
 1

 
 
 

 
 
 
 
 
 

Refining Mixed Severity Fire Regimes in the 
Rocky Mountain Forest District 

 
 

Report to Tembec Forest Resource Management  
and the Forest Investment Account 

 
March, 2005 

 
R.W. Gray, B.S.F., R.W. Gray Consulting, Ltd. and  

L.D. Daniels Ph.D., R.P. Bio., Geography, University of British Columbia 
 

 
 



 2

Introduction 
 
The last 20 years has produced significant fire activity in British Columbia, especially in 

the dry interior region of the province.  Highly damaging fires and ensuing fire effects 

have resulted in fire fighter fatalities, destroyed homes and businesses in wildland-urban 

interface areas, lost provincial revenue from business and personal taxes and timber 

royalties, unprecedented suppression and rehabilitation costs, and escalating watershed 

maintenance costs.  Forest managers in the province are recognizing that they need a 

better understanding of fire regimes and fire effects in order to develop more successful 

fire prevention and suppression plans.  

 

In addition, emulating natural disturbance regimes has been proposed as an approach to 

forest management that will maintain biodiversity in managed forests (Swanson 1993). 

The assumption that, the closer managed forests resemble those created from natural 

disturbance, the greater the probability biodiversity will be maintained, has been used as 

the basis for biodiversity guidelines for forest management in British Columbia (Ministry 

of Forests 1995).  However, in order to implement this approach, managers require good 

information on historic fire regimes.  

 

Forests of all types can be grouped into understory, mixed, or stand-replacement fire 

regimes, which correspond to low, moderate, and high fire severity types described by 

Agee (1993).  Some forest types occurring over a wide range of environmental 

conditions can fall into two fire regime classes.  For example, most lodgepole pine 

(Pinus contorta Dougl. var. latifolia Engelm.) and jack pine (P. banksiana Lamb.) forests 

have been characterized by stand-replacement fire in contemporary literature.  However, 

some of these forests, typically occurring on drier sites, reflect a mixed fire regime 

history (Gara et al. 1986, Stuart et al. 1989, Parker and Parker 1994, Iverson et al. 

2002).  Evidence from studies by Frost (1998) and Beatty and Taylor (2001) indicate that 

mixed fire regime types are more prevalent than previously thought, especially in 

coniferous forests.  As fire moves across the landscape its behavior and effects can 

change dramatically due to variability in stand structure, fuels, topography, and changing 

weather elements.  This can result in highly variable tree mortality and survival patterns 

within a fires’ boundary (Brown 2000). 
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In the fall and winter of 2002/2003 a research team of fire scientists and GIS specialists 

from BC developed a Historic Natural Fire Regime (HNFR) classification system for the 

southern third of the province that is similar in nature to the classification system 

developed by Schmidt et al. (2002) for the contiguous 48 U. S. states.  The HNFR 

disturbance classification is distinctly different when compared to the existing Natural 

Disturbance Type (NDT) classification currently being applied to forest management 

planning in British Columbia.  The NDT framework is based solely on disturbance return 

intervals, which are derived from biogeoclimatic subzones and variants and reflect 

regional climate.  The NDT system was introduced as a holistic amalgamation of 

numerous disturbance agents, not just fire.  When considering fire as a disturbance 

agent the NDT classification is limited and does not adequately reflect the effects of 

topography (slope and aspect) and variations in fire behavior which influence fire 

severity.  This system assumes a static temporal condition existed between historic 

conditions and current conditions.  Dry forest types are classified as NDT4; however, in 

their current condition the fire regime has departed to a condition closer resembling a 

very infrequent but catastrophic fire regime (i.e. stand replacement).  In addition, there is 

no recognition of mixed severity fire regimes. The HNFR applied in the study attempted 

to improve our understanding of fire disturbance at the landscape scale and should be 

viewed as a higher resolution refinement of the existing NDT system.  

 

Regional fire regimes are defined by several parameters including dominant vegetation 

(fuel), local climate (weather), landscape characteristics (topography), and 

anthropogenic ignition patterns (Wright and Bailey 1982; Agee 1993; Agee 1998; Brown 

2000). Systems for describing fire regimes may be based on the characteristics of the 

disturbance (Heinselman 1981; Johnson and Van Wagner 1985), the dominant or 

potential vegetation of the ecosystem in which ecological effects are being summarized 

(Davis et al. 1980; Bradley et al. 1992; Smith and Fischer 1997), or fire severity based 

on the effects of fire on dominant vegetation (Agee 1993).  

 

In the HNFR study, fire regimes were identified by fire frequency, fire severity, and 

landscape characteristics, and resulted in three main categories based on fire severity.  

Low severity fire regimes are those where fires result in 70% of the basal area and 90% 

of the canopy coverage of the overstory vegetation surviving (Morgan et al. 1996).  

Mixed severity regimes are those where fires result in moderate effects on the overstory, 
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mixed mortality, and irregular spatial mosaics (Smith and Fischer 1997).  Stand-

replacement regimes represent fires that consume, kill, or top-kill >90% of the dominant 

overstory canopy cover (Morgan et al. 1996). The final classification system resulted in 

eight historic natural fire regimes.  Tthe most critical, from the standpoint of mixed-

severity fire regimes in the ICH and MS zones in the east Kootenays, are HNFR I, II, and 

IV.  

 

Fire Regime I (0- to 35-year frequency, low severity) is found primarily in forest types 

that experience frequent, low severity, non-lethal surface fires.  For example, this fire 

regime would be found in ponderosa pine (Pinus ponderosa Dougl) and Douglas-fir 

(Pseudotsuga menziesii [Mirb.] Franco) forest types with an herbaceous understory 

occurring on both subdued terrain and steeper, warm aspects.  Fires occurring in HNFR 

I are generally non-lethal to the dominant vegetation and do not substantially change the 

structure of this layer.  Fire history studies in this regime suggest it has the highest 

frequency of fire occurrence in B.C., and that it was historically widely spread throughout 

the southern interior of the province.  To support high frequency fire, sufficient surface 

fuels must accumulate between fires to carry subsequent fires, in many cases within one 

or two years, but not enough to result in fire severity sufficient to kill many overstory 

trees. More productive ecosystems within this type may develop thick regeneration or 

shrub/herb layers between fires that are killed, thinned, and/or top-killed by subsequent 

fires.  Approximately 80% or more of the aboveground dominant vegetation survives 

these fires.  

 

Fire Regime II (0- to 35-year frequency, mixed severity) is closely associated with Fire 

Regime I.  It is found in similar dry forest types but occurs on cooler aspects at lower 

elevation, and at higher elevations directly upslope of Fire Regime I ecosystems on 

warm aspects.  Depending on the ecosystem affected, mixed severity can be defined 

spatially, temporally, or both.  At low elevation these sites may ‘miss’ one or several fires 

that occur in the adjacent HNFR I sites due to fuels and topography.  Higher productivity 

sites on cooler aspects also results in more surface fuel, in turn resulting in somewhat 

higher fire intensity and severity than the adjacent HNFR I.  Many fires originating in 

HNFR I have a high probability of affecting upslope, HNFR II ecosystems.  On steep, 

warm aspects where HNFR I ecosystems transition to HNFR II ecosystems, fire severity 

is regulated by the season of fire, site productivity, and species composition.  Historic 



 5

fires that occurred early in the growing season (some First Nations burning) in HNFR I 

may not affect adjacent HNFR II ecosystems due to high fuel moisture.  Higher elevation 

sites, even on warm aspects, may be more productive than lower elevation warm sites 

due to precipitation and soil moisture.  These sites therefore have the ability to produce 

more surface fuel over a shorter period of time.  A counterbalance to site productivity, 

however, is the shorter growing season.  Tree species inhabiting the higher elevation, 

warm aspects include subalpine fir (Abies lasiocarpa (Hook.) Nutt.), Engelmann spruce 

(Picea engelmannii Parry ex Engelm.), and lodgepole pine, which exhibit a lower fire 

tolerance than species such as ponderosa pine and Douglas-fir.  All of these factors 

produce highly variable levels of fire effects on tree species and structures within a fire 

regime with a high frequency.  

 

Fire Regime IV (35- to 100-year frequency, mixed severity) is associated with forest 

types and topography where fuel moisture conditions are favorable to fire ignition and 

spread.  Fuel moisture is also more variable than in the more frequent fire regimes.  This 

fire regime often occurs in close proximity to HNFRs I and II, but due to higher elevation, 

cooler, moister conditions, and/or variable topography may ‘miss’ several fires occurring 

below or adjacent to it.  The season during which burning historically occurred in these 

ecosystems is critical.  Early season fires at low elevation, or on adjacent warm aspects 

in HNFR I and II ecosystems, did not likely impact HNFR IV ecosystems resulting in the 

theory of ‘missed’ intervals.  First Nations burning to encourage the propagation of 

subalpine plants such as black huckleberry (Vaccinium membranaceum), spring beauty 

(Claytonia lanceolata), and glacier lily (Erythronium grandiflorum) (Turner et al. 1990; 

Turner 1991; Turner 1999) was instrumental in HNFR IV fire history, as was summer/fall 

lightning.  With increasing elevation, or more northerly aspects, comes a reduced fire 

‘window’ wherein conditions favorable for fire ignition and spread would be limited to late 

summer and fall.  Probabilities of fire starts are decreased compared to HNFR I and II.  

Tree species found in HNFR IV include a range of fire tolerances from low, (western 

redcedar (Thuja plicata Donn ex D. Don), western hemlock (Tsuga heterophylla [Raf.] 

Sarg.), subalpine fir and Engelmann spruce), moderate, (lodgepole pine and whitebark 

pine [Pinus albicaulis Engelm.]), to high, (Douglas-fir and western larch [Larix 

occidentalis Nutt.]) (Tesky 1992a; Tesky 1992b; Howard 2002; Scher 2002). 
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Objectives 
The purpose of this study is to determine frequency, and intensity metrics for historic fire 

activity in areas of five drainages currently modeled as mixed-severity fire regimes.  This 

data will be used as input data to the predictive stand structure model being developed 

by Tembec and Interior Reforestation (FIA project 4389004, Stand Structure and Habitat 

Modeling).  Specific project objectives are: 

• To collect and analyze fire scar data from candidate sample sites in five 

drainages. 

• To provide fire regime data (frequency, intensity statistics) that can be 

incorporated into the predictive structure class model  

• To incorporate feedback from the modeling team (Kari Stuart-Smith, Tembec, 

and Reg Davis, Interior Reforestation) into a final report (Appendix 1). 

 

Study Area 
The HNFR modeling incorporates the biogeoclimatic classification system as one of the 

input data sets used to determine fire regimes.  The modeled mixed-severity fire regimes 

in the east Kootenays involve Interior-Cedar Hemlock (ICH) and Montane Spruce (MS) 

zones among others in the classification of HNFR II and IV.  To determine the accuracy 

of the model we attempted to sample fire regime data in 4 drainages in either of the two 

zones.  In the ICH zone we sampled in the Lumberton valley (Palmer Bar) and Etna 

Creek, while in the MS zone we sampled in the upper Kootenay River (Fenwick), upper 

Whiteswan (Jack Creek), Jubilee Mountain (Jubilee), and Parsons (Bittern Lake) areas.  

These sites were selected because they fell within the relevant HNFR zones, and 

contained a high number of large diameter larch, Douglas-fir, and ponderosa pine trees 

that could be sampled.  

 
Methods 
Field Sampling and Sample Preparation 

At each study site, we collected six to 10 trees, snags and stumps with multiple, external 

basal scars.  Prior to collecting sample disks we applied for and were granted a Special 

Use Permit from the Ministry of Forests (on file at the Tembec office).  We were also 

required by Tembec to have our faller certified as per Workers Compensation Board 

Faller Certification procedures.  In other cases we have sectioned live trees and 

“flagged” the trees with danger tree ribbon.  In this case we did not section any trees out 
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of concern for future worker safety; instead, all sample trees were felled.  Cross-

sectional discs were cut at height 5 to 160 cm from the ground.  In total, we collected 45 

scarred samples, including 29 samples from live trees, 16 from snags or stumps; 15 

from Larch, 13 from Douglas-fir, 4 from Ponderosa pine and 13 from lodgepole pine.  

Fire scars were differentiated from scars caused by mountain pine beetle or other 

disturbance agents using three criteria (McBride 1983, Dietrich and Swetnam 1984): (a) 

scar morphology. Basal scars that were triangular in shape, with all bark missing from 

the face of the scar were considered fire scars. Often these trees had multiple scars and 

charcoal was present. (b) Fungal stains in the wood. The wood samples were examined 

to determine if they were stained by fungi.  Red stain generally indicates fire, whereas 

blue stain indicates disturbance by mountain pine beetle.  In this study we report only 

scar dates caused by fire; however some trees had been disturbed or killed by mountain 

pine beetle as indicated by the blue stain in the wood closest to the bark. Samples were 

dried for approximately 5 weeks; a value lower than the 6-8 weeks stated in the 

workplan.  This was due to the short time frame between collection, analysis, and final 

reporting.  The discs were sanded with a planer, belt sander and/or palm sander using 

successively finer sand paper to 600 grit (Stokes and Smiley 1968). 

 

Statistical Crossdating and Fire Analysis 

Cross-sectional disks from live trees were visually crossdated by matching the negative 

marker rings between samples or using a Douglas-fir master chronology.  The rings of 

one radius of each disc were measured to the nearest 0.001 mm using a Velmex bench 

interfaced with a computer. To ensure that calendar years were accurately assigned to 

each ring, the resulting ring-width series were statistically crossdated using the program 

COFECHA (Holmes 1986). COFECHA compares each tree-ring series against all other 

series in each site to identify errors in tree-ring dates due to false and missing rings. In 

the east Kootenay region, mid- to late-growing season drought may cause false rings 

and, during extremely dry conditions or during multiple-year droughts, rings may be 

incomplete or missing from the radius.  Properly dated and highly correlated ring-width 

series were combined in species-specific, master ring-width chronologies that represent 

the average growth of live trees at each site (Fritts 1976).  The ring-width series of 

samples from dead trees and stumps were crossdated against the series from live trees 

to determine the calendar year of the outer-most ring on the disc and estimate the year 

of death.  Once accurate calendar years were assigned to individual rings, the date 
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associated with each fire scar was determined.  Our ring-width series were not 

developed from cored trees as is outlined in the workplan.  At the time of field sampling 

trees were frozen, making increment coring impossible.  Ring-width series were instead 

developed from the fire scar sample disks. 

 

When the tip of a fire scar is clearly visible, its position within the annual tree ring 

approximates the season in which the fire burned. In this study, the majority of scars 

were dormant-season scars, meaning the scar tips were along the boundary between 

two annual rings. Assigning a single year to dormant-season scars is difficult because 

the scar results either from fires that burn in the fall (year x), after the annual ring has 

formed, or in early spring (year x+1), before the new ring begins to form. Modern fire 

records indicate that fires started by lightning are more common in late-summer or fall 

than in the spring; however fire may have been used in spring by First Nations. We used 

the following criteria to determine whether dormant-season scars resulted from spring or 

fall burns: 

 

(a) We considered all fire scars at a given site for a given year. If the seasonality (fall 

or spring) of at least one scar was certain, then we reported all dormant-season scars 

to be consistent with that observation. For example, at Bittern Lake, earlywood scars 

on lodgepole pine and Douglas-fir indicated a spring fire in 1890, while the scars on 

adjacent larch were dormant-season scars positioned between the 1889 latewood 

and 1890 earlywood. Assuming the secondary growth of larch initiated after the other 

two species, which explains the observed discrepancy among scar positions between 

trees, the 1889 dormant-season scars were recorded as spring fires in 1890.   

 

(b) If seasonality was not certain, then dormant-season scars were assigned to the 

calendar year of the fall, consistent with the modern fire record. 

 
We have used fire scar dates to quantify the intervals between fires. Composite fire 

intervals for each site were compiled using the computer program FHX2 (Grissino-Mayer 

2001). Fire intervals were analysed using all fire scars and a more conservative subset 

of the data that included fire years in which two or more recorder trees were scarred, 

representing fires of greater magnitude and impact at the site. Fire intervals were 

computed for scar-to-scar dates; the interval between stand initiation and the first fire 
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scar and the interval between the last fire scar to the present were excluded.  The 

Weibull median interval (WMI) was calculated from fire interval distributions. WMI is a 

measure of central tendency of the Weibull distribution in which half of the fire intervals 

in the modelled frequency distribution are longer than WMI and half are shorter than 

WMI. 

 
Results 
Statistical Crossdating 

The longest master chronologies from live trees were for larch, followed by Douglas-fir 

and lodgepole pine (Table 1). In all cases the sample sizes were ≤ 6 series, as they 

were developed from live trees sampled for fire scar dates.  Typically for crossdating 

purposes, sample sizes should approach 20 trees and include trees that have not been 

disturbed by fire. Despite the small sample sizes, the master chronologies included 

strong common year-to-year variability as indicated by the relatively high mean 

sensitivity and standard deviation values (Table 1).  This indicates that the chronologies 

have common variability and are suitable for determining year of death of snags and 

stumps and for ensuring annual resolution for fire scar dates. 

 
Table 1.  Summary statistics of the master ring-width chronologies for each site. 
 
Study site Species Period N Series Inter-

correlations 
Mean 

Sensitivity 
Bittern Lake Lodgepole pine 1851 - 2004 3 0.49 0.21 
Jubilee Mountain Douglas-fir 1745  - 2004 4 0.63 0.33 
Fenwick Creek Larch 1635  - 2004 6 0.56 0.26 
Jack Creek Larch 1537 - 2004 3 0.52 0.30 
Bootface Creek Larch 1604-2004 7 0.61 0.25 
Palmer Bar Larch 1541 - 2004 5 0.59 0.26 
 

Fire Record 

The 45 fire scar samples yielded 146 fire scars and 52 unique fire dates from 1634 to 

1944 (Figure 1). Most samples included two or three fire scars (Figure 2). Three samples 

from larch (one living tree, one stump and one charred log) included 6 and 7 scars per 

sample. The majority of fire scars (136 of 146) were positioned between the latewood of 

one year and the earlywood of the next year and classified as dormant-season scars.  

Ten scars were from early spring fires in which the tip of the scar had burned into the 

earlywood cells of the annual ring (Table 2). These earlywood scars were formed in all 

four study species and at five of seven study sites.   
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Figure 1. Fire scar record from 1535 to 2005 for seven study sites in the East Kootenay 

Mountains.   The number of fire scars per year increases after c. 1800 (top), partly due to 
increased sample depth (middle). Conversely, the percentage of recorder trees scarred per 
year decreases as the sample depth increases (middle). In the bottom graph, the dashed 
line separates local fires that scarred trees in only one site from major fire years in which 
two or three sites burned in the same year.    
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Figure 2.  Number of scars per tree determined from 146 scars on 45 samples collected at seven 

study sites in the East Kootenay Mountains. 
 

 

 
Table 2.  Earlywood scars (n = 10) indicating spring fires in the East Kootenay Mountains.   

 
Study site Species Year of earlywood scar 

Bittern Lake Douglas-fir 1890 
Bittern Lake Lodgepole pine 1890 
Bittern Lake Lodgepole pine 1929 

Fenwick Creek Larch 1719 
Fenwick Creek Larch 1758 
Bootface Creek Larch 1665 

Palmer Bar Larch 1573 
Palmer Bar Larch 1760 
Etna Creek Ponderosa Pine 1905 
Etna Creek Ponderosa Pine 1905 

 

 

 

The oldest scars were from fires in 1567 at Jack Creek and 1573 at Palmer Bar; the 

oldest scars at Bittern Lake and Jubilee Mountain were from the early 1800s (Figure 3).   

Scars were recorded at only one site for the majority of fire years (40 of 52); however, 

most fires (116 of 146) scarred at least two trees within a site. Only 30 scars were 

recorded by single trees at a site.  Fires in 1634 at Etna Creek and Jack Creek were the 

first fires in the record to scar trees at two or more sites in a single year. Regional fires, 

fires that formed scars at two or more sites indicating synchronous fires in the 

landscape, burned in 1652, 1664, 1718, 1720, 1807, 1834, 1864, 1866, 1883, 1889 and 

1922 (Figure 3).   
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Figure 3. Fire history from 1535 to 2004 derived from 45 fire-scarred samples from seven sites in the East Kootenay Mountains.  Sites are 
arranged according from north (top) to south (bottom) and were located in the Montane Spruce and Interior Cedar-Hemlock biogeoclimatic zones.   
Each line represents a fire-scarred disk.   The year of the innermost ring or pith is on the left; the year of outermost ring or bark on the right; white 
triangles represent fires that scarred only one tree in a site (n = 30); black triangle represent fires that scarred ≥ 2 trees per site (n = 116).  The 
dashed vertical lines mark 12 regional fire years in which two or three sites burned in the same year.
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Fire Frequency 

Fire frequency, the number of fires per year indicated by fire scars, has varied at decadal 

to century time scales. At the landscape scale, the frequency of fires scars was greatest 

between 1880 and 1940, corresponding to the period of European settlement. Few fires 

have burned and scarred trees since 1944, corresponding with cessation of burning by 

First Nations, changes in land use with increased grazing and industrial forestry, and 

effective fire suppression.  Prior to 1800, our dataset included fewer than 20 recorder 

trees. Evidence of the oldest fires is lost through time as trees die and decay, which 

partly accounts for the decreased number of fire scars through time (Swetnam et al. 

1999, Veblen 2003).  Other fire history studies in North America have demonstrated that 

the decreased number of fire scars and regional fires between c. 1750 and 1830 were 

caused by climate variation making conditions less suitable for fire (Baisan and 

Swetnam 1990, Kitzberger et al. 2001, Veblen et al. 2000, Veblen and Kitzberger 2002).  

Similarly, regional fires were not recorded during the late 1700s but five regional fires 

burned prior to 1720 in our study area.  It is possible that climate variation contributed to 

the decreased frequency of fire scars and regional fires in the east Kootenays prior to 

1800.  This hypothesis is consistent with Master's (1980) assertion that the fire regime of 

the region changed to more frequent fires in the early 1800s. To test for a change in fire 

regime caused by climate variation will require additional samples and fire scar dates 

prior to 1800 and samples from a broader range of sites representing the region, 

combined with analysis of fire-climate interactions. 

 

Fire Intervals 

In general, fire intervals were similar among the study sites.  Fire scar records at 

individual sites ranged from 241 to 387 years and included 13 to 32 fire scars (Table 3).     

The Weibull median interval between fires ranged from 19 to 38 years.  Analysis of all 

fire scars showed that three to 115 years separated successive fires at each site. At all 

seven study sites, the number of years since the last fire exceeded the median interval 

between fires (Table 2). The number of years since the last fire scar exceeded the 

maximum interval between fires in the fire-scar record at all sites, except Etna Creek. In 

general, the current fire intervals commonly exceed the historic range of variation for the 

study stands, indicating a change to the fire regime during the past century. 
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Table 3. Composite fire intervals for seven study sites. The period of analysis and numbers of 
samples and trees vary among sites depending on stand age and fire history. Weibull median fire 
interval (WMI) was calculated using the entire fire record for each site. The range indicates the 
minimum and maximum numbers of years between successive scars in the sites.  
 

Years Fire Intervals BEC Zone 
     Study site 

Period of 
analysis 

 
(n) 

Disks 
(n) 

Scars 
(n) N1 WMI 

(yrs) 
Range 
(yrs) 

Years 
since 
fire 

         
Montane Spruce         
  Bittern Lake 1736-1929 194 9 23 6 19   3-35 77  
  Jubilee Mountain 1754-1952 199 6 13 4 37 16-47 54  
  Fenwick Creek 1634-1944 311 8 30 14 19   3-55 62  
  Jack Creek 1535-1922 388 4 18 10 32   7-68 82 
         
Interior Cedar-Hemlock        
  Bootface Creek 1605-1850 246 6 15 5 30   3-111 155 
  Palmer Bar 1550-1910 361 9 32 11 25 6- 68 86  
  Etna Creek 1591-1905 315 4 15 14 38 17-115 100 
         

1N is the number of fire intervals identified for the period of analysis. 

 

 

Fire Severity 

Evidence from the fire scar record supports the assertion that the fire regime of the study 

area is best described as a mixed severity regime.  Fire severity varied both spatially 

and temporally.  (1) Spatial variability in fire severity at the site level. Individual fires had 

different impacts on trees, indicating low to high severity impacts during individual fires 

at a site.  For example, individual fires rarely scarred all recorder trees at a site, 

indicating some trees were not impacted by fire (Figure 3).  In contrast, the estimated 

year of death of some snags and logs (e.g., Trees 1, 26, 27 and 29 in Figure 3) 

coincided with fire scars indicating fire caused mortality of some trees but only damaged 

other trees.  Variation in fire intensity within a site reflects microsite conditions, fuel 

accumulations and fire behaviour and results in a range of impacts on trees.  Differences 

in species, size and bark thickness also determine the susceptibility of individual trees to 

fire.  (2) Temporal variability in fire severity between events at a site.  At individual sites, 

different fires had different impacts.  Severe fires killed trees and provide opportunity for 

new cohorts of trees to establish.  For example, a cohort established in the early 1850s 

after a fire in 1843 at Bittern Lake (Trees 40 to 44 in Figure 3).  In this study, most fires 

scarred two or more trees at a site; however 30 fires scarred only one tree at a site 

(Figure 3).  Fires that scar multiple trees may be more severe than fires recorded by only 
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one tree.  In general, fire frequency decreases as severity increases and the intervals 

between successive major fires are relatively long.  Conversely, severe fires may follow 

long fire-free intervals. 

 
 
Discussion 
 

The data from this study corroborates the HNFR model as applied to the east Kootenay 

region.  The fire scar record for all sites indicates high frequency variability around a 

fairly frequent mean.  This means that fires overall were common occurrences, however, 

there were periods of long intervals between fires.  These long intervals result in higher 

fuel accumulations and increased fire severity during the subsequent fire.  Stand 

structure would historically reflect this variability. 

 

The study data also reveals some significant limitations for not only the continued 

Tembec/Interior Reforestation modeling project, but also the appropriate identification of 

structural sustainability targets used by Tembec in its forest sustainability initiative.  The 

Tembec/Interior Reforestation model incorporates HNFR statistics but is not a spatially-

explicit model.  Mixed severity fire regimes have explicit relationships with topography in 

addition to climate and fuels.  Predicting the location of these fire regimes requires 

linking the model to a terrain model.   

 

The current mixed severity fire regime dataset from this project corroborates the 

provincial HNFR model but does not provide good spatial and temporal data on forest 

structure.  The project provides strong evidence that fires were relatively frequent in 

HNFR’s II and IV but doesn’t quantify the range of fire effects very accurately.  These 

details are critical to defining the sustainability of Tembec’s structure targets. 

 

The data produced to date indicates a very long history of fire activity at most sample 

locations, however, the depth of samples is low.  Sample collection took place during 

very adverse conditions and in most cases fewer samples were collected than targeted 

numbers.  At several locations a larger number of samples were collected than were 

actually usable due to sample decay, ability to cross-date, or ability to precisely 
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determine the cause of the scar.  This is a natural limitation with this type of research 

and is the main reason for collecting more versus fewer samples.   

 

Sample depth is poorest at the oldest dates but very good at recent disturbance dates.  

The period of Euro-American settlement in the region, 1860-1930, is a period of 

increased fire activity – likely a consequence of mining and land clearing activities.  The 

young trees in our sample population contain many of these fire dates.  This recent fire 

activity is not a true reflection of the “natural” fire regime.  It is a minor, historical 

“anomaly” in activity associated with very specific anthropogenic activity.  Interim fire 

regime statistics can be used to define fire regimes using this data, however, the natural 

dynamics of fuels and climate and their relationship to fire regimes cannot be determined 

from such a small dataset.  The few very old samples collected contain the few very old 

fire dates for the region; true evidence over a long period of time and climate variability 

of the HNFR.  Finding suitable samples is difficult and time consuming, however, their 

worth in data is immeasurable not only for fire regime interpretations but also for climate 

trends. 

 

The data provides us with disturbance metrics but not stand structure, which is the effect 

of fire.  For either low-severity or high-severity fire regimes the resultant stand structure 

associated with the fire regime is easily interpreted from only disturbance data.  

Frequent low-severity fires kill few trees therefore stand structure is not significantly 

affected by the passage of fire.  Similarly, infrequent but high-severity fires kill all or 

nearly all trees leading to easily interpreted results.  Mixed-severity fire regimes result in 

highly complex fire effects as a result of very complex fire behaviour, further resulting in 

highly complex stand structure.  Determining stand structure variability requires more 

disturbance data but also stand structure (age, species, location of the tree relative to 

aspect and slope) data as well. 

 

The lack of sample depth also makes disturbance synergisms difficult to determine.  The 

minimal data produced is not enough to determine long-term relationship between fire 

and climate.  That being said, there is some similarity between regional fire activity in the 

Cariboo region and fire dates derived from this study (Daniels and Watson 2003).  

Because the Cariboo fire dates are strongly correlated with La Nina cycles this potential 

relationship shows promise for predicting increased summer fire activity.  In addition to 
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collecting additional fire scar samples in order to increase fire scar sample depth (which 

would improve fire modeling accuracy as well), the climate relationship would require the 

collection of increment cores.  Regional chronologies need to be built in order to develop 

a regional climate signal.  The current project chronologies were derived from fire 

scarred trees which are not the best candidates for this.  Attempts were made to collect 

increment cores during the sampling collection phase however due to access issues and 

frozen trees none were collected.  Chronologies should also be developed from live 

trees.  Because the fire regime study focused on collecting samples from dead wood 

and not live trees (so fewer live, old trees would be cut), few live trees were available for 

chronology development.  A regional climate signal is best developed from 30 increment 

cores from each species likely to contribute fire scar data (in this study 4 species were 

used: western larch, Douglas-fir, lodgepole pine and ponderosa pine) and from 3 

dispersed sites. 

 

Next Steps 
This project was undertaken as a stand-alone project. However, if Tembec wished to 

continue work on historic disturbance regimes, the following actions would be a useful 

way to proceed. 

1. Return to each site and collect more scar samples, including increments cores from 

live trees. This will enable determination of the regional climate signal, as well as 

refinement of the fire return interval and stand structure at each site.  Fire scar 

collection will focus on the oldest possible samples.  The intent is to increase the 

sample depth.  A series of stem plots will also be established at each site with all 

trees mapped and cored.  This data will enable us to link disturbance to variations in 

forest structure over time.  Potential forest structure attributes include: live trees/ha, 

snags/ha, and CWD/ha. 

2. Increase the number of sites to get a full picture of the disturbance regime within the 

MS and ICH zones. This would include sampling areas expected to have mixed 

severity fire regimes at longer intervals (35-80) as well as determine the transition 

conditions (spatial and temporal) between mixed-severity and stand replacement fire 

regimes.   
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