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Tundra burning in Noatak National Preserve; NPS staff 



24% mean increase in summer 
warmth  

 Arctic Environmental Change 

Bhatt et al. 2010 Stow et al. 2004 

2001 

Shrub expansion and ↑ NPP 

Will tundra burning increase? 
 



 Fire in the Far North 

 ≈ 90% area burned in boreal forest  
 
 > 2.5 million ha, 6.2 million acres 
burned in tundra (≈ 41,000 ha / yr, 
100,000 acres / yr) 
 
 2243 citations: “boreal forest + fire”  

 230  citations: “tundra + fire”  



Overarching questions 

What will happen to tundra 
ecosystems as climate warms?  

1. Is ongoing burning unprecedented in 
the context of natural variability? 

2. What controls tundra burning? 
3. What can we expect in the future? 



Photo: Dale Woitas, AFS, BLM 

Precedence? 

Relationship to climate 
and climate change? 

  

 2007 Anaktuvuk River Fire 



Anaktuvuk River Fire, North Slope, Alaska (2008) 

Paleoecology – reconstructing the past 
http://www.riteintherain.com/inventory.asp?CatId={29657998-A116-404D-9FC9-2646DF026778}  

http://www.riteintherain.com/inventory.asp?CatId=�
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Unprecedented in at least 5000 years! 

Hu, Higuera, et al. 2010, JGR 
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But what about before…? 
Return intervals of 2500-6500 yr 
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Chipman et al., in progress 

Perch Lake 



 
Hu, Higuera, et al. 2010, JGR; see also Jones et al. 2009. 

June, July, Aug., Sep. averages: 

Coincident with highly unusual seasonal climate 
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Tundra area burned in Alaska:  
r2 = 0.94 

- Warm, dry growing season 

 
Hu, et al. 2010, JGR, Duffy et al., ongoing work 

Graminoid 

Barrens 

Shrub Tundra 

Wetlands 

Tundra Vegetation with AK Fire History 



- Nonlinear response to seasonal (JJA) temp. and precip. 
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Hu, et al. 2010, JGR, Duffy et al., ongoing work 



year AD 

Area burned 

Sea-ice extent 

Surprises:  
- Sea-ice extent (?) 

 
Hu, Higuera, et al. 2010, JGR 



Lawrence et al. 2008 GRL 

 
 Mechanisms linking sea ice and tundra burning: 



Kerr 2009, Science  

Wang and Overland 2009, GRL 

2008 2038 

 So what?  



 

How variable are tundra fire regimes?  

What controls tundra fire regimes?  

 But tundra fire regimes are diverse 



 

How variable are tundra fire regimes?  

What controls tundra fire regimes?  

 But tundra fire regimes are diverse 





Higuera et al. 2011, AK Park Science; Higuera et al. 2011. Ecological Applications 

Unequivocal evidence of 
frequent burning 

Charcoal acc. & fire events 
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Poktovik Lake, Noatak Nat. Preserve, 11:30 pm. 



Return intervals and 2000-yr mean (+/- CI) 

Higuera et al. 2011, AK Park Science; Higuera et al. 2011. Ecological Applications 

Fire regimes and variability: 
 FRI vary from 30 – 840 yr 

 Mean FRI (over 2000 yr) vary from ≈ 
100-400 yr 

 Mean FRI varies over time 

 Mean FRI varies across space 
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Poktovik Lake, Noatak Nat. Preserve, 11:30 pm. 

 



Time (cal. yr BP x 1000) 
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Higuera et al. 2011, AK Park Science 

Vegetation and fire correlated over 
millennial time scales 

 Controls of Tundra Burning: Vegetation 



Recent fire activity varies along modern 
gradients in climate and vegetation 

 Controls of Tundra Burning: Climate & Veg.  

Higuera et al. 2011. Ecological Applications 

Down-valley Up-valley 



Modified from Higuera et al. 2011. Ecological Applications 

 Diverse fire regimes across space and time 

(Higuera et al. 2011) 



Modified from Higuera et al. 2011. Ecological Applications 

 Diverse fire regimes across space and time 

(Higuera et al. 2011) 
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2. Tundra burning associated with warm, dry 
conditions, with interactions with vegetation  

1. Diverse tundra fire regimes suggest diverse 
responses and impacts 

Anaktuvuk River Fire, 2011 

 Take-home messages 



Overarching questions 

What will happen to tundra ecosystems 
as climate warms?  

1. Is ongoing burning unprecedented in 
the context of natural variability? 

2. What controls tundra burning? 
3. What can we expect in the future? 



 Future climate and tundra burning 

 We drove five GCMs with the A1B (middle of the 
road) emission scenario 
 

 The monthly temperature and precipitation maps 
from each GCM-A1B scenario were downscaled to 
800-m using PRISM climatology grids  
 
 
 

 



 Future climate and tundra burning 

 We drove five GCMs with the A1B (middle of the 
road) emission scenario 
 

 The monthly temperature and precipitation maps 
from each GCM-A1B scenario were downscaled to 
800-m using PRISM climatology grids  
 
 
 

Duffy et al., ongoing work 

 
Spatially averaged to drive 

GBM-model forecasting 
annual area burned 

 
Averaged over time and 

compared to modern 
climatology 

Young et al., ongoing work 

   



Fire frequency 
(1950-2008) 

JJA precip. 
(1971-2000) 

Mean temp.  
of warmest month 

(1971-2000) 

 Where does tundra burn today? 

Young et al., ongoing work 
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- Tundra burning biased toward warm, dry regions 

Young et al., ongoing work 
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Young et al., ongoing work 

- Tundra burning biased toward warm, dry regions 

Grey = density of tundra 
Red = density of burned tundra  

Warm and 
Dry 

Cool and 
Wet 



 Future tundra burning 

Future climate under five GCMs in Alaskan Tundra (summarized across space) 

- Increased warmth, increased precip. (state-wide) 

Mean temp. of warmest month (°C) 

Young, Duffy et al., ongoing work 

Total JJA precip. (mm) 



- More tundra in flammable climate space 

Young et al., ongoing work 

Proportion change, from
 1971-2000 to 2021-2050  

Modern tundra climate space Change from modern to future 
(2021-2150) CGCM 
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3. Evidence increasingly suggests that Arctic 
environmental change will favor tundra burning, 
with potential surprises 

2. Tundra burning associated with warm, dry 
conditions, with interactions with vegetation  

1. Diverse tundra fire regimes suggest diverse 
responses and impacts 

Anaktuvuk River Fire, 2011 

 Take-home messages 



 So what? 

Mack et al. 2011, Nature 

 Total loss ≈ 2.1 
teragrams ≈ annual C 
sink of entire Arctic 
tundra biome  

Photo: Dale Woitas, AFS, BLM 



 So what?  

Mann et al. 2010 



 So what?  

Joly et al., 2009, 2010 a,b, 2012 



Photo: Dale Woitas, AFS, BLM 

 YES!  
 - Rare in some regions, but increased burning 

consistent with impacts of a warming climate 

 Rare events or harbinger of climate change? 
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Questions? 

 

Footprint Lake, Brooks Range, 1 am. 

Philip Higuera 
phiguera@uidaho.edu 
www.uidaho.edu/cnr/paleoecologylab 
 
  

 



Modified from Moritz et al. 2005, PNAS 
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 Framework for controls of burning 



Higuera et al. 2008, PLoS ONE 3: e0001744 

Herb 
Tundra 

Shrub 
Tundra 

Deciduous 
Woodland 

Long-term trend toward warmer climate  

Higuera et al. 2009. Brooks Range Fire History. Ecological Monographs  79: 201-219. 

Time (cal. yr BP x 1000) 

Vegetation and fire correlated over 
millennial time scales 



Higuera et al. 2007; Peters and Higuera, 2007;  
Higuera et al. 2010; Kelly, Higuera, et al., 2011. 
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Empirical 
tests: 

Theoretical / 
modeling: 

Higuera et al. 2005 
Higuera et al. 2011 

Stand age & 
fire scars 

Charcoal  
accumulation 

 Fire history from continuous sediment records 



Years before present (x 1000) 
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3. Residual 
CHAR 
(background removed) 

4. Threshold 
5. Peaks 

|------- 1 cm -------| 
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