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Fire in Redwood Forests

Canoe Fire- Steve Norman

• Most studies indicated fire was historically 
more frequent

• Elevated frequency has been primarily 
attributed to Native American burning 
practices

(Keeley 1981)

• Numerous recent lightning fires in redwood 
forests (Canoe, Montgomery woods, etc.)

• Increased post-fire redwood mortality 
observed                       (Metz et al. 2013)

• Likely increase in  fire frequency and size in 
redwood forests

• Use of prescribed fire to aid restoration in 
younger forests



Fire History Studies

• Many fire history studies have been conducted

• Wide ranging fire return intervals reported that vary spatially 
and temporally (6 to 500 years)

• Few studies have been cross-dated (3 of 14)
(Brown and Swetnam 1994, Brown and Baxter 2003, Norman 2007)

• Limited ability to examine fire-climate relation at an annual 
resolution across broad scales

• Existing studies are relatively well distributed  throughout the 
redwood range



Potential role of climate

• Topographic and climatic factors are often attributed to 
variation in fire return interval, but have not been directly 
assessed

• Two primary climatic gradients suggested (Lorimer et al. 2009)

– West to East gradient (fog, temp., RH)

– North to South gradient (temp., RH, precip.)



Research 
Objectives/Questions

1) Summarize existing 
redwood fire history 
information

3) How does redwood fire 
history vary along climatic 
gradients?

2) How does redwood fire 
history vary along 
topographic gradients?



Methods

• Compiled a database of all 
past fire history by study (n = 
14) and site (n = 67)

• Composite fire return interval 
(n = 40)- mean and standard 
error

• Topographic factors

– latitude and distance from 
the coast

• Site-specific PRISM climate 
data (1895-2015)

– max temp and 
precipitation

• Regression analysis



Redwood Fire History: a summary

Fire Return Interval (by site)
– Composite FRI: 17.6 (range 7.1-30.6)

– Point FRI: 21 (9.9 – 60.6)

Method 
– Cross-dating: 14.3 (7.1-30.6)

– Ring Counting: 15.1 (5-28.9)

– Basal Sprout Aging: 25.7 (11.3-43.7)



Redwood Fire History: a summary

Time Period
Pre-settlement (<1850)- ~12

Post-settlement (1850-1940)- 5-
Modern (>1940)- very few fires

Season
Earlywood: 1.7-29.7%

Latewood: 17.7-95%

Dormant: 32.4-53.4%

Brown and Baxter 2003



Results: Distance to coast

r2 = 0.04 
p = 0.23

Mean Standard Error

r2 = 0.02 
p = 0.36

Slope, Elevation, and Aspect were also not correlated with MFRI



Results: Latitude

r2 = 0.22 
p = 0.002

Mean Standard Error

r2 = 0.47 
p < 0.0001



Results: Max. Temperature

r2 = 0.01 
p = 0.65

Mean Standard Error

r2 = 0.10
p = 0.058



Results: Annual Precipitation

r2 = 0.2 
p = 0.004

Mean Standard Error

r2 = 0.41 
p < 0.0001



Discussion

• Some evidence suggesting variation in fire return intervals along 
topographic and climate gradients

• Lack of a clear West-East (distance to coast) gradient
• supports findings of Brown and Baxter 2003

• Decreased frequency  and higher variability is associated with 
mean annual precipitation along a latitudinal gradient

• Higher amounts of precipitation in more northerly redwood 
stands may limited fuel availability 



Discussion

Dolson-Airstrip Rx burn- E. Engber

• Frequency likely reflects the combine effect of climate and Native 
American burning practices

• Future studies needed to examine frequency relationships with 
known Native American village sites would provide a more 
robust analysis

• Increased likelihood of fire 
in redwood forests prompts 
a need to better 
understand fire/climate 
relationships



Limitations

• Cursory look at potential fire-climate relationships across the 
redwood range

• Variation in fire history methodologies and reporting results
• Fire scars, basal sprout aging, tree cores
• Limited cross-dated series 
• Range of time periods examined (~1300-1980’s)
• Composite and point MFRI

• Assumption that current climate variation along redwood range 
reflects past gradient 



Future Work

• Currently working on cross-dating fire scars in Lower Prairie 
Creek, Redwood National Park

• Leveraging recent extensions/advances in redwood cross-
dating (Carroll et al. 2014 PLoS One)

• Examining the ability to detect fires from tree rings higher up 
tree boles where cross-dating is easier using other fire 
signatures (false rings, “micro”/fire rings, resin ducts)

• Develop fire history database with “annual” resolution
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