Key Idea 3: Landforms in a geomorphic environment exist in a state of dynamic equilibrium.

What is meant by dynamic equilibrium?

The concept was first put forward by J. Hick in 1960. He proposed that a landform is a product of the interaction between geological structures and processes operating within a geomorphological system. A state of  equilibrium is reached so long as all the variables remain constant. Basically this means there is a balance or equilibrium existing between landforms and processes. But the term ‘dynamic equilibrium’ indicates that this is not a static state but a balance which is subject to change.

‘Equilibrium is created by the interaction of energy, force and resistance’. Gravity, surface deformation (by tectonic earth movements) and climate (which determines geomorphological processes) are the driving forces; whilst lithology and rock structure and deposits are the resisting forces. Interacting these determine the physical landscape (i.e. landforms).

If any variable within the geomorphic system changes, this has repercussions throughout the system. (A change in an input (e.g. snowfall) leads to hanged processes (e.g. ice build up, glacier advance and more erosion) and to increased outputs (e.g. ice advance into lower ground and consequently more meltwater generation). Changes in one part of a process response system affect changes in other areas through ‘feedback’. Feedbacks can be positive (self enhancing i.e. accelerating change and making the system go out of control like a snowball effect) or negative ( self regulating i.e. a natural braking system in which control is restored). These feedbacks are manifested through the system and these changes affect landforms.
A glacial example: a glacier is sustained by inputs of snow, but reduced by outputs of meltwater. Potential energy within the glacier is provided 

1. by the slope over which the glacier flows and

2. solar heating.

Kinetic energy is generated by the ice flow itself. 

When all the inputs and outputs are equal the glacier is in a state of ‘equilibrium’ and will not advance or retreat.

If however, the climate becomes colder and snowfall increases the equilibrium will be lost (temporarily) as input will exceed output. The glacier will therefore increase in size as ice accumulates, and the snout will advance downslope into the lower warmer area. 
This advance will cause more ablation – with the snout having more meltwater The increased ablation will offset the increased snow and ice accumulation. An equilibrium will have been restored.

Dynamic equilibrium – where  a balance exists between inputs and outputs. increased inputs will lead to a sequence of changes causing increased outputs until a new equilibrium is restored.

A positive feedback occurs when a change in energy input is magnified by what happens in the throughput of the system. Positive feedbacks occur on varying scales of energy, time, and spatial area. (Glacial examples include

· At the start of an Ice Age where an ice sheet begins to develop. This white surface has a greater albedo effect and more heat reflects of the surface make the air temperatures cooler leading to further ice build up and so on. (Large scale. Long term. And much energy.)
· where an increase in meltwater at the base of a glacier will cause increase sliding; this in turn generates more friction causing more heating causing more melting. The extra meltwater will in turn cause even faster sliding and so on. In this situation a glacier may undergo a mjor surge forward, although the surge will cease if the meltwater is able to drain away. (Smaller scale, Shorter Term, lower energy)
· In a glacial cirque as this is enlarged from an initial hollow the capacity for storing accumulating ice grows and so erosion increases. Causing the rate of cirque growth to accelerate. (small scale, short term, low energy)

Positive feedback operates over temporary periods as the changes cannot last indefinitely – the equilibrium has to be restored to the system.

A negative feedback occurs where a change in energy input is counteracted and the situation stabilised by means of an internal adjustment within the system. Negative feedback loops are important in restoring dynamic equilibrium following the effects of high energy events. A glacial example is
· if a glacier is in steady state (that is with a stationary snout) is affected by increased snowfall high up in the accumulation zone of the cirque then the ice volume will increase and the glacier will advance and the snout will move forward. However, this will cause more of the glacier to lie in the ablation zone (where melting is greater than accumulation) and so the output of meltwater will increase. In time the increased output of meltwater will come to equal the increased input of water via snowfall. The glacier will return to a new steady state and the snout advance will stop ( leading to the build up of a terminal moraine landform in that position where the snout lies).
