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SCALE  REPETITIONSCALE  REPETITIONSCALE  REPETITION
The DISCRETENESS of events or ‘objects’,
and the connectedness of the INTERWOVEN processes
is REPEATED at all scales, and over all aspects of the 
natural system.

CATCHMENT WATERWAYS

PULSE REPETITION

Scale repetition of pulses and of the discreteness within continuums.   From rain to flow, channel shape and sediment movement, 
there is a discreteness of types and activities within a larger highly inter-connected system, with a similarity in the pattern of 
repeating forms and events.                                     Gary Williams



CATCHMENT WATERWAYS

FRACTAL REPETITION

MAPPED at a SCALE of 1:3,750,000

WAITOTARA RIVER 
CATCHMENT

MAPPED at a SCALE of 1:1,000,000

MAPPED at a SCALE of 1:250,000
MAPPED at a SCALE of 1:50,000

The spatial pattern of waterways has 
a fractal repetition — the same 
pattern being repeated at all scales.

The repetition has a form, such as an 
asymmetric fork, of oscillating left-
right dominance.
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The scale repetition has a fractal form — of linked processes and self-similar form.   The drainage network form has a self-similar 
repetition over a size scale.  Maps drawn to different scales show this similar form of a self-organising system.      Gary Williams
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Repeating pattern of the flow form 
alters as flow velocity increases — in 
accordance with a larger pattern, that 
has abrupt transitions.
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Similar patterns of flow for air and water around an obstacle, with the same fluid dynamic transition steps, from 
uniform laminar flow to fully turbulent complex flow, as the velocity increases.                                   Gary Williams



Biological activity adds 
layer on layer of 
interwoven processes, 
with multiple feedback 
relationships.

FLOODPLAIN 
EXCHANGESNUTRIENT FLOWS

INVERTEBRATES

PLANTS

FISH

BIRDS & 
MAMMALS

fast flowing, with stable 
substrate of boulders & 
gravel, shading forest 
cover, giving litter, and 
where invertebrates are 
predominant.

slow flowing, with mobile silty/sand 
substrate, open to light and high more 
variable temperatures, where  aquatic 
plants are predominant and algae 
blooms when enriched.
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Complex dynamic system, like rivers, have a highly 
diverse ecology, with rapid changes over time and 
space.  The biological systems are highly linked and 
inter-dependent, and there are complex interactions 
between the physical and biological systems.  The 
different physical conditions along a river give rise to 
different species and eco-systems which affect and 
alter the physical systems.  These complex 
interactions have the similar patterns of self-
organising systems, and these patterns can guide an 
understanding of the physical and ecological 
processes and their inter-relationships.

Gary Willaims
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CREDITS: “Sensitive Chaos” by T Schwenk; “An Album of Fluid Motion” by M van Dyke

EDDIES

SPIRAL REPETITION
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Spiral forms are repeated 
over space and time scales, 
with an infolding
complexity as intensity 
increases (of movement or 
energy).

With each pass of an object 
through a water body, the 
spiral pattern of the eddies 
formed by the movement 
becomes more complex in 
a self similar way.
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Whatever way we look at the 
flow down a waterway there 
are spiral forms, with 
oscillations and transitions.

The basic pulse of acceleration 
and deceleration gives rise to a 
step-like oscillation with abrupt 
transitions.




