
 Diagnosing ecosystem processes of water & carbon exchange in landscapes 

Inferring the Unobservable 

Prof Damian Barrett 

26 June 2012 

WATER FOR A HEALTHY COUNTRY FLAGSHIP 

ACARP 



1 Sandu, S. & Petchey, R. (2009) End user intensity in the Australian economy, ABARE research report 09.17, Canberra. 

Extensive global human impacts on land, water  

and atmospheric systems are ongoing and well 

documented 

 

Intensive global human impacts are also accelerating 

 

 Australian mining industry  

• 7% energy consumed  +13% (2030) 

• 508 GL p.a. (2008/9) 1000 GL (2020)  

• 62 GL p.a. water use (energy) 

• +107 GL p.a. water use (energy) (2020) 

 

Acquisition of water and land resources for mining 

extends well beyond the boundaries of mining lease  

 

Less well known are effects of intensive drivers on 

extensive landscape processes 
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Extensive LUC grazing since 1960’s 
 
Intensive LUC mining expansion (1970’s) 
 
Mining interacts with surrounding landscape 
carbon & water cycles and extends footprint 
into surrounding catchments & regions 
 
20C: Extensive drivers  Extensive LUC 
 
21C: Intensive drivers  Extensive LUC 
 

Blackwater mine 1972 Blackwater mine 2004 

Global change 



A policy tool: “…conservation actions 
intended to compensate for the residual,  
unavoidable harm to biodiversity caused 
by development projects  
so as to ensure no net loss of 
biodiversity” (ten Kate et al. 2004) 

 
Current policy requires 4:1 – 20:1 ratio of 
offsets increasing competition for land & 
potentially displacing agriculture 
 
Managing risks/opportunities of offsets 
requires improved biophysical 
understanding how intensive drivers 
impact on regional carbon/water cycles 

Example: Access to land for environmental offsets 

Australian Financial Review 18/6/2012 



Biophysical processes at landscape scale are 
not directly observable  

(particularly in data sparse regions) 
 

They can be ‘observed’ (in an inverse sense) 
by conditioning model states or parameters 

using observations 
 



‘Traditional’ modelling:  

‘Inverse’ modelling:  

• H: ‘Observation operator’ & can be complex with coupled models 

• MDA methods allow conditioning of states/parameters with real observations 

R = covariance matrix of observation errors 

B = covariance matrix of model errors 

p = parameters 

xa = analysis state vector 

xb = ‘background’ vector of model states 

• However, finding the Min J is ‘expensive’ (large problems) 

• Requires re-evaluation of H every iteration of a search algorithm 

M(y, p)® x

H x,p( ) =M -1(x, p)® ŷ

Min J = y-H xa,p( )( )R-1 y-H xa,p( )( )+ xa -xb( )B-1 xa -xb( )

Diagnosing biophysical processes 



3D-VAR assimilation 

Taylor expansion of observation model 

• H is the ‘tangent linear operator’: sensitivity of model to states/parameters 

• Requires evaluation of H and construction of H once only 

• H quantifies conditions under which observations maximally inform model 

Min J = y-H xa,p( )( )R-1 y-H xa,p( )( )+ xa -xb( )B-1 xa -xb( )

Min J = y-H xb,p( ) -H xa -xb( )( )R-1 y-H xb,p( ) -H xa -xb( )( )+ xa -xb( )B-1 xa -xb( )
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Assimilating remote sensing observations 
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Assimilating remote sensing observations 
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Assimilating remote sensing observations 
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Carbon & water impacts of environmental offsets 

Open cut 

Remnant 

Cleared 

• Fitzroy: extensive LUC (6Mha) 
• 40% native woodland remains 
• 10% remains on clay soils 
• Brigalow woodlands 96% cleared 
 

•Isaacs – Mackenzie Rs. 
 

• How do we minimise the impacts of 
revegetation on runoff to rivers while 
maximising carbon storage? 



partial objectives weighted objective 

Spatial optimisation of carbon & water impacts 

Reduction in runoff Increment carbon 



Summary 

21C: Increasing impacts of intensive drivers on extensive land use change 

 

Environmental offsets for land, water and carbon will impact on ecosystem 

carbon and water cycles 

 

MDA tools diagnose landscape scale states and parameters from remote 

sensing data 

 

Provides a comprehensive and rigorous scientific basis for sound 

management and planning decisions around environmental offsets 

 

• Potential of environmental offsets to alleviate extensive impacts 

• Tools for decision making, manage risks & cost – benefits analysis 

• Ensure establishment of offsets is integrated into regional ecology 
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