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PeatlandsPeatlands

 Peat substrate - organic matter, has extremely Peat substrate - organic matter, has extremely 
high water holding capacityhigh water holding capacity

 SphagnumSphagnum moss, shrubs, sedges, rushes and herbs moss, shrubs, sedges, rushes and herbs

 Vulnerable to physical disturbanceVulnerable to physical disturbance

 Peatlands are extremely limited in extent Peatlands are extremely limited in extent 

 In areas of impeded drainage (drainage lines, In areas of impeded drainage (drainage lines, 
depressions, seepages)depressions, seepages)

 Ecosystem functions:Ecosystem functions:
Water filtration, removes particulate matterWater filtration, removes particulate matter
Sink for nitrate & sulfate, exporter of Ca & MgSink for nitrate & sulfate, exporter of Ca & Mg
Transmit water, protect underlying soilTransmit water, protect underlying soil
Habitat for rare and endangered flora & faunaHabitat for rare and endangered flora & fauna



    

Ecological Risk Assessment (ERA)Ecological Risk Assessment (ERA)

1. Problem formulation

3. Hazard assessment2. Conceptual modeling

4. Risk analysis

5. Rank risks

6. Analyse sensitivities
Test scenarios

7. Decision making

8. Monitor & review

1. Problem formulation

3. Hazard assessment2. Conceptual modeling

4. Risk analysis

5. Rank risks

6. Analyse sensitivities
Test scenarios

7. Decision making

8. Monitor & review

A.A. Expert group & literatureExpert group & literature: 
problem formulation problem formulation 
conceptual modelling conceptual modelling 
& hazard assessment & hazard assessment 

B.B. Regression models for Regression models for 
peatland distributionpeatland distribution:
risk analysisrisk analysis

  
C.C. Bayesian Network for Bayesian Network for 

peatland condition:peatland condition:
risk analysis & ranking risk analysis & ranking 
sensitivity analysissensitivity analysis
scenario testingscenario testing
& decision support& decision support

D.D. Impact assessment and Impact assessment and 
adaptation strategiesadaptation strategies:
managing & monitoring managing & monitoring 
peatlands under climate peatlands under climate 
changechange



    

Climate Change 2030Runoff Reductions 2030
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Hazard assessment



    

Climate change – fire regime Weed invasion

Climate change ­ water supply
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Hazard assessment



    

Resort Pressures
Unchanged
Increased

50.0
50.0Roading and Construction

Unchanged
Increased

50.0
50.0

Water diverted by Aqueducts
Decreased
Unchanged

50.0
50.0

Ignitions
Unchanged 25 per year
Increased 30 per year

50.0
50.0

Percentage increase in VHE days 2030
Low 0 to 45
Med 45 to 90
High 90 to 140

33.3
33.3
33.3

Other Weeds
Absent
Present

30.9
69.1

Weeds ­ Total Impact
Low
High

48.2
51.8

High velocity overland flow
Low
High

50.9
49.1

Catchment Vegetation Cover
Adequate
Inadequate

38.7
61.3

Physical disturbance
No
Yes

17.6
82.4

Sub­catchment size (wetness)
High
Intermediate
Low

33.3
33.3
33.3

Slope Gradient
Less than 6
Greater than 6

50.0
50.0

Suitability of physical setting
Relatively High
Relatively Low

50.0
50.0

Peatland Condition
Increasing
Stable
Decreasing

6.26
49.5
44.3

Topographic position
Bottom of Slope
Mid Slope

50.0
50.0

Entrenchment & drainage
Stable
Increasing

54.3
45.7

Probability of fire reaching peatland
approx 1 to 3 per 100 yrs
approx 3 to 4 per 100 yrs
approx 4 to 5 per 100 yrs

27.5
38.3
34.2

Hydrological characteristics
Continuous
Intermittent

64.7
35.3

Water supply
Unchanged or small increase
Decreased

25.9
74.1

Runoff Reductions 2030
Low impact 0 to 2
Med impact 2 to 12
High impact 12 to 20

33.3
40.0
26.7

Water Diversion
Decreased
Increased

46.3
53.8

Willow Control
Yes
No

50.0
50.0

Seed source
Yes
No

55.5
44.5

Feral Horses
Present
Absent

60.0
40.0

Peatland fire frequency
Greater than 45 years
Less than 45 years

38.0
62.0

Peatland Rehabilitation
Yes
No

50.0
50.0

Climate Change 2030
Low impact
Intermediate impact
High impact

33.3
33.3
33.3

Willows
Absent
Present

52.6
47.4

Risk & decision-making

Bayesian Network for peatland conditionBayesian Network for peatland condition



    

Conditional Probability TableConditional Probability Table

CPTs express the probability of that variable being in CPTs express the probability of that variable being in 
a particular state given the state of its parentsa particular state given the state of its parents



    

Sensitivity analysisSensitivity analysis

Risk ranking & sensitivity analysis

Threats we need to pay Threats we need to pay 
most attention tomost attention to

Experts listed most serious to Experts listed most serious to 
least serious threatleast serious threat 



    

Ranking of threatsRanking of threats

1.1. Peatland fire frequency (increase with climate change)Peatland fire frequency (increase with climate change)

2.2. Reduced water supply (decrease with climate change)Reduced water supply (decrease with climate change)

3.3. Weeds and feral horsesWeeds and feral horses

4.4. Water diversion due to roadingWater diversion due to roading

5.5. Water diversion due to aqueductsWater diversion due to aqueducts

6.6. Resort developmentResort development



    

Decision supportDecision support

Positive management interventionsPositive management interventions

  active rehabilitation and willow controlactive rehabilitation and willow control

  water diversion from aqueducts decreasedwater diversion from aqueducts decreased

  roading and construction & resort pressures unchangedroading and construction & resort pressures unchanged

  feral horses absentferal horses absent

Negative management interventions Negative management interventions 

  no rehabilitation or willow controlno rehabilitation or willow control

  water diversion from aqueducts unchangedwater diversion from aqueducts unchanged

  roading and construction & resort pressures increasedroading and construction & resort pressures increased

  feral horses presentferal horses present

Decision support



    

Resort Pressures
Unchanged
Increased

 100
   0Roading and Construction

Unchanged
Increased

 100
   0

Water diverted by Aqueducts
Decreased
Unchanged

 100
   0

Ignitions
Unchanged 25 per year
Increased 30 per year

50.0
50.0

Percentage increase in VHE days 2030
Low 0 to 45
Med 45 to 90
High 90 to 140

40.8
33.3
25.8

Other Weeds
Absent
Present

70.1
29.9

Weeds ­ seriousness
Low
High

76.1
23.9

High velocity overland flow
Low
High

60.8
39.2

Catchment Vegetation Cover
Adequate
Inadequate

51.0
49.0

Physical disturbance
No
Yes

59.1
40.9

Wetness (upslope area)
High
Intermediate
Low

33.3
33.3
33.3

Slope Gradient
Less than 6
Greater than 6

50.0
50.0

Suitability of physical setting
Relatively High
Relatively Low

50.0
50.0

Peatland Condition
Increasing
Stable
Decreasing

14.2
59.9
25.9

Topographic position
Bottom of Slope
Mid Slope

50.0
50.0

Entrenchment & drainage
Stable
Increasing

80.9
19.1

Probability of fire reaching peatland
approx 1 to 3 per 100 yrs
approx 3 to 4 per 100 yrs
approx 4 to 5 per 100 yrs

32.8
39.5
27.8

Hydrological characteristics
Continuous
Intermittent

83.6
16.4

Water supply
Unchanged or small increase
Decreased

62.1
37.9

Runoff Reductions 2030
Low impact 0 to 2
Med impact 2 to 12
High impact 12 to 20

40.8
38.3
20.8

Water Diversion
Decreased
Increased

 100
   0

Willow Control
Yes
No

 100
   0

Seed source
Yes
No

10.0
90.0

Feral Horses
Present
Absent

   0
 100

Peatland fire frequency
Greater than 45 years
Less than 45 years

58.7
41.3

Peatland Rehabilitation
Yes
No

 100
   0

Climate Change 2030
Low impact
Intermediate impact
High impact

41.7
33.3
25.0

Willows
Absent
Present

77.6
22.4

Scenario testing

Decision support



    
Decision support

Climate change and managementClimate change and management



    
Decision support

Case studies: physical setting

Topographic position
Bottom of Slope
Mid Slope

   0
 100

Slope Gradient
Less than 6
Greater than 6

   0
 100

Wetness (upslope area)
High
Intermediate
Low

   0
   0

 100

Suitability of physical setting
Relatively High
Relatively Low

   0
 100

Hydrological characteristics
Continuous
Intermittent

48.0
52.0

Peatland Condition
Increasing
Stable
Decreasing

4.98
45.2
49.8

Topographic position
Bottom of Slope
Mid Slope

 100
   0

Slope Gradient
Less than 6
Greater than 6

 100
   0

Wetness (upslope area)
High
Intermediate
Low

 100
   0
   0

Suitability of physical setting
Relatively High
Relatively Low

 100
   0

Hydrological characteristics
Continuous
Intermittent

81.5
18.5

Peatland Condition
Increasing
Stable
Decreasing

7.62
53.7
38.6



    

Individual interventions



    

Adaptive capacityAdaptive capacity
(does the system have the

capacity to adapt via autonomous
adaptation or human intervention?)

VulnerabilityVulnerability

ExposureExposure
(will the climate change 

where this habitat occurs?

SensitivitySensitivity
(will changing climate 

impact on this habitat?)

Potential
impact

Distribution models: 2030 
decrease 20% runoff 
up to 30% decrease in extent

Giorgi, F., Hurrell, J. W., Marinucci, M. R. and Beniston, M. (1997).Elevation dependency of the surface 
climate change signal: A model study. Journal of Climate 10: 288-296.

SE Australia: increased temp 
& ET, decreased runoff

CSIRO (2007), Climate change in Australia.

We are uncertain of the 
autonomous adaptive 
capacity of Aust. Alpine plants

Byars, S. G., Papst, W. and Hoffmann, A. A. (2007). Local adaptation and cogradient selection in the 
  alpine plant, Poa hiemata, along a narrow altitudinal gradient. Evolution 61: 2925-2941.



    

  Warming will continue long past 2100Warming will continue long past 2100

  Identification of adaptation strategies are Identification of adaptation strategies are 
therefore very importanttherefore very important

  There are many uncertainties associated with the There are many uncertainties associated with the 
outcomes of peatland intervention and with outcomes of peatland intervention and with 
climate change projectionsclimate change projections

  
  Robust adaptation strategies effective under a Robust adaptation strategies effective under a 

broad range of possible futures are requiredbroad range of possible futures are required

  Retain a sufficient degree of freedom for course Retain a sufficient degree of freedom for course 
correction in response to monitoringcorrection in response to monitoring

What are the implications?

AdaptiveAdaptive
ManagementManagement



    

Uncertainties (knowledge gaps)

 Response to rehabilitationResponse to rehabilitation
- which methods- which methods
- to what degree can condition be increased- to what degree can condition be increased
- reduce likelihood of burning, increase - reduce likelihood of burning, increase       

resilience  to reduced water supplyresilience  to reduced water supply

  Feral horse numbers Feral horse numbers 
- effect of climate change- effect of climate change
- effectiveness of management- effectiveness of management

  WillowsWillows
- impact on function and condition - impact on function and condition   
- effectiveness of management- effectiveness of management

  Other weedsOther weeds
- what we be the future weed threats- what we be the future weed threats

  Environmental flowsEnvironmental flows
- acceptability to stakeholders- acceptability to stakeholders



    

Thank youThank you
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