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Improving Future Fluvial Classification Systems
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Why do people classify things?
Psychologists theorize that in a universe of
limitless numbers of objects and ideas,
classifying things into groups is one of the
brain’s mechanisms for creating order out
of chaos. Historically, most fields of science
have gone through a classification phase.
The classification phase usually occurs
during the early stages of development of a
scientific field as a means of ordering
observations and descriptions. As a science
advances, classification gives way to the
development of empirically based laws and
finally to theoretical understanding
(Figure 1).

Classification has and will continue to have
an important role in science, particularly in
fluvial geomorphology because it is a
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Figure 1. Evolutionary stages in the
development of a field of science.

relatively young field that is founded upon
field studies and observation. Eventually,
however, “classifications defined by
reference to manifest, observable
characteristics will tend to give way to
systems based on theoretical concepts”
(Hempel, 1965). In fact, because scientific
usefulness is measured in part by an ability
to predict, a “preoccupation with description
could lead to decreasing usefulness because
classification and description are usually
insufficient bases for extrapolation and thus
for prediction” (Leopold and Langbein,
1963).

A Few Fluvial Classification Systems

Form-based or morphological classification
schemes have been popular for river
classification. Many of these have used the
global property of river shape in plan form
as the primary delimiter. The best known
river classification of this type is the
tripartite division of rivers into braided,
meandering, and straight (Leopold and
Wolman, 1957). Rosgen’s (1994)
classification of natural rivers also places a
heavy emphasis upon dimensional
properties to define eight primary stream
types. A hierarchical decision tree
distinguishes types based upon the feature
property of number of channel threads and
the dimensional properties of entrenchment
ratio, width-depth ratio, and sinuosity.
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Entrenchment ratio, sinuosity, and width-depth
ratio have fuzzy decision rules that acknowledge
the continuum of stream variability. Sediment size
and channel slope are used to classify these types
into subcategories.

An example of a process-based classification
system is that proposed by Whiting and Bradley
(1993) which utilizes dimensional measures of
fluvial form in their classification system for
headwater streams. Forty-two stream classes are
defined on the basis of domains in three two-
dimensional phase space “panels” where the
domains represent different and distinct physical
processes and their relative rates. The domains
are process interpretations based upon dimensional
properties of morphological features, which include
channel gradient, channel width, valley width, and
median sediment size.

Montgomery and Buffington’s (1997) classification
system defines seven channel types based upon
overall qualitative morphological character. Seven
fuzzy, mainly feature characteristics are used to
define whether or not a stream is of a given type.
Montgomery and Buffington’s use of adjective
feature descriptors of typical and dominant
illustrate that these are desirable features but not
absolutely necessary for describing a type. The
system uses illustration to communicate the abstract
conceptualizations of their types

Improving Fluvial Classification Systems

Within this section | offer ten recommendations to
improve future fluvial classification systems.

1. Base Classifications on Natural Kinds

Assuming there are natural kinds (Collier, 1996)
of rivers, these kinds (natural groupings as opposed
to human abstractions) should be intimately linked
with natural laws of river development. Thus,
classification systems based on natural kinds should
have utility in explaining and predicting river
conditions. The goal for the classifier is to
determine what those natural kinds are.

2. Base Classifications upon Processes or
Controlling Factors

Many fluvial classification schemes have been based
wholly or in part upon characteristics of channel
form. Channel forms, although readily measurable,
are the end products of complex, dynamic systems
(Figure 2). These end products may be non-unique
manifestations of underlying controlling factors and
processes. The lack of a one-to-one correspondence
between geomorphic process and form suggests that
measurement of fluvial processes or controlling
factors, albeit difficult, may be a better pathway to
discovering natural kinds of rivers.
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Figure 2. Simple conceptualization of relationship
among controlling variables, fluvial processes, and
fluvial forms. Most classification systems have
concentrated on fluvial forms, which are the output
products of a complex, dynamic system.

3. Base Classifications upon Temporal
Change and Thresholds

Extend the process-based idea presented in
recommendation 2 to longer temporal spans wherein
rivers are truly perceived not as “things in space”
but as “processes through time.” These types of
classification systems might include concepts of
equilibrium and disequilibrium showing departures
from a steady state and could include measures such
as the ratio of reaction time to relaxation time or
threshold parameters.
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4. Base Classifications on Theory

Many fields of science begin with an observation-
based classification stage and then advance to
law-forming and theory development stages.
After some period of growth in a scientific field,
all of these stages occur simultaneously, with
feedbacks from more advanced levels of
knowledge guiding less advanced levels (Figure
1). Thus, at some evolutionary point, even
observations are based upon theory and not just
upon mindless collection of data. With time,
classification should become less dependent upon
purely observational input and more dependent
upon geomorphological theory.

5. Base Classifications on a
Probabilistic View

Most classification systems in geomorphology
and other scientific fields have been based upon
the classical view in which members are placed
into categories based upon “necessary and
sufficient” conditions. A more recently
developed probabilistic theory does not require
all properties to be true of all class members.
Class members vary in the degree both to which
they share a property and to which they represent
a class. Probabilistic classification concepts
appear to hold much promise, particularly since
necessary and sufficient conditions of the
classical view are replaced by central tendency
conditions, which provide more flexibility for the
complex continuum of the fluvial system.
Although none of the existing fluvial
classification systems implement a probabilistic
view, Montgomery and Buffington’s (1997)
system is a step in that direction.

6. Calibrate and Verify Classifications
for Prediction

Recommendations 1, 2, 3, and 4 intertwine
classification with scientific understanding and
explanation of fluvial conditions. If the goal of
using a classification system is to make
management predictions (as opposed to
increasing understanding), then a purely
empirical rather than rationale approach to
classification can be taken. If empirical

predictive classification schemes are to be developed
and used, then they should be calibrated, verified,
and updated as more outcome data become available.

7. Incorporate Size Factors into
Classification Systems

Nearly all existing fluvial classification schemes
ignore size and scale aspects in their derivation.
Although size measurements may be made to derive
classification parameters, these measurements are
usually converted into dimensionless shape or
pattern indicators (e.g., width-depth ratio and
sinuosity). Scale issues, however, are significant
both in absolute and in relative ways, and
classification systems that effectively incorporate
size factors may prove beneficial in endeavors such
as stream restoration.

8. Use Nomenclature that Improves
Communication

The fluvial environment is being examined by
professionals from many disciplines. For
individuals from diverse interests to effectively
describe and communicate the aspects of a complex
natural system, a classification system that “creates
order out of chaos” is beneficial. Classifications
devised to aid communication need not be based
upon natural kinds, for the purpose is merely to allow
individuals to develop mental pictures of rivers. For
this reason, form-based classification systems are
most useful, for forms are more intuitive and
understandable to humans than are geomorphic
processes. A key aspect of a classification scheme
of this type should be its composition of a readily
understandable nomenclature. The following
nomenclature rules, adapted from Hill (1963), are
suggested:

A name should be widely understood and used.
A name should be descriptive or explanatory.
A name should be a common word, if possible.
A name should be rational and appropriate to
the science involved.

Symbolic and/or mnemonic terms may be used
if they are more practical than descriptive terms.
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The same thing should not be given two different
names nor different things given the same name.
A name should represent a group of things,
processes, or concepts, and if possible, should
also be part of a greater group.

9. Treat Classifications as Hypotheses —
Not as Paradigms

In some respects, classification schemes can be
treated similarly to hypotheses in that their
development is undertaken to seek to explain
regularities in nature. If classification systems are
viewed as hypotheses with respect to their use, then
each additional use becomes a test either verifying
or nullifying their explanatory capability. As
evidence amasses regarding a classification
scheme’s explanatory or predictive capability,
modifications can be made, and, if necessary, it can
be discarded in favor of a new system.
Unfortunately, theories, and perhaps classification
schemes, can become paradigms that are the only
way a field of science evaluates a particular class of
problems. Classification paradigms should be
avoided for a science to continue advancing.

10. Ignore Classification

Much of the desire to classify rivers may derive from
fluvial geomorphology’s composite heritage from
geology and geography — fields where observation,
description, and classification have played major
roles. In other disciplines, classification plays little
or no part. As geomorphological theory advances,
conceptual and mathematical geomorphological
models will undoubtedly provide capabilities not
inherent in classification systems.

Conclusion

Classification has and will continue to have an
important role in science, particularly for fluvial
geomorphology, which is solidly founded upon field
studies and observation. A fuller understanding of
the principles behind classification system
development should improve the design of future

classification systems. However, classification
should be considered only one part of a much larger
scientific puzzle that also incorporates observation,
laws, hypotheses, theories, and models.
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Why Do We Exaggerate Stream Channel Cross-Section Plots?

The Case for True Scale Plotting
by John Potyondy and Larry Schmidt

Perception often governs reality. The way people
perceive objects has a profound influence on the way
they conceptualize the objects. This is true for
tangible objects that we identify with our senses, but
it applies equally well to concepts and ideas. This
article illustrates how typical displays of stream
channel cross-section data confuse perception and
lead to misinterpretation of stream channels and how
they operate.

Most people recognize the characteristics of a square.
It is a familiar basic geometric shape learned at an
early age. But suppose for a moment that you must
illustrate a square for a person unfamiliar with the
concept. Your basic description might say, for
example, that a square is a rectangle with four equal
sides (Figure 1).

Now consider the effect on the person’s perception
of a square if you provided an illustration of the
square with a 2 to 1 vertical exaggeration (Figure
2). Even though the exaggeration is clearly
identified, it is likely that the person will carry a
warped view of what a square is.

Figure 1. A square.

Figure 2. A square with
2:1 vertical
exaggeration.

A rational person would reject the notion that this
is a good way to illustrate a square and would
consider it a poor way to teach a person the
concept of a square. As absurd as this example
seems, this is the typical case when plotting and
displaying stream channel cross-sections.

Consider the following example of a cross-section
plot of the South Fork Cache la Poudre River in
Colorado. The South Fork Cache la Poudre is a
typical mountain gravel-bed river, about 40 feet
wide and 3 feet deep at bankfull stage. The river
flows through a broad alluvial valley meadow and
can be characterized as a Rosgen C-3 stream type.
The plot in Figure 3 illustrates how the cross-
section is typically displayed when plotted with
a standard computer spreadsheet, such as Excel.

One problem with this display is that it does not
show the cross-section as it appears in the natural
world. This is because vertical elevation and
horizontal distance are not plotted at identical
scales. For the cross-section to appear as it does
in reality, it would have to be plotted at a 1:1
vertical-to-horizontal ratio. In this example, the
computer graphing software exaggerated the
vertical scale by a factor of 5 giving it a 5:1
vertical-to-horizontal ratio. In other words, each
foot on the vertical scale is 5 times that of the
distance used to show 1 foot on the horizontal
scale.

In contrast, Figure 4 shows a true representation
of the actual stream cross-section (plotted ata 1:1
ratio); one that is close to how we actually see
and perceive the stream were we to stand on its
banks.

While the astute viewer may be aware of the
exaggerated nature of the plot in Figure 3, the
casual viewer will probably draw different
conclusions about river behavior from the
exaggerated versus the real-life scale plot.
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South Fork Cache la Poudre River
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Figure 3. Plot of the South Fork Cache la Poudre River cross-section as the data is directly plotted by a
typical spreadsheet plotting program. The vertical axis is exaggerated by a factor of 5 making for a 5:1
vertical-to-horizontal plotting ratio. The exaggerated nature of the plot conveys a distorted view of the
river’s true cross-sectional characteristics.

South Fork Cache la Poudre River
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Figure 4. Plot of South Fork Cache la Poudre River cross-section at a 1:1 ratio without vertical
exaggeration.
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Figure 5. Panoramic view of the South Fork of the Cache la Poudre River cross-section.

In the exaggerated plot (Figure 3), the South Fork
Cache la Poudre River appears to be a relatively deep
river. Depth appears to change dramatically over
short distances across the channel and one might be
tempted to conceptually think of this river as one
which is fast and deep. Because of the large vertical
distances between low base flows and flows which
fill the channel, it looks like the river fluctuates a
great deal between wet and dry seasons. The
elevation of bankfull stage is identified, but the flat
depositional bankfull feature appears to be poorly
defined and the associated floodplain appears to be
very narrow. Based on this depiction, it might be
difficult to convince someone that the active
floodplain associated with bankfull discharge is easy
to identify. Italso looks like a lot of additional water
will be needed before the flow leaves the channel
and inundates adjacent lands.

In contrast, the 1:1 cross-section plot (Figure 4)
conveys an alternative view of the river channel.
From the true-scale plot, the South Fork Cache la
Poudre River appears to be fairly wide and shallow,
rather than deep and narrow. The river appears to
be easily wadeable with gradual changes in depth.
The depositional flat of the floodplain associated
with bankfull stage is much more distinct and spans
a wide band along the edge of the river. Small
increases in stage above bankfull will quickly
inundate adjacent riparian ecosystems. In essence,
this plot shows the dimensions of the river as one
would perceive it standing along its banks.

It is almost always wise to view cross-sections at a
1:1 ratio to gain an appreciation for how they
actually look spatially. Most spreadsheet graphics
allow users to compress the vertical scale of the plot
and to manually resize the vertical scale. Some
software programs, such as WinXSPRO, allow users
to change the plotting ratio so that the cross-section
can be viewed at 1:1 and other scales of vertical
exaggeration. When rivers are wide, it may not be
possible to show cross-sections at a 1:1 ratio. In
these cases, consider using the lowest ratio feasible
and note on the figure or in the caption the amount
of vertical exaggeration used.

Cameras are another effective way to show what
channel cross-sections look like. Panoramic view
cameras, including inexpensive disposable versions,
are now widely available and are ideal for capturing
the width of the entire cross-section. Figure 5isan
example of a panoramic view of the South Fork
Cache la Poudre cross-section.

By using these simple techniques, we can better
communicate the true nature of rivers to our various
audiences.

John Potyondy and Larry Schmidt are
hydrologist and Program Manager, respectively,
with the Rocky Mountain Research Station,
Stream Systems Technology Center;

(970) 498-1731; jpotyondy/rmrs@fs.fed.us;
Ischmidt/rmrs@fs.fed.us
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Rocky Mountain Research Station General Technical Report RM-
245, Stream Channel Reference Sites: An [llustrated Guideto
Field Techniqueby Cheryl C. Harrelson, C.L. Rawlins, and John
P. Potyondy is now available on the Internet. The publicationis
a practical guide to establishing permanent reference sites for
gathering data about the physical characteristics of streams and
rivers. It describes proceduresfor selecting and mapping a site,
measuring channel cross-sections, surveying a longitudinal
profile, identifying bankfull stage, and measuring streamflow
and bed material. The guide, in pdf format, can be dowloaded
from the STREAM Web site (www.stream.fs.fed.us) FTP
download area. Printed copies of the 61 page report can be
obtained from the Rocky Mountain Research Station.
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