
Managing forests and fire in landscapes 

historically associated with frequent fire

Brandon Collins, USDA Forest Service, Pacific Southwest Research Station



Outline:

1. General themes from studies of both historical 

and contemporary reference fire regimes

2. Contemporary fire severity patterns: few case 

studies

3. Landscape approaches for getting closer to 

desired conditions



Mixed-conifer forests:
Show and Kotok (1924):

“California pine forests* represent broken, patchy, 
understocked stands, worn down by the attrition of repeated 
light fires.”

1.1 Historical fire occurrence/effects cont’d

“Extensive crown 
fires…are almost unknown 
to the California pine 
region*.”

“The virgin forest, 
subjected to repeated 
surface fires for centuries 
has been exposed to… 
cumulative risk.”
*likely including mixed-conifer



Landscape  heterogeneity in mixed-conifer forests:
• open, patchy stands likely did not occur ubiquitously

• evidence of small proportions of stand-replacing fire (5-15%)
TOPOGRAPHY was likely a driver:

o longer return intervals on cooler north facing slopes
o larger high severity patches on upper slope positions

>> coarse-grained structure (chaparral, even-aged stands)
o lower slopes and valley bottoms regeneration in very small 

patches (0.01 – 0.025 ha)
>> fine-grained structure

1.1 Historical fire occurrence/effects cont’d

Show and Kotok (1924):
“…no large fires occur without a certain amount of heat-
killing”

“This loss, it should be noted, represents the complete or 
nearly complete wiping out of small patches of the stand 
rather than a uniformly distributed loss over the entire area”



1.1 Historical fire occurrence/effects cont’d

Lodgepole pine-
dominated areas:
• evidence of 

widespread fire 
approx. every 50 yrs

• regeneration pulses 
linked to fire dates

• small to moderate-
sized stand-replacing 
patches

>> MIXED-SEVERITY
(work from Sequoia NP: A. Caprio, 
M. Keifer)



1.1 Historical fire occurrence/effects cont’d

Red fir-dominated areas:
• fire return intervals tied to elevation
• regeneration pulses can be tied to fire events (in higher elev.)
• range of fire effects (more so relative to lodgepole pine)
• greater proportion of high severity in mixed stands

>> MIXED-SEVERITY
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Proportions of area by vegetation type – Illilouette basin

Collins & Stephens 2010
Landsc. Ecol.

1.2 Contemporary reference fire regimes
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1.2 Contemporary reference fire regimes



Stand-replacing/underlying vegetation (O) patch sizes

Illilouette Creek Basin  (Yosemite NP)

Collins & Stephens 2010
Landsc. Ecol.

1.2 Contemporary reference fire regimes



Percent high severity for all fires >80 ha, 1984-2009

(by forest type and region)

Miller et al. 2012, Ecosphere

Regions (CM, W, and E based on Bailey’s ecoregions):
CM: Cascade-Modoc W: Westside Sierra Nevada
E: Eastside Sierra Nevada Y: Yosemite

Pe
rc

en
t

0

10

20

30

40

CM E W Y CM E W Y CM E W Y

Mixed conifer Yellow pine Red fir

a

ab
b

c
b

a
a

a

b
a

a
a

2. Contemporary fire severity patterns





Fire 
Name Cause Year Final

Size (ha)

Stream lightning 2001 1472

Boulder 
Complex lightning 2006 1388

Antelope 
Complex lightning 2007 9389

Moonlight accidental 2007 26,390

•Antelope Lake analysis 
watershed: 18,426 ha

• Proportion of watershed burned 
between 2001 and 2007: 56.4 % 

2. Contemporary fire 

severity patterns
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2. Contemporary fire severity patterns
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Chips fire – Plumas NF (2012)
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2. Contemporary fire severity patterns



Chips fire – Plumas NF (2012)
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3. Landscape 

approaches

Collins et al. 2010, J. ForestryMoghaddas et al. 2010, Can. J. For. Res.



Theoretical design: Treatment Optimization Module

• Generate ideal landscape incorporating operational constraints:
o Identify spatially (based on Finney et al 2007):

1) all stands that are available for treatment
2) post-treatment stand conditions in “treatable” stands

• Fire modeling:
o FlamMap Minimum Travel 

Time algorithm
• Identify major flow paths

o Locate treatments to slow 
major flow paths

• Translate spatial output:
o Identify “stands” based on 

vegetation map
o Eliminate isolated “stands” 

<10 ha (25 ac)

3. Landscape approaches





Wildfire Simulations

• Fire behavior modeling:
o Randig

• uses Minimum Travel Time algorithm incorporated in FlamMap
• generates burn probability based on simulated fires (n = 10,000)

• Weather:
o “Problem fire” conditions 

(based on an actual event, or 
likely scenario) for fuel 
moistures and winds

• Analysis:
o partition burn probability 

output based on critical flame 
length

o Compare both treated 
conditions to the untreated 
landscape

Collins et al. 2011, For. Sci.

3. Landscape approaches





3. Landscape approaches

Meadow Valley fuel treatment effectiveness: 3 scenarios



Problem fire FARSITE fire simulation
(fire coming up from Middle Fork Feather River Canyon)

Moghaddas et al., 2010 Can. J. For. Res.





Summary and management 

implications:

• Fairly strong indication that 

contemporary stand-replacing 

fire is outside historical range 

of variability

Most pronounced in mixed-

conifer and yellow pine types

 Not only proportions, patch 

sizes as well

• Good evidence that coordinated 

landscape treatments (e.g., SPLATS, 

DFPZs) can mitigate uncharacteristic 

fire behavior (and effects) 

 Strategic treatments across 20-25% 

of landscape seems optimal

 Cannot continue to use treatments to 

STOP fire

 Manage landscapes to incorporate 

fire
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Alternate interpretations of historical and 

contemporary fire effects

Based on General Land 
Office survey records 
they argue:
• greater high severity 

proportion and patch 
sizes historically

• contemporary high 
severity patterns not 
very different from 
historical

>> MIXED-SEVERITY

• large-scale fuel 
reduction efforts may 
be misguided



Alternate interpretations of historical and 

contemporary fire effects

Questionable 
methodology:
• moderate severity 

combined with high 
severity

• numerous adjustments 
/calibrations (e.g., 
buffering to ↑ patch sizes, 
age of burned patches)

• collectively, these blur 
the issue of greatest 
concern: STAND-
REPLACING PATCH SIZES

>> BEWARE OF TERM
MIXED-SEVERITY


