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WATERSHED INUI(JITORS OF LANDFORM DEVELOPMENT

by

Burchard H. Heede

Traditionally, watershed management is concerned with water and sediment yields,
vegetation, soils, and meteorology, but not with geomorphology. Often it is in this
latter field of knowledge, however, that the explanation can be found for the formation
and present condition of a watershed, and its future development. The objective of
this treatise is to show by examples that factors in the hydraulic geometry of
streams indicate whether a watershed is in an active stage of landform development,
or is in dynamic equilibrium. It will also provide some general guides for the
practioner, and demonstrate that watershed management research cannot afford to
ignore the basic geomorphic setting of watersheds. If geomorphology is not
considered, research results could be misinterpreted.

Dynamic equilibrium versus landform development. Because mountainous watersheds
are generally in a more youthful landform than watersheds of the plains, geomorphic
changes can occur with greater frequency and intensity. Besides mass wasting such as
landslides, mudflows, and debris avalanches, streams are the main active agents on
a watershed. The distinction between mass wasting and stream erosion is not always
clear, however. As Thornbury (1961, p. 3b) pointed out, "it may be hard to draw'
a line between a mudflow and an extremely muddy stream." Here, a stream is defined
as having a distinct bed and stream net, although the channel may shift.

There is, of course, interaction between the stream and the watershed. Size
of watershed and its slopes, for instance, will influence the hydraulics of the stream
by determining magnitudes of water concentrations and peak flows. The stream, on
the other hand, may have to adjust its bed in order to dispose of the flow. Examples
of adjustments are down -cutting and extension of the channel into headwater areas.
Normally, these are the main processes in landform development.

On a macro scale, we should visualize landform development as an intermittent
process, if we exclude the continuous removal of individual soil particles or
localized chuuiges. Periods of standstill alternate with active change. But
standstill does not represent a true state of balance between attacking and
resisting forces because, during such a period, changes in one or several
internal forces may cause other forces to adjust rather rapidly. internal forces
may be released if width, depth, roughness, or any other component of flow changes.
Then one, some, or all remaining components of the flow rearrange to accommiodate the
conveyance of flow and load. This condition is called dynamic equilibrium. :Mackin

(1948) described it as river at grade.

in contrast, dynamic equilibrium can be lost if external influences, such as
climate change, cause stream and watershed adjustments. Generally, adjustments to
external forces require a long time. Mbst Alpine torrents, for instance, imbedded
in geologically weak structures, have not adjusted yet to the uplift of the Alps.

Although not inevitable, dynamic equilibrium can be reached between times of
active landfonm development. Thus dynamic equilibrium is not a stage of landfonm
development since it can occur during any stage, youthful or mature.

Principal hydraulic Engineer, located at Tempe, Arizona in cooperation
with Arizona State University; central headquarters are
maintained at Fort Collins, in cooperation with Colorado
State University

43



Dynamic equilibrium is characterized by a concave longitudinal streambed profile

and by a relatively small sediment load. Fool Creek and Deadhorse Creek, two streams

in the Colorado Rocky PAotuttains close to the Continental Divide near Fraser, exhibited
these characteristics ( Heede 1972a). Like other mountain streams, these two adjusted
to slope by the formation of gravel bars and (apparently not reported by other

investigators) by incorporating numerous logs and heavy branches into the bed.
distinct relationships existed between the bars and the log steps. Fewer bars

foniìed where larger numbers of logs were available. Thus, the heavy organic debris

from the surrounding forest helped to minimize bedload movements otherwise required
for bar formations (Heede 1972b). The channels of both streams extended from mouth

to neauwater area of the watersheds. Streamflow is perennial.

Two ephemeral streams were studied in the Arizona White kbuntains. Both are

located at high elevations similar to the Colorado streams, but their morphology
differed greatly from the latter.. Longitudinal bed profiles showed a tendency
toward convexity, and sediment loads were high at times, signified by many point

and cross -over bars. The streanbeds extended only half to two -thirds the length
of the watersheds, wad ended with a pronounced headcut on tite valley floor. While

nickpoints in the channel bed were missing in the Colorado streams, they were numerous

in Arizona. Nickpoints are steps in the bed, and represent abrupt breaks in the

channel gradient. As in the Colorado streams, many gravel bars and log steps

existed on the bed. Relationships between bars and log steps could not be
established, however, and it was obvious that the headward advance of the
nickpoints at times of larger flows obliterated these structures by undercutting.
This destruction did not permit an adjustment between gravel bars and log steps.

The geomorphologic condition of the Arizona streams indicates that dynamic
equilibrium has not been attained. channel nickpoints represent locations of

active erosion that lead to deepening and widening of the bed. ileadcuts inevitably

proceed upstream, extending the streambeds into the not -yet- channelized watersheds,

and sediment loads will be high during high flows. Slope adjustments are temporary
because the future headward advances of the nickpoints will destroy bars and steps,
causing more bed movement required for the formation of new bars.

IMPLICATIONS FOR WATERShi;ll MA.NAGI2ffNi

Wnat are the inferences for the land manager? vnere dynamic equilibrium does

not exist, it is obvious that the forces exerted by streamflow lead to sediment
production and deposition --in short, to active landform development. If man plans

to utilize the streams of such a watershed, extensive and expensive channel

stabilization structures will be required. ;,laintenance may be a long - lasting

task, since under such condtiions man works against nature rather than with it.

In contrast, where watersheds in dynamic equilibrium are to be managed for
the development of the water resource, it will only be necessary to establish
the upper limits of use in order to avoid misuse. Aspects of equilibrium will
be of great importance where streams are to be used for the conveyance of additional
water, or where sources of water pollutants must be determined. Man may not have

moved one finger, but water quality may be quite low because the watershed is in

at active stage of landform development, rather than equilibrium.

Before watershed treatment effects are evaluated, we should know whether the

watershed was in equilibrium. If the investigator does not recognize the
geomorphologic setting, his interpretation of treatment effects may be wrong.
For instance, he may evaluate high erosion rates after treatment as treatment
effect, when actually the erosion may have resulted because the stream was not

in dynamic equilibrium. If the watershed calibration period did not span sufficient

time or range of sediment loads, the equilibrium condition cannot be defined if the

other factors in hydraulic geometry have not been established.
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A few criteria will demonstrate if a watershed is within or outside of
dynamic equilibrium. As a general guide for land managers, the following most
important criteria are established, not necessarily in order of importance:

A. Indicators of dynamic equilibrium:

Hissing channel nickpoints and headcuts; concave longitudinal bed
profile; relatively small sediment loads; relatively similar
behavior of streamflow from station to station.

B. Indicators of accelerated landform development:

Occurrence of channel nickpoints and headcuts; linear to convex
longitudinal bed profile; relatively large, sediment loads;
relatively large differences in the behavior of streamflow
from station to station.

Changes or similarities of streamflow behavior from station to station can be
tested by comparing parameters such as the values of the exponents for depth and
velocity functions, or the shape factor. The functions relate depth or velocity
of flow to discharge; the shape factor is the quotient of maximum depth of flow
over mean depth of flow.

Often it is not possible to obtain flow information on ephemeral streams
within a given period of time. The investigator should then concentrate on
channel morphology criteria. Normally, these are easily determined for dry
charnels. Extent and age of bars and sediment fans, for instance, indicate
relative magnitudes and frequencies of sediment loads. In short, dry charnels
present their recent history of flow and sediment transport if we read the

"writings" on channel banks and bed.

Other criteria for accelerated landform development and equilibrium must be
developed in order to include processes other than those of streamflow. It is

possible, for example, that unstable watershed slopes such as those covered by
felsenmeere (a periglacial feature also known as block or rock fields) prevent
establishment of dynamic equilibrium on tine watershed. Frequent movements of
the felsenmeere may upset charnel and streamflow, and landforming processes
will change slopes and valley bottoms.

An objective of continuing research is to develop a set of tools for the
land manager that will enable him to (I) judge the inherent stability condition
of a watershed and, thus (2) establish a management plan based on present and
estimated future landfonn development. Ile will then be in a position to decide
if planned actions will be working with or against the natural forces at play
on a watershed. This approach should lead to substantial savings of time and
money.
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