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– Project 4.2 (“Multi-scale analysis of patterns in ecological processes in relation to fire regimes”)

The University of Western Australia

Rangeland Monitoring and 
Measures of Ecological Function

● Initially succession based: range condition 
ratings (1950s)

● Landscape Functional Analysis  (1990s)
● Science Based Land Management  (2000s)
“An integrated framework for organizing, synthesizing, and 

applying our growing knowledge of ecosystems to facilitate 
development of flexible, multi-objective assessment, 
monitoring, and management systems for arid and semi-
arid ecosystems”
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Ecological Concepts of Dynamics

Succession

State and Transition
State

State

Remote Sensing

Advantages
● Scalable
● Rapid
● Repeatable

● Sophistication

Disadvantages
● Need to establish 

processing protocol

● Need to be related to 
processes on the ground 
(e.g. net primary 
productivity)
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Objectives

● What is a useful state space?
● How may you relate the state space to on-

ground processes?
● How would you use time series of image data to 

construct the different ecological “phases”?
● How would you define threshold events 

amongst interacting drivers?
● How may you do all this with off-the-shelf 

statistical procedures?

The Site
Themeda triandra (Forsk.) grasslands

Pilbara Region, NW Western Australia
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High Variability?

The Data
•Themeda triandra grasslands 
monitored since 1996 by 
Ecosystems Research Group, The 
University of Western Australia

•Images of 1m x 1m plots taken at 
the beginning and end of the 
summer period

•Environmental variables have also 
been recorded: rainfall, soil and 
ambient temperatures, and fire 
occurrence.
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Dynamics?
Nov 
1996

Mar 
1997

Jun 
1997

Nov 
1997

Jun 
1998

Oct 
1998

Jun 
1999

May 
2000

Oct 
2001

May 
2002

Oct 
2002

Mar 
2003

Oct 
2003

Mar 
2004

Oct 
1996

Oct 
1999

Rain Fire Drought

Rain Fire Rain Drought Rain

Rain

Image Metrics



6

Principal Component State Space
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Biomass and the State Space
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Cattlewell Site

Partitioning the State Space
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Including More Information

Rain (nov-jan) < 62.8 mm

Rain (feb-mar) < 66.7 Time since fire < 6.5 mo

Time since fire < 
60 mo

Time since fire < 
1.5 mo

Rain (nov-jan) < 
38.3

Summer Drought
(sd 16; i 16)

Drought
(d 47)

Flood
(f 16; d 16)

Green
(g 16)

Burnt
(b0 8)

Recently Burnt
(b1 16; i 8)

Green
(g 104; i 16; d 16)

A State-and-Transition Model!!


