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Interactions of climate, vegetation, 
and fire during the Holocene: 
insights to future change



“As a result of climate change, we are in 
essence conducting a global experiment 
such that future wildland fire activity is 
highly uncertain.” – Flannigan et al. 2009

Yukon Flats, Alaska

Fire and Climate Change



Modified from Moritz et al. 2005, PNAS
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Overview

1. Climate-vegetation-fire interactions
Reconstructing fire history 
Insights from Alaska
Context for ongoing change

2. Conceptual challenges
Defining regimes and 
detecting change
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Reconstructing the past



Higuera et al. 2007; Peters and Higuera, 2007

Fire history from continuous sediment records
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Fire history from continuous sediment records
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Climate Change and Fire Regimes
Vegetation mediates the impacts of 
climate change on fire regimes
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Higuera et al., 2008, PLoS ONE; Higuera et al. 2009 Ecological Monographs; Tinner et al. 2008.
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Higuera et al. 2009 Ecological Monographs
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Higuera et al. 2009 Ecological Monographs; Also: Lynch et al. 2002

pr
op

or
tio

n 
O

R
de

ns
ity

 (x
20

)

Forest-tundra Boreal Forest

0- -
40

0- -
80

0-

-

0.2-

-

0.0 -

- - - - -

fire return interval (yr)

0- -
40

0- -
80

0-
- +

227 (170-287)

N = 21
145 (130-163)

N = 110

Forest-tundra

Boreal Forest

16



#S
Ruppert

#S
Ruppert

Deciduous
White Spruce

Black Spruce
Tundra

Deciduous
White Spruce

Black Spruce
Tundra

ALFRESCO Landscape

100 km

10
0 

km

fire = f(climate, vegetation)

e.g. Rupp, T. S. et al. 2000. Landscape Ecology Brubaker, Higuera, Rupp, Olson, Anderson, and Hu. 2009. Ecology

Modeling climate-veg.-fire interactions:



Brubaker, Higuera, Rupp, Olson, Anderson, and Hu. 2009. Ecology
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As in the past, future fire regimes 
determined by:

&

If fire is limited more by the abundance 
and/or continuity of fuels, then vegetation 
change can be more important than 
climate change.
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Western Brooks Range, Alaskan tundra 
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Locally-mediated response to climate change  

Raven Lake



Tundra burns
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Little IsacRaven
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Context for ongoing change
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Unprecedented Tundra Burning During Extreme 
Sea-Ice Retreat

F. S. Hu, P.E. Higuera,
J. E. Walsh, W. L. Chapman, 
L. B. Brubaker, M. L. Chipman

Photo: Dale Woitas, AFS, BLMHu, Higuera, et al., In prep.
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Temporal scale of fire regimes

28Modified from Whitlock, Higuera, et al. 2010; The Open Ecology Journal
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