Tundra fire regimes of Alaska:
the Holocene perspective
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Surface air temperature change : 1954 - 2003
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Tundra Area Burned N or 68° N Lat.

= Will tundra area
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== 90% area
burned in boreal
forest

= > 1.8 million ha
burned in tundra

= 1500 citations:
“boreal forest + fire”

= 151 citations:
“tundra + fire”
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Modern Tundra Fires

Inter-annual variability explained by August
temperature and precipitation (fire weather)
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Modern Tundra Fires

= Tundra fires occur in “warm/dry” climate space

All tundra: N_ =232
fires
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Paleo Evidence of Frequent Tundra Fires

= Tundra fire frequencies could increase with
shrub abundance and climatic drying
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Frequent Fires in Ancient Shrub Tundra: Implications of
Paleorecords for Arctic Environmental Change

Philip E. Higuera' """, Linda B. Brubaker', Patricia M. Anderson®, Thomas A. Brown®, Alisen T.
Kennedy®, Feng Sheng Hu**
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Conceptual Framework

Fire Regime
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Wildfire
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Modified from Moritz et al. 2005, PNAS



Reconstructing the past




Reconstructing the past

30 micron

macrofossils:

charcoal:
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Reconstructing the past
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Reconstructing the past




Reconstructing the past




Fire history from continuous sediment records
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Fire history from continuous sediment records

1. Raw CHAR
2. “Background”
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Fire history from continuous sediment records

1. Raw CHAR
2. “Background”

3. Residual
CHAR

(background
removed)

4. Threshold
0 5 Peaks
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Holocene records of tundra fires

= Anaktuvuk
River Fire
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Jnprecedented Tundra Burning and Possible
Linkages to Extreme Sea-lce Retreat

F. S. Hu, P.E. Higuera, A _
J. E. Walsh, W. L. Chapman, 1 North Slope area burned
L. B. Brubaker, M. L. Chipman D'z

1960 1980 2000

year AD

Photo: Dale Woitas, AFS, BLM
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_ nil nd Possible
-xtreme Sea-lce Retreat
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Alder Shrubland Open Water - Tussock Tundra
Barren Shrub Tundra - White Spruce Forest and Woodland
Dwarf Shrubland Sparse Tundra | Willow Shrubland

- Floodplain Forest and Shrubland - Spruce-Lichen Woodland




Noatak Study Area

Quantify tundra fire history over the
past 6000 years

Infer climate-vegetation-fire
relationships from pollen and
independent paleocliamte records

Inform ecosystem model
(ALFRESCO) for assessing fire and
fuels hazards in tundra under future
climate / veg.
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Noatak Study Area
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Cyperaceae , Poaceae, dwarf shrubs Betula, Alnus, Salix
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Age Models
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CHAR (# cm=2 yr)
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Peak Identification
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density OR proportion (x25)

Fire return intervals since 2000 yr BP

Raven & Uchugrak:

Wbl ¢ = 2.01 (1.63-3.56)
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180 yr (150-465)

Location matters
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Fire return intervals since 2000 yr BP

Rave“&V‘j;':jz_gj'(‘;_%_&%) 2. Location matters:
= climate
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density OR proportion (x25)

Fire return intervals since 2000 yr BP

Raven & Uchugrak:

Wbl ¢ = 2.01 (1.63-3.56)
N =27

FRI

medlan
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180 yr (150-465)

2. Location matters:
= climate + vegetation
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Holocene effective moisture
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Mann et al. 2002, QSR; Clegg and Hu in review 29



percent of pollen sum
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4. Fire frequency varies with vegetation
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Summary

1.

Modern geographic variability reflected in
late Holocene fire history

Fire frequencies varied through time:
climate, vegetation, and local factors

Tundra fire regimes are sensitive to
environmental change
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Temporal Scales of Change
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