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Outline of Briefing

• The wildfire problem – the “new normal”
• Ecological role of fire in western forests
• Fire effects on soil and their ecosystem services
• One example of a success story of federally funded 

research on the impacts of fire and fire surrogates 
on soils

• The need for long-term fire-soil research



The wildfire problem – California burning

https://earthobservatory.nasa.gov/images/144225/camp-fire-rages-in-california
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More area is burning with increasing 
suppression costs

Acres burned in California each year

Source: Cal Fire

Soaring cost of wildfires

*Estimated spending July 2017-October 
2018. All years fiscal years. Source: Cal Fire



Across the entire western U.S., fire 
frequency is increasing…

Source: NASA RECOVER/Keith Weber



And those fires are larger…

Source: NASA RECOVER/Keith Weber



Wildfires are going to have a big impact 
on our future…

Source: NOAA Climate.gov map, based on data from Barbera et al, 2015.



• Before Euro-American settlement, coniferous 
forests of the Inland West burned on average once 
every few decades and were characterized by low-
severity surface fires

• Overgrazing by livestock and active fire suppression 
drastically reduced the occurrence of fire

Ecological role of fire in western forests



Fire plays an important role in many 
forests of western North America

Potential Climax
Vegetation

Presettlement Fire 
Frequency (y)

Piñon pine and/or juniper 7 – 90
Ponderosa pine 2 – 38
Douglas-fir 20 – 60
Mixed conifer 6 – 150
Cedar-hemlock 60 - >400
Lodgepole pine 25 – 500
Subalpine-fir and/or spruce 50- 350

Data from Covington et al. (1994)



Gus Pearson Natural Area 1909



Gus Pearson Natural Area 1970s



Resulting in:

• Deterioration of 
ecosystem integrity

• Increased probability of 
large, severe wildfires

• Current western forests have higher 
stand densities, with many more 
small trees and fewer large trees, and 
much greater quantities of fuels

The wildfire problem – the “new normal”



The wildfire problem – the “new normal”

• Almost all western montane conifer forests have 
evolved with fire

• The size and severities of western U.S. wildfires are 
increasing

• Past land management and climate change are the 
causes for increased catastrophic wildfire threat

• Loss of soil and soil fertility are potentially the 
greatest long-term impacts on ecosystem services



Fire effects on soil and their ecosystem 
services

• Fire intensity governs fire effects
oLow-severity fires increase soil fertility by 

releasing plant available nutrients
oHigh-severity fires can result in excessive 

nutrient loss via combustion and enhanced soil 
erosion 

• Fire also indirectly affects soils by managing 
vegetation, increasing soil temperature and water 
content post-fire, and affecting soil organisms



Soil Ecosystem Services

• An ecosystem service is 
a benefit to society 
derived from a healthy 
ecosystem property or 
process



Economic Benefits of Soil Ecosystem 
Services
• Soil is pricelist, yet calculated values 

of some ecosystem services are >$17 
trillion per year

• Biological nitrogen fixation by soil 
microorganisms contributes ~$50 
billion per year alone!



Soil is THE fundamental resource and is 
non-renewable

• Robust soil quality leads to more water available for 
plant roots and cleaner water in streams and lakes

• Enhanced soil biological activity turns organic 
wastes into valuable nutrients and degrades toxic 
elements

• Carbon stored in soil regulates the climate by 
mitigating greenhouse gas emissions



Need for long-term research



Fire-Fire Surrogate Study

• There is general 
agreement for the need of 
forest restorative 
treatments

• Less clear is the 
appropriate balance 
among mechanical fuels 
treatments, silvicultural
cuttings, and prescribed 
fire



Critical finding of the Sierra Nevada Ecosystem 
Project (SNEP 1996)

"Although silvicultural
treatments can mimic the 
effects of fire on the 
structural patterns of 
woody vegetation, virtually 
no data exist on the ability 
to mimic ecological 
functions of natural fire."



Need to investigate the 
ecological consequences
and tradeoffs of 
combinations of 
treatments

Mechanical Treatment Alone

Prescribed Fire Alone Combined Treatments



And consequences of 
continuing to do 
nothing…



Project Goal: Quantify the costs and the 
ecological consequences of alternative fire and 
fire surrogate restorative treatments in a 
number of forest types and conditions in the 
United States

• Forests with historical 
fire regimes 
characterized by 
frequent fires of low-
moderate intensity



Core response variables 

• Economics & wood product utilization
• Fire behavior, fuels, smoke
• Insects
• Pathogens
• Soil
• Vegetation
• Wildlife





Treatments designed to reduce wildfire risk

• Non-control FFS treatments guided by a specific 
Desired Future Condition (DFC)

• The DFC for each FFS research site defined by local 
participants, subject to a fire-related minimum 
standard
oEach non-control treatment shall be designed to 

achieve stand and fuel conditions such that if 
impacted by a head fire under 80th percent 
weather conditions at least 80 percent of the 
basal area of overstory trees will survive



Site locations for the National Fire and Fire Surrogate Study 

Eastside Cascades
Northern RockiesBlue Mountains

Southern Cascades
Central Sierra
Southern Sierra

Southwest Plateau Jemez Mountains

Ohio Hills

Southeastern Piedmont

Southern 
Coastal Plain

Southern Appalachian Mtns

Gulf Coastal Plain



Summary of short-term soil 
results

• Treatments effects on soils were 
relatively modest and short-lived

• Mechanical + burn treatments 
tended to generate the highest 
fire severity and produce the 
greatest magnitude of effects

• Mechanical treatments alone did 
not serve as surrogates for fire in 
terms of soil

Boerner, Huang, and Hart (2009)



Conclusions

• The effects of fire on soils can be positive and 
negative depending on fire severity

• Active forest management can reduce the risk of 
wildfire

• Mechanical treatments alone cannot replace the 
ecological role of fire

• Funding for long-term research is necessary to 
improve our understanding of the impacts of 
forest treatments on ecosystem services
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