
Unit 3: Fire ecology 
3.1 Fire effects 



Our story thus far: 

 Fire fundamentals: fire as a physical 
process 

 Fire behavior 

 Fire ecology 

o Fire regimes 

o Fire management 

o Fire in a changing world 



What is fire ecology? 

First we have to define ecology: 

 

“Ecology”: Gk. oikos (house, home) + logos 
(speech, study, understanding) 

 

“The study of interactions of living organisms 
with each other and with the abiotic 
environment.” 



Is fire itself on the “living organism” 
side or the “abiotic” side? 

• Fire burns biomass, which (by definition) is the 
composed of living organisms 

• Fire is central to many interactions among 
organisms (this will be a central topic of this 
section) 

• On the other hand, fire is a (presumably)  
inanimate physical process, the oxidative 
combustion of gases 

• What do you think? 



Some central themes in fire ecology 

Fire has effects on: 

– Soil 

– Water 

– Air 

– Plants 

– Animals 

– Aquatic ecosystems 

– Fungi 

2003 Okanagan Fire, British Columbia 



Fire has effects across levels of 
biological organization 

• Species and populations 

• Plant communities 

• Watersheds 

• Ecosystem processes 

– Carbon 

– Hydrologic cycles 

– Biogeochemical cycles 



Fire effects 

• Usually divided into first- and second-order 
fire effects 

• Distinction revolves around how direct and 
immediately the effect is in relation to a fire 



First-order fire 
effects 

• Occur during or 
immediately 
after a fire 

• Localized to the 
burned area 

• TPS: some 
examples? 



•  Burned or scorched foliage 
•  Tree cambium or meristems killed by heat > 65 ⁰C 
•  Terrestrial animal mortality from heat exposure 
•  Mortality of aquatic organisms from heating of streams 
•  Litter or duff layers consumed (fine fuels) 
•  Germination of seeds that use smoke as a “cue” 
•  Structure and chemistry of soil profile altered by heating 
•  Smoke effects on air chemistry 
•  Release of sequestered carbon into the atmosphere 
•  Volatilization of soil nitrogen 

Some examples of 1st order fire effects: 



Tree-scale first 
order effects 

• Damaged, killed or 
consumed: 
• foliage 
• terminal buds 

(vertical and lateral 
growth) 

• roots (esp. fine roots 
near surface) 

• Heat flux through bark 
kills cambium (radial 
growth of stem) 



Tree scale 
Fire scars form on 
living trees when 
portions of the 
cambium (growing 
surface of the stem) 
are killed by heat 
flux through the 
bark 

Multiple fire scars in 
Sequoiadendron 
giganteum, Giant 
Sequoia. T. Swetnam and 
C. Baisan, UA-LTRR 





a) Crown Fire 

d) Unburned c) Non-Lethal  Surface Fire 

b) Lethal Surface Fire 

Calvin Farris, University of Arizona 



Fire effects give us an 
index of fire severity 
 
Fire severity: The 
magnitude of effects of 
fire on biotic or abiotic 
elements of an ecosystem 
 
Fire intensity: Heat output 
from combustion 
 
Do NOT confuse these 
two!!! 







Smoke is a first-order effect on air quality 



Second-order fire effects 

• Second-order effects arise as a consequence 
of first-order effects 

• May involve: 

–  delayed effects in time 

–  displaced effects in space 

–  effects on higher levels of biological organization 
(communities, ecosystems) 



Some examples of 2nd order fire effects: 

• erosion resulting from rain on damaged soils 

• altered competition between species (e.g. fire tolerant 
vs. fire sensitive, trees vs. shrubs) 

• increased tree growth resulting from available 
(mineralized) nitrogen 

• mass attack of weakened trees by bark beetles 

• changes in the abundance and distribution of disease 
organisms and parasites 

• altered age and size structure in species populations 
resulting from differential mortality 

• post-fire openings and in forests and or woodlands 



Severe post-fire erosion in the Chiricahua Mountains 
following the 1994 Rattlesnake Fire 

Photos: Tom Swetnam and Chris Baisan, UA-LTRR 

More than 15 meters of sediment eroded in Turkey Creek – 
about 100,000 years of accumulation 



Removal of channel and fan material is a dominant feature of the geomorphic 

response to the Missionary Ridge Fire event:  



Increased runoff initiated debris flows and sediment-laden floods throughout the 

burned area:  

 Debris flow producing basins burned at > 70% 

moderate and high severity 

 < 2 year return interval rain events   

From Bigio (2007) 



Post-fire regeneration 

• Fires frequently reset inter- and intra-specific 
competition 

• Seeds of some species require fire for dispersal 
and/or germination 

• Some species (e.g. Populus tremuloides) can 
colonize clonally post-fire 

• Result: commonly observed post-fire pulses of 
regeneration occur in some (but clearly not all!) 
fire regimes 

• But: “post-fire” regeneration of many species may 
be years or decades later! 





U.S. Forest Service, Idaho Panhandle National Forest 

Rocky Mountain Lodgepole Pine/Spruce-fir  







• Notice that 1st order fire effects are often at 
the level of individual organisms or 
populations, or fine-scale biophysical 
elements (soil, water) 

• 2nd order fire effects are often at higher levels 
of organization (communities, ecosystems) 



Mapping burn severity 

• Can be done on the ground, from planes or 
satellites, or combinations thereof 

• On the ground: surveys esp. of soil and 
vegetation condition, remaining fuels 

• Aerial satellite: based on reflectance in bands 
that detect soil, moisture, and chlorophyll 
(Yool lecture, 10 October) 







Horseshoe II fire 
(Chiricahua Mts, 2011), 
Soil burn severity 

• 12% high severity 
• 30% moderate 
• 38% low 
• 20% unburned 



Sources of information about fire 
effects 

The Fire Effects Information System (FEIS) 

http://www.fs.fed.us/database/feis/  

 

 

http://www.fs.fed.us/database/feis/




How does FEIS work? 

• Collects and catalogues information on 1st and 
2nd order fire effects by organisms 

• Accessible database with references 

• Your taxes at work (i.e., it’s a public resource) 

• Similar data sources in Canada, Australia, 
Europe 

 

Try it! 

 



Can we estimate fire effects for a 
proposed or future fire? 

The First Order Fire Effects Model (FOFEM) 

 

• Provides modeled outputs for major fire 
effects categories: tree mortality, fuel 
consumption, smoke, and soil heating. 

 

Get it at: 

http://www.fire.org/  

http://www.fire.org/





