








The Concepts of Steady State and Dynamic Equilibrium in Contemporary
Geomorphic Studies

It was not until after a lapse of 70 years that the principles advocated by Gilbert
were incorporated in geomorphic thinking within the more sophisticated framework
of General Systems Theory (Strahler, 1950, 1952a, 1952b; Hack, 1960, 1965, 1966;
Hack and Goodlett, 1960; Chorley, 1956, 1962, 1966; Schumm, 1956; Schumm
and Lichty, 1965; Holmes, 1964; Howard, 1965).

Leopold and Langbein (1962, 1964), in their consideration of the concept of
dynamic or quasi-equilibrium, go beyond the findings of previous workers. They
examine landscape form in terms of concepts borrowed from the probabilistic
interpretation of entropy. These concepts include the tendency towards a condi-
tion of least work and that towards the equal distribution of energy. When these
tendencies operate, each opposes the other: the dynamic or quasi-equilibrium
position is intermediate between the limits towards which they respectively lead.
‘When two such opposing tendencies can be described mathematically, the most
probable condition between them can also be expressed (Leopold and Langbein,
1964).

Hack (1960) and Leopold and Langbein (1962) argue, although from different
theoretical precepts, that the most probable (energy) state is not a sensitive one.
That is, a state approaching the most probable can be arrived at very quickly . . .

“«

. although the rate of adjustment to the theoretic most probable state
there after may be quite slow if ever achieved” (Leopold and Langbein,
1962, p. A4) (Figure 1).

Whether a system can attain this most probable state, in the final phase of
adjustment, depends on the constraints that lithology, structure and history place
on the distribution of energy. It is the adjustment to these constraints, involving
an evolution in form, that has been termed dynamic or quasi-equilibrium. This
mutual adjustment among the various parameters of a drainage basin is manifested
in the Laws of Morphometry and in the regular downstream variation of the
hydraulic geometry in open channels. Leopold and Langbein (1962, p. Al19)
conclude:

“Landscape evolution may be viewed as an evolution in the nature of
constraints in time, maintaining through time essentially a dynamic or
quasi-equilibrium.”

Dynamic equilibrium may therefore be considered as a state of energy distri-
bution which is always arrived at quickly in response to a changing energy balance.
When initially achieved, this state may involve no great regularity of form (Holmes,
1964). However, dynamic equilibrium finds expression, over time and space, in
the evolving regularity and mutual adjustment of form elements. The development
of regular erosional landforms reflects the tendency of the energy conditions of
a system to make the final adjustment to the most probable state.

The trend of recent literature (Dury, 1967; Chorley, 1962, 1966; Hack, 1965)
is to recognise that the environment, particularly climate, is in practice never
stable long enough to allow all the elements of the landscape to make the final
adjustment to the most probable (steady) state. Always there exists in form some
degree of time-lag. Most existing features are thought to be a product both of
former and of very late to present energy-conditions. For Chorley (1962), the
degree to which later conditions have gained ascendency over the former is a func-
tion of the ratio between the amount of present energy-application and the strength
of the landscape materials (also see Holmes, 1964).

Some parameters, such as those of the hydraulic geometry of a stream which
flows through unconsolidated material undergo very rapid form adjustment, in
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response to a changing fieldforce. However, as Leopold and Maddock point out,
the slope of the channel .

. is one hydraulic factor which can be adjusted over a period of time
by processes within the stream and may be considered the factor which
makes the final adjustment, as may be required for quasi-equilibrium”
(1953, p. 52).

At the other end of the scale the form aspect of relief evolves very slowly in
response to the changing energy balance: thus, channel slope adjusts very slowly.
Relief will, for long periods, reflect past adjustments of form to differing force to
strength ratios (Chorley, 1966). Although the state of dynamic equilibrium may
be arrived at quickly, the form elements related to relief may never have long
enough to achieve the steady state, particularly as relief itself declines ““‘owing to”
the passage of time.

While it is true that “‘the progressive loss of a component of potential energy
due to relief reduction” (Chorley, 1962, p. B3) precludes a drainage basin’ from
attaining a steady state, it is wrong to assume that all the properties of the drainage
system are necessarily involved in a progressive sequential change. There seems
no reason that drainage density (Schumm, 1956; Chorley, 1965), maximum valley-
side slope (Strahler, 1950) or basin area and configuration (Gilbert, 1880; Bertal-
anffy, 1956; Schumm, 1956; Chorley, 1962) should change continuously in associa-
tion with reduction of relief.

Whether landforms remain constant or are degraded as a function of time
becomes a matter for empirical investigation. However, so long as the various
forms may be shown as adjusting to the present erosional environment, the term
dynamic equilibrium is applicable. Gilbert’s conception of dynamic equilibrium
involved the whole drainage system and was in no way delimited in time or over
space. It is here maintained, in view of the support and more precise meaning
that the findings of Leopold and Langbein (1962, 1964) have lent to Gilbert’s
concept, that it is imperative that the notion of dynamic equilibrium be freed from
that of steady state. The idea of dynamic equilibrium is applicable to every open
geomorphic system and may be understood as a state of energy distribution which
finds expression in the . adjustment [and interadjustment] of the internal
[form] variables to external [energy] conditions” (Howard, 1965, p. 305). Thus
defined, the concept of dynamic equilibrium need neither be delimited over time
and space, nor need the term dynamic equilibrium necessarily imply a steady state.

Schumm and Llchty (1965) have attempted to resolve the confusion that has
arisen from the equation-of the notions of dynamic equilibrium and steady state
in some geomorphic literature.. They suggest that the dynamic approach developed
by Strahler (1950, 1952b) and Hack (1960) and encouraged by Chorley (1962) .

“ . . . need not be a break with tradition but is simply a method of con-
31dermg the landscape within narrow temporal limits” (1965, p. 111)

— that is, in landform studies, the criteria whereby a system in adjustment (dynamic
equilibrium) may be considered as manifesting a steady state depend primarily
upon the aim of the investigation.

If the study is directed purely at the manner and operation of erosional pro-
cesses and their effects on landforms the investigator is unconcerned with time
and the study is dynamic or non-cyclic in character. The progressive loss of relief
is, both in theoretical terms and in practical measurement, meaningless and irrelevant
in the analysis of the landform system. The concept of equilibrium in non-cyclic
studies may be truly considered analogous to that of classical open systems in
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thermodynamics. Only in such studies, which are divorced from time, can (as a
working assumption) the terms dynamic equilibrium and steady state be treated
as interchangeable.

Alternatively, if the manner of landform evolution is the point in question,
then the concepts of dynamic equilibrium and steady state become clearly dis-
tinguishable. Unless one has in mind a static state of ultimate planation over a
whole landscape, then only discrete elements of a drainage basin may be regarded
as manifesting a (most probable) steady state when form is maintained as de-
nudation continues (for example, the parallel retreat of a hillslope segment). The
idea of a steady state is inapplicable to an entire drainage system (except ultimate
planation be envisaged) over even the shortest time span, for sediment is always
being transported out of the system. Schumm and Lichty (1965) emphasise that
employment of the concept of steady state in geomorphology should be confined
to systems of which the boundaries have been defined precisely both in terms of
time and of spatial relations.

The steady state in timebound studies of the evolution of geomorphic systems
both implies and is always preceded by an energy state of dynamic equilibrium
(Figure 1). The idea of dynamic equilibrium (quasi-equilibrium or grade) as
essentially an expression of energy distribution, arrived at almost immediately and
possessing no ‘“‘converse idea of an ungraded state” (Dury, 1966), detracts from
the meaning of the concept in the consideration of form. However, in so far as
the energy concept of dynamic equilibrium may be manifested in, and is essential
to our understanding of, the adjustment and interadjustment of form variables
(illustrated in the Laws of Morphometry), the concept is not entirely unservice-
able to geomorphology (cf. Dury, 1966). Although dynamic equilibrium is recog-
nisable as an energy concept, the inability to define dynamic equilibrium precisely
in terms of form has been responsible for many of the difficulties encounted in
early discussions on the concept of grade, and has prompted more recent quantita-
tive workers to employ terms such as “approximate” or ‘“quasi-” equilibrium.

The concept of steady state, however, does have a precise meaning in terms
of form and although difficulties may arise in the consideration of varying time
and spatial relations, the concept is both meaningful and purposeful in field studies
and in the theoretical analysis of landforms generally.

The steady state, however, is rarely one of precise poise, and continual fluctua-
tions about the most probable condition can be expected in accordance with the
magnitude and frequency of the fieldforce and overshooting of feedback mechan-
isms (Figure 1). Although an important logical distinction can be drawn between
the concept of adjustment (dynamic equilibrium) and the notion of steady state,
a pragmatic approach is bound to supersede one based on purely logical considera-
tions for those parameters highly sensitive to a changing fieldforce. When the
orderly changes towards maximum entropy associated with declining drainage
relief are infinitesimal compared to other non-timebound changes in the system,
it becomes in actuality very difficult to distinguish between the concepts of adjust-
ment and steady state. Perhaps it is for this reason that much confusion continues
to cloud the problem of equilibrium in geomorphology. Unless the logical distinc-
tion between the two concepts is made in the first place, this confusion is likely
to continue.
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