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Fire Storm 2003 took many people by surprise.  The unprecedented fires burned the 
wildland-urban interface and many homes and businesses at great cost to British 
Columbians.  Many consider these fires a once-in-a-life time event.  But, evidence from 
tree rings tells us they are wrong. 

 
We used tree rings to reconstruct fire history and quantify the climate conditions 
associated with historic fires in the montane forests of the Rocky Mountain Forest 
District. The 10 study stands were dominated by large-diameter western larch, Douglas-
fir, and ponderosa pine trees and were in the Montane Spruce (MS) biogeoclimatic zone 
(Figure 1). Each stand was structurally complex with an upper stratum of veteran trees 
that established prior to 1870.  
 
 
 

 
 
 

Figure 1. Location of 10 study sites (yellow stars) in montane forests (pink) in the 
Invermere and Cranbrook Timber Supply Areas (TSAs, grey) which cover 1.4 million 
hectares of the southern Rocky Mountain Trench.  

 
 

 



 
 
Fire scar records from 10 old-growth sites were based on 100 fire scar samples that 
yielded 296 fire scars and 100 individual fire years between 1540 and 1944 (Figure 2). At 
the site level, the median fire intervals ranged from 10.3 to 25.6 years, with two to 123 
years separating successive fires within sites. Our reconstructions indicate historic fires 
formed a “mixed-severity” regime that included both frequent, low-severity fires and 
infrequent, high-severity fires (Table 1).  Although frequent, the impacts of these fires 
were relatively low.  Many large trees survived, although some were damaged and 
formed fire scars.  The greatest negative impacts were to understory vegetation such as 
herbs, shrubs, seedlings and saplings. In essence, these low-severity fires created and 
maintained old-growth forests and unique wildlife habitats. High-severity fires that 
initiated a new generation of forest also burned in the East Kootenays, but they burned 
less frequently, with intervals of 150 year or more between fires. 
 

 
 

Figure 2. Fire history from 1500 to 2005 for 10 old-growth forests in the East Kootenays.  
Sites are arranged according to location from north (top) to south (bottom). Horizontal 
lines represent the fire chronology for each site. Triangles mark the year of fires that 
scarred ≥1 tree. Combined, there were 100 fire years (all fires, open triangles); 28 were 
major fires that scarred multiple trees (all fires, solid triangles). Regional fires scarred 
multiple trees at multiple sites. 
 



Table 1.  Comparison-contrast of stand-replacing and stand-maintaining fire regimes.  
Note that these regimes represent opposite ends of a continuum of possible fire 
regimes.  Intermediate, mixed fire regimes include stand-replacing and stand-
maintaining fires. 
 

Fire regime Stand-replacing fire Stand-maintaining fire 

Magnitude high impact, crown fires low impact, surface fires 

Frequency low frequency high frequency 

Return Intervals >100 years 2 to 100 years 

Size and shape Variable, generally large 
with remnant islands 

Variable, small to large with 
very patchy impacts 

Impacts on individual trees Severe - stem and foliage is 
burned along length of the 
tree, high mortality of small 
and large trees 

Low severity – scars on 
stems,  low mortality of large 
trees, high mortality of 
seedlings and saplings 

Impacts on stands of trees 
and landscapes 

Many trees die over large 
areas, with “islands” of 
surviving trees; landscapes 
include many large patches 
of forests that include trees 
of similar age having 
established after fire, 
boundaries between patches 
are relatively distinct 

Mix of survival and mortality 
results in open forest stands; 
within stands, trees are a 
range of ages and survivors 
create structural diversity, 
patches may be identified in 
the landscape but boundaries 
are subtle  

Tree adaptations and 
examples from BC 

Serotinous cones are 
stimulated by heat to release 
seeds (lodgepole pine); 
seedlings establish in full 
sunlight (ponderosa and 
lodgepole pine) 

Thick bark resists fire  
(Douglas-fir , ponderosa 
pine, and western larch); 
regeneration from seed or by 
root sprouting (aspen) 

 
 



The fire regime changed abruptly during the 20th century. Over 400 years between 1540 
and 1940, fires burned and scarred trees somewhere in the East Kootenay forests once 
every three years. Given this historical frequency, we would expect about 20 fire years 
since the 1940s, but our fire scar records included only 6 fire years. The low incidence of 
fires since the 1940s is partly due to variations in climate, but largely explained by 
cessation of burning by First Nations and very effective fire suppression.  
 
We have discovered that climate is an important driver of the mixed-severity fire regime 
in the East Kootenays. Historical fires burned during pronounced droughts and decades 
of warm and dry climate caused by changes in the circulation patterns in the Pacific and 
Atlantic Oceans. Historically, fires burned under three conditions: (a) the Pacific Ocean 
was warm and the Atlantic Ocean was cool (b) during El Niños when both oceans were 
warm, and (c) during La Niñas when both oceans were both cool. Fires were least likely 
to burn when the Pacific was cool and the Atlantic was warm. The latter conditions 
prevailed from 1946 to 1966 and were not conducive to fire.  In contrast, conditions 
suitable for fires have dominated since 1981 since both the Pacific and Atlantic Oceans 
have been warm, meaning fires are most likely to burn during El Niños.  In fact, El Niño 
conditions have dominated global climate during the past 30 years.  These climate 
conditions explain the drought and fires of 2003, but they do not explain the low 
occurrence of fire scars. 
 
In large part, the decrease in fire frequency and increase in intervals between fires are 
caused by human actions. Fire frequency began to decrease in the early 20th century due 
to human land-use change.  Agriculture and ranching changed the distribution of forests 
and fuels, decreasing the spread of fires and the occurrence of fire scars.  In the past 60 
years, fires were essentially eliminated from many forests due to very effective fire 
suppression - leading to the “fire-suppression paradox”.  By trying to protect our forests 
and communities from fire, we have made many dry forests of the East Kootenays more 
susceptible to severe fires. In absence of the low-severity fires, tree density and fuels can 
build-up increasing the chance of a severe, stand-replacing fire that is difficult to control 
and may threaten human communities. 
 
The changes to the historic fire regime also impact forest habitats and biodiversity. In 
absence of low-severity fires, the density of trees, snags and downed logs increase, 
adding complexity and a more diverse range of habitats, with potential positive 
influences on biodiversity.  Alternately, negative impacts may include decreased light in 
the understory, lower diversity of understory vegetation affecting insects, birds and 
forage for ungulates. Our on-going research explores the impacts of historic fires and fire 
suppression on habitat diversity. 
 
How might we respond to the fire suppression paradox?  We propose action where our 
good intentions have altered natural forest composition, structure and dynamics.  In many 
forest of the East Kootenays, we need innovative, creative, ecologically-based mitigation 
and restoration.  As individuals, we need to take responsibility for our properties and 
communities through programs like Fire Smart. And, we need to be aware that some fires 
will burn during summer droughts in spite of our best efforts to control fires and to 
restore and mitigate the negative impacts of 20th century fire suppression. 


