
study 

This 
study 

Summary of 
Basin 

Geology 

Tertiary shale, silt
stone, and sandstone 

Tertiary shale, silt
stone, and sandstone 

Tertiary shale, silt
stone, and sandstone; 
glacial till 

Schumm, Tertiary shale, silt-
1958 stone, and sandstone 

Schumm, Tertiary shale, silt-
1958 stone, and sandstone 

Schumm, Tertiary shale, silt-
1958 stone, and sandstone 

Comments 

Discontinued 
6-71 

7 years record; 
may be influent; 
unreliable 

Flood of record (20 
years) in 1968 

Schumm, Shale, siltstone, sand- 6 years record; 
1958 stone and crystalling discontinued 

rocks 

Schumm, Tertiary, shale, silt-
1958 stone, and sandstone 

Schumm, Cretaceous shale, minor 
1961 amounts of Dakota Fm. 

Schumm, Tertiary shale, silt-
1961 stone, and sandstone 

Schumm, Tertiary shale, silt-
1961 stone, and sandstone 

Schumm, Tertiary shale, silt-
1961 stone, and sandstone 

Schumm, Tertiary shale, silt-
1961 stone, and sandstone 

USCE 

Schumm, 
1958 

Cretaceous shale 

Cretaceous shale; minor 
amounts of Tertiary 
clastic rocks 

Discontinued 9-72 

Recent analyses by 
USCE also used 

Regulated 

Partially regulated 

Bank analysis 
estimated 

Not a gage, sta. no. 
assigned; Q estimated 

This 
study 

Cretaceous shale and Bank analysis 
sandstone; glacial till estimated 

This 
study 

Cretaceous shale, and Bank analysis 
sandstone; glacial till, estimated 
loess 

This 
study 

This 
study 

USCE 

USCE 

Loess 

Loess 

Loess 

Loess 

Schumm, Loess, Tertiary 
1958 clastic rocks 

This 
study 

This 
study 

Schumm 
1961 

This 
study 

Schumll1 
1961 

Metamorphic and 
intrusive rocks 

Cretaceous sandstone and 
shale; Tertiary shale 

Dune sand; loess 

Dune sand 

Dune sand 

Schumm, Dune sand; minor 
1961 amounts of loess 

This 
study 

Dune sand 

Schumm, Dune sand 
1961 

Schumm, Dune sand, loess 
1958 

This 
study 

Tertiary shale, silt
stone, and sandstone 

Bank analysis 
estimated 

Bank analysis 
estimated 

Bank analysis 
estimated 

Bank analysis 
estimated 

Flood of record 
(34 years) in 1970 

Bank analysis 
estimated 

Discontinued 2-70 

Bank analysis 
estimated unreliable 

This 
study 

Loess; Tertiary shale, Bank analysis by 
siltstone, and sandstone Schumm, 1958 



TABLE 4. Basic Data Used in the Multiple-Regression Analysis--Continued 

Site a Station 
Number Numberb Station Name 

Ave. Disch. 
(acre-ft/yr) 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

OSTE.RKAMP 

06834000 Frenchman River at 
Palisade, NE 

67,090 

06835000 Stinking Water Creek 31,580 
nr Palisade, NE 

06837000 Republican River 
at McCook, NE 

06838000 Red Willow Creek nr 
Red Willow, NE 

153,600 

31,200 

06841000 Medicine Creek ab 51,080 
Harry Strunk Lake, NE 

06845000 Sappa Creek nr 
Oberlin, KS 

06845200 Sappa Creek nr 
Beaver City, NE 

06846500 Beaver Creek at 
Cedar Bluffs, KS 

06847500 Sappa Creek nr 
Stamford, NE 

06847900 Prairie Dog Creek ab 
Norton Reservoir, KS 

06848000 Prairie Dog Creek 
at Norton, KS 

06853500 Republican River 
nr Bostwick, NE 

06855000 Republican River 
nr Naponee, KS 

06855800 Buffalo Creek nr 
Jamestown, KS 

06855900 Wolf Creek nr 
Concordia, KS 

06856000 Republican River 
at Concordia, KS 

12,800 

27,750 

16, 160 

55,500 

8,770 

24,050 

467,300 

526,000 

58,320 

9,130 

573,100 

06856001 Republican River 573,100 
at Concordia, KS 

06856600 Republican River at 755,700 
Clay Center, KS 

06857500 Republican River at 900,000 
Junction City, KS 

06859500 Ladder Creek bl Chalk 6,590 
Creek nr Scott City, KS 

06860000 Smoky Hill River 
at El kader, KS 

06862700 Smoky Hill River 
nr Schoenchen, KS 

06863500 Big Creek nr 
Hays, KS 

06863900 N. Fk. Big Creek nr 
Victoria, KS 

06864000 Smoky Hill River 
nr Russell, KS 

06867000 Saline River nr 
Russell, KS 

06867500 Paradise Creek nr 
Paradise, KS 

06869500 Saline River at 
Tescott, KS 

06869501 Saline River nr 
Salina, KS 

06871000 N. Fk. Solomon 
River at Glade, KS 

06871500 Bow Creek nr 
Stockton, KS 

06871900 Deer Creek nr 
Phi 11 i psburg, KS 

26,720 

25,140 

30,500 

3,950 

150,000 

87,660 

14,060 

165,000 

164,500 

23,980 

10,650 

2,520 

06872500 N. Fk. Solomon 107,200 
River at Portis, KS 

D1SSE.RTATION-- GEOSCIE NCES 
1976 

Width 
(ft) 

36.0 

29.0 

115 

45.0 

32.0 

16.0 

26.0 

13.5 

43.0 

16.0 

45.0 

154 

127 

24.0 

11.0 

150 

250 

300 

300 

8.0 

45.0 

28.0 

30.0 

8.0 

110 

46.0 

20.0 

36.0 

56.0 

38.0 

23.0 

13.5 

52.0 

Percent 
Silt-Clay 

Bed Banks 

8 89 

7 69 

41 

22 84 

8 70 

66 89 

16 94 

92 98 

95 

16 72 

53 

27 

37 

82 94 

88 96 

25 30 

30 

10 

41 

9 70 

38 

50 

2 75 

13 71 

20 

91 

17 71 

90 92 

49 92 

4 50 

50 

5 50 

87 

Ave. 
Precip. 
(i n/yr) 

18 

18 

19 

19 

19 

21 

21 

23 

21 

23 

23 

25 

25 

28 

28 

28 

28 

32 

35 

20 

20 

23 

23 

24 

27 

27 

24 

31 

29 

24 

23 

25 

27 

Ch. 
Grad. 

( ft/ft) 

.0020 

.0013 

.0013 

.0010 

.0011 

.0008 

.0003 

.0006 

.0006 

.0006 

.0006 

.0026 

.0028 

.0010 

.0005 

.0012 

.0007 

.0006 

.00l3 

.0003 

.0003 

.0013 

.0019 

.0015 

.0027 

Source 
of c 

Analysis 

Summary of 
Basin 

Geology 

Schumm, Loess; dune sand 
1958 Tertiary shale and 

si ltstone 

This 
study 

Dune sand; Tertiary 
shale and siltstone 

Schumm, Loess; dune sand 
1958 

Schumm, Loess; dune sand 
1958 

This 
study 

This 
study 

Loess; dune sand 

Loess; minor amounts 
of Tertiary sandstone 

Schumm, Loess; minor amounts 
1958 of Tertiary sandstone 

This 
study 

Loess; minor amounts 
of Tertiary sandstone 

Schumm, Loess; minor amounts 
1958 of Tertiary sandstone 

This 
study 

Loess 

Schumm, Loess 
1958 

Schumm, Loess; dune sand 
1958 

Schumm, Loess; dune sand 
1958 

This 
study 

This 
study 

This 
study 

Loess 

Loess 

Loess; dune sand 

Schumm, Loess; dune sand 
1958 

This Loess; dune sand 
study 

Schumm, Loess; dune sand 
1958 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

Schumm, 
1963 

This 
study 

This 
study 

This 
study 

This 
study 

Loess; Tertiary 
sandstone 

Loess; Tertiary 
sandstone 

Loess; Tertiary 
sandstone 

Loess; Tertiary sand
stone; Cretaceous 
1 imestone 

Loess; Cretaceous 
1 imestone 

Loess, sandstone, 
limestone, shale 

Loess; Cretaceous and 
Tertiary shale, silt
stone, and sandstone 

Loess; Cretaceous and 
Tertiary shale, silt
stone, and sandstone 

Loess; Cretaceous sand
stone, shale. and lime
stone 

Loess; Cretaceous sand
stone, shale, and lime
stone 

Loess; Tertiary 
sandstone 

Tertiary sandstone; 
loess; Cretaceous 
1 imestone 

Loess; Tertiary sand
stone; Cretaceous 
1 imestone 

Loess; Tertiary sand
stone; Cretaceous lime
stone 

Comments 

Regulated 

Bank analysis 
estimated 

Data unreliable 

Bank analysis 
estimated 

Flood of record 
(12 years) in 1972 

Regulated 

Regulated 

2 

Not a gage. sta. no. 
assigned; Q estimated 

Flood of record 
(15 years) in 1973 

Flood of record 
(12 years) in 1973 

Bank analysis by 
Schumm (1958) 

Partially regulated 

Partially regulated; 
braided 

Not a gage, sta. no. 
assigned; Q estimated 

Bank analysis 
estimated 

Bank analysis 
estimated; regulated 

Bank analysis 
estimated 

Flood of record 
(12 years) in 1974 

Partially regulated 

Bank analysis 
estimated 

Regulated 
since 1964 

Data unreliable; sta. 
no. assigned 

Bank analysis 
estimated 

Bank analysis 
estimated 

Bank analysis 
estimated 

Bank analysis by 
Schumm. 1958; 
partially regulated 
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TABLE 4. Basic Data Used in the Multiple-Regression Analysis--Continued 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

OSTE.RKAMP 

Station 
Numberb 

06873000 

Station Name 

S. Fk. Solomon 
River ab Webster 
Reservoir, KS 

Ave. Disch. 
(acre-ft/yr) 

52,310 

06873700 Kill Creek nr 1,910 
Bloomington, KS 

06874000 S. Fk. Solomon River 99,280 
at Osborne, KS 

06875900 Solomon River nr 112,300 
Glen Elder, KS 

06876700 Salt Creek nr 
Ada, KS 

06876900 Solomon River at 
Niles, KS 

06876901 Solomon River at 
Bennington, KS 

06877600 Smoky Hill River 
at Abil ene, KS 

06878000 Chapman Creek nr 
Chapman, KS 

06878500 Lyon Creek nr 
Woodbine, KS 

06884000 Little Blue River 
nr Fairbury, NE 

06884200 Mill Creek at 
Washi ngton, KS 

06884400 Little Blue River 
nr Barnes, KS 

43,830 

418,800 

418,800 

1,207,000 

60,060 

78,250 

264,400 

74,620 

477 ,400 

06885500 Black Vermillion 99,980 
River nr Frankfort, KS 

06888000 Vermillion Creek 
n r Wamego, KS 

06889140 Soldier Creek nr 
Soldier, KS 

06891500 Wakarusa River 
nr Lawrence, KS 

06892000 Stranger Creek nr 
Tonganoxie, KS 

06897500 Grand River nr 
Gallatin, MO 

06914000 Pottawatomie Creek 
nr Garnett, KS 

06915000 Big Bull Creek nr 
Hillsdale, KS 

06917500 Marmaton River nr 
Fort Scott, KS 

06919500 Cedar Creek nr 
Pleasant View, MO 

07117600 Chicosa Creek nr 
Fowler, CO 

07141200 Pawnee River nr 
Larned, KS 

07141900 Walnut Creek at 
Albert, KS 

07142300 Rattlesnake Creek 
nr Macksville, KS 

07143300 Cow Creek nr 
Lyons, KS 

07144200 Little Arkansas 
Ri ver at Valley 
Center, KS 

07145500 Ninnescah River 
nr Peck, KS 

65,780 

7,020 

133,000 

158,000 

813,600 

156,000 

63,700 

204,000 

210,800 

2,960 

55,860 

46,500 

25,500 

49,300 

180,000 

365,100 

DISSf.RTATION-- GEOSCIENCES 
1976 

Width 
(ft) 

36.0 

12.0 

38.0 

52.0 

25.5 

73.0 

112 

125 

25.0 

35.0 

118 

39.0 

165 

27.0 

37.0 

16.0 

42.0 

42.0 

130 

63.0 

38.5 

60.0 

72.0 

8.3 

33.0 

22.0 

33.0 

28.0 

78.0 

137 

Percent 
Sil t-Cl ay 

Bed Banks 

50 

22 74 

30 85 

16 72 

79 93 

91 91 

4 90 

87 97 

96 98 

54 84 

50 

14 71 

4 50 

91 97 

56 86 

30 

84 95 

82 94 

1 65 

30 78 

24 50 

22 77 

6 80 

30 37 

77 93 

70 90 

24 50 

10 50 

3 50 

20 

Ave. 
Precip. 
(in/yr) 

25 

25 

26 

32 

32 

33 

33 

35 

32 

27 

27 

29 

29 

37 

35 

34 

37 

40 

35 

42 

42 

40 

42 

12 

24 

24 

24 

26 

31 

34 

Ch. 
Grad. 

( ft/ft) 

.0015 

.0018 

. .0010 

.0004 

.0004 

.0002 

.0002 

.0003 

.0005 

.0006 

.0005 

.0006 

.0009 

.0004 

.0007 

.0020 

.0004 

.0004 

.0002 

.0003 

.0006 

.0003 

.0004 

.0002 

.0003 

.0007 

.0005 

.0005 

Source 
of 

Analysis C 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

Schumm, 
1958 

Summary of 
Basin 

Geology 

Loess; Tertiary 
sandstone 

Comments 

Bank analysis 
estimated; data 
unreliable 

Loess; Cretaceous Highly variable 
limestone and shale discharge-unreliable 

Loess; Cretaceous lime- Regulated since 1956 
stone; Tertiary sandstone 

Loess; Cretaceous lime- Highly regulated 
stone and shale; since 1967 
Tertiary sandstone 

Loess; Cretaceous lime
stone and shale 

Loess; Cretaceous and 
Tertiary limestone and 
clastic rocks 

Loess; Cretaceous and 
Tertiary limestone and 
clastic rocks 

Partially regulated; 
recent aggradation 

Sta. no. assigned 

Schumm, Loess; various 
1958 sedimentary rocks 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

USCE 

This 
study 

This 
study 

This 
study 

USCE 

USCE 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

This 
study 

Permian limestone and 
shale; minor amounts 
loess and Cretaceous 
sandstone 

Loess; Permian lime
stone and shale 

Loess; glacial till; 
various sedimentary 
rocks 

Loess; Cretaceous shale, 
limestone, and sandstone 

Loess; glacial till; 
various sedimentary 
rocks 

Loess; glacial (Kansan) 
ti 11 

Loess; glacial (Kansan) 
ti 11 

Flood of record 
(20 years) in 1973 

Bank analysis 
estimated 

Bank analysis 
estimated 

Loess; glacial (Kansan) Bank analysis 
ti 11 estimated 

Pennsylvanian shale 
and limestone 

Loess; glacial (Kansan) Bank analysis 
till; Pennsylvanian estimated 
shale and limestone 

Loess; glacial (Kansan 
and Nebraskan) till 

Pennsylvanian limestone, Possible bedrock 
shale, and sandstone control 

Pennsylvanian limestone, Pools and riffles 
shale, and sandstone 

Loess; Pennsylvanian Bank analysis 
limestone, shale, and estimated 
sandstone 

Loess; various Bank analysis 
carbonate rocks estimated 

Cretaceous sandstone, 
siltstone, and shale 

Loess; Cretaceous 
shale 

Loess; Cretaceous 
shale and limestone 

Dune sand 

Loess; Cretaceous 
shale; minor amounts 
of dune sand 

Loess; dune sand; 
various types of 
sedimentary rocks 

Loess; dune sand 

6 years record 

Flood of record 
(15 years) in 1973 

Flood of record 
(27 years) in 1973 

Channellized 

Partially regulated 



TABLE 4. Basic Data Used in the Multiple-Regression Analysis--Continued 

Percent Ave. Ch. Source 
Site Station Ave. Disch. Width Si It-Cl a~ Precip. Grad. of c 

Numbera Numberb Station Name (acre-ft/yr) (ft) Bed Banks (i n/yr) (ft/ft) Analysis 

97 07157500 Crooked Creek nr 31,000 32.0 50 21 .0015 This 
Nye, KS study 

98 07184000 Li ghtni ng Creek 91,300 45.0 16 72 40 .0006 This 
nr McCune, KS study 

a For ease of reference in other tables and the text, site numbers are assigned to each measurement site. 

b Numbers ending with 1 refer to data collected by Schumm at or near measurement sites of this study. 

c USCE is U. S. Army Corps of Engineers. 

OSTERKAMP 
DISSE RTATION-- GEOSel E NeE S 
1976 

Summary of 
Basin 

Geology 

Loess; dune sand; 
various sedimentary 
rocks 

Pennsylvanian limestone, 
shale, and sandstone 

4 

Coments 

Bank analysis 
estimated 

Part of basin strip 
mined 




