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	��	����������������������������	���� from Theory to 
Application at the National Scale

 
τ*

bf/τ*
c  ~1.2

�����������
	��

Decreased Qbf
or Sediment Pulse

Increased Qbf

or Sediment Starvation

Overwidened
Shallowing

τ*
bf/τ*

c << 1.2

Re-Equilibrating 
(Sediment Remobilisation 

and Incision) 

Re-Equilibrating
(Bed Conditining and 

Sediment Input)  

���������	����
������

���������	����
������

Underwidened
Deepening

τ*
bf/τ*

c >> 1.2

Equilibrium 
Dimensions

�����	�������Quantifying Channel (Dis)Equilibrium

�����	�������Deviations from Equilibrium Geometry � ����������������	�����		�

Gravel bed rivers ���������������	�������������	�����	����������	��
�������	�������������������������������������	�	��. These 

adjustments tend towards a quasi-stable equilibrium channel, where 
sediment supply and bed mobility are approximately in balance 1,2.

Understanding the processes that drive changes in channel 
morphology is important in �������������������������������������
��������������		������ under climate change, on national scales 3, 4.

Previous �ume and �eld studies have sought to quantify channel 
disequilibrium, and explored likely equilibrium dimensions for stable 

channels. However, the geological, hydrological and biological 
��������������������	���	��������������	���������	���� �2,5. 
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Lacey’s Law

Are deviations from 
these expected 

equilibrium conditions 
re�ected in 

contemporary �eld 
observations?
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Dendrogram? Equilib-
rium or Messy? 

������	���
Dendrogram? Equilib-

rium or Messy? 
������������ ���������	����� predicted by

(a-b) Hydraulic Geometry, (c) Threshold Theory and 
(d) Shear Stress Ratio. Channels which deviate from 
equilibrium conditions (grey line) are interpreted as 
aggraded or degraded systems, annotated on each 

diagram. Points coloured by �eld observation.

�����	����	���������	�����	��
Which channel characteristics (con�nement, geology, 
vegetation) most in�uence the uncertainty of hydraulic 
geometry theory?
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��� How sensitive are  ‘equilibrium’ channels to subtle changes 
in: ������������	�	����τ�����

�����	�������τ����

���� How do these sensitivities vary at di�erent spatial and 
temporal scales?
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Hydraulic geometry and threshold theories are generally 
e�ective at identifying sites experiencing most signi�cant 

extents of aggradation/degradation 
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 There are many stable (observed) sites that deviate from 
their theoretical equilibrium conditions 

Actively aggrading sites do not necessarily have low 
shear stress ratios 

The theories do not always agree... how do we 
know which to trust?
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Aggradational
(All, or most 

theories agree)

(Sites coloured by
�eld observation)

������	��� Sites most vulnerable to change are likely those in the 
centre, where �eld evidence for aggradation/degradation is limited, and 

theories contradict each other

Zone of Uncertainty 
(~68% of Sites)

Are these sites actually at equilibrium, 
or do the theories just disagree?
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Degradational
(All, or most 

theories agree)
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Snowdonia (S)

Exmoor (E)

Peak District (PD)

Pennines (YP)

Cumbria (C)
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Metrics of Observed 

Equilibrium State
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