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A classfication of natura rivers
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Abgract

A dassfication system for naturd rivers is presented in which a morphologica arrangement
of stream characterigtics is organized into relaively homogeneous stream types. This paper
describes morphologicaly smilar stream reaches that are divided into 7 mgor stream type
caegories that differ in entrenchment, gradient, width/depth ratio, and snuosity in various
landforms. Within each mgor category are six additiona types ddineated by dominate channel
materids from bedrock to silt/clay dong a continuum of gradient ranges. Recent stream type
data used to further define classfication interrdationships were derived from 450 rivers
throughout the U.S, Canada, and New Zedand. Data usad in the development of this class-
fication involved a great diversity of hydro-physiographic/geomorphic provinces from smal to
large rivers and in catchments from headwater streams in the mountains to the coagtal plains. A
stream hierarchicd inventory system is presented which utilizes the stream classification system.
Examples for use of this stream classification system for engineering, fish habitat enhancement,
regoration and water resource management applications are presented. Specific examples of
these gpplications include hydraulic geometry relations, sediment supply/availability, fish
habitat structure evaluation, flow resistance, critical shear stress estimates, shear stress/velocity
relations, streambank erodibility potentiad, management interpretations, sequences of morpho-
logica evolution, and river restoration principles.

1. General statement

It has long been a god of individuads working with rivers to define and understand
the processes that influence the pattern and character of river systems. The differences
in river sysems, as wdl as their sSmilaities under diverse setings, pose a red
chdlenge for study. One axiom associated with rivers is that what initidly appears
complex is even more so upon further investigation. Underlying these complexities is
an asortment of interrdated varidbles that determines the dimension, pattern, and
profile of the present-day river. The resulting physicd appearance and character of
the river is a product of adjusgment of its boundaries to the current streemflow and
sdiment  regime.
0341-8162/94/$07.00 © 1994 Elsevier Science B.V. All rights reserved
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River form and fluvial process evolved smultaneoudy and operate through mutua
adjusments toward sdf-dabilization. Obvioudy, a classfication scheme risks over-
smplification of a very complex sysem. While this may appear presumptuous, the
effort to caegorize river systems by channd morphology is judified in order to
achieve, to some extent, the following objectives

1. Predict a river's behavior from its appearance;
Devdop specific hydraulic and sediment relaions for a given morphologicd
channd type and date

3. Provide ‘a mechanism to extrgpolate sStespecific data collected on a given
dream reech to those of sSmilar character;

4. Provide a condgent and reproducible frame of reference of communication
for those working with river systems in a variety of professona disciplines.

2. Stream classification review

A definition of classfication was offered by Platts (1980) where “classfication in
the drictest sense means ordering or arranging objects into groups or sets on the basis
of their smilarities or relationships” The effort to classfy sreams is not new. Davis
(1899) first divided dreams into three classes based on reaive stage of adjustment:
youthful, mature, and old age. Additiond river classfication sysems bassd on qua
litative and descriptive ddinegtions were subsequently devdoped by Meton (1936)
and Matthes (1956).

Straight, meandering, and braided patterns were described by Leopold and
Wolman (1957). Lane (1957) deveoped quanttitaive dopedischarge reationships
for braided, intermediate, and meandering streams. A classification based on
descriptive and interpretive characteristics was developed by Schumm (1963) where
delinegtion was patly based on channd dability (stable, eroding, or deposting) and
mode of sediment transport (mixed load, suspended load, and bedload).

A destriptive dassfication was dso devdoped by Culbertson et d. (1967) that
utilized depositional features, vegetation, braiding patterns, sinuosity, meander
scrolls, bank  heights, levee formations, and floodplain types. Thornbury (1969)
devdloped a system based on valey types. Patens were described as antecedent,
superposed, consequent, and subsequent. The ddinedtive criteria of these early
classification systems required qualitative geomorphic interpretations creating
delinegtive inconsgencies. Khan (197 1) devdoped a quantitative classfication for
sand-bed streams based on sinuosity, dope, and channe pattern.

To cover a wider range of dream morphologies, a descriptive classfication scheme
was developed for and applied on Canadian Rivers by Kdlerhds & d. (1972, 1976),
Gday e d. (1973), and Moallad (1973). The work of these Canadian ressarchers
provides excelent description and interpretation of fluvial features. This scheme has
utility both for aerial photo delineation and for describing gradual transitions
between classcd river types. and to date offers the most detailed and complete list
of channel and valley features. The large number of possible interpretative

EE



D.L. Rosgen | Catena 22 (1994) 169-199 171

delineations, however, makes this scheme quite complex for general planning
objectives.

An dtempt to classfy rivers in the great plains region usng sediment transport,
channel stability, and measured channel dimensions was developed by Schumm
(1977). Classifying stream systems on the basis of stability is often difficult because
of the quditdive criteria can vary widdy among obsarvers leading to incondstencies
in the dasdfication. Smilarly, data on ratio of bedload to totd sediment load as
needed in this casdfication, while useful, often is not reedily avaldble to those
who need to classfy dreams.

Brice and Blodgett (1978) described four channd types of: braided, braided point-
bar, wide-bend point-bar, and equi-width point-bar. A descriptive inventory of
dluvid river channds is wel documented by Church and Rood (1983). This data
st can be very useful for many purposes including the grouping of rivers based on
dmilar morphological characteristics. Nanson and Croke (1992) presented a classifi-
caion of flood plans that involved particle sze, morphology of channds, and bank
materids. This dasdficaion has some of the same criteria of chand type as pre-
sented in this paper, but is redtricted to flood plains. Pickup (1984) describes the
rdlation of sediment source and relaive amounts of sediment to various aspects of
river type, but is not a classficaion of channds Recent documentation by Sdby
(1985) showed a rdationship between the form and gradient of dluvid channds and
the type, supply and dominant textures (particle sizes) of sediments. This reationship
utilizes the Schumm (1977) dasdficaion in tha an increase in the ratio of bed
material load to total sediment load with a corresponding increase in channel
gradient leads to a decrease in ability causing channd petterns to shift from a
meandering to braided channd form. In his classfication, Sdby (1985) trests anasio-
mosed and braided channd paterns smilarly. However, the anastomosed rivers ae
not smilar to braided rivers in dope, adjusment processes, dability, ratio of bed
materia to total load or width/depth ratios as shown by (Smith and Smith, 1980).

Typicdly, theoreticdly derived schemes, often do not maich observations. To be
useful  for extrgpolation purposes, restoration designs, and prediction, classfication
schemes should generdly represent the physicd characteritics of the river. With
cetain limitations, most of these classfication and/or inventory systems met the
objectives of their design. However, the requirement for more detailed, repro-
ducible, quantitaetive applications a various leves of inventory over wide hydro-
physiographic provinces has led to further devdopment of classfication schemes.

2. Stream classification concepts

The morphology of the present day channd is governed by the laws of physics
through observable sream channd features and related fluvia processes. Stream
patern morphology is directly influenced by eght mgor vaiables including channd
width, depth, veocity, discharge, channd dope roughness of chand materids,
sediment load, and sediment size (Leopold et d., 1964). A change in any one of
these variables sets up a series of channd adjusments which lead to a change in
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the others, resulting in channel pattern dteration. Because stream morphology is the
product of this integrative process, the varidbles that are messurable should be used
& dream classfication criteria

The directly measurable variables that gppear from both theory and experience to
govern channd morphology have been incduded in the present classfication proce-
dure. These “ddinegtive criterid’ interact with one another to produce a dream's
dominant  features.

The present classfication sysem has evolved from fidd observetion of hundreds of
rivers of various dzes in dl the dimaic regions of North America experience in
dream redoration, extensve teaching, and practicd gpplications of the classfication
system by many hydrologists, geomorphologists, fisheries experts, and plant
ecologids. Initid efforts to devdop the dlassfication procedure began in 1973, and
a prdiminary verson was presented to the scientific community (Rosgen, 1985). The
present paper includes notationd changes from the earlier publication.

3. Stream classification system

The dasdficaion of rivers is an organizetion of data on dream fedtures into
discrest combingtions. The level of dassfication should be commensurate with the
initill  planning level objective. Because these objectives vary, a hierarcchy of dream
classfication and inventories is desrable because it dlows an organization of sream
inventory data into leveds of resolution from very broad morphological characteri-
zaions to discrest, messured, resch-gpecific destriptions. Each level should include
appropriate  interpretations that match the inventory specificity. Further, genera
descriptions and  charecterigtics of dream types should be able to be divided into
even more specific levds. The more gpecific levels should provide indications of
stream potential, dability, existing “dates’, ec, to respond to higher resolution
data and interpretations when planning needs change. A proposed stream inventory
system, including an integrated stream classfication, is shown in Table 1

Current river “stat€’ and influences on the modern channd by vegetation, flow
regime, debris, depostiond features, meander paterns, vdley and channd confine-
ment, streambank erodibility, channd dability, etc., comprise additiond parameters
that are consdered criticd to evduate by sream type & a more detailed inventory
level (Levd lll). However, for the sake of brevity and darity, this paper will focus on
the firs two levels the broad geomorphic charecterization (Level 1) and the morpho-
logicd description (Leve 1) which incorporates the generd character of channd
form and reated interpretations. Portions of the data used for detailed assessment
levels are contained in the sub-type section of the earlier classfication paper (Rosgen,
1985).

4.1. Geomorphic characterization (level 1)

The purpose of ddinegtion a this levd is to provide a broad characterization that
integrates the landform and fluvial festures of valey morphology with channd relief,
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Fig. 1 Longitudina, cross-sectional and plan views of major stream types.

pattern, shape, and dimension. Level | combines the influences of climate,
depositional history, and life zones (desert shrub, alpine, etc.) on channel
morphology.

The presence, description, and dimensons of floodplains, terraces, fans, detas and
outwash plans are a few examples of valey features identified. Depostiond and
eosond hisory overlay chand patens a this leve. Generdized categories of
“dream types’ initidly can be ddineated usng broad descriptions of longitudina
profiles, valey and channd cross-sections, and planview petterns (see Fig. 1 and
Table 2).

Longitudinal  profiles

The longitudina profile, which can be inferred from topographic maps, serves as
the basis for bresking the dream reaches into dope categories that reflect profile
morphology. For example, the stream types of Aa + (Fig. 1) ae vey seep, (greater
than 10%), with frequently spaced, verticad drop/scour-pool bed features. They tend
to be high debris transport streams, waterfdls, etc. Type A dreams are steep (4-10%
dope), with steep, cascading, step/pool bed features. Type B sreams are fiffle
dominated types with “rapids’ and infrequently spaced scour-pools a bends or aress
of congriction. The C, DA, E and F dtream types are gentle-gradient riffle/pool types.
Type G streams are “gullies’ that typicdly are step/pool channels. Findly, the D type
streams are braided channels of convergence/divergence process that lead to
localized, frequently spaced scour/depositiond bed forms.

Bed fedtures are consstently found to be rdaed to channd dope. Grant et 4d.
(1990) described bed festures of pools, riffles, rapids, cascades, and steps as a function



D.L. Rosgen | Catena 22 (1994) 169-199 175

4 LOT (ISREAL)

= LOOKOUT CR.
® FRENCH PETE CR. L Aat
T

3 4 <l B,G

1o AN '

‘ C,DA
tt EF

BED SLOPE (%)
.
>
GENERAL STREAM TYPE CATEGORIES

POOLS RIFFLES RAPIDS CASCADES STEPS

Fig. 2. Relationship of bed slope to bed forms for various stream types (from Grant et a., 1990)

of bed-dope gradient. Usng their bed form descriptions, the above described stream
types were plotted againgt the corresponding dope ranges reported by Grat et d.
(1990). “Groupings’, (Fig. 2), were apparent for riffle/pool stream types (C, E, and F)
a less than 2%) rapids at 2-4% in “B” and “G”, cascades in dopes 4- 10% in type A
streams, and steps for dopes 4-40% in types A and Aa + dreams Because gradient
and bed-feature relaionships are integrd to the ddinegtion of dream type caegories,
“dream types’ are more than just “abitrary units’. Bed morphology can be pre-
dicted from stresm type by using bed-dope indices.

Cross-section  morphology

The shape of the cross-section that would indicate a narow and deegp dSream as
opposed to a wide and shdlow one can be inferred a this broad level. The manner in
which the channd is incised in its vdley can dso be deduced a this levd as wdl as
information  concerning  floodplains, terraces, colluvid dopes, sructurd  control
features, confinement (lateral  containment), entrenchment  (vertical  containment),
and vdley vs channd dimenson. For example, the type A dreams ae narow,
deep, confined, and, entrenched. The width of the channd and vdley are dmilar.
This contrasts with type C dreams, where the channd is wider and shdlower with a
well-developed floodplain and a very broad valey. Type E dreams have a narrow and
deep channd (low width/depth ratio) but have a very wide and well developed flood
plain. Type F streams have wide and shallow channels, but are an entrenched
meandering channel type with little to no devdoped floodplain. Type G channds
have low width/depth ratio channels smilar to type E streams except they are well

entrenched (no floodplain), are Steeper, and less snuous than type E dreams (see
Fig. 1).

Plan view morphology
The pettern of the river is classed as rdatively sraight (A stream types), low
snuosty (B stream types), meandering (C stream types), and tortuoudy meandering
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Fig. 3. Meander width ratio (belt width/bankfull — width) by stream type categories.

(E dream types). Complex stream paiterns are found in the multiple channdl, braided
(D) and anastomosed (DA) dream types. Sinuosty can be cdculated from aerid
photographs and often, like dope, serves as a good initid deinegtion of mgor
sream types. These river patterns have integrated many processes in deriving ther
present form and thus, provide interpretations of their associsted morphology.
Even a this broad levd of ddinedation, consstency of dimenson and associated
pattern can be observed by broad stream types. Meander width ratio (bet width/
bankfull surface width) was cdculated by genera categories of dream types for a
wide variety of rivers. Measured mean vaues and ranges by stream type are shown in
Fg. 3. Ealy work by Inglis (1942) and Lane (1957) discussed meander width ratio but
the vaues were 0 divergent among rivers tha the ratio appeared to have little vaue
When draified by generd dtream types, however, the variability appears to be
explaned by the dmilaitiess of the morphologicd character of the various stream
types. This has value not only for classfication and broad-level ddinegtions, but aso
for describing the most probable sate of channd pattern in stream restoration work.

Discussion

Interpretations of mode of adjusment — either vetica, laerad, or both — and
energy didribution can often be inferred in these broad types. Many variables tha ae
not discrete ddinegtive variables integrate a this levd to produce an obsarvable
morphology. A good example of this is the influence of a degp sod-root mass on
type E dreams that produces a low width/depth retio, low meander length, low radius
of curvature, and a high meander width ratio. Vegeation is not singled out for
mapping a this leve, but is implicit in the resulting morphology. If this vegeation
is changed, the width/depth ratio and other features will result in adjustments to the
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Fig. 4. lllustrative guide showing cross-sectional configuration, composition and delineative criteria of
major stream types.

type C sream morphology. Detailed vegetetive information, however, is obtaned a
the channd date leved (Levd I, Table 1).

Delinegting broad dream types provides an initid sorting within large basins and
dlows a generd leved of interpretation. This leads to organization and prioritization
for the next more detalled levd of dream dassfication.

4.2. The morphological description (level 1)

General description

This classfication scheme is delinegted initidly into the maor, broad, <ream
caegories of A-G as shown in Fig. 1 and Table 2. The stream types are then broken
into discrest dope ranges and dominant channd-materid paticle sizes. The stream
types ae given numbes rdaed to the median patide sze diameer of channe
materids such that 1 is bedrock, 2 is boulder, 3 is cobble, 4 is grave, 5 is sand, and
6 is slt/clay. This initidly produces 42 mgor stream types as shown in (Fig. 4).

A range of vaues for each criterion is given in the key to classfication for 42 mgor
dream types (Fig. 5). The range of vdues chosen to represent esch ddinedtive
criterion is based on daa from a lage assortment of sreams throughout the United
States, Canada and New Zedand. A recent data st of 450 rivers was ddidicdly used
to refine and test previous ranges of ddinedtive criteria as described in the author's
ealier publication (Rosgen, 1985).

Hisograms were drawn of the didtribution of vadues of each ddinedtive criterion
for each channd type. From the histograms of 5 criteria for 42 mgor stream types, the
mean and “frequent range’ of vadues were recorded. The most frequently observed
vadues seemed to group into a recognizeble “river form” or morphology. When vaues
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Fig. 5. Key to classification of natura rivers.

were outside of the range of the “most frequently observed” condition, a distinctly
different morphology was identified. As a result, the ddineation of unique stream
types represanting a range of vaues amongst severad vaiables were edtablished. These
vaiables and ther ranges make up the current morphologica description of Stream
types as shown in Figs. 4 and 5.

The dasdficaion can be agpplied to ephemerd as wel as perennid channds with
little modification. Bankfull stage can be identified in most perennial channels
through observable fidd indicators.  Although, these bankfull sege indicators, are
often more dusve in ephemead channds

The morphologicd varidbles can and do change even in short distances dong a
river channd, due to such influences of change as geology and tributaries. Therefore,
the morphologicad description level  incorporates  fild meesurements from  sdected
reaches, 0 that the stream channd types used here gpply only to individua reaches of
channd. Data from individuad reeches are not averaged over entire basns to describe
sream systems. A category may apply to a reach only a few tens of meters or may be
goplicdble to a reach of severd kilomeers.

Data is obtaned from field measurements of representative or “reference reaches”
The resultant stream type as delinested can then be extrgpolated to other reaches
where detailed data is not readily avaldble In smilar valey and lithologicad types,
sream types can often be ddineasted using these reference reeches through the use of
aerid photos, topographic maps, €c.

Continuum  concept
When the variables which make up the range of vaues within a sream type change,
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there is more often than not, a change in stream type. The ranges in dope, width/
depth retio, entrenchment ratio and snuosity shown in Fig. 4 span the most fre-
quently observed vaues. Exceptions occur infrequently, where vaues of one vaiable
may be outsde of the range for a given stream type

This levd recognizes and describes a continuum of river morphology within and
between dream types. The continuum is applied where vadues outsde the normal
range are encountered but do not warant a unique dream type. Often the generd
gopearance of the stream and the associated dimensions and patterns of the stream do
not change with a minor vaue change in one of the ddinegtive criteria For example,
dope vaues as shown in Fig. 5, using the continuum concept, are not “lumped’, but
rather are sorted by sub-categories of: at+ (Steeper than 0I0), a (0.04-O.0), b (0.02-
0.039), ¢ (less than 0.02) and ¢ (less than 0.001).

The application of this concept dlows an initid dlassification of a C4 stream type (&
gravel bed, snuous high width/depth ratio channd with a well-developed floodplain.
If the dope of this stream was less than 0.001, then the stream type would be a CAc-.

Rivers do not adways change indantaneoudy, under a geomorphic exceedance or
“threshold’. Rather, they undergo a series of channd adjusments over time to
accommodate change in the “driving” variables. Their dimensions, profile and
pattern reflects on these adjusment processes which are presently responsible for
the form of the river. The rae and direction of channd adjusment is a function of
the nature and magnitude of the change and the Stream type involved. Some dreams
change very repidly, while others are very dow in their response.

Delineative criteria

At this level of inventory each reach is characterized by field measurements and
vdidation of the dasdfication. The ddinegtion criteria and ranges for various dream
types are shown in Fig. 5. This classfication key aso represents the sequentia process
for classfication. The classfication process darts a the top of the chat (sngle or
multiple threed channdls), and proceeds downward through channd materids and
dope ranges.

Entrenchment

An important eement of the ddinedtion is the interreationship of the river to its
valey andlor landform features. This interrelationship determines whether the river is
deeply incised or entrenched in the vdley floor or in the deposit feature. Entrench-
ment is defined as the vertica containment of river and the degree to which it is incised
in the vdley floor (Kelerhds et da., 1972). This makes an important distinction’of
whether the flat adjecent to the channd is a frequent floodplain, a terrace (abandoned
floodplain) or is outsde of a flood-prone area A quantitative expresson of this
festure, “entrenchment ratic” was developed by the author so that various mappers
could obtain consstent values. The entrenchment ratio is the ratio of the width of the
flood-prone area to the bankfull surface width of the channd. The flood-prone area is
defined as the width messured a an devation which is determined a twice the
maximum  bankfull depth. Feld observation shows this devetion to be a frequent



182 D.L. Rosgen | Catena 22 (1994) 169-199

MODERATELY SLIGHTLY
ENTRENCHED ENTRENCHED ENTRENCHED
ENTRENCHMENT RATIO 10 - 14 ENTRENCHMENT RATIO 141- 2.2 ENTRENCHMENT RATIO 2.2+

STREAM TYPE STREAM TYPE STREAM TYPE
o

B

STREAM TYPE

B

ENTRENCHMENT RATIO

FLOOD-PRONE WIDTH,

BANKFULL

ke

ENTRENCHMENT RATIO = FLOOD-PRONE Wi DIH. FLOOD-PRONE WIDTH = WATER LEVEL
BANKFULL WIDTH @ 2 X MAX. DEPTH

Fig. 6. Examples and calculations of channel entrenchment.

flood (50 year return period) or less rather than a rare flood eevation. The categories
are illugrated in Figs 4, 5 and 6.

Entrenchment retios of 1- 14 represent entrenched oreams, 141-22 represent
moderately entrenched dreams and ratios greater than 22 are dightly entrenched
(well-devdloped  floodplain). These caegories were empiricdly derived based on
hundreds of dreams. As with other criteria, the measured entrenchment ratio value
may lie somewhat outdde of the classfication range. When this occurs, the author
goplies the continuum concept which dlows for a category description where the
entrenchment is ether greater or less than the most frequently observed vaue for a
given morphology. The continuum alows for a change of \pm 0.2 units where the
corresponding  ddinedtive criteria ill match the range of variables consgtent for that
type. In this case, dl of the other attributes must be consdered before assigning a
stream type.

Width/depth ratio

The width/depth ratio describes the dimenson and shgpe factor as the ratio of
bankfull channd width to bankfull mean depth. Bankfull discharge is defined as the
momentary maximum pesk flow; one which occurs severa days in a year and is often
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rdated to the 15 year recurrence interval discharge. Specific discussons on the
delineation and significance of bankfull discharge are found in Leopold et al.
(1964), Dunne and Leopold (1978), and Andrews (1980). Hydraulic geometry and
sediment transport relations rely heavily on the frequency and meagnitude of bankfull
discharge

Osborn and Stypula (1987) utilized width/depth ratio to characterize stream
channels for hydraulic relations using channel boundary shear as a function of
channd  shape

For this classficaion, vaues of low width/depth raio are those less than 12. Vdues
gregter than 12 are moderate or high. Average vdues and ranges are shown in the
sream type summaries. As in the continuum concept, applied to entrenchment ratio,
there is an occason where width/depth ratio vaues can vary by 42 units without
showing a different morphology. This does not occur very frequently, but the
continuum dlows for some flexibility to fit the stream type into a “dominant”
morphology.

Sinuosity

Sinuosty is the raio of dream length to valey length. It can dso be described as
the ratio of valey dope to channd dope. Mapping snuosity from aerid photos is
often possble and interpretations can often be made of dope channd maerids, and
entrenchment once sinuosty is determined. Vaues of sinuosity gppear to be modified
by bedrock control, roads, channel confinement, specific vegetative types, etc.
Generdly spesking, as gradient and paticle Sze decresses, there is a corresponding
increese in Snuodty. The continuum as mentioned earlier dso applies and adjust-
ments of + or -02 can be applied to this ddinedtive criteria Meander geometry
chaacteridics are directly rdaed to dnuosity following minimum  expenditure  of
energy concepts. Initid studies by Langbein and Leopold (1966) suggested that a
sne generated curve describes symmetricd meender paths From  this  observation
they predicted the radius of curvature of meander bends from meander waveength
and channd dnuosty. In comparing observed versus predicted vaues of radius of
curvature for 79 sreams Williams (1986) found this relation to be highly corrdated
when gpplied to an expanded data set. This demondrates the interrdationship of
snuogsity to meander geometry. Based on such rdations and the relaive esse of
determination, sSnuodty was sdected as one of the ddinedtive criteria for dream
classfication.

Channel  materials

The bed and bank materias of the river is not only critica for sediment transport
and hydraulic influences but dso modifies the form, plan and profile of the river.
Interpretations  of biological function and dability adso reguire this information.
Often a good working knowledge of the soils associsted with various landforms
can predict the channd materids a the broad ddinedtion levd. Rdiable edimaes
of the soil characteristics for glacial till, glacial outwesh, alluvial fans, river
teraces,  lacustrine and eolian deposits, and residual soils can be derived from

mapped  lithology.
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Fied determination of channd materids for this classfication system utilizes the
“pebble count” method developed by Wolman (1954), with a few modifications to
account for bank materid and for sand and smdler sSzes This is a determinaion the
frequency didribution of particle Szes that make up the channd. The pebble count
data is plotted as cumulative percent and percent of total digtribution (Fig. 7). The
dominant particle sze is identified in the cumulative percent curve as the median
Sze of channd materids or dze that 50% of the population is of the same sze
or finer (Dsp). The percent didtribution shown in Fg. 7 is often used to detect
bimoda didtributions that may be hidden in cumulaive plots. This data is used
in biological evaluation, sediment supply assessment, and other interpretative

applications.

Slope

Water surface dope is of mgor importance to the morphologica charecter of the
channd and its sediment, hydraulic, and biologicd function. It is determined by
measuring the difference in water surface devation per unit stream length. Typi-
cdly, dope is often measured through a least 20 channd widths or two meander
wavdengths. As obsarved with the other ddinedtive variables, dope vaues less or
grester than the most frequently observed ranges can occur. These can occur without
a ggnificant change in the other ddinedtive criteria for that stream type The most
frequently observed dope categories and applications of the continuum concept for
dope is shown in Fig. 5.

In broad-levdl ddinegtions, dopes can often be edimated by measuring snuosty
from aerial photos and measuring valley slope from topographic maps (valley
dope/sinuosity = channd dope). The basn and asxociated landform rdief can dso be
used to esimae stream dope ranges, as for example terraces and dopes of dluvid

fans.
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Fig. 8. Progressive stages of channel adjustment due to imposed stream bank instability.

5. Application

Past observations of adjustments of stream systems often provide insight into
sengtivity and consequence of change Stream system changes can be due to flow,
sediment, oo many of the interdaed variables that have produced the moden
channd. If changes produces disequilibrium, smilar streams types receving smilar
impacts may be expected to respond the same. If the observer knows the stream type
of the disturbed reach, and has cross-section, bank eroson, sediment data, riparian
vegetaion and fisheries data, this information can be used predictivdly to evduae the
risk and sengtivity to disturbance.

5.1. Evolution of stream types

In reviewing historicd aerid photos, obsarvations can be made of progressve
sages in channd adjustment. Thee adjustments occur patidly as a result of change
in sream-flow magnitude and/or timing, sediment supply and/or size, direct distur-
bance, and vegeation changes. These obsarved changes in channd morphology over
time can be communicated in terms of dream type changes. For example due to
sreambank ingtability, and a resultant increese in bank eroson rae, the stream
increased it's width/depth ratio; decreased sSnuosty; increased dope established a
bimoda paticle sze didribution; increesed bar depostion; acceerated bank erosion;
and decressed the meander width ratio. These changes can be described more sSmply
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as a seies of progressve changes of channd adjustment in stream type from an E4 to
C4 to C4 (bar-braided) to D4 (Fig. 8).

Ancther example of channd adjustment where morphologicd paterns are  changed
sufficient to indicate a shift in stream type is shown in Fg. 9. In this scenario, a change
in streambank stability led to an increese in width/depth ratio and dope, and a
decrease in sinuosty and meander width ratio. As the dope despened dong with a
high width/depth ratio, chute cutoffs occurred across large point bars cregting a
gulley. The stream abandoned its floodplain, decreased the width/depth ratio,
steepened the dope and decreased sinuosity. This resulted in a change in base leve
as dl of the tributaries draining into this sream were over-steepened. Sediment from
both channd degradation and bank erosion was increased. As the banks continued to
erode, the width/depth ratio and snuosity both increased with a corresponding
decrease in dope. The channd was ill deeply entrenched, but eventudly sarted to
devdop a floodplan & a new devaion. This stream eventudly evolved under a
changed sediment and flow regime into a snuous low gradient, low width/depth
ratio channd with a wel devdoped floodplan which matched the origind mor-
phology, except now exists a a lower devation in the valey. This case is shown
more smply in Fig 9 as a shift from an E4 stream type to C4 to G4 to F4 and
back to an E4 type.

Thee changes have been wel documented throughout western North America due
to vaious reasons incuding climate change and adverse watershed impacts The
knowledge provided by observing these higtoricd adjusments and the understand-




D.L. Rosgen / Catena 22 (1994) 169-199 187

ing of the tendency of rivers to regain their own gability can assigt those restoring
disturbed river systems. Often the works of man try to “restore’ sreams back to a
date that does not match the dimension, pettern and dope of the naturd, stable form.
As dream types change, there are a large number of interpretetions associated with
these “morphologicd shifts’. Stream types can imply much more than what is
initidly described in it's aphanumeric title.

5.2. Fish habitat

When physcad structures are ingdled in channds to improve the fish habitet, the
adjugment processes that occur sometimes creste more damage than habitat. For
example, Tral Creek in southeest Colorado, a C4 dream type, had a gabion check
dam indaled a 80% of the bankfull stage to create a plunge pool for fish. The results
were, decreased updream  gradient; width/depth ratio increese; decressed meen  bed
paticle diameter; and decreased competence of the dtream to move its own sediment.
The longitudind profile of the river changed creding headward aggradation. With a
decrease in dope, there was a corresponding increase in Sinuosity that resulted in
accderaed laterd channe migration and incressed bank eroson.  Subsequently, the
dream abandoned the origind channd and crested a “headcut gulley” with a gra
dient that was twice the valey dope. This converted the C4 stream type to a G4 type
in a period of approximately two years. The “new” stream type has abandoned its
floodplain, is rguvenating tributaries headward and credting excess sediment from
stream degradation and bank erosion. This disequilibrium caused by the check dam is
long-term and has deteriorated the habitat that the structure was initidly designed to
improve. Unfortunately, structures like this continue to be insaled by wel-meaning
individuds without a clear understanding of channd adjustment processes.

To prevent smilar problems and to assist biologists in the sdection and evaudtion
of commonly used in-channd structures, guiddines by stream type were developed
(Rosgen and Fittante, 1986). In the development of these guiddines hundreds of fish
habitat improvement structures were evaluated for effectiveness and channel
reponse. A dream dasdfication was made for each reach containing a structure.
From this data, the authors rated various structures from “excdlent” to “poor” for
an extensve range of dream types Thee guiddines provide “warning flags' of
potential adverse adjustments to the river so that technical assistance may be
obtained. In this manner, dructures may be beter designed to not only meet ther
objectives, but hdp maintain the dability and function of the river. Fisheries habitat
surveys presently integrate this stream classfication system (USDA, 1989). The
objective for this integration is to determine the potentid of the stream reach, current
sate, and a variety of hydraulic and sediment reations that can be utilized for habitat
and biologicd interpretations.

5.3. Flow resistance

Application of the Manning's equation and the sdection of a roughness coefficient
N vdue to predicc mean velocity is a common methodology used by engineers and
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Fig. 10. Bankfull stage roughness coefficients (“N” vaues) by stream type for 140 streams from the United
States and New Zealand.

hydrologists. The lack of condstent criteria for sdection of the correct N vaues,
however, crestes great variability in the subsequent estimate of flow veocity. Barnes
(1967) and Hicks and Mason (1991) produced photographs and a variety of stream
data which was primarily a visud comparison approach for the sdection of roughness
coefficients. However, using these books for a visud edimate of roughness, actudly
involves looking a various sream types. The author classfied each of the 128 streams
described in both publications, noted the occurrence of vegedtion influence, and
plotted the bankfull stage N vaues by sream type (Fig. 10). The remarkable smi-
laity of N vaues by sream type for two data bases from two countries reveded
another application for edtimating a bankfull sage roughness coefficient using <Streem
classficaion. This may hep in deveoping more consstent roughness edimates and
provide an approach for improving stream discharge estimates by using the
manning's equation. Roughness vaues increase as dage decreeses, thus the N vaues
shown in Fig. 10 are for bankfull conditions only. The Hicks and Mason (1991) work
is exemplay in terms of evaduding and displaying variations in N with changes in
dream discharge. These variaions can potentidly be developed as a rate of change
index for changes in stage by dream type. The influence of vegetation is shown to
caue a maked adjugment in vaues by dream type As would be expected, this
relationship suggests the vegetation influence on roughness is diminished as channd
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gradient and bed material particle size increase. Stream types essentidly integrate
those varisbles &ffecting roughness, such as gradient, shgpe and form  resstance,
paticle sze, and relative depth of bankfull discharge to the diameter of the larger
paticles in the channd. Raher than looking a discrete predictors, stream types
integrate the many variables that influence resistance. Another recommended
goplication to roughness edtimation is to develop specific reations of roughness
and asocisted veocity as recently developed for “mountan sreams’ by Jarrett
(1984, 1990). In this method, equations were stratified for steeper slopes and
cobble/boulder channel materials, using hydraulic radius and slope in the
equaions. Jarett's results were vauable in that they produced vaues much different
from most published equations. This work could be even more efective if the stream
data were further dratified into stream types and size of stream. In this manner, much
like the Manning's N vdues, equations could be devdoped using the integrating
effects of stream types and thereby advance the date of the at of applications.

54. Hydraulic geometry relations

The origind work of Leopold and Maddock (1953) made a Sgnificant contribution
to the gpplied science in the devedopment of hydraulic geometry relations. The
vaiables of; depth, velocity, and cross-sectiona aea were quantitatively reated to
discharge as smple powe functions for a given river crosssection. Their findings
prompted numerous ressarch efforts over the years To refine average vadues of
exponents, and to demongrate the potentid for gpplications of hydraulic geometry
rdations by stream types, this author assembled stream dimensions, dopes, and
hydraulic data for six different stream types having the same discharge and channd
materias. The objective was to demondgrate how the shape (width/depth retio),
profile (gradient), plan view (snuosty), and meander geometry affect the hydraulic
geometry relaions. For example channd width increeses fagter than mean depth,
with increesing discharge in high width/depth ratio channels. The opposte is true
in low width/depth ratio channes. Streamflow vaues from basflow of gpproximately
4 cfs up to bankfull vaues of 40 cfs were compared for each cross-section, and the
corresponding  widths, depths, veocities, and cross-sectiond aea for each dtream
type were computed. The A3, B3, C3, D3, E3 and F3 dream types sdected for
comparisons dl had a cobble dominated bedmaerid size The rexultant hydraulic
geometry rdations for the sdected aray of dream types a the described flow ranges
ae shown in Fg. 11. Except for the E3 dream type for the plot of width/discharge,
the dope of the plotted rdaions did not sgnificantly change nearly as much as the
intercept  values.

6. Shear stress/velocity relations
Using the same data from the sx dream types described previoudy, a “lumped’

data base for dl sream types from low to high flow was made for the corresponding
shear stress (r = RS) (Shidds, 1936) vs. meen velocity, where 7 = shear stress,
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4 = dendty of water, R = hydraulic radius, and S = channd dope. As expected, a
meaningful relation was not found. However, plotting shear dress and veocity
sratification by sream type provided a trend that did shows promise (Fig. 12).
While more data are needed to edtablish mahemaicad and datisticd relaionships,
the comparisons aranged by sream type may have potentiad for future applications.

6.1. Critical shear stress estimates

Previous invedtigations of the magnitude of shear stress required to entran various
particle diameters from the stream-bed material have produced a wide range of
vadues. A number of invedtigaors have assumed the criticd dimendonless shear
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Fig. 13. Relationship of field verification of critica dimensionless shear stress vaues for various stream
types.

sress values of 0.06 for computations of bedload transport using Shidd's (1936)
criteria (Baker, 1974; Baker and Ritter, 1975; Church, 1978, Bradley and Mears,
1980; Simons and Senturk, 1977; Simons and Li, 1982). In addition, critical
dimensonless shear dress vaues computed from data compiled by Fahnestock
(1963), Ritter (1967), and Church (1978) for the entrainment of gravds and cobbles
from a naturd river-bed, as reported by Andrews (1983) showed a range of goproxi-
matedy 0.02 to 0.25. The mean of the computed vaues was 0.06, which is the vaue
suggested by Shidds (1936).

Andrews (1983) described a relaionship where to the ratio of surface (pavement)
bed patices to sub-suface (sub-pavement) paticles that yidded an edtimate of
criticl dimensonless shear sress values (7,4%) from 0.02 to 0.28. Additiond work
usng the same equation was applied to severd Colorado grave-bed streams with
smilar results (Andrews, 1984).

It is sometimes difficult for many engineers to obtain pavement and sub-pavement
data along with the required channel hydraulics information to refine critical
dimensonless shear dress edimates using the Andrews (1983, 1984) equation. The
use of sream types to help bridge this ggp of edimating the criticd dimensionless
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shear dress vaue (r¢) has potentid where these study streams have been andyzed and
classfied. The dudy streams by Andrews (1984) were classfied, data compiled and
the values of 7.* (criticdl dimensonless shear stress) were plotted (Fig. 13). A2 and D4
sream types were obtained from field messurements of bedload sediment and bed-
material  size didribution for those types (Williams and Rosgen, 1989). Stream types
and ther morphologic/hydraulic characteristics do not subgtitute for detailled on-site
investigations as described by Andrews (1983, 1984); however, cdculations of 7* ae
often made without the benefit of dtespecific invedtigation. Based on the great
varigdility in the etimate of r;*, sediment transport prediction erors can be from
one to severa orders of magnitude. A closer gpproximation of 7,* for streem reaches
that cannot be investigated in detal, is possble usng the extrgpolation approach
shown in Fg. 13.

A smilar andyss has been made but not incuded here using unit stream power
rather than criticd shear dress. This andyss agan demondrated that dratification
by dream type improved sediment transport/stream power relations as an integrative
function of the supply/energy distributionresstance factors for specific stream types.

6.2. Sediment relations

Stream types have been used to characterize sediment rating curves that reflect
sediment supply in relation to dream discharge. For example, a sediment rating
curve regression reldion for an A2 dream type would have a charecterigic low
dope and intercept. The sediment rating curve for the C4 dream type, however,
has a higher intercept and deeper dope. The author has used this procedure for
both suspended and bedload rating curves. These reationships were initidly plotted
as a function of channel stability ratings as developed by Pfankuch (1975).
Applications for cumulaive effects anadyss for non-point sediment sources utilized
this approach (USEPA, 1980). Subsequent comparisons of data with stream type
delinegtions indicated smilar relations.

The ratio of bedload to totd sediment load can adso be drdified by stream type
where messured data is available Ranges of less than 5% bedload to tota sediment
load for C3 dream types have been reported, but values greater than 75% bedload to
totd load for G4 dream types have aso been measured (Williams and Rosgen, 1989).
The “high retio” bedload sreams are the A3, A4, A5, D3, D4, D5, F4, F5 G3, G4,
and Gb stream types.

6.3. Management interpretations

The ability to predict a river's behavior from its gppearance and to extrapolate
information from similar stream types helps in applying the interpretive information
in Table 3. These interpretations evauate various stream types in terms of; sengtivity
to disturbance, recovery potentia, sediment supply, vegetation controlling influence,
and streambank erosion potential. Application of these interpretations can be used
for; potentid impact assessment, risk andyss, and management direction by stream
type. For example, livestock grazing effects were relaed to sream dability and
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Table 3
Management interpretations of various stream types

Stream Sensitivity Recovery Sediment Streambank Vegetation
type to potential b supply ¢ erosion controlling
disturbance & potential influence 4
Al very low excellent very low very low negligible
A2 very low excellent very low very low negligible
A3 very high very poor very high high negligible
A4 extreme very poor very high very high negligible
A5 extreme very poor very high very high negligible
A6 high poor high high negligible
BI very low excellent very low very low negligible
B2 very low excellent very low very low negligible
B3 low excellent low low moderate
B4 moderate excellent moderate low moderate
B5 moderate excellent moderate moderate moderate
B6 moderate excellent moderate low moderate
Cl low very good very low low moderate
c2 low very good low low moderate
c3 moderate good moderate moderate very high
c4 very high good high very high very high
c5 very high fair very high very high very high
C6 very high good high high very high
D3 very high poor very high very high moderate
D4 very high poor very high very high moderate
D5 very high poor very high very high moderate
D6 high poor high high moderate
DA4 moderate good very low low very high
DAS5 moderate good low low very high
DA6 moderate good very low very low very high
E3 high good low moderate very high
E4 very high good moderate high very high
ES very high good moderate high very high
E6 very high good low moderate very high
Fl low fair low moderate low
F2 low fair moderate moderate low
F3 moderate poor very high very high moderate
F4 extreme poor very high very high moderate
F5 very high poor very high very high moderate
F6 very high fair high very high moderate
Gl low good low low low
G2 moderate fair moderate moderate low
G3 very high poor very high very high high
G4 extreme very poor very high very high high
G5 extreme very poor very high very high high
G6 very high poor high high high

2 Includes increases in streamflow magnitude and timing and/or sediment increases.

b Assumes natural recovery once cause of instability is corrected.

¢ Includes suspended and bedload from channel derived sources and/or from stream adjacent slopes.
d Vegetation that influences width/depth ratio-stability.
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sengdtivity using stream types (Meyers and Swanson, 1992). They summarized their
study results on sreams in northern Nevada that “. . . range managers should con-
Sder the stream type when setting locd sandards, writing management objectives, or
determining riparian  grazing management  drategies”

This interpretive information by stream type can dso agpply to establishment of
watershed and streamside management guidelines dealing with; silvicultural
dandards, surface didturbance activities, surface disturbance  ectivities, gravel and
surface mining activities, ripaian  management  quiddines, debris  management,  flood-
plain management, cumulative effects analysis, flow regulation from reservoirs/
diversons, etc. An example of the implementation of these guiddines by stream type
ae shown in the Land and Resource Management Plan (USDA, 1934).

Applications for ripaian aess (USDA, 1992), have utilized the dream classfi-
caion sysem into their recently developed “Integraled Riparian Evauation Guide’:
— Intermountain Region. The classfication system was used to help dratify and
cdassfy riparian aress based on naturd characterigics and exising conditions. It is
adso used to evaduate the potentid risks and sengtivities of riparian arees.

6.4. Restoration

The morphologic variables that interact to form the dimensions, profile and
paterns of modern rivers ae often the same variables tha have been adversdy
impacted by development and land use activities To restore the “disturbed” river,
the naturd dable tendencies must be understood to predict the most probable form.
Those who underteke to restore the “disturbed” river must have knowledge of fluvial
process, morphology, chand and mesnder geometry, and the naturd tendencies of
adjugment toward sability in order to predict the mogs effective design for long-term
sability and function. If one works againgt these tendencies restoration is generaly
not successful. Redtoration gpplications usng sream classfication and the previoudy
discussed principles ae documented in the “Blanco River” case sudy (Nationa
Research  Coundil, 1992).

7. Summary

Rivers are complex naturd sysems. A necessay and critica task towards the
understanding of these complex systems is to continue the river systems research.
In the interim, waer resource managers must often make decisons and timey pre-
dictions without the luxury of a complex and thorough data bese. Therefore, a god
for ressarchers and managers is to properly integrate what has been learned about
rivers into a management decison process that can effectively utilize such knowledge.
There is often more data collected and available on rivers than is ever goplied. Pat of
the problem is the large number of “pieces’ that this data comprises and the d|ff|culty
of putting these pieces into meaningful form.

The objective of this stream classfication system presented here is to assist in
bringing together these “pieces” and the many disciplines working with rivers
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under a common format — a centrd theme for comparison, a bads for extrgpolation,
prediction, and communication. The stream classification system can assist in
organizing the obsarvetions of river data and of molding the many pieces together
into a logicd, useeble  and reproducible system.

With the recent emphasis on “natural” river restoration or “naturalization”
throughout Europe and North America, understanding the potential versus the
exising dream type is aways a chdlenge. The dimenson of rivers related to the
flow, and the patterns, which in turn are related to the dimensions have to be further
dratified by discrete stream types. In this way, the arangement of the varigbles that
make up the plan, profile and section views of dtable stream types that are integrated
within their valey’'s can be emulated. This aso involves re-cregtion of the correspond-
ing appropriate bed morphology associated with individua stream types with the
observed sequence of gdep/pool and/or riffle pool bed festures as a function of
the bankfull width. The use of meander width ratios by stream type helps to establish
the minimum, average and ranges of laerd contanment of rivers. This often heps
the desgn engineer/hydrologist determine appropriate widths that need to be accom-
modated when naturd, deble rivers are re-condructed within their valeys. River and
floodplain eevations, which need to be condructed, can be often determined by the
used of the entrenchment ratio, which depicts the verticad contanment of rivers in the
landform. Using these integrative, morphologica relaions by sream type, can avoid
the problematic “works’ done on streams which create changes in the dimensions,
patern and profile of rivers which are not competible with the tendencies of the
naurd gable form.

A cdlassification system is particulaly needed to dratify river reaches into’'groups
thaa may be logicdly compared. Such dratification reduces scater that mightappear
to come from random variation, whereas the scatter often results from attempting to
compare items gengicdly different. For example, data developed from empirical
relations associated with process oriented research in natura channds such’ as trac-
tive force reations, resstance and sediment transport equations, etc., can be sratified
by stream type. This can help reduce the scatter when applied to stream types different
than those from which the relations were developed.

Utilizing quantitative channd morphologica indices for a classfication procedure
insures for consistency in defining stream types among observers for a great  diversity
of potential applications. The classification presented here may be . the first
goproximation of a sysem that undoubtedly will be refined over the years with
continued experience and knowledge. This dream  dasdfication  system  hopefully
can be a vehicle to provide better communication among those studying river
systems and promote a better understanding of river processes, helping put principles
into practice.
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