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Annual area burned has increased 
significantly since 1984 (54% forest)

2017 Sprague Fire, looking towards continental divide in Glacier NP

Total area burned
Forest area burned
20-yr trend

MTBS 1984-2022



The “wildfire crisis” is a social, technological, and ecological problem
Mitigating loss requires understanding forest-fire drivers and responses

sensu Iglesias, V., et al. 2022. Environmental Research Letters.
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The “wildfire crisis” is a social, technological, and ecological problem
Mitigating loss requires understanding forest-fire drivers and responses

sensu Iglesias, V., et al. 2022. Environmental Research Letters.

Is $1B a lot of money? 
Annual revenue for
Apple: $114.30 B
Bath & Body Works: $0.97 B
Weyerhaeuser: $0.96 B



Resilience and regime shift bracket possible responses to disturbance

Seidl and Turner. 2022. PNAS.



Resilience and transformation bracket possible responses to disturbance

Seidl and Turner. 2022. PNAS.

aka…
Ecological transformation
Type conversion
Abrupt change
Collapse



Disturbances that exceed HRV in multiple dimensions catalyze transformation

Seidl and Turner. 2022. PNAS.
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Where are post-resilience landscapes headed? Are we OK with that?

Seidl and Turner. 2022. PNAS. Shurman et al. 2021. Bioscience.

Resilience Adaptation



The Deep Dive identified an actionable 
science agenda to address critical needs:

• Model plausible ecological futures
• Anticipate where and when post-fire transitions 

are expected to occur 
• Develop predictions of future fire properties and 

novel processes 
• Assess adaptive capacity of existing ecosystems 

to future conditions

Krosby, et al. 2020. 



Krosby et al. 2020. 
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How can we address these needs at 
management-relevant scales and across broad 
extents?
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Observed fire rotation periods (years to burn 
an area equal in size to a ~150 km2 pixel)
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Vegetation



Conifer forests in geographic space Conifer forests in a climate space



Conifer forests in a climate spaceFire & vegetation information 
from thousands of points 
within dozens of fires that 
share climate

Observed data from 
locations that share a 

climate
Mean 1961-1990

Observed data from 
locations that share a 

climate
+2 deg. C



Patterns of fire frequency and 
burn severity are complex 
across gradients in climate and 
productivity



Patterns of fire frequency and 
burn severity are complex 
across gradients in climate and 
productivity

We measured multivariate 
dissimilarity between 
contemporary fire regimes and 
those supported by future climates





Pyroclimate 
exposure

Stevens et al. 2020. Global Ecology and Biogeography. 

Fire-resistance trait index

W. 
Fryer

ponderosa pine

subalpine fir, 
Engelmann 
sprucejuniper

redwood

Information about the distribution of 
fire-relevant traits provides key context



Low exposure to 
fire-regime change 
and low fire 
resistance
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Exposure to fire-regime change



Fire-resistant forests, where 
exposure is low, could adapt to 
future regimes and persist

Exposure is high and adaptive 
capacity is low (vulnerability is 
high) in warm-dry ‘trailing edge’ 
forests and cool-wet subalpine 
forests



Davis et al. 2023

Multiple lines of 
evidence suggest 
post-fire regeneration, 
supported by mature 
tree survival, is 
possible under low 
burn severity 



Russell, Aaron, N. Fontana, T. Hoecker, A. Anderson, R. Majumder, J. Stephens, 
A. Young, et al. In review. Improved understandings of intentional fire use can 
help address our national fire crisis and support adaptation to climate change.

Intentional fire use is central to stewarding 
fire-prone landscapes into the future

Prescribed 
burning

Managed 
wildfire

Cultural 
burning

A social-ecological fire-use decision space



2022-2024 >$100 
million

How can information about likely future conditions inform 
risk analysis and pre-fire planning?

• Pre-fire planning supports beneficial fire use by identifying 
response scenarios before incidents unfold

• Strategic prioritization of fuel treatments and Rx fire 
• Assessments should be scenario-based and future-proof; 

account for restoration and adaptation value and avoided loss



Thank you!
Questions?

Scan to read the OA paper⤴




