
CSIRO LAND AND WATER FLAGSHIP 

Adaptation services: the role of ecosystems in climate adaptation 
decision-making and natural resource management 

Tim Capon 
2 October 2014 



CSIRO LAND AND WATER FLAGSHIP 

People 
 
Tim Capon   Sue McIntyre 
Matt Colloff   Daniel Metcalf 
Michael Doherty  Helen Murphy 
Michael Dunlop   Ian Overton 
Russell Gorddard  Mark Stafford Smith 
Craig James   Kristen Williams 
Sandra Lavorel   Richard Williams 
    Russell Wise 
 
 
 
 



Ecosystem services 

• To be useful for decision making a classification of ecosystem 
services: 

 
“should be based on both the characteristics of the 
ecosystems of interest and a decision context for which the 
concept of ecosystem services is being mobilized”   
 
     Fisher et al. (2009)   

 



Characteristics of the adaptation context 

Multiple sources and types of uncertainty 
Regime shifts 
Unavoidable and unevenly distributed  impacts 
Complex and diverse values for ecosystems 
Difficult trade-offs 
Cross-scale linkages  
Path-dependency  
 Long time frames 

 
 

 



“Ecosystem services and climate adaptation” 
 
James Boyd, Center for the Management of Ecological Wealth, 
Resources for the Future, Issue Brief 10-16,  July 2010 
  



Ecosystem services and climate adaptation 

• Climate change poses daunting new challenges because it will alter the amount 
and locations of wealth produced by natural systems.  
 

• Adapting to climate change will involve the protection and management of 
natural wealth as it changes or is threatened by climate change. 
 

• The location of natural wealth is likely to migrate in unpredictable ways. 
 

• Altered natural systems will lead to social change. Commercial and agricultural 
production, populations, and land development will themselves migrate in 
response to changes in the natural world.  
 
 
 

Boyd, 2010 



Ecosystem services and climate adaptation 

• These migrations will create feedbacks of their own, since the changed human 
footprint will place new stresses on natural systems. In other words, ecosystem 
goods and services will both drive social adaptation and become stressed by 
that adaptation. 
 

• The geographic movement of natural wealth over time presents a challenge. 
Policy approaches that assume static natural resource conditions will lead to 
ecologically inappropriate and economically costly interventions. 
 

• The geographic movement of natural wealth over time presents a challenge. 
Policy approaches that assume static natural resource conditions will lead to 
ecologically inappropriate and economically costly interventions. 
 

 
 
 

Boyd, 2010 



Policy recommendations 

 Increase investment in research in evidence-based ecology to better 
understand biophysical production functions and measure the economic 
value of ecological goods and services. 
 
 Employ hedging strategies to manage the resilience of ecosystems as 

insurance against costly reductions in the supply of ecosystem goods and 
services. 
 
 Acknowledge the economic option value associated with ecological 

protection—that is, the value of girding natural systems against climate 
impacts and delaying uncertain and irreversible damage to biophysical 
systems until biophysical and economic uncertainties are resolved. 
 
 Develop portfolio approaches that value and restore multiple complementary 

ecological functions and goods. 
 
 Boyd, 2010 



Adaptation services 
•  “The benefits to people provided by the capacity of ecosystems to 

moderate and adapt to climate variability and change” 
 

•  Includes buffering capacity of ecosystems against change, and 
capacity of ecosystems to transform and provide new ecosystem 
services 
 

•  Complements the Ecosystem Services framework but differs in 
stressing option and insurance values of services that may not 
currently considered important 
 

•  Provides choices for adaptation to climate change and for the 
development of adaptation pathways 
 



Adaptation Services and Option values 
 

• Sources of option values: 
– Insurance 
– The value of information 

 
• Factors that affect option values: 

– The nature of the uncertainty 
– The degree of reversibility 
– Preferences 
 

 
 

 
 

 
 

 





Lavorel et al. (2014) 
 
Ecological mechanisms 
underpinning climate 
adaptation services  
 
Global Change Biology  
doi: 10.1111/gcb.12689 
 
 
 

 
 
 
 



Ecological mechanisms underpinning climate 
adaptation services  

 
• An operational framework 

Stage 1. Initial system characterisation 
Stage 2. System responses to climate change 
Stage 3. Adaptation services 
Stage 4. Management of adaptation services 

 
• Four case studies 

1. Grassy woodlands of SE Australia 
2. Tropical littoral forests 
3. Fire prone temperate forests 
4. Floodplains of the Murray Darling Basin 

 
 

 
 

 
 

 



Operationalising the Adaptation Services Concept 

Stage 1. Characterisation of current system: 
 Dynamics under historical & current climate 
 Ecosystem attributes that are desirable to retain 
 

Stage 2. System responses to climate change: 
 Quantify/characterise ecosystem changes 
 

Stage 3. Identification of adaptation services: 
 ecological mechanisms underlying  Adaptation Services 
 

Stage 4. Management of adaptation services: 
 Novel forms of intervention  



Common Ecological Mechanisms Supporting Adaptation 
Services 

• Structural diversity of vegetation 

• Ecological role of keystone species and major functional groups 

• High response diversity to stressors 

 (e.g. flood, fire, drought, salinity) 

• Landscape connectivity: underpins key ecosystems functions (biogeochemical 

processes, dispersal & recolonisation)  



Case study: Montane Forests of SE Australia 

 
•  Support human well-being: cultural, recreational, heritage & spiritual values as 

well as provisioning services 
 

•  High biodiversity, high productivity and Carbon storage 
 

•  Modified by timber harvesting and wildfire 
 

•  Timber resources, water resources and biodiversity – competing demands and 
pressures 



Vegetation state-and-transition model for temperate 
montane forests  



Ecosystem services under different ecosystem states 

  Provisioning services Label 
  Sawlog production P1 
  Other tree products P2 
  Other forest products P3 
  Grazing P4 
  Water supply P5 
  Supporting services Label 
  Habitat B1 
  Understorey regeneration B2 
  Genetic resources B3 
  Biotic persistence B4 
  Regulating services Label 
  Groundwater storage R1 
  Carbon sequestration R2 
  Erosion prevention R3 
  Nutrient regulation R4 
  Microclimate regulation R5 
  Water quality & filtration R6 
  Pollination R7 
  Cultural services Label 
  Cultural & heritage significance C1 
  Tourism & recreation C3 
  Spiritual & sense of place values C2 





Wise et al. (in press) 
 
Reconceptualising adaptation 
to climate change as part of 
pathways of change and 
response 
 
Global Environmental Change  
 
 
 

 
 
 
 



Threshold of 
potential concern  

Biophysical boundary 

Maladaptive space 

A stylized adaptation pathways model 

Knowledge 

Values Rules 

Perceived boundary 



Adaptation pathways and the effects of management decisions on 
ecosystem states and transitions 

Fire & grazing mgt. to control or 
encourage grassland  

Re-seeding  Ash non-viable: manage 
transition to Acacia shrubland or 
resprouter  forest 

Replace  Acacia with resprouter forest 

Natural transition to 
Acacia shrubland 

Early switch from Ash to 
resprouter  forest 

Proportion of management activity directed to: adaptation services maintaining ecosystem state 



Adaptation services & pathways approaches 
•  Planning and management for Adaptation Service outcomes:  recognition of need to 

move beyond incremental adaptation responses and reliance on continued supply of 
existing ecosystems services      

•  Provide options for development of adaptation to transformational change in the face 
of high uncertainty 

•  With use of ‘values, knowledge, rules’ approach, can form operational basis for 
adaptation, taking account of: 

• High uncertainty 

• Decision context 

• Decision timeframes and maladaptive responses 

• Unclear or contested values 
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