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What happens over 10 years?

 Rate of change depends on soil heating, extent of 
severity, resiliency of forest ecosystem, etc…

Large wildfires are assessed immediately

•Funding for mitigation or monitoring < 3 years

•Watershed effects often last 5-10 years

•Vegetation effects last 10+ years

How do initial conditions forecast recovery?

• What indicators are most useful to measure?

 Initially, after 1-5 years, after 10 years



Study sites in Montana – 2003
Full range of soil burn severity

• Indicative of the effects of the                  
effects of the fire on the ground 
surface

3 mixed-severity wildfires
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Initial conditions
Ground cover

Canopy 
cover

Vegetation 
cover and  

condition

What does this 
look like from a 

remote 
perspective?

Remotely sensed imagery
• Aerial hyperspectral (2003)

• Landsat 5 (2003, 2004, 2007)

• QuickBird-2 (2007)

• Landsat 8 (2013)



High burn 
severity sites

90% char, 10% black canopy

85% GV +NPV, <10% canopy   

• Most homogenous sites
– 90% or more char in year 1
– 75% char average in year 2

• More NPV than char 
• High resolution QB image

• Understory GV and NPV 
dominate

• Little canopy recovery by year 10
• Lower resolution Landsat



Moderate burn 
severity

70% char, 40% brown canopy

99% GV +NPV, 25% black canopy

• Highly heterogeneous sites

– Characterized by patchy 
brown canopy

• Dominated by NPV in year 4

• Understory GV and NPV 

– Brown canopy → black as 
needles fall



Low burn severity

50% char, 50% green canopy 

99% GV +NPV, 55% green canopy 

• Characterized by green 
canopy 

• Understory GV and NPV 
in all later years
– Interestingly little change 

in canopy condition over 
10 years

• Less degree of change 
compared to more 
severely burned sites



Landscape Scale

• Rate of vegetation response is high in the first 
year, slows over time
– Shift in primary cover type emphasizes dynamic 

nature of post-fire environment

• Char is immediate indicator of high severity –
eventually covered by NPV and GV

• Similar cover characteristics after 10 years
– productive vegetative response → → indicates 

recovery towards the pre-fire condition



10-year ecosystem response

 Abundant 
understory 
vegetation

 Slowly recovering 
canopy 



Recovery Trends

1-yr 
post-
fire

3-4 
years 
post-
fire

6-7-
years 
post-
fire

Initially sites are dominated by char and soil

– At what point does organic cover replace inorganics?

Rate of recovery depends on 
initial condition



Vegetation Highlights

 Char, soil, NPV and GV cover are mappable and 

scalable

 High resolution imagery better represents heterogeneity

 Temporal resolution of Landsat is unmatched

 Field and remote measures indicated a similar 

degree of vegetation response after 10 years 

 Important to evaluate how other fires in other 

regions and vegetation types compare

How do post-fire activities affect recovery?
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Treatment ~Cost/acre

1 Aerial Seeding $ 20 - 50

2 Agricultural Straw $ 500-1200

3 Wood Shreds $ 1,700 – 2,300

4 Wood Strands $ 2,500 – 3,500

5 Hydromulch $ 3,000

1.

2.

3.

4.

5.

Treatment Costs

Hillslope 

Treatments

Evaluate the Values at Risk

 Cost of treatment versus the value of the resource needing protection

 Overwhelming management factor for erosion mitigation is ground cover

 Various rainfall 

intensities and 

amounts

 Remains 

functional for   

>1 year

 Traps sediment



Longer term mulching effects – what do 

we know?

• Confidence in mulching treatments to reduce erosion

• Longevity and persistence of mulch treatments

• 2002 Hayman Fire

• 60% wood chip cover         20-25% remaining 10 years later

• No straw remaining, only trace amounts after 2nd post-fire year

• Hydromulch, trace amounts after 1st post-fire year

• 2012 High Park Fire – near Ft. Collins, Colorado

• To investigate effects of various mulches on vegetation
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Understory total plant cover increased over 
time in all treatments 

Treatment:               p=0.37
Year:                         p=<0.0001
Year*Treatment:     p=0.22
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Wheat straw associated with higher exotic 
species establishment

Treatment p<0.0001
Year p=0.003 
Year*Treatment p=0.12
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Cheatgrass and Mullein
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Wheat straw associated with lower pine 
seedling establishment

Treatment p<0.0001
Year p<0.0001
Year*Treatment p=0.37
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Nitrogen Immobilization
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Wood mulches had highest 
pine seedling establishment

Inside plot Outside plot
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Does mulch affect post-fire plant 
community development? 



Salvage Logging Research



Concerns:

• Compounded disturbance

• Altered soils 

• Increased runoff and erosion

• Loss of water storage

Justification:

• Recoup economic loss

• Reduce fuel loads

• Increase safety (e.g., road 

corridors)

Post-fire Salvage Logging



2015 North Star Fire, WA
70,000 ha (171,000 ac) burned



North Star Salvage Treatments

Skid Trails with slash treatmentBurned, but not logged

Skid Trails with no treatment



 Large sized slash on skid trails 

significantly reduces erosion and 

runoff velocity

1 year and 2 years post fire

 Vegetative recovery

Good growing conditions 

Decreased exposed mineral soil in 

year 1 and year 2 in both skid and 

control treatments

North Star Rills Soil Erosion



Monitoring Salvage Logging

•Single salvage unit

•Ground-based

2016 2017



Questions?

Direction from here ->
 Relationship is strongest where disturbance (soil) is highest
 Fine-tune relationship between soil and NDVI
 Explore NBR, other indices


