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ABSTRACT 

This study uses time-since-fire d i s t r i b u t i o n analysis to 
determine forest f i r e frequency for 1400 square kilometre 
Kootenay National Park, located on the West slope of the Rocky 
Mountains, B r i t i s h Columbia. The time-since-fire d i s t r i b u t i o n i s 
comprised of at least two s p a t i a l and two temporal f i r e regimes. 
Mean f i r e return i n t e r v a l s (MFRI) for the Kootenay/Sinclair and 
Vermilion areas ranged from 92 to 165 years, respectively, and 
from 75 to 267 years for the Vermilion Valley p r i o r to and af t e r 
1768. MFRI for the whole park was 127 years. Elevation, aspect, 
and proximity to the Great Divide had l i t t l e d i r e c t e f f e c t on the 
d i s t r i b u t i o n of forest ages and could not be linked to f i r e 
frequency using the methods employed. A f i r e suppression policy 
since park establishment i n 1919 has had l i t t l e e f f e c t on the 
time-since-fire d i s t r i b u t i o n . A period of cool climate may be 
responsible for the present, bell-shaped age-class d i s t r i b u t i o n 
of the park's forests. Findings of the study are discussed in 
r e l a t i o n to f i r e control and prescribed f i r e use i n the park. 
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" T e l l me about t h e g r e a t f i r e , g r a n d f a t h e r . " ... 

"Ah, t h e g r e a t f i r e , Impka. Yes, I remember. I t was a 
l o n g t i m e ago . . . when we f i r s t came i n t o t h e v a l l e y . 
There was a g r e a t s t o r m ; t h e wind was s t r o n g ; t h e 
thund e r r o l l e d ; t h e l i g h t n i n g c r a c k l e d and t h e d a r k n e s s 
was deep e x c e p t when t h e g r e a t f l a s h e s l i t t h e s k y . 
Then t h e f i r e s s t a r t e d . F i r s t h e r e , t h e n t h e r e , as 
l i g h t n i n g h i t t h e t r e e s . A l l n i g h t we watched as t h e 
sky grew r e d w i t h flame and t h e wind r u s h e d p a s t us 
l i k e a b l a s t from g r e a t f i r e . I was young t h e n . I s t o o d 
on a h i l l t o p w a t c h i n g as a g r e a t t r e e l i m b g l o w i n g l i k e 
a meteor was h u r l e d by t h e wind a c r o s s t h e t o p s of t h e 
t r e e s , d r o p p i n g l i v e c o a l s as i t f l e w i n t o t h e d r y 
bush. There was a sudden b u r s t of flame everywhere one 
dropped. I t seemed t h e whole w o r l d b u r s t on f i r e . " 

... "But where d i d you go, t o g e t away from i t ? " 

"There was o n l y one p l a c e t o go as t h e f i r e r a c e d 
c l o s e r . We g a t h e r e d e v e r y t h i n g we c o u l d t o g e t h e r and 
drove t h e h o r s e s ahead of us o r rode them o u r s e l v e s t o 
t h e f l a t i s l a n d i n t h e r i v e r ... Then t h e r a i n came and 
put t h e f i r e o u t but t h e f o r e s t s were b l a c k , t h e h i l l s 
deep w i t h c h a r r e d t r e e s and t h e swamps f i l l e d w i t h 
b l a c k e n e d l o g s . " 

- C h i e f P i e r r e K i n b a s k e t , t o h i s gran d d a u g h t e r 
R o s i e , i n " T a l e s of t h e Windermere", by W i n n i f r e d 
A r i e l W e i r , 1980. C o n v e r s a t i o n r e f e r s t o a f o r e s t 
f i r e i n t h e Columbia V a l l e y i n 1886 t h a t a l s o 
burned most of t h e S i n c l a i r a r e a of KNP. Used w i t h 
p e r m i s s i o n . 
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1 . INTRODUCTION 

Since 1979, national park p o l i c y has suggested that natural 
processes, such as forest f i r e s , be allowed to f u l f i l l t h e i r 
e c o l o g i c a l role i n national parks. Numerous f i r e s have occurred 
in Kootenay National Park (KNP) since i t ' s establishment in 1919 
(Figure 1). Large suppression e f f o r t s were organized on some 
f i r e s i n response to the management philosophies p r e v a i l i n g at 
the time. Although i t i s known that suppression of some f i r e s 
since park establishment has been successful, suppression 
a c t i v i t i e s on other f i r e s had l i t t l e e f f e c t on the f i r e ' s 
progress and eventual s i z e . F i r e history studies conducted near 
Kootenay i n Banff National Park (White, 1985), Jasper Townsite 
area (Tande, 1977), Kananaskis (Hawkes, 1979; Johnson and Fryer, 
1987) , and Waterton Lakes National Park (MacKenzie, 1973) have 
shown f i r e to be a pervasive element i n the landscape of the 
Rocky Mountains. 

An important question i n national park management i s that of 
representation. Does the park represent a natural system? The 
Kootenay National Park Management Plan (Canadian Parks Service, 
1988) requires the park to represent the Rocky Mountains natural 
region. The plan recognizes the importance of natural processes 
in maintaining t h i s landscape and requires the development of a 
comprehensive F i r e Management Plan. The question remains: Given 
past interference in natural processes, either by f i r e 
suppression or by man-caused forest f i r e s , do the forests of KNP 
represent a natural environment? Also, what management i s 
required to maintain t h i s landscape? 

P a r t i a l answers may be provided from the r e s u l t s of a " f i r e 
h i story study". This type of study examines the f i r e frequency 
record hidden in tree rings and f i r e scars and compares the 
current period of park management to periods before European 
settlement. It i s important to note that f i r e i s not the only 
natural process for vegetation change, but i t i s probably the 
most important i n KNP (Achuff et. a l . , 1 984 ). 

The KNP Park Conservation Plan i d e n t i f i e d the need for a better 
understanding of the frequency of forest f i r e s . Because f i r e 
h i story i s only one aspect of f i r e management, t h i s study was 
designed to meet several objectives: 

- To document the past history of forest f i r e s ; 
- To t e s t the d i s t r i b u t i o n of forest f i r e s against gradients 

such as elevation, aspect, v a l l e y location, and proximity to 
the Great Divide; 

- To assemble weather and f i r e report databases to be used in 
the development of f i r e preparedness systems and f i r e 
management guidelines; 

- To u t i l i z e quantitative methods and new technology; 
- To make recommendations regarding f i r e management in KNP. 
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F i g u r e 1 . The Western Region n a t i o n a l p a r k s , showing l o c a t i o n 
of Kootenay N a t i o n a l P ark, B r i t i s h C o l u m b i a . 
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F i r e w e a t h e r and r e p o r t d a t a b a s e s were c o m p i l e d , b u t l a c k o f t i m e 
and i n c o m p l e t e d a t a p r e v e n t e d c o m p l e t e a n a l y s i s . The r e p o r t 
p r e s e n t s t h e f i n d i n g s o f t h e f i r e h i s t o r y s t u d y and p r o g r e s s t o 
d a t e on f i r e w e a t h e r and i n d i v i d u a l f i r e r e p o r t s a r e i n s e p a r a t e 
a p p e n d i c e s . F o r r e a d e r s u n f a m i l i a r w i t h f i r e h i s t o r y m e t h o d o l o g y , 
an i n t r o d u c t i o n t o t h e s u b j e c t i s p r o v i d e d . R e s u l t s o f t h e s t u d y 
a r e d i s c u s s e d i n r e l a t i o n t o c u r r e n t f i r e management i n i t i a t i v e s 
i n KNP and r e c o m m e n d a t i o n s a r e made on f u t u r e a c t i o n . 

I n no way i s t h i s r e p o r t i n t e n d e d t o be a t e x t on f i r e e c o l o g y o r 
f i r e management, n o r i s i t t h e s o l e i n f o r m a t i o n b a s e f o r a f i r e 
management p l a n . 

2. F I R E HISTORY PRIMER 

T h i s s e c t i o n i s i n c l u d e d b e c a u s e t h e r e i s c o n s i d e r a b l e c o n f u s i o n 
s u r r o u n d i n g t h e t e r m " f i r e h i s t o r y " and t h e methods u s e d t o 
d e t e r m i n e i t . 

F i r e h i s t o r y s t u d i e s a r e i n t e n d e d t o q u a n t i f y t h e f i r e f r e q u e n c y 
o r f i r e r e t u r n p e r i o d o f a s t u d y a r e a . " F i r e h i s t o r y " i s t h u s one 
e l e m e n t o f a m u l t i v a r i a t e s y s t e m c o m p r i s i n g t h e " f i r e r e g i m e " o f 
an a r e a o r t y p e i n an e c o s y s t e m . The c o n c e p t o f f i r e r e g i m e s was 
d e v e l o p e d i n o r d e r t o c l a s s i f y f i r e s i n t o c a t e g o r i e s o f s i m i l a r 
e f f e c t s on e c o s y s t e m s . A f i r e r e g i m e c a n be c h a r a c t e r i z e d by f i r e 
h i s t o r y ( f r e q u e n c y o r r e t u r n p e r i o d , m e a s u r e d i n y e a r s ) , f i r e 
i n t e n s i t y (kW/m), and d e p t h o f b u r n ( d u f f removed, kg/m o r 
p e r c e n t ) . B e c a u s e o f t h e n a t u r e o f r e s p o n s e o f f i r e t o f u e l s , 
w e a t h e r , t o p o g r a p h y , i g n i t i o n , and c o n t r o l , f i r e r e g i m e s may v a r y 
w i d e l y , e v e n o v e r s h o r t d i s t a n c e s and t i m e . 

F i r e h i s t o r y i s u s u a l l y summarized i n a t a b l e o f f r e q u e n c y 
d e s c r i p t o r s f o r d i f f e r e n t l a n d t y p e s o r a r e a s . The most common 
t e r m s u s e d a r e " f i r e c y c l e " , " a v e r a g e f i r e i n t e r v a l " ( o r "mean 
f i r e r e t u r n i n t e r v a l " ) , " a n n u a l p e r c e n t b u r n e d " , and " f i r e 
f r e q u e n c y " ( J o h n s o n and Van Wagner, 1985). 

A u n i v e r s e ( a r e a o f i n t e r e s t ) i s made up o f e l e m e n t s . The v a l u e s 
o f t h e f i r e c y c l e and a v e r a g e f i r e i n t e r v a l , and t h e v a l u e s o f 
a n n u a l p e r c e n t b u r n e d and f i r e f r e q u e n c y , may be e q u a l i n a f i r e 
r e g i m e b u t t h e t e r m s have d i f f e r e n t s p a t i a l r e f e r e n c e . The f i r e 
c y c l e i s t h e t i m e r e q u i r e d t o b u r n an a r e a e q u a l t o t h e s i z e o f 
t h e u n i v e r s e . I n one f i r e c y c l e some e l e m e n t s may n o t b u r n a t a l l 
and o t h e r s may b u r n more t h a n o n c e . A v e r a g e f i r e i n t e r v a l i s t h e 
e x p e c t e d r e t u r n p e r i o d p e r e l e m e n t . A n n u a l p e r c e n t b u r n e d i s t h e 
p r o p o r t i o n o f t h e u n i v e r s e t h a t b u r n s p e r u n i t t i m e . F i r e 
f r e q u e n c y i s t h e same f i g u r e b u t i s t h e p r o b a b i l i t y o f an e l e m e n t 
b u r n i n g p e r u n i t t i m e . 

By d e f i n i t i o n , f r e q u e n c y i s t h e i n v e r s e o f t h e r e t u r n p e r i o d . 
T h e r e f o r e , f i r e f r e q u e n c y ( a n d a n n u a l p e r c e n t b u r n e d ) i s t h e 
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i n v e r s e of t h e f i r e c y c l e (and average o r mean f i r e r e t u r n 
i n t e r v a l ) . The term "mean f i r e r e t u r n i n t e r v a l " (MFRI) w i l l be 
used t h r o u g h o u t t h i s s t u d y . 

P r e v i o u s P a r k s S t u d i e s 

S e v e r a l f i r e h i s t o r y s t u d i e s have been c o n d u c t e d i n t h e w e s t e r n 
n a t i o n a l p a r k s ; MacKenzie (1972, Waterton L a k e s ) , Tande (1977, 
J a s p e r T o w n s i t e ) , White (1985, B a n f f ) , F e n t on ( i n - p r o g r e s s , 
J a s p e r ) , Johnson ( i n - p r o g r e s s , G l a c i e r ) , and Tymstra ( i n -
p r o g r e s s , Yoho). These s t u d i e s have u t i l i z e d a v a r i e t y of 
t e c h n i q u e s t o d e t e r m i n e f i r e h i s t o r y d e p e nding upon t h e s i z e of 
t h e s t u d y a r e a and t h e s p e c i f i c g o a l s of each s t u d y . For example, 
White (1985) chose r e p r e s e n t a t i v e p o i n t s from a e r i a l photographs 
and measured d e s c r i p t o r s such as v e g e t a t i o n o r e c o s i t e t y p e , 
e l e v a t i o n , a s p e c t , d r a i n a g e c l a s s , e t c . and o c c u r r e n c e o f f i r e 
from f i r e s c a r s and t r e e ages. F i r e h i s t o r y was e x p r e s s e d as a 
mean f i r e r e t u r n i n t e r v a l (MFRI) f o r each t y p e . T h i s method may 
be termed t h e " i n t e r v a l " o r " p o i n t - s a m p l e approach" t o 
d e t e r m i n i n g f i r e h i s t o r y . There a r e many o t h e r examples of t h i s 
approach o u t s i d e t h e Western Canadian n a t i o n a l p a r k s . 

Johnson and F r y e r (1987) and Johnson ( i n - p r o g r e s s ) f o l l o w e d t h e 
" s t a n d o r i g i n " o r " t i m e - s i n c e - f i r e " approach t o d e t e r m i n e f i r e 
h i s t o r y . The same d e n d r o c h r o n o l o g y t e c h n i q u e s f o r d e t e r m i n i n g 
f i r e d a t e s were used, but e n t i r e homogeneous a r e a s of f i r e o r i g i n 
("elements") were drawn onto a s t a n d - o r i g i n map. A s t a n d o r i g i n 
map r e p r e s e n t s r e c e n t " f i r e s " and " s u r v i v o r s " of e a r l i e r f i r e s . 
The s t a n d - o r i g i n map must be complete f o r t h e u n i v e r s e t o be 
u s a b l e , though t h e u n i v e r s e may not n e c e s s a r i l y be a s i n g l e , 
c o n t i g u o u s l a n d u n i t . L i f e - t a b l e a n a l y s i s i s t h e n c o n d u c t e d t o 
c r e a t e a s u r v i v o r s h i p c u r v e and MFRI (and o t h e r p a r a m e t e r s ) can 
be i n f e r r e d from t h e d i s t r i b u t i o n . 

D e t e r m i n i n g F i r e Dates 

Arno and Sneck (1975) d e s c r i b e t h e method f o r d e t e r m i n i n g f i r e 
d a t e s . F i r s t , d i r e c t e v i d e n c e of f i r e i s c i t e d such as s c a r r e d 
t r e e s , burned stumps or l o g s , or c h a r c o a l i n t h e d u f f l a y e r of 
t h e s o i l . The t r e e s i n t h e a r e a a r e examined f o r s t a n d 
c h a r a c t e r i s t i c s ( i e . homogeneity of v e g e t a t i o n , h e i g h t , d i a m e t e r , 
e t c . ) and an age f o r t h e s t a n d i s d e t e r m i n e d t h r o u g h t r e e c o r e s 
o r c r o s s - s e c t i o n s . I f t r e e s r e g e n e r a t e d i m m e d i a t e l y a f t e r t h e 
f i r e , t r e e s age would i n d i c a t e t h e number of y e a r s s i n c e t h e f i r e 
and t h e f i r e d a t e . However, because of v a r y i n g r e g e n e r a t i o n 
d e l a y , f i r e s c a r d a t e s a r e p r e f e r r e d . 

Tree s p e c i e s such as l o d g e p o l e p i n e ( P i n u s c o n t o r t a ) and Douglas-
f i r ( P seudotsuga m e n z i e s s i ) can s u r v i v e many y e a r s i f s c a r r e d by 
a f o r e s t f i r e , whereas w h i t e s p r u c e ( P i c e a g l a u c a ) . Engelmann 
spr u c e ( P i c e a e n g l e m a n i i ) , and s u b - A l p i n e f i r ( A b i e s l a s i o c a r p a ) 
a r e k i l l e d v e r y e a s i l y . The b e s t f i r e h i s t o r y r e c o r d s a r e u s u a l l y 
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f o u n d i n a r e a s where t h e r e i s a p r e d o m i n a n c e o f l o d g e p o l e p i n e 
and D o u g l a s - f i r . T h e s e f i r e d a t e s c a n be u s e d t o i d e n t i f y b o t h 
s t a n d r e p l a c i n g ( c r o wn) and u n d e r s t o r y ( s u r f a c e ) f i r e s . F i r e 
d a t e s i n a r e a s d o m i n a t e d by s p r u c e and f i r may be l e s s a c c u r a t e 
b e c a u s e t r e e age i s u s u a l l y u s e d t o d e t e r m i n e f i r e d a t e . I f 
e v i d e n c e o f f i r e i s p r e s e n t on t h e s i t e , t h e n t h e t r e e s a r e 
assumed t o have r e s u l t e d f r o m a f i r e . T h i s a s s u m p t i o n i s 
i m p o r t a n t i n l o d g e p o l e p i n e f o r e s t s where f i r e i s r e q u i r e d t o 
open s e r o t i n o u s c o n e s and e x p o s e m i n e r a l s o i l f o r s e e d 
g e r m i n a t i o n . 

The S t a n d - O r i g i n Map 

C r i t e r i a f o r a s t a n d - o r i g i n map may v a r y ; t h e map may be o f 
s t a n d - r e p l a c i n g o r o f u n d e r s t o r y f i r e s , o r a map o f t h e l a s t 
f i r e s ( s t a n d - r e p l a c i n g and u n d e r s t o r y ) . A n a l y s i s and c o n c l u s i o n s 
w i l l d e p e n d on t h e c r i t e r i a u s e d f o r mapping and t h e s p e c i f i c 
p a r a m e t e r s o u g h t . F o r an a r e a w i t h a r e g i m e o f crown f i r e s , a 
s t a n d o r i g i n map may be a map o f r e c e n t s t a n d - r e p l a c i n g f i r e s and 
t h e s u r v i v o r s o f p r e v i o u s s t a n d - r e p l a c i n g f i r e s . 

The u s u a l p r o c e d u r e f o r p r o d u c i n g a s t a n d - o r i g i n map o f an a r e a 
w i t h a c r o w n - f i r e r e g i m e i s as f o l l o w s . Homogeneous f o r e s t a r e a s 
a r e i d e n t i f i e d f r o m a e r i a l p h o t o g r a p h s and s k e t c h e d on a b a s e 
map. F i e l d s u r v e y s a r e t h e n c o n d u c t e d t o d e t e r m i n e e v i d e n c e o f 
f i r e ( i e . w h e t h e r t h e s t a n d s i d e n t i f i e d a r e i n f a c t o f f i r e 
o r i g i n ) and t o d e t e r m i n e t h e f i r e d a t e . P o l y g o n s o f s u r v i v i n g and 
r e s u l t i n g s t a n d s a r e a d j u s t e d on t h e map as r e q u i r e d . A t 
c o m p l e t i o n , t h e map o f t h e s t u d y a r e a c o n t a i n s many d i f f e r e n t 
s i z e d p o l y g o n s e a c h w i t h a f i r e d a t e r e p r e s e n t i n g a f o r e s t a r e a 
homogeneous i n age. An example o f a s t a n d - o r i g i n map i s shown i n 
F i g u r e 2 . I t must be remembered t h a t c r i t e r i a f o r mapping i s 
i m p o r t a n t b e c a u s e f i r e i n t e n s i t y ( i e . f i r e e f f e c t and r e s u l t i n g 
v e g e t a t i o n ) c a n v a r y w i d e l y w i t h i n t h e same f i r e . The c r i t e r i a 
u s e d i n t h e example i n F i g u r e 2 was t o map o n l y s t a n d d a t e o f 
o r i g i n ; n o t n e c e s s a r i l y u n d e r s t o r y f i r e s , o r s p e c i e s , o r any 
o t h e r p a r a m e t e r . 

A t a b l e o f s t a n d - o r i g i n d a t a t a k e n f r o m t h e s t a n d - o r i g i n map 
shows t h e d a t e o f o r i g i n , a r e a , p e r - c e n t o f t o t a l a r e a , and 
c u m u l a t i v e p e r - c e n t a r e a f o r e a c h p o l y g o n . The d a t e o f o r i g i n i s 
c o n v e r t e d t o an age f r o m a r e f e r e n c e y e a r ( u s u a l l y t h e c u r r e n t 
y e a r ) . The ages c a n be u s e d i n t h e i r raw f o r m o r g r o u p e d i n t o 
c l a s s e s . The age v a l u e s c a n be r e f e r r e d t o as " a g e - c l a s s e s " o r as 
" t i m e - s i n c e - f i r e " c l a s s e s . From t h i s p o i n t , t h e d a t a c a n be 
p r e s e n t e d i n t h r e e ways i n o r d e r t o e x p r e s s t h r e e c o n c e p t s . 
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F i g u r e 2. Example s t a n d - o r i g i n map. Note the date of o r i g i n 
a s s i g n e d t o each polygon. 

Grouping the dates (and by e x t e n s i o n , f o r e s t ages from a 
r e f e r e n c e year) i n t o equal c l a s s e s and graphing area (or % area) 
over age shows the " d e n s i t y a g e - c l a s s d i s t r i b u t i o n " of the 
f o r e s t . The a g e - c l a s s d i s t r i b u t i o n can be i n t e r p r e t e d as the 
p r o p o r t i o n of the t o t a l u n i v e r s e i n d i f f e r e n t a g e - c l a s s e s . The 
second concept i s the "cumulative t i m e - s i n c e - f i r e d i s t r i b u t i o n " 
which i s the cumulative per-cent area i n each age, s t a r t i n g at 
100% i n the r e f e r e n c e year. 

I t i s c r u c i a l t o d i s t i n g u i s h between the d e n s i t y and cumulative 
forms of the a g e - c l a s s or t i m e - s i n c e - f i r e d i s t r i b u t i o n . "Age" i s 
synonymous with " t i m e - s i n c e - f i r e " , but o n l y the cumulative form 
of the d i s t r i b u t i o n shows s u r v i v o r s h i p and all o w s f o r e s t i m a t i n g 
the parameters of the d i s t r i b u t i o n . The d e n s i t y form i s most 
o f t e n used by f o r e s t e r s f o r h a r v e s t p l a n n i n g and has been used t o 
e x p l a i n the impact of f i r e s u p p r e s s i o n on the a g e - c l a s s 
d i s t r i b u t i o n of a f o r e s t . 

The Negative E x p o n e n t i a l D i s t r i b u t i o n 

Van Wagner and Methven (1979) i n t r o d u c e d the concept of a g e - c l a s s 
d i s t r i b u t i o n s i n n a t i o n a l parks f i r e management l i t e r a t u r e . T h e i r 
paper i n d i c a t e s t h a t the n a t u r a l , d e n s i t y a g e - c l a s s d i s t r i b u t i o n 
of a b o r e a l - t y p e f o r e s t should f o l l o w a n e g a t i v e - e x p o n e n t i a l 
d i s t r i b u t i o n . Johnson and Van Wagner (1985) d e s c r i b e the negative 
e x p o n e n t i a l model as f o l l o w s . The n e g a t i v e e x p o n e n t i a l i s a 
"random s e l e c t i o n " model with elements i n the u n i v e r s e burning 
independent of t h e i r age ( i e . no matter the age or time s i n c e the 
l a s t f i r e i n each element, the p r o b a b i l i t y of burning i s always 



the same). This r e s u l t s i n a density f i r e i n t e r v a l d i s t r i b u t i o n 
which has a monotonically decreasing number of elements i n each 
older time. The greater proportion of young trees compared to 
older forests i s not due to changes in the burning rate, but due 
to the annual depletion of each cohort i n the d i s t r i b u t i o n and 
i t ' s renewal s t a r t i n g i n the youngest age-class. The oldest trees 
in t h i s d i s t r i b u t i o n have survived by random chance alone; not 
because they have a lower rate of burning. In reverse, to apply 
t h i s model using prescribed f i r e does not mean se l e c t i n g the 
oldest trees to burn f i r s t . Because i t i s a random process, each 
element has an equal p r o b a b i l i t y of being burned, and selection 
w i l l be made randomly from the element d i s t r i b u t i o n . Numerous 
computer simulation models have expressed t h i s idea, including 
one by the author (Masters, 1987). 

Figure 3 shows the negative exponential d i s t r i b u t i o n i n i t ' s 
cumulative form. Figure 4 the same cumulative form, time-since-
f i r e d i s t r i b u t i o n but drawn on a semi-log scale. It follows that 
a set of numbers with values from a negative exponential 
d i s t r i b u t i o n w i l l form a straight l i n e when graphed on a semi-log 
scale. This l i n e represents the "survivorship" curve of t h i s 
population, or the chance of not being k i l l e d by f i r e up to age 
t . The inverse of t h i s l i n e i s "mortality", or the chance of 
being k i l l e d by f i r e up to age t . 

Parameter Estimation 

The shape of the negative exponential d i s t r i b u t i o n i s described 
by a parameter "b" (Johnson and Van Wagner 1985). This parameter 
i s termed the "hazard function" of the d i s t r i b u t i o n . 

The inverse of the slope of the survivorship (or mortality) curve 
gives the f i r e cycle of the d i s t r i b u t i o n . If a l l the points on 
the graph can be described by t h i s s t r a i g h t l i n e , then the l i n e 
and the slope represent a homogeneous f i r e h i s t o r y . Because the 
time-since-fire d i s t r i b u t i o n shows the cumulative survivorship 
(or mortality) of the study universe, an instantaneous MFRI can 
be inferred from t h i s graph. The MFRI in t h i s case i s the 
constant rate of burning or "hazard function" referred to above. 

It i s t h i s instantaneous MFRI that i s the object of the 
previously mentioned " i n t e r v a l approach" to f i r e h istory studies. 
An instantaneous MFRI i s calculated for each d i f f e r e n t forest or 
vegetation type from f i r e scar i n t e r v a l information or 
differences between stand ages on the same vegetation type. 
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F i g u r e 3. Example n e g a t i v e e x p o n e n t i a l a g e - c l a s s d i s t r i b u t i o n , 
c u m u l a t i v e f o r m . Y - a x i s v a l u e s i n d i c a t e % a r e a o l d e r 
t h a n age t ( e g . a p p r o x . 30% g r e a t e r t h a n 42 y e a r s ) . 
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F i g u r e 4. Example n e g a t i v e - e x p o n e n t i a l d i s t r i b u t i o n , c u m u l a t i v e 
f o r m , drawn on s e m i - l o g s c a l e ( s u r v i v o r s h i p c u r v e ) . The 
s t r a i g h t l i n e i n d i c a t e s a c o n s t a n t r a t e o f b u r n i n g 
(example shows MFRI = 40 y e a r s ) . 
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B e c a u s e o f n a t u r a l v a r i a t i o n and sample d e s i g n , e a c h e s t i m a t e o f 
MFRI has a sample and a n a t u r a l ( i n h e r e n t ) v a r i a n c e w h i c h c a n 
b l u r t h e d i s t i n c t i o n between t h e l a b e l e d f i r e h i s t o r y g r o u p s . 
Complex s t a t i s t i c a l p r o c e d u r e s s u c h as c l u s t e r a n a l y s i s a r e 
r e q u i r e d t o s e p a r a t e t h e s e t y p e s ( s e e W h i t e , 1 9 8 5 ) . 

C a l c u l a t i o n o f an a r i t h m e t i c mean t o e s t i m a t e MFRI i s presumed t o 
be a measure o f c e n t r a l t e n d e n c y ( i e . a n o r m a l d i s t r i b u t i o n o f 
f i r e i n t e r v a l s i s a s s u m e d ) . However, a c t u a l r e c u r r e n c e o f f i r e on 
a p o i n t may n o t be n o r m a l l y d i s t r i b u t e d b u t a c c o r d i n g t o some 
o t h e r m o d e l . I f t h e d i s t r i b u t i o n i s n o t n o r m a l ( e g . n e g a t i v e 
e x p o n e n t i a l ) t h e u s e o f a mean as a measure o f c e n t r a l t e n d e n c y 
may n o t be a c c u r a t e . An a r i t h m e t i c mean t a k e n f r o m a d i s t r i b u t i o n 
o t h e r t h a n n o r m a l may be u s e d as a c o m p l e x " x / n " c a l c u l a t i n g 
d e v i c e f o r some o t h e r p u r p o s e ( s u c h as c a l c u l a t i n g an e x p e c t e d 
v a l u e i n t h e d i s t r i b u t i o n ) . A n o t h e r d i f f i c u l t y i s t h e a s s u m p t i o n 
t h a t t h e i n t e r v a l d a t a r e p r e s e n t s a p o i n t o v e r a l o n g p e r i o d . Few 
f i r e h i s t o r y s t u d i e s d i s c o v e r more t h a n few t r e e s w i t h g r e a t e r 
t h a n t h r e e f i r e s c a r s ; a d d i t i o n a l i n t e r v a l s a r e lumped w i t h 
p o i n t s f r o m s i m i l a r t y p e s . B e c a u s e f i r e s i n f o r e s t s w i t h a cr o w n -
f i r e r e g i m e t e n d t o d e s t r o y e v i d e n c e o f p r e v i o u s f i r e s , and f i r e 
s c a r r e d t r e e s a r e o f t e n f o u n d on m i c r o s i t e s t h a t do n o t r e p r e s e n t 
t h e t y p e t h a t has b u r n e d , u s e o f t h e f i r e i n t e r v a l d a t a c a n be 
q u e s t i o n e d . 

T h e r e i s a s p l i t among f i r e h i s t o r y r e s e a r c h e r s : t h o s e who f e e l 
t h e p o i n t sample " i n t e r v a l a p p r o a c h " i s f l a w e d b e c a u s e t h e p o i n t s 
a r e n o t t r u e i n t e r v a l s a m p l e s , and t h o s e who f e e l t h e i n t e r v a l 
a p p r o a c h i s soun d and a c c u r a t e l y r e p r e s e n t s t h e f i r e r e g i m e s o f 
d i f f e r i n g v e g e t a t i o n t y p e s . The r e s u l t s o f t h e two m e t h o d o l o g i e s 
may be s i m i l a r ( i e . c o m p a r i s o n s o f t h e MFRI f o r t h e whole 
u n i v e r s e may be s i m i l a r ) b u t t h e " i n t e r v a l a p p r o a c h " u s u a l l y 
s u g g e s t s a g r e a t e r number o f i n d i v i d u a l f i r e r e g i m e s . The t i m e -
s i n c e - f i r e ( " s t a n d o r i g i n " ) a p p r o a c h c a n d e t e c t s p a t i a l and 
t e m p o r a l c h a n g e s i n t h e f i r e r e g i m e where t h e " i n t e r v a l a p p r o a c h " 
u s u a l l y shows o n l y s p a t i a l d i f f e r e n c e s ( i e . d i f f e r e n c e s between 
v e g e t a t i o n t y p e s o v e r s p a t i a l a r e a s , as o p p o s e d t o c h a n g e s i n t h e 
f r e q u e n c y o f f i r e o v e r t i m e ) . S p a t i a l and t e m p o r a l b r e a k s i n t h e 
f i r e r e g i m e c a n be d e t e r m i n e d by e x a m i n i n g and r e c a l c u l a t i n g 
c e r t a i n p o r t i o n s o f t h e t i m e - s i n c e - f i r e d i s t r i b u t i o n and 
c o m p a r i n g t h e s l o p e s o f t h e new s u b - s e t s o f t h e d i s t r i b u t i o n 
( e x p l a i n e d i n s e c t i o n 4 . 2 ) . 

3. METHODS 

The P a r k 

KNP c o v e r s o v e r 1400 s q u a r e k i l o m e t e r s o f t h e w e s t s l o p e o f t h e 
Rocky M o u n t a i n s . I t s t r e t c h e s f r o m t h e G r e a t D i v i d e i n t h e n o r t h ­
e a s t , a l m o s t t o t h e v a l l e y f l o o r o f t h e Rocky M o u n t a i n T r e n c h i n 
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L a k e 
L o u i s e 

Hot 
S p r I n g s 

Figure 5. Orthographic view of KNP. Elevation ranges from 800 -
3400 metres. Note location of the 3 main v a l l e y s ; 
Vermilion, Kootenay, and S i n c l a i r . Generated by ORTHO 
routine i n I d r i s i GIS software using SPANS elevation 
data. 

the south-west. Most of the park i s oriented along the s t r i k e of 
two main val l e y s ; the Vermilion and the Kootenay (Figure 5). The 
S i n c l a i r Pass area of the park i s t r a n s i t i o n a l between the 
Kootenay Valley and the Rocky Mountain Trench. Elevation ranges 
from approximately 800 - 3400 metres over an area roughly 45 
kilometers in width and 85 kilometers i n length. Numerous hanging 
valleys are present along the length of each of the main v a l l e y s . 
Vegetation consists primarily of lodgepole pine, Douglas-fir, 
Englemann spruce, and sub-Alpine f i r forests, with alpine meadows 
at upper elevations and r i p a r i a n vegetation along the fl o o r of 
the Kootenay Valley. Climate i s c o r d i l l e r a n with occasional 
outbreaks of cold, continental a i r in winter. 

The land was ceded to the federal crown in 1919 and the 
Windermere Highway completed i n 1923. No major changes i n the 
park boundary have occurred since that time, with exception of 
small parcel exchanges i n the extreme south-west portion of the 
park near the town of Radium Hot Springs. 

The time-since-fire approach to f i r e history was chosen because 
KNP contained s u f f i c i e n t road and t r a i l access and lodgepole pine 
and spruce/fir forests with predominantly crown f i r e regimes. 
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F i e l d work was c o n d u c t e d by t h e a u t h o r w i t h a s s i s t a n c e f r o m 
members o f t h e KNP Warden S e r v i c e . F u n d i n g was p r o v i d e d t h r o u g h a 
KNP s p e c i a l p r o j e c t w h i c h p e r m i t t e d some h e l i c o p t e r a c c e s s t o 
remote a r e a s . 

3.1 STAND ORIGIN MAP 

Base Map 

Two 1:50,000 s c a l e b a s e maps ( n o r t h and s o u t h s h e e t s ) f r o m t h e 
p a r k e c o l o g i c a l l a n d c l a s s i f i c a t i o n ( A c h u f f , e t a l . , 1 984) were 
f i x e d t o a d r a f t i n g t a b l e and c o v e r e d w i t h t r a n s p a r e n t m y l a r . The 
b a s e map and a e r i a l p h o t o g r a p h s o f KNP were e x a m i n e d t o d e l i n e a t e 
t h e p a r k b o u n d a r y and n o n - f o r e s t a r e a s s u c h as r o c k o u t c r o p s and 
a l p i n e meadows. The a e r i a l p h o t o g r a p h s were made up o f f i v e 
s e r i e s : 1952 b l a c k and w h i t e 1:25,000; 1952 b l a c k and w h i t e 
1:5,000 (hi g h w a y o n l y ) ; 1978 1:25,000 b l a c k a n d w h i t e and c o l o u r 
i n f r a r e d ; and 1979 1 :50,000 b l a c k and w h i t e . No one s e r i e s was 
b e s t f o r a l l l o c a t i o n s i n t h e p a r k due t o shadow and s p e c i e s 
c o m p o s i t i o n . 

I d e n t i f y i n g S t a n d P o l y g o n s 

I n i t i a l p o s i t i o n o f p o l y g o n b o u n d a r i e s was d e r i v e d as f o l l o w s . 
S t a n d s were i d e n t i f i e d o r i g i n a l l y f r o m h o m o g e n e i t y o f s p e c i e s and 
u n i f o r m i t y o f h e i g h t ( t e x t u r e on t h e p h o t o ) . S t a n d b o u n d a r i e s 
were o f t e n d i s t i n c t on a i r p h o t o s and f r o m t h e g r o u n d , and a t 
o t h e r t i m e s more s u b t l e . A r e a s w i t h c o m p l e x f o r e s t ages and 
h e t e r o g e n e o u s s p e c i e s , h e i g h t , and o t h e r c h a r a c t e r i s t i c s were 
g r o u p e d and l i n e s drawn u s i n g a v i s u a l b e s t - f i t a p p r o x i m a t i o n t o 
encompass one age. D i f f e r e n t i n v e s t i g a t o r s may draw p o l y g o n l i n e s 
i n d i f f e r e n t p l a c e s . The ext r e m e ends o f t h e K o o t e n a y V a l l e y a r e 
p l a c e s where p o l y g o n d e l i n e a t i o n was q u i t e e a s y ; t h e c e n t r a l a r e a 
o f t h e K o o t e n a y V a l l e y n e a r McLeod Meadows and Daer M o u n t a i n were 
much more d i f f i c u l t . 

C o l l e c t i n g F i r e H i s t o r y I n f o r m a t i o n 

P o t e n t i a l f i r e h i s t o r y p l o t s were l o c a t e d f r o m a i r p h o t o s and 
c o o r d i n a t e s marked on a f i e l d map. E a c h d a y o f f i e l d work was 
p l a n n e d t o m i n i m i z e t r a v e l and t o f o c u s on s m a l l a r e a s i n a 
s y s t e m a t i c p a t t e r n f r o m s o u t h t o n o r t h . P l o t l o c a t i o n s were 
m o d i f i e d i n t h e f i e l d t o l o c a t e f i r e s c a r r e d t r e e s o r t r e e s t h a t 
r e p r e s e n t e d v a r i o u s s t a n d s . F i r e s c a r r e d t r e e s were u s u a l l y f o u n d 
n e a r t h e edge o f two t y p e s , b u t were f r e q u e n t l y f o u n d on 
s u r v i v i n g t r e e s w i t h i n b u r n p o l y g o n s . Not a l l o f t h e i n f o r m a t i o n 
c o l l e c t e d was u s e d i n t h e a n a l y s i s . F o l l o w i n g i s a d e s c r i p t i o n o f 
t h e i n f o r m a t i o n c o l l e c t e d a t e a c h s i t e : 

T r e e Number: A u n i q u e i d e n t i f i e r f o r e a c h s a mple t r e e composed o f 
t h e UTM l o c a t i o n o f t h e s i t e and t h e o r d e r i n w h i c h t h e 
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samples were t a k e n . Thus ###-1 was t h e f i r s t t r e e t a k e n a t 
### s i t e , ###-2 t h e second, e t c . 

O b s e r v e r : I n i t i a l s of t h e o b s e r v e r . 
Date: Day and month ( y e a r coded on t o p o f form; a l l 1988). 
UTM: U n i v e r s a l T r a n s v e r s e M e r c a t o r g r i d d e s i g n a t i o n . KNP i s 

l o c a t e d w i t h i n UTM zone 11U and g r i d square NG. E a s t i n g and 
n o r t h i n g were t a k e n t o 100m a c c u r a c y . 

L o c a t i o n : A p l a c e name, u s u a l l y a l o c a l p l a c e name, c r e e k , or 
mountain. Used f o r q u i c k c r o s s - r e f e r e n c i n g of i n f o r m a t i o n . 

E c o s i t e : The 3 - l e t t e r code from t h e e c o l o g i c a l l a n d 
c l a s s i f i c a t i o n map. 

A s p e c t : Compass d i r e c t i o n of t h e s l o p e , t o t h e n e a r e s t 15 
d e g r e e s , as e s t i m a t e d from a t o p o g r a p h i c map. 

E l e v a t i o n : H e i g h t above sea l e v e l i n f e e t from t h e base map, and 
c o n v e r t e d t o metres u s i n g a t a b l e . 

S p e c i e s : S p e c i e s of t h e sample t r e e . P I - l o d g e p o l e p i n e , Df-
D o u g l a s - f i r , Sw - White s p r u c e , Se - Englemann s p r u c e , F s -
s u b - A l p i n e f i r , Ls - s u b - A l p i n e l a r c h . 

Age: Age of t h e t r e e , as of 1988. Age was d e t e r m i n e d from c r o s s -
s e c t i o n o r i n c r e m e n t c o r e (see t e x t ) . 

Year of O r i g i n : 1988 minus age. 
# of S c a r s : Number of f i r e s c a r s on t r e e . Care was t a k e n t o 

d i f f e r e n t i a t e between s c a r s from i n s e c t a t t a c k , t r e e damage, 
p o r c u p i n e s , and b l a c k b e a r s . 

Year F i r e 1 : Year of t h e most r e c e n t f i r e s c a r on t h e c r o s s 
s e c t i o n (see t e x t ) . 

Year F i r e 2: " 
Year F i r e 3: " 
Year F i r e 4: " 
Map #: I n t e n d e d t o be t h e unique p o l y g o n number (not u s e d ) . 
F i r e E v i d e n c e : D i r e c t e v i d e n c e of f i r e i s n o ted such as burned 

stumps or l o g s , f i r e s c a r s , o r c h a r c o a l i n t h e d u f f . 
N o t e s : S u s p i c i o n of o t h e r d i s t u r b a n c e , e t c . 

C r o s s - s e c t i o n s and i n c r e m e n t c o r e s were t a k e n as c l o s e t o 
g e r m i n a t i o n p o i n t as p o s s i b l e i n o r d e r t o a c c u r a t e l y d e t e r m i n e 
t r e e age. Ages from i n c r e m e n t c o r e s were rounded up t o t h e 
n e a r e s t 5 y e a r s ; a s t a n d a r d r e g e n e r a t i o n d e l a y o r h e i g h t 
adjustment was not used. C a l c u l a t i o n s of ages and d a t e s were most 
o f t e n made i n t h e f i e l d . Some c r o s s - s e c t i o n s and c o r e s were 
sanded and examined u s i n g a 10-50 power b i n o c u l a r m i c r o s c o p e . 
Most of t h e s e samples were l a t e r d i s c a r d e d ; a few were r e t a i n e d 
a t t h e KNP Warden O f f i c e f o r d e m o n s t r a t i o n p u r p o s e s . 

F i e l d p l o t l o c a t i o n s and f i r e d a t e s were t h e n p l o t t e d on t h e 
mylar o v e r l a y . P o l y g o n b o u n d a r i e s were re-drawn t o s u i t f i n d i n g s 
of t h e f i e l d s u r v e y ( i e . p o l y g o n s of homogeneous a g e ) , and f i n a l 
p o l y g o n o r i g i n d a t e s were a l s o computed a t t h i s t i m e . A c c u r a t e 
f i r e d a t e s from f i r e s c a r s were used when a v a i l a b l e . When 
m u l t i p l e d a t e s were found t h e modal d a t e was chosen ( i e . t h e d a t e 
o c c u r r i n g most f r e q u e n t l y ) . 
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I n t o t a l 256 sample t r e e s were e i t h e r s e c t i o n e d o r c o r e d ( F i g u r e 
6 ) . Tree s e c t i o n s were t a k e n i n most l o c a t i o n s e x c e p t i n v i s i b l e 
t o u r i s t a r e a s (eg. a l o n g a p o p u l a r h i k i n g t r a i l o r w i t h i n a 
campground) and p l a c e s where f i r e s c a r s were n ot a v a i l a b l e . Some 
t r e e d a t e s t a k e n from t h e 450+ v e g e t a t i o n p l o t s o f t h e e c o l o g i c a l 
l a n d c l a s s i f i c a t i o n were used i n i n a c c e s s i b l e a r e a s . However, 
t h e s e d a t e s were t a k e n not f o r s t a n d o r i g i n b u t f o r v e g e t a t i o n 
r e l e v e purposes and were g e n e r a l l y of l i t t l e use i n t h i s s t u d y . 

C o m p l e t i o n of t h e Map 

Once t h e s t a n d o r i g i n map was complete f o r t h e e n t i r e p a r k , d a t e s 
were r e c h e c k e d and some po l y g o n b o u n d a r i e s re-drawn. The map was 
co m p r i s e d of o v e r 130 polyg o n s w i t h 57 d a t e s of o r i g i n r a n g i n g 
from 1332 t o 1984. F i v e months from June t o Oc t o b e r was r e q u i r e d 
t o c o mplete t h e s t a n d - o r i g i n map. 

3.2 TIME-SINCE-FIRE ANALYSIS 

SPANS ( S p a t i a l A n a l y s i s System, from Tydac T e c h n o l o g i e s of 
Ottawa) g e o g r a p h i c i n f o r m a t i o n system s o f t w a r e was used on an IBM 
PC 80386 c o m p a t i b l e microcomputer t o c a l c u l a t e a r e a s of t h e s t a n d 
o r i g i n p o l y g o n s and t o do t h e map o v e r l a y a n a l y s i s . The 1:50,000 
s t a n d - o r i g i n map was d i g i t i z e d i n s e v e r a l s e c t i o n s and j o i n e d t o 
produce a s i n g l e s t a n d - o r i g i n map i n t h e GIS. An example of t h i s 
map, u s i n g 50 y e a r a g e - c l a s s e s , i s shown i n F i g u r e 7. The 
uncensored s t a n d - o r i g i n map was used i n t h e o t h e r a n a l y s e s . 

F i r s t A p p r o x i m a t i o n of F i r e H i s t o r y U n i t s 

U s i n g a 1:200,000 s c a l e map of t h e p a r k , an i n i t i a l a p p r o x i m a t i o n 
of s p a t i a l f i r e regime u n i t s was made u s i n g t h e t h r e e main 
v a l l e y s of t h e p a r k ; V e r m i l i o n , Kootenay, and S i n c l a i r . These 
were termed as p o s s i b l e f i r e management u n i t s , based on an 
i n t u i t i v e d i f f e r e n c e i n f i r e regimes from t h e d i f f e r i n g 
v e g e t a t i o n t y p e s and e c o r e g i o n s i n t h e 3 v a l l e y s ( t h e V e r m i l i o n 
i s p r e d o m i n a n t l y s p r u c e / f i r and upper s u b - A l p i n e , t h e Kootenay 
p i n e and lower sub-Alpine/Montane, and t h e S i n c l a i r D o u g l a s - f i r 
Montane/lower s u b - A l p i n e ) . 

Area A n a l y s i s 

The s t a n d - o r i g i n map and f i r e management u n i t s map were o v e r l a i d 
and t h e t o t a l a r e a by date of o r i g i n f o r each u n i t was c a l c u l a t e d 
u s i n g SPANS. F o r e s t age was c a l c u l a t e d by s u b t r a c t i n g t h e s t a n d 
o r i g i n d a t e from 1988, t h e % of t o t a l a r e a f o r each age group was 
c a l c u l a t e d , and t h e c u m u l a t i v e % of t o t a l a r e a t a b u l a t e d f o r each 
v a l l e y and t h e p a r k . 
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Kootenoy National Park 

F i re H istory P l o t s 

256 Sample Trees 

F i g u r e 6. L o c a t i o n of f i r e h i s t o r y sample t r e e s . 
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F i g u r e 7. S t a n d - o r i g i n map of KNP. Unburnable r e p r e s e n t s r o c k , 
a l p i n e meadows, g l a c i e r s , e t c . Uncensored map c o n t a i n s 
o v e r 130 p o l y g o n s and 57 d a t e s of o r i g i n from 1 332 t o 
1984. C l a s s i f i e d d a t a i s shown here f o r p r e s e n t a t i o n 
p u r p o s e s . Note 50 y e a r c l a s s w i d t h e x c e p t f o r f i r s t two 
and t h e l a s t age c l a s s . 



3.3 PHYSIOGRAPHIC INFLUENCE 

E l e v a t i o n and A s p e c t 

E l e v a t i o n and a s p e c t maps were c r e a t e d by c o n t o u r i n g 3200 
e l e v a t i o n p o i n t s w i t h i n SPANS (200m c o n t o u r i n f o r m a t i o n , F i g u r e 
8 ) . Due t o t h e n o r t h - w e s t , s o u t h - e a s t s t r i k e of t h e main v a l l e y s , 
a s p e c t s were r e c l a s s i f i e d a c r o s s t h r e e g r a d i e n t s ; South t o N o r t h , 
West t o E a s t , and South-West t o N o r t h - E a s t . See l e g e n d on F i g u r e 
9 f o r c l a s s i f i c a t i o n of t h e a s p e c t s . F o r t h e South t o N o r t h 
g r a d i e n t , t h e c o s i n e of t h e a s p e c t c o u l d have been used (White, 
1 985 ). S i n e and t a n g e n t of t h e a s p e c t s c o u l d have been used f o r 
o t h e r g r a d i e n t s . 

P r o x i m i t y t o t h e G r e a t D i v i d e 

The G r e a t D i v i d e r e p r e s e n t s t h e h e i g h t - o f - l a n d a l o n g t h e s p i n e of 
t h e Rocky Mountains. With weather systems moving p r i m a r i l y S outh-
West t o N o r t h - E a s t , i t was f e l t p r o x i m i t y t o t h e G r e a t D i v i d e 
would show an i n v e r s e r e l a t i o n s h i p w i t h f o r e s t age, due t o 
g r e a t e r p r e c i p i t a t i o n a t h i g h e r e l e v a t i o n s . F i g u r e 10 shows KNP 
i n 5 Km c l a s s e s from t h e G r e a t D i v i d e . 

A g e n e r a l h y p o t h e s i s was d e v e l o p e d t h a t t h e o l d e s t f o r e s t s i n t h e 
park would be found a t h i g h e r e l e v a t i o n s , on n o r t h - e a s t e r l y 
a s p e c t s , and c l o s e t o t h e G r e a t D i v i d e . A l l o f t h e s e c o n d i t i o n s 
s h o u l d r e s u l t i n c o o l e r t e m p e r a t u r e s and g r e a t e r p r e c i p i t a t i o n 
which would p r o t e c t t h e f o r e s t s from f o r e s t f i r e s . Data was 
c o l l e c t e d from t h e v a r i a b l e maps i n two ways: a p o i n t sample, and 
an a t t r i b u t e mean o v e r l a y . 

P o i n t Sample and C l a s s Means 

1402 p o i n t samples were t a k e n on a s y s t e m a t i c g r i d of one p o i n t 
per square k i l o m e t r e . Each p o i n t i n c l u d e d t h e v a l u e s of s t a n d -
o r i g i n d a t e , v a l l e y , e l e v a t i o n , a s p e c t (4 maps), and p r o x i m i t y t o 
t h e G r e a t D i v i d e . The second method of e x t r a c t i n g t h e a r e a 
i n f o r m a t i o n was t o conduct a c l a s s means p r o c e d u r e f o r each map 
u s i n g t h e s t a n d - o r i g i n map as an o v e r l a y . I n t h i s way t h e v a l u e s 
d e r i v e d can be c o n s i d e r e d a parameter, r a t h e r t h a n a s t a t i s t i c , 
because t h e f i g u r e s do not r e p r e s e n t samples. For example, a 
r e p o r t from t h i s p r o c e d u r e might show t h e mean d a t e of o r i g i n f o r 
each c l a s s of e l e v a t i o n . I n f o r m a t i o n from each of t h e s e r e p o r t s 
was t h e n t r a n s f e r r e d t o a s t a t i s t i c s package. 
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Kootenay N a t i o n a l P a r k 

200m Elevation Map 

M s t r e a _A.SL 
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Figure 8. 200m elevation map of KNP. Map was created from 3200 
elevation points using the contour module in SPANS. 
Note generally higher elevation i n the Vermilion Valley 
(top half of map). 
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Kootenay National Park 

Aspect South lest -) M\ MM 

Legend 
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20 1cm 

F i g u r e 9. Example a s p e c t map, showing compass d i r e c t i o n of s l o p e 
i n 30 degree c l a s s e s . Each of t h e 30 degree c l a s s e s i n 
t h i s example was grouped a c r o s s a South-West t o N o r t h -
E a s t g r a d i e n t . 
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F i g u r e 10. P r o x i m i t y t o t h e G r e a t D i v i d e . Each c l a s s on t h e 
r e p r e s e n t s a 5 km c o r r i d o r . The map was c r e a t e d by 
g e n e r a t i n g c o r r i d o r s a l o n g a v e c t o r ( t h e G r e a t D i v i d e ) 
u s i n g SPANS. 

1 9 



4. RESULTS 

4.1 AGE-CLASS AND TIME-SINCE-FIRE DISTRIBUTION 

Age-Class D i s t r i b u t i o n 

Figure 11 shows the proportion of the park i n each age cl a s s . As 
mentioned i n section 2, the density age-class d i s t r i b u t i o n of a 
natural boreal forest should approximate a negative exponential 
d i s t r i b u t i o n . Figure 11 shows the present density age-class 
d i s t r i b u t i o n of KNP with a negative-exponential overlay. The two 
d i s t r i b u t i o n s were compared with a Chi-squared Goodness of F i t 
test and were found to be d i f f e r e n t ; the present age-class 
d i s t r i b u t i o n of KNP's forest does not approximate the negative 
exponential (p<.05). Age-class d i s t r i b u t i o n s for each of the 3 
valleys i n the park shows the c h a r a c t e r i s t i c bell-shape but the 
degree of d i s t o r t i o n i s greater i n the Vermilion Valley. 

50 year Age-Class Distribution 
With Negative Exponential Overlay 

0 100 200 300 400 500 
Forest Age (Time-Since-Fire) 

Figure 11. 50 year density age-class d i s t r i b u t i o n for KNP. 
Note the sc a r c i t y of trees <50 years o l d. Present 
d i s t r i b u t i o n and negative exponential (overlay) d i f f e r 
to p<0.05 (Chi-squared goodness of f i t t e s t ) . 
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Cumulative Age-Class Distribution 
Kootenay National Park: 1332 - 1988 

4GQ 
Forest Stand Age (at 1988) 

D X at least that age 

608 

F i g u r e 12. C u m u l a t i v e t i m e - s i n c e - f i r e d i s t r i b u t i o n , KNP. 

T i m e - S i n c e - F i r e A n a l y s i s 

The most i m p o r t a n t r e s u l t s f r o m t h i s s t u d y come f r o m a n a l y s i s o f 
t h e c u m u l a t i v e a g e - c l a s s o r t i m e - s i n c e - f i r e d i s t r i b u t i o n s , 
f o l l o w i n g t h e m e t h o d o l o g y u s e d by J o h n s o n an d F r y e r ( 1 9 8 7 ) . 
F i g u r e 12 shows t h e c u m u l a t i v e t i m e - s i n c e - f i r e d i s t r i b u t i o n f o r 
KNP. F i g u r e 13 shows t h i s same d i s t r i b u t i o n b u t w i t h a s e m i - l o g 
s c a l e ( s u r v i v o r s h i p ) . A c c o r d i n g t o t h e n e g a t i v e - e x p o n e n t i a l f i r e 
h i s t o r y model, t h e p o i n t s on t h i s g r a p h s h o u l d f o r m a s t r a i g h t 
l i n e . The l i n e f i t t e d t h r o u g h t h e s e p o i n t s was f o r c e d t h r o u g h t h e 
p o i n t 0 y e a r s , 100% ( o r 4.605 on a l o g - s c a l e ) u s i n g t h e m o r t a l i t y 
c u r v e . The r e g r e s s i o n i s s i g n i f i c a n t (p<0.05), a l t h o u g h t h e r e i s 
some p a t t e r n i n t h e r e s i d u a l s . From t h e d i s c u s s i o n i n S e c t i o n 2, 
t h i s l i n e r e p r e s e n t s a c o n s t a n t f i r e r e t u r n i n t e r v a l . The i n v e r s e 
o f t h e s l o p e o f t h e l i n e i n F i g u r e 13 i n d i c a t e s a mean f i r e 
r e t u r n i n t e r v a l o f a p p r o x i m a t e l y 127 y e a r s . 
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Time-Sinee-Fire Distribution 
Kootenay National Park 

5T 

Forest Stand Age (at 1988) 
• 1332 - 1988 — MFRI 12? Vears 

Figure 13. Time-since-fire d i s t r i b u t i o n , KNP, drawn on semi-log 
scale (survivorship curve). Line indicates MFRI of 127 
years for whole park. 
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Forest Age (years as of 1988) 
Figure 14. Time-since-fire (survivorship) d i s t r i b u t i o n s : 

Vermilion and Kootenay/Sinclair Valleys, showing MFRI 
of 165 and 92 years, respectively. 
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4.2 SPATIAL BREAKS 

V e r m i l i o n v e r s u s K o o t e n a v / S i n c l a i r 

The p a t t e r n i n t h e r e s i d u a l s a r o u n d t h e r e g r e s s i o n l i n e i n F i g u r e 
13 may i n d i c a t e a s p a t i a l o r t e m p o r a l c h a n g e i n t h e f i r e r e g i m e . 
F i g u r e 14 shows t h e r e c a l c u l a t e d t i m e - s i n c e - f i r e d i s t r i b u t i o n f o r 
t h e V e r m i l i o n v e r s u s t h e K o o t e n a y / S i n c l a i r a r e a . The K o o t e n a y and 
S i n c l a i r a r e a s were g r o u p e d t o g e t h e r a f t e r a g e - c l a s s d i s t r i b u t i o n 
and t i m e - s i n c e - f i r e c a l c u l a t i o n s showed t h a t t h e S i n c l a i r a r e a 
was p r o b a b l y t o o s m a l l t o be examined s e p a r a t e l y (most o f t h e 
a r e a b u r n e d i n one f i r e i n 1886). 

The d i s t r i b u t i o n s and t h e r e g r e s s i o n l i n e s i n F i g u r e 14 i n d i c a t e 
t h a t t h e two main v a l l e y s have d i f f e r e n t f i r e r e g i m e s ( t h e 
r e g r e s s i o n s a r e s i g n i f i c a n t and t h e s l o p e s d i f f e r t o p<0.05). The 
a r e a and d a t e o f o r i g i n i n f o r m a t i o n f o r t h e two a r e a s was 
s e p a r a t e d and e a c h d i s t r i b u t i o n was r e c a l c u l a t e d t o r e p r e s e n t 
100% o f t h e i r r e s p e c t i v e a r e a s . The s l o p e s i n d i c a t e t h e 
K o o t e n a y / S i n c l a i r a r e a has a MFRI o f 92 y e a r s and t h e V e r m i l i o n 
V a l l e y a MFRI o f 165 y e a r s . 

F o r e s t Age v e r s u s E l e v a t i o n , A s p e c t , and P r o x i m i t y t o t h e G r e a t 
D i v i d e 

A m u l t i p l e l i n e a r r e g r e s s i o n f r o m t h e p o i n t s a m p l e e x t r a c t e d 
u s i n g SPANS r e v e a l e d o n l y e l e v a t i o n and v a l l e y a s s i g n i f i c a n t 
v a r i a b l e s i n p r e d i c t i n g f o r e s t age. F i g u r e 15 i s a p l o t o f t h e 
mean f o r e s t age f o r e a c h e l e v a t i o n c l a s s w i t h 95% c o n f i d e n c e 
l i m i t s (ANOVA s i g n i f i c a n t d i f f e r e n c e between some c l a s s e s t o 
p<0.05). A s i m i l a r p l o t o f age o v e r a s p e c t d o e s n o t show 
s i g n i f i c a n t d i f f e r e n c e between ages on v a r i o u s a s p e c t s (p<0.05). 
R e s u l t s o f t h e r e g r e s s i o n and ANOVA t e s t s a r e q u e s t i o n a b l e , 
b e c a u s e i m p o r t a n t a s s u m p t i o n s were n o t met. 

R e g r e s s i o n a n a l y s i s r e q u i r e s i n d e p e n d e n t d a t a p o i n t s ( Z a r , 1984). 
I n t h i s c a s e , t h e e l e v a t i o n o f one p o i n t i s p a r t i a l l y d e p e n d e n t 
upon t h e e l e v a t i o n o f t h e n e x t n e a r e s t p o i n t , r e g a r d l e s s w h e t h e r 
t h e p o i n t s a r e c h o s e n s y s t e m a t i c a l l y o r a t random. The e l e v a t i o n 
p o i n t s a r e s a i d t o be " s p a t i a l l y a u t o c o r r e l a t e d " . P o i n t s t a k e n t o 
t e s t a s p e c t and p r o x i m i t y t o t h e G r e a t D i v i d e a r e a l s o d e p e n d e n t 
on t h e v a l u e s o f n e i g h b o r i n g p o i n t s . ANOVA demands e q u a l 
v a r i a n c e s between l e v e l s o f t h e a n a l y s i s ( e g . e l e v a t i o n s , 
a s p e c t s , e t c . ) ; a B a r t l e t t ' s t e s t o f h o m o g e n e i t y o f v a r i a n c e s 
f a i l e d i n e a c h c a s e . 

The r e s u l t o f a m u l t i p l e l i n e a r r e g r e s s i o n t o p r e d i c t f o r e s t age 
fr o m t h e mean v a l u e s o f e l e v a t i o n , a s p e c t (4 maps), v a l l e y , and 
p r o x i m i t y t o t h e G r e a t D i v i d e r e p o r t e d f o r e a c h f o r e s t s t a n d 
o r i g i n d a t e shows t h a t a l l b u t t h e raw a s p e c t d a t a were 
s i g n i f i c a n t v a r i a b l e s t o p r e d i c t f o r e s t age. R e s u l t s i n c l u d e d a 
low r - s q u a r e d v a l u e o f 46% and i n d i v i d u a l c o e f f i c i e n t s t h a t do 
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F i g u r e 15. F o r e s t age v e r s u s e l e v a t i o n from p o i n t sample f o r 
KNP. Bars r e p r e s e n t 95% c o n f i d e n c e l i m i t s . Sample s i z e s 
a t 700 and 2300 metres were v e r y s m a l l . 

not s u p p o r t t h e h y p o t h e s i s . A more s i g n i f i c a n t problem i s 
i n t e r p r e t i n g t h e meaning of t h e r e g r e s s i o n t o f i r e h i s t o r y (see 
D i s c u s s i o n ) . 

I n d i v i d u a l r e g r e s s i o n s and p l o t s of mean ages f o r each v a r i a b l e 
r e v e a l some p a t t e r n s i n t h e d a t a . F o r e s t age v e r s u s p r o x i m i t y t o 
t h e G r e a t D i v i d e d a t a p o i n t s a r e clumped, w i t h no o b s e r v a t i o n s 
about t h e mean. C l o s e r e x a m i n a t i o n of t h i s d a t a , and t h e v a l l e y 
map, shows t h e t r a n s i t i o n between t h e V e r m i l i o n and t h e 
K o o t e n a y / S i n c l a i r a r e a s t o o c c u r a t t h e p o i n t t h e two clumps are 
s e p a r a t e d ; i n d i c a t i n g not t h a t p r o x i m i t y t o t h e G r e a t D i v i d e has 
i n f l u e n c e , b u t t h a t perhaps t h e i n f l u e n c e on f o r e s t age i s due 
m a i n l y t o u n q u a n t i f i e d v a l l e y d i f f e r e n c e s . S i m i l a r l y , t h e mean 
e l e v a t i o n t a k e n from t h e p o i n t sample f o r each v a l l e y i s a l s o 
d i f f e r e n t , i n d i c a t i n g t h a t d i f f e r e n c e s i n f o r e s t age may not be 
due t o e l e v a t i o n per se, but t o o t h e r d i f f e r e n c e s between t h e 
v a l l e y s . 

R a t i o n a l e f o r S p a t i a l P a r t i t i o n i n g 

Why c a n ' t t h e t i m e - s i n c e - f i r e a n a l y s i s be co n d u c t e d u s i n g 
e l e v a t i o n and a s p e c t as s p a t i a l b r e a k s ? The r e a s o n t h i s was not 
at t e m p t e d i s because t h e b r e a k s s h o u l d f o l l o w an i d e n t i f i a b l e 
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b a r r i e r . E l e v a t i o n and a s p e c t c l a s s e s of a r b i t r a r y d e s i g n a t i o n do 
n o t n e c e s s a r i l y form any " b a r r i e r " t h a t a f i r e c a n d e t e c t . The 
V e r m i l i o n and K o o t e n a y / S i n c l a i r a r e a s were p a r t i t i o n e d because 
o n l y a v e r y narrow s t r i p of f o r e s t c o n n e c t s t h e two v a l l e y s 
t h r o u g h H e c t o r Gorge. Though f i r e h i s t o r y i n f o r m a t i o n i n d i c a t e s 
r e c e n t f i r e s have proceeded - t h r o u g h t h i s gap, i t was c o n s i d e r e d 
enough of a b a r r i e r t o p e r m i t p a r t i o n i n g . 

4.3 TEMPORAL BREAKS 

Temporal b r e a k s a r e i d e n t i f i e d i n t h e same manner as s p a t i a l 
b r e a k s . A p a t t e r n t o t h e r e s i d u a l s around t h e r e g r e s s i o n l i n e 
f i t t e d t o t h e s u r v i v o r s h i p c u r v e may a l s o i n d i c a t e a change i n 
f i r e f r e q u e n c y o v e r t i m e . Temporal b r e a k s a r e i d e n t i f i e d and 
t e s t e d u s i n g t h e same p r o c e d u r e of p a r t i t i o n i n g t h e d i s t r i b u t i o n 
a t s u s p e c t e d p o i n t s and r e c a l c u l a t i n g each s e c t i o n as a new 
d i s t r i b u t i o n s t a r t i n g a t 100% a r e a i n t h e r e f e r e n c e y e a r . 

F i g u r e 16 shows t h e o n l y c l e a r l y i d e n t i f i a b l e t e m p o r a l break i n 
t h e f i r e regimes of KNP. T h i s f i g u r e i s a p l o t o f t h e V e r m i l i o n 
f i r e regime shown i n F i g u r e 14, but broken i n t o two p e r i o d s ; 1512 
t o 1767 and 1768 t o 1988. The two r e g r e s s i o n l i n e s a r e 
s i g n i f i c a n t l y d i f f e r e n t t o p<0.05. The d a t e o f t h e break 
c o r r e s p o n d s r o u g h l y w i t h t h e t i m e of t h e " L i t t l e I c e Age"; a t i m e 
when t h e c l i m a t e c o o l e d and g l a c i e r s of t h e Rocky Mountains 
showed d r a m a t i c advances (Heusser, 1956). Johnson and F r y e r 
(1987) i d e n t i f i e d a s i m i l a r b r eak around 1730 i n t h e K a n a n a s k i s 
which may have been due t o t h e same change i n c l i m a t e . Attempts 
t o break t h e K o o t e n a y / S i n c l a i r and t h e whole-park d i s t r i b u t i o n a t 
t h e same and o t h e r y e a r s were u n s u c c e s s f u l . F i g u r e 17 shows no 
d i f f e r e n c e i n t h e f i r e regime f o r t h e K o o t e n a y / S i n c l a i r a r e a f o r 
t h e pre and p o s t 1 768 p e r i o d s . For t h e V e r m i l i o n V a l l e y , t h i s 
break r e p r e s e n t s a change i n t h e MFRI from 75 y e a r s p r i o r t o 1768 
t o a MFRI of 267 y e a r s a f t e r 1 768. B r e a k i n g t h e d i s t r i b u t i o n 
around 1830 (when t h e L i t t l e I c e Age i s r e p o r t e d t o have ended) 
and a t 1917 (park e s t a b l i s h m e n t ) d i d not produce any d i s t i n c t 
d i s t r i b u t i o n s . 

5. DISCUSSION 

5.1 DATA COLLECTION 

S t a n d - O r i g i n Map 

The s t a n d - o r i g i n map v a r i e s i n a c c u r a c y o f t h e p o s i t i o n i n g of t h e 
p o l y g o n s and t h e d a t e s of o r i g i n . I n v e s t i g a t o r s u s i n g t h e map f o r 
o t h e r purposes o r t r y i n g t o r e c r e a t e t h e p o l y g o n s may d e v e l o p a 
d i f f e r e n t l o o k i n g map i n c e r t a i n a r e a s . D e v i a t i o n s i n a r e a or 
d a t e s must be c o n s i s t e n t l y l a r g e i n one d i r e c t i o n t o cause 
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Time-Since-Fire Analysis 
Vermilion Valley - Temporal Break 
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Figure 16. Time-since-fire (survivorship) d i s t r i b u t i o n s for 
Vermilion Valley, p r i o r to and a f t e r 1768. Change i n 
MFRI from 75 to 267 years may be due to a change i n 
climate. 
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s i g n i f i c a n t s h i f t s i n t h e t i m e - s i n c e - f i r e d i s t r i b u t i o n s . 

Sample Trees 

The e l e v a t i o n , a s p e c t , and e c o s i t e v a r i a b l e s c o l l e c t e d w i t h each 
sample t r e e were not a n a l y z e d because s e l e c t i o n o f t h e sample 
t r e e s was not d e s i g n e d t o c o n t r o l s i t e d i f f e r e n c e s . F o r example, 
t h i s s t u d y f o c u s s e d on f i n d i n g t r e e s t h a t s u r v i v e d from major 
f o r e s t f i r e s . S u r v i v i n g t r e e s were o f t e n found on m i c r o s i t e s t h a t 
d i d not r e p r e s e n t t h e a r e a burned o r a p a r t i c u l a r a s p e c t , 
e l e v a t i o n , o r e c o s i t e . To a s s e r t t h a t a l l of t h e s e t r e e s were an 
u n b i a s e d sample of t h e s e c o n d i t i o n s would be i n c o r r e c t . 

E l e v a t i o n Data 
The e l e v a t i o n and a s p e c t maps d e r i v e d from 200m c o n t o u r p o i n t s 
may be i n a d e q u a t e f o r o t h e r p u r p o s e s . One s o l u t i o n t o g r e a t e r 
a c c u r a c y w i l l be t o d i g i t i z e more p o i n t s o r a c q u i r e t h e d a t a from 
o t h e r s o u r c e s . 

5.2 TIME-SINCE-FIRE ANALYSIS 

Changes i n F i r e Frequency 

F i r e i s p e r v a s i v e i n KNP. V i r t u a l l y a l l f o r e s t s i n t h e park have 
burned a t some t i m e ; c h a r c o a l was even found a t 2400 metres 
e l e v a t i o n l e s s t h a n 750 metres from a g l a c i e r . The s u r v i v o r s h i p 
c u r v e f o r t h e whole park shows some p a t t e r n t h a t i s not f u l l y 
d e s c r i b e d by a s t r a i g h t l i n e . P a r t i t i o n i n g t h e d i s t r i b u t i o n 
s p a t i a l l y i n t o t h e V e r m i l i o n and K o o t e n a y / S i n c l a i r a r e a s a c c o u n t s 
f o r some of t h i s v a r i a t i o n . 

A t e m p o r a l change i n t h e f i r e regime s h o u l d a f f e c t t h e d i f f e r e n t 
s p a t i a l e n t i t i e s i n a s i m i l a r way. T h i s does not seem t h e case i n 
KNP. I t appears as though t h e t e m p o r a l change i n t h e f i r e regime 
( i e . a c o o l i n g i n c l i m a t e and l e n g t h e n i n g o f mean f i r e r e t u r n 
i n t e r v a l s a f t e r 1768) a f f e c t e d o n l y t h e V e r m i l i o n V a l l e y ; t h e 
K o o t e n a y / S i n c l a i r a r e a shows l i t t l e o r no r e s p o n s e t o t h i s 
change. A p o s s i b l e e x p l a n a t i o n may be t h a t a t t i m e of t h e change 
i n c l i m a t e t h e V e r m i l i o n V a l l e y was a l r e a d y near a f u e l m o i s t u r e 
t h r e s h o l d t h a t would s e v e r e l y r e s t r i c t f i r e growth. T h i s change 
t h e n was s i g n i f i c a n t f o r t h e V e r m i l i o n but not t h e 
K o o t e n a y / S i n c l a i r a r e a , presumably because t h e l a t t e r a r e a was 
not as c l o s e t o t h i s m o i s t u r e t h r e s h o l d . T h i s may not be 
p e r p e t u a t e d because t h e c r o w n i n g t h r e s h o l d f o r s p r u c e / f i r f o r e s t s 
i s l o wer t h a n t h a t f o r p i n e f o r e s t s ( A l e x a n d e r , e t . a l . , 1984 ), 
and we have no way t o be c e r t a i n of t h e v e g e t a t i o n c o m p o s i t i o n of 
t h e p a r k o r weather p a t t e r n s p r i o r t o t h e change. Another 
p o s s i b l e e x p l a n a t i o n f o r t h e d i f f e r e n c e between t h e two v a l l e y s 
may be t h a t t h e s h i f t i n c l i m a t e somehow a l t e r e d t h e p a t t e r n of 
l i g h t n i n g o c c u r r e n c e , though t h e d i s t a n c e between t h e two v a l l e y s 
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i s s l i g h t . 

The change i n f i r e f r e q u e n c y from 75 t o 267 y e a r s i n t h e 
V e r m i l i o n V a l l e y a f t e r 1768, and t h e d i f f e r e n c e i n MFRI from 92 
t o 165 between t h e K o o t e n a y / S i n c l a i r and V e r m i l i o n a r e a s a r e 
s i g n i f i c a n t t o f o r e s t e c o l o g y . The l o n g e r MFRI s i n c e 1768 i s 
p r o b a b l y r e s p o n s i b l e f o r t h e r e l a t i v e l y o l d e r f o r e s t s f o u n d i n 
t h e V e r m i l i o n V a l l e y . F i r e c o n t r o l p e r s o n n e l i n KNP c i t e g r e a t e r 
mop-up p r o b l e m s w i t h f i r e s i n t h i s v a l l e y w h i c h may be due t o 
g r e a t e r b i o m a s s a c c u m u l a t i o n s b e c a u s e o f r e d u c e d b u r n i n g . MFRI i n 
e a c h o f t h e main v a l l e y s i s l o n g e r t h a n t h e p e r i o d r e q u i r e d f o r 
l o d g e p o l e p i n e t o r e a c h s e x u a l m a t u r i t y ( a b o u t 20 y e a r s ) . 
L o d g e p o l e p i n e , as t h e d o m i n a n t p i o n e e r t r e e s p e c i e s i n t h e p a r k , 
w o u l d t h e n be a l l o w e d t o r e p r o d u c e a f t e r e a c h f i r e , as o p p o s e d t o 
f i r e r e g i m e s w i t h MFRI o f l e s s t h a n 20 y e a r s . L o n g p e r i o d s 
between f i r e s may a l l o w u n d e r s t o r y s p r u c e s p e c i e s t o r e a c h 
g r e a t e r h e i g h t , t h u s d o m i n a t i n g t h e c o m p o s i t i o n o f some f o r e s t s . 

I f t h e s e MFRI v a l u e s a r e a c c e p t e d , t h e a n n u a l a v e r a g e b u r n a r e a 
f o r t h e K o o t e n a y / S i n c l a i r w o u l d be 539 h e c t a r e s and 144 h e c t a r e s 
f o r t h e V e r m i l i o n , f o r a t o t a l o f 683 h e c t a r e s f o r t h e w h o l e p a r k 
( T a b l e 1 ) . A n n u a l b u r n a r e a s c i t e d a r e l o n g - t e r m a v e r a g e s w h i c h 
may i n c l u d e r e - b u r n i n g . 

A r e a B u r n a b l e MFRI A n n u a l A v e r a g e 
A r e a B u r n A r e a 
(ha) ( y e a r s ) (ha) 

Whole P a r k 88,066 127 693 

V e r m i l i o n 38,522 165 233 
- P r e 1768 38,522 75 514 
- P o s t 1768 38,522 267 144 

K o o t e n a y / S i n c l a i r 49,544 92 539 

T a b l e 1. Mean f i r e r e t u r n i n t e r v a l s and a n n u a l a v e r a g e b u r n a r e a s 
f o r KNP. A n n u a l a v e r a g e b u r n a r e a i s t h e b u r n a b l e a r e a 
d i v i d e d by t h e MFRI. 

F i r e S i z e 

The s t a n d - o r i g i n map shows t h a t v e r y l a r g e f i r e s h a v e o c c u r r e d i n 
KNP ( e g . 1 926 f i r e n e a r K o o t e n a y C r o s s i n g b u r n e d 13,325 h e c t a r e s 
o r 13% o f t h e f o r e s t e d a r e a o f KNP). Some o f t h e f i r e s r e m a i n e d 
w i t h i n t h e p r e s e n t b o u n d a r i e s o f t h e p a r k and o t h e r s have c r o s s e d 
t h e p a r k b o u n d a r y , i n b o t h d i r e c t i o n s , b etween n e i g h b o r i n g 
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n a t i o n a l and p r o v i n c i a l p a r k s and c o m m e r c i a l f o r e s t l a n d (eg. 
V e r m i l i o n P a s s , Simpson R i v e r , Kootenay C r o s s i n g , Daer Creek, 
S e t t l e r s Road, Radium Hot S p r i n g s ) . Because t h e s t a n d - o r i g i n map 
i s not a map of a l l f i r e s , f i r e s i z e d i s t r i b u t i o n c o u l d not be 
i n f e r r e d f o r t h e e n t i r e r e c o r d . 

I n f l u e n c e of Man 

F i r e cause a n a l y s i s was not c o n d u c t e d . Records from KNP a r c h i v e s 
c o v e r o n l y 60 y e a r s of t h e 600+ y e a r s i n t h e t r e e r e c o r d . Many 
f i r e s c o u l d have been caused by n a t i v e i n d i a n s though l i g h t n i n g 
i s assumed t o be t h e cause r e s p o n s i b l e f o r most of t h e a r e a 
burned. T h i s i s a r e a s o n a b l e a s s u m p t i o n , g i v e n t h e knowledge 
about l i g h t n i n g f i r e i g n i t i o n and l i g h t n i n g a c t i v i t y d e t e c t e d by 
s e n s o r n e t w o r k s . 

Have man-caused f i r e s a f t e r p a r k e s t a b l i s h m e n t had much e f f e c t on 
t h e t i m e - s i n c e - f i r e d i s t r i b u t i o n ( e g . d u r i n g c o n s t r u c t i o n o f t h e 
highway)? E x a m i n a t i o n of t h e s t a n d - o r i g i n map and t h e f i r e d a t e s 
w i l l show o n l y a v e r y s m a l l a r e a burned s i n c e park e s t a b l i s h m e n t 
where t h e cause of t h e f i r e was known t o be o t h e r t h a n l i g h t n i n g . 
M ajor f i r e s s i n c e 1919 (park e s t a b l i s h m e n t ) such as i n 1 926 and 
1968 were known t o be l i g h t n i n g caused. 

What about t h e e f f e c t of f i r e s u p p r e s s i o n ? F i r e c o n t r o l p o l i c y i n 
KNP has been f u l l s u p p r e s s i o n s i n c e park e s t a b l i s h m e n t . The t i m e -
s i n c e - f i r e d i s t r i b u t i o n shows park s t a t u s as a b r i e f p e r i o d i n 
t h e t r e e r e c o r d . Study of f i r e r e p o r t s from 1926, 1935, 1950, and 
1968 show t h a t f i r e s u p p r e s s i o n had l i t t l e e f f e c t on t h e p r o g r e s s 
o f t h e s e f i r e s . Though c o s t l y e f f o r t s were mounted, r a i n was 
l i s t e d as b r i n g i n g most f i r e s under c o n t r o l , a f t e r which t h e y 
c o u l d be e x t i n g u i s h e d by f i r e crews. Only s i n c e t h e e a r l y 1980s 
has KNP e f f e c t i v e l y used h e l i c o p t e r s and r a p p e l t r a i n e d i n i t i a l 
a t t a c k crews t o p e r f o r m r a p i d i n i t i a l a t t a c k . I n 1985, t h i s 
system was t e s t e d and a t l e a s t t e n f i r e s were s u c c e s s f u l l y 
s u p p r e s s e d t h a t would have burned more a r e a had i t not been f o r 
t h e s u p p r e s s i o n e f f o r t . T h i s i s not t o b e l i t t l e t h e v a l i a n t 
e f f o r t s of many who f o l l o w e d t h e p o l i c y of t h e day, o r t o o v e r ­
r a t e t h e s u c c e s s e s of a few y e a r s s i n c e t h e e a r l y 1980's. Many 
s m a l l f i r e s under m a r g i n a l b u r n i n g c o n d i t i o n s were s u p p r e s s e d ; 
a l l of t h e extreme f i r e s were n o t . Over 17% of t h e p a r k s u r f a c e 
burned i n 72 y e a r s s i n c e park e s t a b l i s h m e n t , 15% i n one 
l i g h t n i n g - c a u s e d f i r e i n 1926. The r e l a t i v e l y f i r e f r e e i n t e r v a l 
on t h e c u m u l a t i v e t i m e - s i n c e - f i r e d i s t r i b u t i o n i n r e c e n t y e a r s 
c o u l d be a r e s p o n s e t o a p e r i o d o f c o o l c l i m a t e , but i s t o o s h o r t 
t o e v a l u a t e . P a r t i t i o n i n g t h e t i m e - s i n c e - f i r e d i s t r i b u t i o n 
s t a r t i n g a t p a r k e s t a b l i s h m e n t d i d not r e v e a l any c o n v i n c i n g 
b r e a k s . 
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5.3 PHYSIOGRAPHY 

D i f f i c u l t t o T e s t 

The use of GIS a l l o w e d t h e i n v e s t i g a t i o n o f v a r i o u s p h y s i o g r a p h i c 
i n f l u e n c e s on f o r e s t age. I f t h e n o t e d problems such as 
a u t o c o r r e l a t i o n between sample p o i n t s and u n e q u a l v a r i a n c e s can 
be overcome, a d i f f i c u l t y remains i n how t o i n t e r p r e t t h e r e s u l t s 
i n r e l a t i o n t o f i r e h i s t o r y . Because a s t a n d - o r i g i n map i s 
p r i m a r i l y a map of s u r v i v o r s , how can f o r e s t age as a f u n c t i o n of 
e l e v a t i o n and a s p e c t be i n t e r p r e t e d ? To b reak t h e c u m u l a t i v e 
t i m e - s i n c e - f i r e d i s t r i b u t i o n between e l e v a t i o n and a s p e c t c l a s s e s 
assumes t h e f i r e can " t e l l t h e d i f f e r e n c e " . There a r e a few 
examples of f i r e s i n KNP where t h e s t a n d - o r i g i n map i s a good 
r e p r e s e n t a t i o n of t h e e x t e n t of t h e f i r e ( e g . 1 968 f i r e a t 
V e r m i l i o n P a s s , 1926 f i r e near Kootenay C r o s s i n g , 1917 f i r e i n 
s o u t h end of Kootenay V a l l e y , 1886 f i r e i n S i n c l a i r a r e a , e t c . ) . 
E x a m i n a t i o n of t h e e x t e n t of t h e s e f i r e s shows b u r n i n g on a l l 
a s p e c t s and o v e r a l l ranges i n e l e v a t i o n ; from t r e e - l i n e on one 
s i d e of t h e v a l l e y , a c r o s s t h e v a l l e y f l o o r a t h o u sand metres 
below, and up t o t r e e - l i n e on t h e o t h e r s i d e of t h e v a l l e y . 
C l e a r l y , t h e s e f i r e s showed l i t t l e p r e f e r e n c e f o r e l e v a t i o n or 
a s p e c t , and t o break t h e d i s t r i b u t i o n a l o n g t h e s e l i n e s of 
c o n v e n i e n c e would l i k e l y not y i e l d c o n v i n c i n g r e s u l t s . 

The s t a n d - o r i g i n map r e p r e s e n t s s u r v i v o r s of t h e most s e v e r e , 
s t a n d r e p l a c i n g f i r e s i n KNP. These f i r e s p r o b a b l y o c c u r r e d 
d u r i n g t h e heat of t h e summer i n J u l y o r A u gust, a t i m e when a l l 
a s p e c t s and e l e v a t i o n s a r e d r y enough t o c a r r y crown o r s t a n d 
r e p l a c i n g f i r e s . E x p e r i e n c e i n w i l d f i r e and p r e s c r i b e d f i r e 
c o n t r o l under m a r g i n a l b u r n i n g c o n d i t i o n s i n t h e s p r i n g shows a 
pronounced a s p e c t and e l e v a t i o n e f f e c t : when n o r t h e r l y and upper 
e l e v a t i o n s l o p e s a r e s t i l l c o v e r e d i n snow, lower more s o u t h e r l y 
s l o p e s a r e engaged i n a f u l l crown f i r e . I n t h i s r e g a r d , t h e 
s t a n d - o r i g i n map f a i l s t o s e p a r a t e s p r i n g from summer f i r e s 
because b u r n i n g month cannot be d e t e r m i n e d . A map of u n d e r s t o r y 
f i r e s , o r a sequence of s t a n d - o r i g i n maps over a l o n g p e r i o d , may 
p r o v i d e answers. 

V a l l e y Geometry 

R e l a t i o n s h i p s shown p r e v i o u s l y between age and e l e v a t i o n and age 
and p r o x i m i t y t o t h e G r e a t D i v i d e may be i n c o n c l u s i v e because of 
t h e d i s t r i b u t i o n of t h e d a t a p o i n t s and t h e c l u s t e r i n g due t o 
u n q u a n t i f i a b l e v a l l e y d i f f e r e n c e s . T h i s i s not t o say t h a t t h e 
d i f f e r e n c e i n age between t h e v a l l e y s i s not q u a n t i f i a b l e , i t i s 
t h a t t h e r e a s o n f o r t h e d i f f e r e n c e i s p o o r l y u n d e r s t o o d . For 
example, t h e V e r m i l i o n v a l l e y i s b o r d e r e d w i t h numerous hanging 
v a l l e y s t h a t r i s e i n e l e v a t i o n t o t h e s o u t h - w e s t . O l d f o r e s t s are 
found i n t h e s e v a l l e y s . Are t h e d i f f e r e n c e s i n age due t o s i m p l y 
e l e v a t i o n and p r e c i p i t a t i o n , or because f i r e s i n t h e main v a l l e y 
would have t o back i n t o t h e s i d e v a l l e y s a g a i n s t t h e p r e v a i l i n g 
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wind i n o r d e r t o p r o g r e s s south-westward? C l e a r l y , t h e r e a r e 
phenomenon r e l a t e d t o t h e complex geometry of t h e v a l l e y s t h a t we 
do not y e t f u l l y u n d e r s t a n d and cannot y e t d e s c r i b e w i t h an 
e q u a t i o n ; even w i t h GIS. 

6. CONCLUSIONS AND RECOMMENDATIONS 

F i r e F r e q u e n c i e s 

T a b l e 1 shows t h e MFRI v a l u e s f o r KNP. These f r e q u e n c i e s a r e 
a c c u r a t e f o r f o r e s t s w i t h crown f i r e o r s t a n d - r e p l a c i n g r e g i m e s ; 
t h e g r e a t e s t p r o p o r t i o n of t h e p a r k . S i t e s w i t h u n d e r s t o r y f i r e 
may r e q u i r e f u r t h e r s t u d y ( i e . D o u g l a s - f i r f o r e s t s a l o n g t h e E a s t 
Kootenay f i r e r o a d and i n t h e S i n c l a i r / R a d i u m a r e a , and 
a s p e n / g r a s s l a n d environments near Daer Mountain f i r e l o o k o u t ) . An 
i n t e r v a l approach may be n e c e s s a r y f o r t h i s u n d e r s t o r y f i r e 
i n v e s t i g a t i o n . The d i f f e r e n c e i n t h e f i r e regime between t h e 
K o o t e n a y / S i n c l a i r and t h e V e r m i l i o n V a l l e y may be e a s i e s t t o 
r e c o n c i l e ; d i v i s i o n of t h e p a r k i n t o two f i r e management u n i t s on 
t h e b a s i s of f i r e h i s t o r y i s sound, though o t h e r c r i t e r i a (such 
as f i r e c o n t r o l p r i o r i t i e s , e t c . ) w i l l l i k e l y be i n c l u d e d . What 
n a t u r a l f i r e regime w i l l be chosen f o r t h e V e r m i l i o n ; MFRI of 267 
or 7 5 y e a r s ? The c l i m a t i c e v ent t h a t caused t h e d r a m a t i c change 
i n t h e f i r e regime may be d e f i n e d as " n a t u r a l " . I n t h a t c a s e , a 
v a l i d c h o i c e may be t o a c c e p t t h e most r e c e n t MFRI f o r t h e 
V e r m i l i o n V a l l e y of 267 y e a r s . 

Park P e r i o d 

The p e r i o d of park management i s t o o s h o r t t o s t a t e whether 
s u p p r e s s i o n has a f f e c t e d t h e a g e - c l a s s d i s t r i b u t i o n of t h e pa r k . 
C u r r e n t e v i d e n c e shows t h a t t h e p r e s e n t a g e - c l a s s d i s t r i b u t i o n 
c o u l d have been caused by c o o l c l i m a t e and o n l y m i n i m a l l y 
a f f e c t e d by f i r e s u p p r e s s i o n . Johnson and F r y e r (1987) found a 
s i m i l a r s i t u a t i o n i n t h e K a n a n a s k i s V a l l e y , s t a t i n g t h a t i n 1972 
n a t u r a l p r o c e s s e s such as s i t e d i f f e r e n c e s and f i r e o c c u r r e n c e 
s t i l l dominated t h e changes i n t h e v e g e t a t i o n c o m p o s i t i o n and 
age. 

P h y s i o g r a p h i c V a r i a b l e s 

E l e v a t i o n , a s p e c t , and p r o x i m i t y t o t h e G r e a t D i v i d e do not 
appear t o a f f e c t f i r e f r e q u e n c y per s e . These v a r i a b l e s may 
c o n t r i b u t e t o o v e r a l l geometry of t h e s u r f a c e on which f o r e s t s 
grow and d i e , but were not found t o be c a u s a l f a c t o r s i n t h e 
d i s t r i b u t i o n of f o r e s t f i r e s . 

N a t u r a l and P r e s c r i b e d F i r e 

Unchecked f i r e s i n KNP would l i k e l y cause l o s s of l i f e , p r o p e r t y 
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damage, h i g h c o s t s , l e g a l l i a b i l i t y f o r t h e crown, p u b l i c 
c o n c e r n , and t h e most a c c u r a t e window o f r e p r e s e n t a t i o n on t h e 
Rocky Mountain l a n d s c a p e . Four persons were k i l l e d i n KNP i n 1926 
when t h e i r c a r was t r a p p e d by a f o r e s t f i r e near H e c t o r Gorge; 
two women and t h e i r two c h i l d r e n aged 8 and 10. C a p i t a l 
developments and p u b l i c f a c i l i t i e s such as bungalow camps and 
campgrounds p l a c e d i n hazardous f u e l s s i n c e p a r k e s t a b l i s h m e n t 
c o u l d e a s i l y be damaged by f i r e . 

One way of p e r m i t t i n g some of t h e d e s i r a b l e e f f e c t s o f f i r e w h i l e 
m i n i m i z i n g t h e u n d e s i r a b l e e f f e c t s i s t o use p r e s c r i b e d f i r e s 
( p l a n n e d i g n i t i o n ) . A s i m u l a t e d n a t u r a l f i r e regime of l e s s than 
700 h e c t a r e s would be burned a n n u a l l y on a v e r a g e , and may i n v o l v e 
r e b u r n i n g a r e a s s e v e r a l t i m e s . A fundamental q u e s t i o n a r i s e s as 
t o whether KNP w i l l be a window or a microcosm of t h e l a n d s c a p e 
(R/EMS, 1988). 

C o n s i d e r t h e f o l l o w i n g s c e n a r i o . 700 h e c t a r e s a r e burned a n n u a l l y 
f o r 10 y e a r s a c c o r d i n g t o mean an n u a l b u r n s t a t i s t i c s ; microcosm 
approach. An event such as 1917 o r 1926 o c c u r s and burns 14% of 
t h e f o r e s t s of t h e p a r k , o r 20 y e a r s w o r t h of p r e s c r i b e d b u r n i n g . 
The p a r k i s now a window on t h e l a n d s c a p e w i t h an a g e - c l a s s 
d i s t r i b u t i o n h i g h l y b i a s e d by young s t a n d s . To c o n t i n u e b u r n i n g 
700 h e c t a r e s a n n u a l l y f o r t h e next 20 y e a r s would s h o r t e n t h e 
MFRI by h a l f and d o u b l e t h e a n n u a l a r e a b u r n e d , r e s u l t i n g i n a 
KNP t h a t i s n e i t h e r a microcosm o r window on a r e p r e s e n t a t i v e 
Rocky Mountain l a n d s c a p e . To cease p r e s c r i b e d b u r n i n g f o r 20 
y e a r s would cause t h e l o s s of e x p e r t i s e and o r g a n i z a t i o n a l 
e f f e c t i v e n e s s t h r o u g h a t r o p h y and a t t r i t i o n . P r e s c r i b e d f i r e and 
w i l d f i r e c o n t r o l e x p e r t i s e would be l a c k i n g i n w i l d f i r e y e a r s 
when i t i s needed and would have t o be r e c r e a t e d o v e r a g a i n . 

A l l o c a t i n g t h e o r d e r i n which a r e a s a r e burned i s a l s o i m p o r t a n t 
(assuming p e r f e c t f i r e c o n t r o l ) . I n o r d e r t o r e p l i c a t e t h e 
n a t u r a l p r o c e s s as shown i n t h i s s t u d y , f i r e s s h o u l d be l o c a t e d 
and t i m e d a t random. Random does not mean "haphazard"; i t means 
d e s i g n i n g p r e s c r i b e d burn u n i t s and i g n i t i n g t h o s e u n i t s such 
t h a t t h e f o r e s t s of a f i r e management u n i t have an e q u a l 
p r o b a b i l i t y o f b e i n g burned over t i m e . E q u a l p r o b a b i l i t y of 
b u r n i n g r e g a r d l e s s of age i s e s s e n t i a l t o t h e n e g a t i v e -
e x p o n e n t i a l f i r e h i s t o r y model, and t h e r e f o r e e s s e n t i a l t o 
" d u p l i c a t e n a t u r a l p r o c e s s e s as c l o s e l y as p o s s i b l e " ( P a r k s 
Canada, 1979). I n d i v i d u a l u n i t burn p r o b a b i l i t i e s w i l l be a 
f u n c t i o n o f t h e a s s i g n e d MFRI and t h e s i z e of t h e u n i t ; o t h e r 
f a c t o r s may be added as r e q u i r e d o r f o r e x p e r i m e n t a l ( i e . 
l e a r n i n g ) p u r p o s e s . U s i n g n a t u r a l f i r e b r e a k s t o c o n f i n e both 
n a t u r a l ( w i l d ) f i r e s and p r e s c r i b e d f i r e s , m i n i m i z i n g t h e amount 
of m e c h a n i c a l l i n e c o n s t r u c t i o n , and u t i l i z i n g i n d i r e c t c o n t r o l 
t e c h n i q u e s (eg. c o n v e c t i o n b u r n i n g , " B o r e a l b l a c k - l i n e " , e t c . ) , 
p r e s c r i b e d burn u n i t s of d e s i g n e d s i z e s and shapes c o u l d be 
d e v e l o p e d . An example of t h i s approach can be found i n Lopoukhine 
and White (1985) f o r t h e lower Bow V a l l e y i n B a n f f N a t i o n a l Park. 
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F i r e Management P l a n 

S p e c i f i c f i r e c o n t r o l and f i r e u s e g u i d e l i n e s may be m o t i v a t e d by 
o t h e r r e s o u r c e management g o a l s and p l a n s , b u t c o o r d i n a t i o n o f 
a l l f i r e management a c t i v i t i e s must be i n t h e p a r k f i r e 
management p l a n ( P a r k s Management D i r e c t i v e 2 . 4 . 4 ) . KNP' s 
P r e l i m i n a r y F i r e Management P l a n ( I r o n s , 1 989) w i l l be u s e d t o 
d e v e l o p a c o m p r e h e n s i v e f i r e management p l a n . 

E l e m e n t s o f t h i s s t u d y t o i n c l u d e i n KNP's f u t u r e f i r e management 
p l a n a r e as f o l l o w s : 

- F i r e i s p e r v a s i v e . V i r t u a l l y a l l f o r e s t s i n t h e p a r k have 
b u r n e d a t some t i m e . 

- F i r e h i s t o r y has c h a n g e d s i n c e t h e m i d 1700s and i s 
d i f f e r e n t between t h e V e r m i l i o n and K o o t e n a y / S i n c l a i r a r e a s 
o f t h e p a r k . 

- V e r y l a r g e f i r e s have o c c u r r e d w h i c h i f r e p e a t e d , c o u l d 
c a u s e s i g n i f i c a n t t h r e a t t o p u b l i c s a f e t y and c o u l d have 
v e r y h i g h c o n t r o l c o s t s . T h r e e f i r e s (1917, 1926, 1968) have 
o c c u r r e d t h i s c e n t u r y w h i c h b u r n e d o v e r 25% o f t h e p a r k , 
c a u s e d s a f e t y and damage c o n c e r n s , and i n one c a s e , l o s s o f 
l i f e f o r f o u r p e r s o n s . F i r e s have c r o s s e d t h e p a r k b o u n d a r y 
i n b o t h d i r e c t i o n s . 

- C u r r e n t i n i t i a l a t t a c k s t r e n g t h i s s u f f i c i e n t t o s u p p r e s s 
most f i r e s , b u t o n l y t h o s e f i r e s b u r n i n g u n d e r m a r g i n a l 
c o n d i t i o n s . The c u r r e n t s y s t e m o f h e l i c o p t e r - b o r n e i n i t i a l 
a t t a c k has n o t been t e s t e d u n d e r t h e most s e v e r e c o n d i t i o n s 
t h a t have o c c u r r e d i n KNP. 

- N e i t h e r f i r e s u p p r e s s i o n o r i n c r e a s e d man-caused f i r e s i n 
KNP s i n c e p a r k e s t a b l i s h m e n t a p p e a r t o have a l t e r e d t h e f i r e 
h i s t o r y f r o m p r e v i o u s t i m e s . The p r e s e n t b e l l - s h a p e d d e n s i t y 
a g e - c l a s s s t r u c t u r e o f KNP may be due t o o t h e r f a c t o r s , s u c h 
as a t e m p o r a r y c o o l i n g i n c l i m a t e . 

I f t h e s e f a c t s a r e a c c e p t e d , t h e f o l l o w i n g r e c o m m e n d a t i o n s s h o u l d 
be i n c l u d e d as g u i d e l i n e s i n KNP's f i r e management p l a n : 

- A l l w i l d f i r e s s h o u l d r e c e i v e r a p i d and a g g r e s s i v e i n i t i a l 
a t t a c k . I f a f i r e e s c a p e s i n i t i a l a t t a c k and i s n o t 
a n t i c i p a t e d t o be u n d e r c o n t r o l by 10 a.m. t h e f o l l o w i n g 
day, an e s c a p e d w i l d f i r e a n a l y s i s s h o u l d be c o n d u c t e d w h i c h 
w i l l e v a l u a t e a l t e r n a t i v e s f o r s u p p r e s s i n g t h e f i r e . T h e s e 
a l t e r n a t i v e s s h o u l d i n c l u d e o p t i o n s f o r f u l l s u p p r e s s i o n , 
i n d i r e c t a t t a c k ( b u r n i n g o u t ) , and o b s e r v a t i o n . T h i s i s t h e 
s t a t u s - q u o i n KNP and s h o u l d be c o n t i n u e d . 
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G r e a t e r emphasis s h o u l d be made on m o n i t o r i n g f i r e danger 
and p r e d i c t i n g f i r e b e h a v i o u r . Improvements s h o u l d be made 
t o t h e number and l o c a t i o n of weather s t a t i o n s . O b s e r v a t i o n s 
of f i r e b e h a v i o u r i n and o u t s i d e KNP s h o u l d be a n a l y s e d i n 
r e l a t i o n t o f i r e weather p a r a m e t e r s . E x p e r i e n c e from t h i s 
e x e r c i s e s h o u l d c u l m i n a t e i n an a c c u r a t e f i r e p r e p a r e d n e s s 
system which would b e t t e r p r e p a r e KNP f o r a d a p t i n g t o 
c h a n g i n g f i r e danger c o n d i t i o n s . C u r r e n t i n i t i a t i v e s t o 
a c q u i r e remote a u t o m a t i c weather s t a t i o n s and t e l e m e t r y 
equipment s h o u l d be encouraged (see Appendix A ) . 

Under extreme f i r e danger c o n d i t i o n s , KNP can o f f e r o n l y 
l i m i t e d p r o t e c t i o n t o p u b l i c and p r i v a t e p r o p e r t y owners. 
F i r e h a z a r d s around f a c i l i t i e s s h o u l d be e v a l u a t e d and f u e l 
m o d i f i c a t i o n c o nducted where n e c e s s a r y . D u r i n g t h e 1926 
f i r e , f u r n i t u r e and equipment was removed from r e s i d e n c e s a t 
Kootenay C r o s s i n g and s p e c i a l p r o t e c t i o n was r e q u i r e d a t 
Storm Mountain Lodge d u r i n g t h e 1968 f i r e . F u e l m o d i f i c a t i o n 
done t o d a y w i l l c e r t a i n l y l e s s e n c o n c e r n s f o r f i r e p e r s o n n e l 
and f a c i l i t y owners i n t h e f u t u r e . Examples of f u e l 
m o d i f i c a t i o n i n n a t i o n a l p a r k s a r e a v a i l a b l e from J a s p e r , 
B a n f f , and Waterton Lakes N a t i o n a l P a r k s . C r i t e r i a must be 
d e v e l o p e d f o r each s i t e t o d e t e r m i n e t h e n a t u r e of t h e 
h a z a r d , t h e most l i k e l y t h r e a t e n i n g s c e n a r i o , and t h e most 
h e l p f u l t a c t i c f o r f i r e c o n t r o l and f u e l m o d i f i c a t i o n . KNP 
a l r e a d y has e v a c u a t i o n p l a n s f o r major campgrounds. These 
documents s h o u l d be updated an c i r c u l a t e d t o o t h e r p a r k s . 

The p u b l i c s h o u l d be i n f o r m e d about t h e u n c e r t a i n t y of f i r e 
c o n t r o l i n extreme c i r c u m s t a n c e s and made aware o f t h e 
a d a p t i v e p o l i c i e s of t h e Canadian P a r k s S e r v i c e t o d e a l w i t h 
n a t u r a l r e g i o n r e p r e s e n t a t i o n , hazardous f u e l s around 
f a c i l i t i e s , escaped w i l d f i r e s , e t c . S p e c i f i c a l l y , t h e p u b l i c 
s h o u l d be made aware of t h e h i s t o r y of f o r e s t f i r e s i n KNP, 
f i n a n c i a l and t e c h n o l o g i c a l l i m i t s o f f i r e c o n t r o l and f i r e 
use, t h e consequences of l a r g e f o r e s t f i r e s , and t h e 
d e c i s i o n systems ( i e . p l a n s ) i n p l a c e t o a i d managers a t t h e 
ti m e of f o r e s t f i r e s . I t i s i m p o r t a n t t h a t KNP i n f o r m t h e 
p u b l i c t h a t not a l l w i l d f i r e s can be c o n t r o l l e d . 

The most d i f f i c u l t q u e s t i o n i s whether o r not t o r e g u l a t e 
t h e a g e - c l a s s s t r u c t u r e of t h e f o r e s t s of KNP t h r o u g h 
p r e s c r i b e d b u r n i n g . R i s k s and c o s t s a s s o c i a t e d w i t h p l a n n e d 
i g n i t i o n f i r e s may be u n a c c e p t a b l e when added t o t h e r i s k 
and c o s t s a s s o c i a t e d w i t h h a z a r d r e d u c t i o n , i n i t i a l a t t a c k , 
and e v a c u a t i o n d u r i n g t h e most extreme f i r e y e a r s . E i t h e r 
s c e n a r i o of p l a n n e d i g n i t i o n o r unplanned i g n i t i o n f i r e s may 
a c h i e v e a s i m i l a r r e s u l t on t h e l a n d s c a p e because of l a r g e , 
u n c o n t r o l l a b l e w i l d f i r e s i n t h e w o r s t f i r e y e a r s . The KNP 
f i r e management p l a n must s p e c i f y a t e m p o r a l s c a l e f o r 
management ( i e . whether we view a g e - c l a s s s t r u c t u r e s and 
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f i r e c y c l e s i n a s h o r t o r l o n g t i m e , s p e c i f i e d by a c e r t a i n 
number of y e a r s ) . S p a t i a l s c a l e ( i e . microcosm o r window) 
may be d i c t a t e d by t h e o v e r r i d i n g f o r c e of t i m i n g between 
t h e major f i r e e v e n t s , r e g a r d l e s s of our p l a n s f o r t h e 
l a n d s c a p e . Our c h o i c e of t e m p o r a l s c a l e w i l l make t h e 
d i f f e r e n c e between whether a b e l l - s h a p e d d e n s i t y a g e - c l a s s 
d i s t r i b u t i o n (as i s t o d a y i n KNP) i s c o n s i d e r e d u n d e s i r a b l e 
( i e . not c o n f o r m i n g t o a n e g a t i v e - e x p o n e n t i a l ) o r c o n s i d e r e d 
a temporary a b e r r a t i o n t o t a l l y w i t h i n t h e bounds of n a t u r a l 
c l i m a t e v a r i a t i o n . 

Concerns f o r w i l d l i f e h a b i t a t , h a z a r d r e d u c t i o n and 
maintenance of u n d e r s t o r y f i r e r egimes may r e q u i r e a 
p r e s c r i b e d burn programme i n KNP. T h i s programme w i l l 
r e q u i r e e x p e r i e n c e d p e r s o n n e l . Much w i l l be l e a r n e d about 
f i r e c o n t r o l , f u e l m o d i f i c a t i o n , f i r e b e h a v i o u r , e t c . d u r i n g 
development and e x e c u t i o n of t h e programme. E x p e r i e n c e 
g a i n e d w i l l improve f i r e c o n t r o l d e c i s i o n s made d u r i n g 
w i l d f i r e s . E x t e n d i n g t h e programme t o i n c l u d e s t a n d -
r e p l a c i n g f i r e s f o r l a n d s c a p e maintenance i n v o l v e s g r e a t e r 
r i s k and c o s t . U n c o n t r o l l a b l e w i l d f i r e s d u r i n g i n f r e q u e n t , 
s e v e r e f i r e y e a r s may f o r c e a r e d u c t i o n i n p r e s c r i b e d burn 
quotas because t o t a l a r e a burned by w i l d and p r e s c r i b e d 
f i r e s may be t o o l a r g e f o r n a t u r a l l a n d s c a p e maintenance. 
C o m p l e x i t y and c o n t r o v e r s y about f i r e e f f e c t s , a m b i g u i t y of 
microcosm v e r s u s window l a n d s c a p e management o b j e c t i v e s , 
u n c e r t a i n t y about s e v e r e f i r e y e a r s , consequence of e r r o r s , 
and o r g a n i z a t i o n a l and f i n a n c i a l c o n s t r a i n t s , q u a l i f y f i r e 
management i n KNP as a "wicked problem" (McNamee, e t . a l . . 
1 986 ). 

E f f o r t s s h o u l d be made t o u n d e r s t a n d and t o p r e d i c t t h e 
e f f e c t of v a r i o u s p r e s c r i b e d b u r n i n g and major w i l d f i r e 
s c e n a r i o s on p a r k n a t u r a l f e a t u r e s , budget r e q u i r e m e n t s , and 
human r e s o u r c e s . I t i s d i f f i c u l t t o make p r o g r e s s and t o 
s e c u r e management s u p p o r t on complex i s s u e s w i t h i m p e r f e c t 
knowledge and i l l - d e f i n e d g o a l s . One way t o e x p l o r e t h e 
r e l a t i o n s h i p s between v a r i a b l e s such as f i r e f r e q u e n c y , 
major f i r e e v e n t s , p r e s c r i b e d burn programmes, w i l d l i f e 
h a b i t a t , r e s o u r c e management o b j e c t i v e s , e t c . would be t o 
conduct a computer s i m u l a t i o n m o d e l l i n g workshop u t i l i z i n g 
t h e e x p e r t i s e of f o r e s t e r s , p a r k managers, w i l d l i f e 
b i o l o g i s t s , and m o d e l e r s . U s i n g t h e p r o c e s s o u t l i n e d by 
W a l t e r s (1987) as an example, v a r i o u s managers would be 
i n v i t e d t o s t r u c t u r e d workshops t o a r t i c u l a t e and assemble 
t h e i r c o n c e p t s of system dynamics i n t o a common s e t of r u l e s 
( i e . t h e computer program). T h i s p r o c e s s c o u l d r e s u l t i n a 
h i g h e r common b a s i s of u n d e r s t a n d i n g among t h e p a r t i c i p a n t s , 
a p r i o r i z e d l i s t of knowledge gaps, i n n o v a t i v e s o l u t i o n s t o 
p roblems, and i d e n t i f i c a t i o n of new p roblems. The computer 
model i s not a p r o d u c t but a p r o c e s s f o r e x p l o r i n g f i r e 
management problems and s o l u t i o n s i n KNP. 
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APPENDICES 

The f o l l o w i n g a p p e n d i c e s do not r e l a t e d i r e c t l y t o t h e f i r e 
h i s t o r y s t u d y but were components of t h e p r o j e c t t h a t s h o u l d not 
go undocumented. They a r e i n c l u d e d here f o r r e f e r e n c e and t o 
document t h e work t h a t has been completed t h u s f a r . 
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APPENDIX A: FIRE WEATHER DATABASE 

One of t h e o b j e c t i v e s of t h e KNP f i r e s t u d y was t o assemble a 
weather r e c o r d t h a t c o u l d be compared w i t h f i r e r e p o r t 
i n f o r m a t i o n and used t o d e v e l o p a p r e p a r e d n e s s system. The 
r e s u l t s a r e i n c o m p l e t e and t h e f o l l o w i n g i s p r o v i d e d as a b r i e f 
p r o g r e s s r e p o r t . 

Lack of Data 

A c c u r a t e f i r e danger r e a d i n g s (from t h e F i r e Weather Index system 
of t h e Canadian F o r e s t F i r e Danger R a t i n g System) a r e n e c e s s a r y 
i n f i r e management. KNP i n s t i t u t e d c o n s i s t e n t f i r e weather 
o b s e r v a t i o n i n 1984 w i t h t h e p u r c h a s e of two remote, a u t o m a t i c 
weather s t a t i o n s from F o r e s t Technology Systems of V i c t o r i a , B.C. 
These a r e l o c a t e d a t McLeod Meadows and V e r m i l i o n C r o s s i n g . 
Weather r e a d i n g s p r i o r t o t h i s t i m e were i n c o n s i s t e n t and 
u n u s a b l e i n t h e CFFDRS. 

U n f o r t u n a t e l y , a f i v e - y e a r d a t a b a s e does not p r o v i d e enough d a t a 
t o f u l l y a p p r e c i a t e t h e v a r i a b i l i t y o f f i r e danger c o n d i t i o n s . 
The n e a r e s t weather s t a t i o n s t o KNP w i t h r e a d i n g s f o r a l o n g e r 
p e r i o d a r e B a n f f , Lake L o u i s e , B o u l d e r Creek Compound (Yoho 
N a t i o n a l P a r k ) , Golden, and Invermere. A l l s t a t i o n s f a r enough 
away t o not be r e p r e s e n t a t i v e of a l l of t h e codes and i n d i c e s of 
t h e FWI i n KNP. Remote s t a t i o n s o p e r a t e d by t h e B.C. M i n i s t r y of 
F o r e s t s , such as t h e B e a v e r f o o t and Ravenhead, were i n s t a l l e d 
between 1985 and 1987. 

FWI Requirements 

The FWI r e q u i r e s d a i l y r e a d i n g s a t s o l a r noon ( l o c a l s t a n d a r d 
t i m e ) of t e m p e r a t u r e ( C e l s i u s ) , r e l a t i v e h u m i d i t y (%), wind speed 
(km/hr), and 24 hour p r e c i p i t a t i o n (mm). I f o n l y t h e d a t e , 
t e m p e r a t u r e , and p r e c i p i t a t i o n a r e known, t h e Drought Code (a 
measurement of f u e l m o i s t u r e i n deep, compacted l a y e r s o f d u f f ) 
can be c a l c u l a t e d . H i g h DC v a l u e s i n d i c a t e h o l d - o v e r f i r e 
problems and heavy f u e l i n v o l v e m e n t which can p e r s i s t between 
seasons., 

D a i l y maximum and minimum t e m p e r a t u r e and 24 hour r a i n f a l l a t 
0800 were t a k e n a t Kootenay C r o s s i n g and Radium/East Gate s i n c e 
1 963 and 1 954, r e s p e c t i v e l y . I t was d e c i d e d t h a t t h e s e 
o b s e r v a t i o n s c o u l d p r o v i d e a t l e a s t t h e Drought Code of t h e FWI 
system. The d a i l y weather o b s e r v a t i o n s c o u l d be used i n a l e s s 
r e f i n e d but q u a n t i t a t i v e sense w i t h f i r e r e p o r t d a t a g a t h e r e d f o r 
t h e same p e r i o d . Because p r e c i p i t a t i o n measurements were 
co n d u c t e d t h r o u g h each w i n t e r an a c c u r a t e o v e r - w i n t e r adjustment 
c o u l d be c a r r i e d out f o r s e v e r a l decades. 
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Data M a n i p u l a t i o n 

The d a t a t a k e n a t Kootenay C r o s s i n g and Radium/East Gate a r e 
c o m p i l e d by t h e A t m o s p h e r i c Environment S e r v i c e and were p r o v i d e d 
on IBM PC d i s k e t t e f r e e of c h a r g e . The format c o n s i s t e d of an 
ASCII f i l e i n a m a t r i x of months by d a y s , w i t h t h e 3 r e a d i n g s i n 
each c e l l of t h e m a t r i x ( T a b l e A 1 ) . A P a s c a l computer program was 
w r i t t e n t o decode t h e m a t r i x and w r i t e t h e d a t a t o a n o t h e r f i l e 
i n a l i s t f o r m a t , w i t h t h e d a t e and r e a d i n g s f o r each day on one 
l i n e . The f i l e s f o r Kootenay C r o s s i n g (1964-1987) were 
c o n c a t e n a t e d w i t h t h e f i l e s f o r Radium/East Gate (1954-1963) and 
c o m p r i s e d a d a i l y weather r e c o r d of a l m o s t 13,000 r e c o r d s . 

T h i s f i l e was r e a d i n t o a dBASE I I I + d a t a b a s e . A s h o r t program 
was w r i t t e n t o a d j u s t t h e 24 hour p r e c i p i t a t i o n r e c o r d e d a t 0800 
hours t o r e f l e c t 24 hour p r e c i p i t a t i o n r e c o r d e d a t 1200 hours 
u s i n g t h e 2/3 + 1/3 r u l e ; 2/3 o f y e s t e r d a y ' s p r e c i p i t a t i o n p l u s 
1/3 of tomorrow's p r e c i p i t a t i o n e q u a l s t o d a y ' s 1200 hour 
p r e c i p i t a t i o n . 

F i r e weather o b s e r v a t i o n s from McLeod Meadows weather s t a t i o n (15 
km s o u t h of Kootenay C r o s s i n g i n t h e same v a l l e y a t t h e same 
e l e v a t i o n ) from 1984 t o 1988 were i m p o r t e d t o a n o t h e r d a t a b a s e . 
The Kootenay C r o s s i n g and McLeod Meadows d a t a b a s e s were l i n k e d on 
common d a t e s and p a i r e d o b s e r v a t i o n s were w r i t t e n t o a t h i r d 
d a t a b a s e . T h i s d a t a b a s e was t h e n r e a d i n t o t h e S t a t G r a p h i c s 
s t a t i s t i c a l a n a l y s i s package and a r e g r e s s i o n d e v e l o p e d t o 
p r e d i c t McLeod Meadows noon t e m p e r a t u r e from t h e maximum, 
minimum, and p r e c i p i t a t i o n v a l u e s from Kootenay C r o s s i n g ( r ~ 2 = 
9 2 % ) . ANOVA f i n d s t h e mean t e m p e r a t u r e d i f f e r e n c e between t h e two 
s t a t i o n s t o be not s i g n i f i c a n t l y d i f f e r e n t f o r t h e summer months. 
Ano t h e r r e g r e s s i o n e q u a t i o n t o p r e d i c t RH was d e v e l o p e d w i t h r~2 
< 50%. A wind r e g r e s s i o n was not s u c c e s s f u l . 

The t e m p e r a t u r e and RH r e g r e s s i o n s were t h e n used t o e s t i m a t e 
noon t e m p e r a t u r e f o r 1 953 - 1 987 f o r t h e Kootenay C r o s s i n g -
Radium/East Gate d a t a b a s e . Only t h e t e m p e r a t u r e f o r 1 964 - 1 987 
(and t h u s t h e DC) f o r Kootenay C r o s s i n g s h o u l d be c o n s i d e r e d 
a c c u r a t e ; RH and t h e Radium/East Gate d a t a were i n c l u d e d f o r 
e x p e r i m e n t a l p u r p o s e s . 

Over-Winter P r e c i p i t a t i o n 

A n o t h e r computer program was w r i t t e n t o r e a d t h e >13,000 r e c o r d 
d a t a b a s e , sum t h e p r e c i p i t a t i o n from November 1 t o t h e f i r s t day 
of t h e s t a r t o f t h e n e x t f i r e s e a s o n , w r i t e t h a t f i g u r e t o a 
f i l e , and t h e n w r i t e t h e r e a d i n g s from t h e s t a r t of t h e f i r e 
season t o October 31 t o a s e p a r a t e ASCII f i l e . The s t a r t of t h e 
f i r e season i s d e f i n e d as t h e t h i r d c o n s e c u t i v e day i n A p r i l t h a t 
t h e t e m p e r a t u r e i s g r e a t e r t h a n o r e q u a l t o 12 degrees Celsius. 
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GRP212i PIGE 4 06/14/88 
D1Y/H0BTH RiTRIX OF SELECTED DULY D1TI 

FROH 1154400 IOOTEI1T BP KTHY CRSG BC 1966 
TIRE ZOWE : P 

J U FEB KIR IPS RiY JOB JOL SEP OCT JOV DEC 
DAY ELER 
01 001 3.9 -3.9 l i 1 15.0 17.8 18.3 28.3 18.3 8.9 - .6 K 

002 -2.8 -20.6 -u -5.6 5.6 1.7 1.1 -1.1 2.8 -10.6 K 
012 .0 .0 .0 7.6 4.1 .0 .0 4.3 .0 K 

02 001 .0 -5.6 8.3 K 22.8 13.9 30.0 20.6 10.0 7.2 K 
002 -9.4 -18.9 -3.9 -3.3 .6 1.7 2.2 .0 -2.2 -7.2 K 
012 .0 .0 .0 .0 39.6 .0 .0 .0 .0 K 

03 001 -1.7 -1.1 10.6 22.8 17.8 11.7 30.6 K 9.4 6.1 K 
002 -17.2 -27.8 -8.3 -3.9 5.0 5.0 2.8 .0 -5.0 -10.0 K 
012 .0 .0 .0 2.5 14.2 2.8 .0 .0 .0 K 

04 001 -.6 -.6 8.9 23.9 17.8 K 23.9 25.6 17.2 3.9 K 
002 -15.0 -28.9 -8.3 -3.3 -4.4 4.4 8.9 -1.1 2.2 -10.6 K 
012 .0 .0 .0 21.8 .0 9.4 .0 .0 1.5 K 

05 001 4.4 -.6 8.3 26.1 K 18.9 17.2 27.8 16.7 3.3 K 
002 -8.9 -18.9 -6.7 -1.7 3.3 K 9.4 -1.1 -3.9 .0 K 
012 .0 .0 .0 .0 .5 5.3 .0 .0 .0 K 

06 001 .6 -1.7 16.1 28.3 K 25.6 22.2 27.8 21.1 -3.9 K 
002 -10.6 -19.4 -6.7 -1.7 K 5.0 4.4 11.1 -3.3 1 K 
012 .0 2.0 77.7 .0 .0 .0 .0 1 n 2.0 1! 

07 001 2.2 5.6 13.3 13.3 22.2 28.3 K 17.8 • 17.2 -1.7 K 
002 -15.0 -5.6 -2.8 3.3 K 3.9 3.3 3.3 7.2 -11.7 1! 
012 .0 .0 2.0 .0 .0 .0 .0 9.1 .3 R 

08 001 .6 4.4 15.0 21.7 21.1 25.6 24.4 K 8.9 -2.2 K 
002 -13.3 -6.1 -4.4 .0 -1.1 3.3 4.4 .0 -1.7 -9.4 K 
012 .0 .0 .0 .0 .0 .5 .0 2.0 1.5 K 

09 001 -.6 7.8 11.7 22.2 15.6 27.2 K K 10.6 -2.2 K 
002 -9.4 -.6 -1.1 -1.1 3.9 3.9 6.1 K -6.7 -9.4 R 
012 .0 .5 27.4 10.2 . J .0 .0 .0 6.1 R 

10 001 -2.2 6.1 7.8 K 16.7 23.3 23.9 23.9 5.6 .6 R 
002 -23.3 -7.2 -.6 -1.7 7.2 7.8 3.3 -2.2 -6.1 -14.4 K 
012 .0 .0 .0 .8 1.5 3.6 .0 .0 5.1 K 

11 001 -2.8 7.2 11.1 17.2 15.0 20.0 15.6 23.3 10.0 _1 1 l . i R 
002 -9.4 -5.6 .0 -1.7 5.0 5.6 1.1 2.2 -2.2 -5.6 R 
012 4.6 .0 .0 .0 .0 .0 .0 1.3 11.7 R 

12 001 .0 7.8 13.3 17.2 16.7 23.3 16.7 22.2 3.3 1 i R 
002 -23.3 -13.9 -1.7 -2.8 2.8 6.7 -2.2 5.0 -2.8 - i . i R 
012 .0 .0 18.0 .8 .0 1.8 .0 5.1 .5 R 

T a b l e A1. Example AES c l i m a t e r e c o r d , Kootenay C r o s s i n g , KNP. 
Each y e a r i s p r e s e n t e d as a m a t r i x w i t h t h r e e elements 
f o r each day. Element 001 = maximum t e m p e r a t u r e ( c ) , 
002 = minimum t e m p e r a t u r e ( c ) , and 012 = p r e c i p i t a t i o n 
(mm). A l l r e a d i n g s t a k e n a t 0800 l o c a l t i m e . 



FWI C a l c u l a t i o n 

U s i n g FWI c a l c u l a t i o n s o f t w a r e p u r c h a s e d by t h e Canadian P a r k s 
S e r v i c e from R/EMS Re s e a r c h L t d . , FWI v a l u e s were c a l c u l a t e d . Two 
programs were used; FWAP and ASC2FWAP. The f i r s t y e a r DC was 
s t a r t e d a t 15. The ASCII f i l e f o r t h e f i r s t y e a r was p r o c e s s e d 
u s i n g ASC2FWAP and t h e f a l l DC v a l u e n o t e d . FWAP was t h e n used t o 
c a l c u l a t e t h e o v e r w i n t e r f r a c t i o n o f t h e DC u s i n g o p t i o n s 1 and 2 
i n t h e c a l c u l a t i o n menu ( c a l c u l a t i o n s made up t o Nov. 1, and 
f r o s t o c c u r s l a t e i n f a l l , i f a t a l l ) . I n t h e second and 
subsequent y e a r s , t h e a d j u s t e d DC s t a r t i n g v a l u e was used t o 
c a l c u l a t e t h a t y e a r ' s codes. A l l wind speeds and d i r e c t i o n s were 
coded -99 f o r m i s s i n g . 

The r e s u l t was a 34 y e a r f i r e weather d a t a b a s e u s a b l e i n t h e FWAP 
program f o r f i r e weather a n a l y s i s . The u s a b l e o b s e r v a t i o n s , 
c o d e s , and i n d i c e s i n c l u d e : d a t e , t e m p e r a t u r e , p r e c i p i t a t i o n , RH, 
and DC. RH, DMC, and BUI c o u l d be used, but have not been t e s t e d . 
FFMC, I S I , FWI and DSR s h o u l d not be used because wind d a t a was 
not a v a i l a b l e . 

P o t e n t i a l Uses of t h e Data 

These r e a d i n g s were t h e n t r a n s p o r t e d back t o a dBASE da t a b a s e and 
l i n k e d w i t h 72 y e a r s of f i r e r e p o r t d a t a c o l l e c t e d u s i n g t h e 
Pa r k s F i r e Data R e c o r d i n g System (Appendix B ) . F i g u r e A1 shows 
t h e s p r i n g and f a l l DC v a l u e s f o r 34 y e a r s i n KNP. These f i g u r e s 
c o u l d be compared w i t h a n n u a l burn s t a t i s t i c s . D a i l y r e a d i n g s 
c o u l d be compared w i t h f i r e o c c u r r e n c e and a r e a burned. Without 
a l l t h e codes and i n d i c e s o f t h e FWI system a n a l y s i s w i l l be 
l i m i t e d , but s i m p l e c a l c u l a t i o n s of t e m p e r a t u r e and days w i t h o u t 
r a i n c o u l d be used as a s u b s t i t u t e . F o r example, a comparison of 
t h e number of days w i t h o u t r a i n b e f o r e and a f t e r t h e o c c u r r e n c e 
of l i g h t n i n g f i r e s might r e v e a l something about t h e p a t t e r n o f 
l i g h t n i n g f i r e i g n i t i o n and r a i n f a l l . 

C o p i e s of t h e d a t a and t h e computer programs used i n t h i s 
a n a l y s i s ( e x c e p t FWAP and ASC2FWAP) can be a c q u i r e d from t h e 
a u t h o r . 
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1950 1960 1970 1980 1990 

Year 

F i g u r e A1 . O v e r - w i n t e r drought code a d j u s t m e n t , Kootenay 
C r o s s i n g , KNP. 
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APPENDIX B: HISTORIC FIRE REPORTS 

I n d i v i d u a l f i r e r e p o r t s can p r o v i d e u s e f u l i n f o r m a t i o n ; weather 
o b s e r v a t i o n s , f i r e b e h a v i o u r o b s e r v a t i o n s , d a t e s , t i m e s , f i r e 
c a u s e , a r e a burned, f i r e l o c a t i o n , s u p p r e s s i o n f o r c e s used, 
t r a v e l t i m e s , f u e l t y p e s , e t c . T h i s i n f o r m a t i o n was i n t e n d e d t o 
be used w i t h f i r e weather d a t a i n t h e f o r m a t i o n of a p r e p a r e d n e s s 
system f o r t h e p a r k , and v a r i o u s summaries u s e f u l t o f i r e 
management ( i e . f i r e cause a n a l y s i s , e t c . ) . A s e a r c h was 
c o n ducted of KNP, f e d e r a l , p r o v i n c i a l , m u n i c i p a l , and p r i v a t e 
a r c h i v e s f o r a l l a v a i l a b l e f i r e r e p o r t s f o r KNP. T h i s s e a r c h was 
c o n ducted and a r e p o r t p r e p a r e d by Mr. Tim Van Egmond, M.Sc. 
s t u d e n t a t M anitoba N a t u r a l Resources I n s t i t u t e and U n i v e r s i t y of 
C a l g a r y , under a P a r k s V o l u n t e e r Agreement. A l l r e p o r t s were 
coded onto t h e most r e c e n t P a r k s F i r e R e p o r t Form (1987 v e r s i o n ) 
and e n t e r e d i n t o dBASE I I I + f i l e s u s i n g t h e P a r k s F i r e Data 
R e c o r d i n g System. These r e p o r t s have been amalgamated i n t o one 
s e t of t h r e e dBASE f i l e s c o v e r i n g t h e p e r i o d s i n c e park 
e s t a b l i s h m e n t . No a n a l y s i s has been c o n d u c t e d t o d a t e . 

The f o l l o w i n g r e p o r t , p r e p a r e d by Mr. Van Egmond on October 31, 
1988, d e t a i l s d a t a c o l l e c t i o n and t h e format of t h e d a t a . 
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KNP F i r e H i s t o r y D a t a b a s e 

The KNP f i r e h i s t o r y d a t a b a s e , has been p u t t o g e t h e r from 

v a r i o u s a r c h i v a l f i l e s . The m a j o r i t y o f t h e f i r e o c c u r r e n c e 

r e p o r t s , and c o r r e s p o n d e n c e , were o b t a i n e d f r o m t h e KNP 

a d m i n i s t r a t i o n a r c h i v a l f i l e s . Gaps i n t h e r e c o r d were f i l l e d 

from a c o m b i n a t i o n of a r c h i v e s i n c l u d i n g t h e " A r c h i v e s o f Rocky 

M o u n t a i n s " i n B a n f f , "The Glenbow Museum" i n C a l g a r y , " P a r k s 

C e n t r a l R e g i s t r y F i l e s " i n W e s t e r n R e g i o n a l O f f i c e i n C a l g a r y , 

and t h e " N a t i o n a l A r c h i v e s " i n Ottawa. 

O c c u r r e n c e r e p o r t s , a n n u a l r e p o r t s , m o n t h l y r e p o r t s , and 

i m p o r t a n t c o r r e s p o n d e n c e were p h o t o c o p i e d and f i l e d . A l l d a t a i s 

f i l e d by decade w i t h t h e f i l e code r e p r e s e n t i n g t h e s p a n o f y e a r s 

f o r t h a t d e c a d e , f o r example 2 0 - 9 f o r t h e y e a r s 1 9 2 0 - 1 9 2 9 . The 

f o l l o w i n g d i v i s i o n s a r e made i n t h e f i l e f o r e a c h d e c a d e : f i r e 

r e p o r t s and c o r r e s p o n d e n c e ; f i r e r e p o r t s and c o r r e s p o n d e n c e 

l a r g e r t h a n c l a s s A; and a n n u a l r e p o r t s / m o n t h l y r e p o r t s . 

A l l d a t a was c o m p u t e r i z e d u s i n g t h e N a t i o n a l F i r e R e p o r t i n g 

Form d e v e l o p e d i n 1 9 8 7 . F o r 54 y e a r s o u t of 6 8 , c o m p l e t e r e c o r d 

u s i n g i n d i v i d u a l r e p o r t s was i n p u t i n t o t h e computer d a t a b a s e . 

For 14 y e a r s o u t o f 6 8 , i n d i v i d u a l r e p o r t s were m i s s i n g or not 

c o m p l e t e f o r t h e e n t i r e y e a r . I n t h e c a s e o f m i s s i n g o c c u r r e n c e 

r e p o r t s t h e f i r e d a t a was e n t e r e d from t h e m o n t h l y or a n n u a l 

r e c o r d . O f t e n , t h e o n l y a v a i l a b l e d a t a i n t h i s c a s e was t h a t o f 

c a u s e , t o t a l s i z e f o r y e a r , and t o t a l c o s t f o r y e a r . In t h i s 

s i t u a t i o n t h e d a t a was a v e r a g e d f o r e a c h f i r e f r o m t h e e n t i r e 

y e a r ' s r e c o r d . F o r example, i f t e n f i r e s o c c u r r e d , and t h e t o t a l 



y e a r s c o s t was $10,000.00 t h e n e a c h f i r e was a s s i g n e d a v a l u e o f 

$1000.00. In t h e same manner, i f one f i r e was s e v e r e and t h e 

c o s t was n o t e d , t h e n t h a t p r o p o r t i o n o f t h e t o t a l y e a r ' s c o s t was 

used t o d e r i v e t h e s i z e , and t h e r e m a i n d e r was d i v i d e d between 

t h e o t h e r f i r e s . 

The computer d a t a b a s e was c o m p i l e d a c c o r d i n g t o t h e 

i n s t r u c t i o n s f o r d a t a e n t r y i n t h e N a t i o n a l F i r e R e p o r t i n g Form. 

Two d e v i a t i o n s e x i s t f r o m t h i s f o r m a t . Number one, a l l c i g a r e t t e 

f i r e s a r e l i s t e d as i n c e n d i a r y (7), t h e r e a r e no o t h e r i n c e n d i a r y 

f i r e s o c c u r r i n g t h r o u g h o u t t h e h i s t o r i c a l r e c o r d so t h i s s e r v e s 

as a u s e f u l way t o i s o l a t e t h e s e f i r e s from t h o s e c a u s e d by 

r e c r e a t i o n a l a c t i v i t i e s . Number two, a l l c o s t s l i s t e d under O&M 

a r e i n p r e s e n t day c o s t s ; manpower and d e p a r t m e n t v e h i c l e s a t 

$20.00/hr, equipment d e s t r o y e d or l o s t a t r e p l a c e m e n t c o s t ( b a s e d 

on p e r s o n a l c o m m u n i c a t i o n w i t h A. M a s t e r s ) . Vote 120 c o s t s a r e 

i n t h e d o l l a r v a l u e o f t h e y e a r o f o c c u r r e n c e . E x c e p t i o n s t a k e 

p l a c e t o t h e s e r u l e s i n a c e r t a i n o c c a s i o n s . 

E x c e p t i o n s a r e as f o l l o w s : 1920-1929 c o s t s a r e as n o t e d i n 

y e a r s o f o c c u r r e n c e , no d a t a was a v a i l a b l e f o r upgrade t o p r e s e n t 

day c o s t s or t o d i f f e r between 0 & M and Vot e 120; t h e same 

r e p r e s e n t a t i o n i s used f o r 1936, 1940, and 1956. A l l c o s t s f o r 

t h e 1980's a r e i n up t o d a t e f i g u r e s f o r b o t h O & M and V o t e 120; 

$500/hr was used f o r h e l i c o p t e r s . Whenever was i n t e r p r e t e d or 

c a l c u l a t e d i n a d i f f e r e n t manner from t h e norm t h a t change i s 

n o t e d i n t h e r e m a r k s ; i f s p a c e was a v a i l a b l e t h e normal method o f 

c a l c u l a t i o n i s o f t e n n o t e d . 

The f o l l o w i n g l i s t summarizes t h e d a t a b a s e . The use of t h e 



word "incomplete" s i g n i f i e s that Individual reports were missing 

for a l l or part of the year indicated. A l l data available was 

then input from annual or monthly record, inferences made are 

noted in the remarks. 

Kootenay National Park 

Fire History Record-Present Database as of October 29/88 

F i r e Record--1920-1929. 

No. of Fires in 1920— 1. 
I n d i v i d u a l R e c o r d - - No. 
Computer ized. 

No. of Fires in 1921— 2. 
I n d i v i d u a l R e c o r d - - No. 
Computer ized 

No. of Fires In 1922-- 1. 
I n d i v i d u a l R e c o r d — No. 
Computer ized 

No. of Fires in 1923-- 0 . 
Computer ized 

No of Fires in 1924-
I n d i v i d u a l R e c o r d - -
Computer ized 

No. of Fires in 1925-
I n d i v i d u a l R e c o r d - -
Computer ized 

4 , 
No, 

10 . 
No. 

No. of Fires in 1926— 10. 
I n d i v i d u a l R e c o r d — Only the B i g One 
Computer ized 

No. of Fires in 1927— 0. 
Computer ized 

No. of Fires in 1928-- 12. 
I n d i v i d u a l R e c o r d — No. 
Computer i zed 

INCOMPLETE 

INCOMPLETE 

INCOMPLETE 

COMPLETE 

INCOMPLETE 

INCOMPLETE 

INCOMPLETE 

COMPLETE 

INCOMPLETE 



No o f F i r e s In 1929-- 9. 
I n d i v i d u a l R e c o r d — 
Computer i z e d 

9. COMPLETE 

F i r e R e c o r d 1930-1939. 

No. of F i r e s i n 1930--
I n d i v i d u a l R e c o r d — 2 
C o m p u t e r i z e d 
No. o f F i r e s i n 1931-- 3 
I n d i v i d u a l R e c o r d — No 
Computer i z e d 

INCOMPLETE 

INCOMPLETE 

No. o f F i r e s i n 1932-- 2, 
I n d i v i d u a l R e c o r d — 2, 
Computer i z e d 

No. of F i r e s i n 1933-- 4, 
I n d i v i d u a l R e c o r d - - 4, 
Computer i z e d 

No. of F i r e s i n 1 9 3 4 — 6, 
I n d i v i d u a l R e c o r d — 6 
Computer i z e d 

COMPLETE 

COMPLETE 

COMPLETE 

No. o f F i r e s i n 1 9 3 5 — 5. 
I n d i v i d u a l R e c o r d - - No. 
C o m p u t e r i z e d 

INCOMPLETE 

No. o f F i r e s i n 1 9 3 6 — 1. 
I n d i v i d u a l R e c o r d — No. ( M o n t h l y R e c o r d , A v a i l a b l e ) 
Computer i z e d 

INCOMPLETE 

No. of F i r e s i n 1 9 3 7 — 0 
Computer i z e d 

COMPLETE 

No.•of F i r e s i n 1938--
Computer i z e d 

No. o f F i r e s i n 1939--
I n d i v i d u a l R e c o r d — 
Computer i z e d 

COMPLETE 

COMPLETE 

F i r e R e c o r d 1940-1949 

No. of F i r e s i n 1940-- 3 . 
I n d i v i d u a l R e c o r d — 3. COMPLETE 
Computer i zed 



No. of Fires in 1941 — 0 . 
Computer ized COMPLETE 
No. of Fires in 1942 — 0 . 
Computerized COMPLETE 

No. of Fires in 1943 — 0 . 
Computer ized COMPLETE 

No, of Fires in 1944 — 0 . 
Computer ized COMPLETE 

No. of Fires in 1945 — 3 . 
Individual Record — 
Computerized 

3. COMPLETE 

No. of Fires in 1946 — 3. 
Individual r e c o r d — 
Computer ized 

3. COMPLETE 

No. of Fires in 1947 — 0 . 
Computer i zed COMPLETE 

No. of Fires in 1948 — 0 . 
Computer ized COMPLETE 

No. of Fires in 1949 — 6 . 
Individual Record--
Computer ized 

COMPLETE 

Fir e Record 1950-1959 

No. of Fires in 1 9 5 0 — 1 
Individual Record— 1 
Computer ized 

COMPLETE 

No. of Fires in 1 9 5 1 — 1, 
Individual Record— 1. 
Computer ized 

No. of Fires in 1952-- 0 , 
Computer ized 

No. of Fires in 1953-- 3, 
Individual Record-- 3 
Computer i zed 

No. of Fires in 1954-- 1 
Individual Record— 1 

COMPLETE 

COMPLETE 

COMPLETE 

COMPLETE 

No. of Fires in 1955-- 0 
Individual Record— 0 COMPLETE 



No. of Fires in 1956-- 3 
Individual Record— 3 
Computer ized 

COMPLETE 

No. of Fires in 1957— 0 
Computer ized COMPLETE 

No. of Fires in 1958— 2 
Individual Record-- 2 
Computer ized 

No. of Fires in 1959— 3 
Individual Record— 3 

COMPLETE 

COMPLETE 

Fire Record 1960-1969 

No. of Fires in 1960— 3. 
Individual Record-- 3, 
Computer ized 

No. of Fires in 1961-- 1, 
Individual Record— 1, 
Computer ized 

No. of Fires in 1962— 2, 
Individual Record— 2, 
Computer ized 

No. of Fires in 1963-- 1, 
Individual Record— 1, 
Computer ized 

No. of Fires in 1964— 0 
Computerized 

No. of Fires in 1965-- 1 
Individual Record— 1. 
Computerized 

COMPLETE 

COMPLETE 

COMPLETE 

COMPLETE 

COMPLETE 

COMPLETE 

No. of Fires in 1966-- 0 
Computer ized 

COMPLETE 

No. of Fires in 1967-- 8 
Individual Record-- 8 
Computer ized 

COMPLETE 

No. of Fires in 1968-
Computer ized COMPLETE 



No. o£ Fires In 1969-- 1. 
Individual Record— 1. 
Computer i zed 

COMPLETE 

Fi r e Record 1970-1979 

No. of Fires in 1 9 7 0 — 5. 
Individual Report— 5. 
Computer ized 

No.of Fires in 1 9 7 1 — 0. 
Computer ized 

COMPLETE 

COMPLETE 

No. of Fires in 1972-- 1, 
Individual Record-- 1, 
Computer ized 

COMPLETE 

No, of Fires in 1 9 7 3 — 0. 
Computer ized 

COMPLETE 

No of Fires in 1974-- 2. 
Individual Record-- No, 
Computer ized 

INCOMPLETE 

No. of Fires in 1975-- 1 
Individual Record— 1 
Computer ized 

COMPLETE 

No. of Fires in 1 9 7 6 — 0. 
Individual Record— 0. 
Computer i zed 

COMPLETE 

No of Fires in 1 9 7 7 — 0 
0 Individual Record-

Computerized 
COMPLETE 

No. of Fires in 1 9 7 8 — 5. 
Individual Record— No. 
Computer ized 

INCOMPLETE 

No. of Fires in 1979-- 6 . 
Individual Report— 6 
Computer ized 

COMPLETE 

Fir e Record 1980-1987 

No. of Fires in 1980-- 1. 
Individual Report-- No. 
Computer ized 

INCOMPLETE 



No. of Fires in 1981— 0 
Computerized 

No. of Fires in 1982-- 0 
Individual Record— 0 
Computer ized 

No. of Fires in 1983— 0 
Computerized 

COMPLETE 

COMPLETE 

COMPLETE 

No. of Fires in 1984-- 4 
Individual Record-- 4 
Computer ized 

No. of Fires in 1985— 9 
Individual Record— 9 
Computer ized 

No. of Fires in 1986— 2 
Individual Record-- 2 
Computer ized 

No. of Fires in 1987-- 3 
Individual Record— 3, 
Computer ized 

COMPLETE 

COMPLETE 

COMPLETE 

COMPLETE 

Total # of years record-- 68. 

S of years lacking complete individual record-- 14. 

# of years complete individual record-- 54. 

Record of 164 individual f i r e s . 



APPENDIX C: OBSERVATIONS 

T h i s appendix c o n t a i n s i n c i d e n t a l o b s e r v a t i o n s about f i r e 
management r e l a t e d t o p i c s n o t e d d u r i n g t h e 1988/89 f i e l d season. 
Because o b s e r v a t i o n s such as t h e s e may p r o v i d e i d e a s f o r f u r t h e r 
s t u d y t h e y a r e r e c o r d e d h e r e . 

The t o p i c s c o v e r e d i n c l u d e : 

- R e g e n e r a t i o n Delay 
- Stem A n a l y s i s 
- A i r Temperature P r o f i l e s 
- E l k W i n t e r Use by F o r e s t Age 

R e g e n e r a t i o n Delay 

R e g e n e r a t i o n d e l a y a f t e r f o r e s t f i r e s was n o t i c e d when 
g e r m i n a t i o n d a t e s of t r e e s (from a c c u r a t e , n e a r - t o ground c r o s s -
s e c t i o n s ) were compared w i t h r e l i a b l e f i r e d a t e s from a c c u r a t e 
f i r e s c a r s o r known d a t e s from w r i t t e n r e p o r t s . The d e l a y seemed 
t o v a r y from a mode of around 7 y e a r s i n t h e bottom of t h e 
Kootenay V a l l e y , 3-10 y e a r s i n t h e S i n c l a i r A r e a , t o over 60 
y e a r s a t h i g h - e l e v a t i o n s near t r e e l i n e i n a l l a r e a s of t h e p a r k . 
R e g e n e r a t i o n d e l a y of l o d g e p o l e - p i n e a f t e r t h e V e r m i l i o n Pass 
f i r e a t one s i t e was o n l y 3 y e a r s . 

D e l a y may be a f u n c t i o n of t r e e s p e c i e s , s i t e c o n d i t i o n s , 
v e g e t a t i o n c o v e r b e f o r e t h e f i r e , and i n t e n s i t y of b u r n . A 
s i l i v i c u l t u r a l i s t w i t h t h e B.C. M i n i s t r y of F o r e s t s noted l o n g 
r e g e n e r a t i o n d e l a y s near t r e e l i n e p o s s i b l y due t o consumption of 
a v a i l a b l e n u t r i e n t i n t h e t h i n A-h s o i l h o r i z o n on t h e s e s i t e s . 
T h i s phenomenon was o b s e r v e d i n h i g h e l e v a t i o n a r e a s where f i r e 
d a t e s c o r r e s p o n d e d w i t h w e l l s t o c k e d v a l l e y bottom s i t e s , such as 
t h e headwaters of S i l t , Minnow, and L a c h i n e C r e e k s , and near Spar 
Mountain and t h e V e r m i l i o n P a s s . 

T h i s phenomenon i s i m p o r t a n t because v e g e t a t i o n managers s h o u l d 
not be s u r p r i s e d by s h o r t o r l o n g r e g e n e r a t i o n d e l a y ; t h e 
phenomenon s h o u l d be u n d e r s t o o d so t h a t i m p l i c a t i o n s can be 
a s s e s s e d b e f o r e a p r e s c r i b e d f i r e ( o r a f t e r a w i l d f i r e ) o c c u r s . 
Obvious i m p l i c a t i o n s might be remarks from t o u r i s t s as t o why 
t r e e s a r e not growing back on a c e r t a i n s i t e , o r t h e d e s i r e of a 
w i l d l i f e h a b i t a t manager t o remove t r e e s from a s i t e f o r many 
y e a r s f o l l o w i n g a f i r e . Long r e g e n e r a t i o n d e l a y s appear t o be 
n a t u r a l e v e n t s and we s h o u l d be p r e p a r e d t o u n d e r s t a n d them. 

A s t u d y o f r e g e n e r a t i o n d e l a y would p r o b a b l y have t o c o n t r o l f o r 
v a r i a t i o n i n s i t e c o n d i t i o n s , and may be hampered by not always 
knowing t h e c o n d i t i o n of t h e v e g e t a t i o n b e f o r e t h e f i r e o r t h e 
f i r e ' s b e h a v i o u r ( i e . i n t e n s i t y , f u e l removed, e t c . ) . 
R e g e n e r a t i o n d e l a y c o u l d have an e f f e c t on a g e - c l a s s d i s t r i b u t i o n 
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and t h e o v e r a l l e f f e c t s c o u l d be modeled u s i n g computer 
s i m u l a t i o n . Some i n f o r m a t i o n may be a v a i l a b l e from t h e f i r e 
h i s t o r y sample t r e e d a t a b a s e used i n t h i s s t u d y , but t h e sample 
d e s i g n may not be adequate f o r c o n t r o l l i n g v a r i a t i o n due t o s i t e 
and o t h e r c o n d i t i o n s . 

Stem A n a l y s i s 

F i g u r e C1 shows t h e r e s u l t s o f stem a n a l y s i s p e r f o r m e d on t h r e e 
l o d g e p o l e p i n e t r e e s a t d i f f e r e n t l o c a t i o n s i n KNP. Stem a n a l y s i s 
i s p erformed by s e c t i o n i n g a f e l l e d t r e e a t c e r t a i n h e i g h t 
i n t e r v a l s and c o u n t i n g a n n u a l r i n g s a t each s e c t i o n . The number 
o f r i n g s on each c r o s s s e c t i o n i s s u b t r a c t e d from t h e t o t a l age 
of t h e t r e e ( t a k e n as c l o s e t o g e r m i n a t i o n p o i n t as p o s s i b l e ) t o 
compute t h e age of t h e t r e e near each h e i g h t . 

F o r e s t e r s use stem a n a l y s i s f o r many p u r p o s e s , i n c l u d i n g 
d e r i v a t i o n of s i t e - i n d e x c u r v e s which i n d i c a t e t h e e x p e c t e d 
h e i g h t growth of a t r e e o v er a s e t t i m e f o r a c e r t a i n s i t e . The 
c u r v e s f o r KNP o v e r l a p i n two i n s t a n c e s , f o r t h e f i r s t 
a p p r o x i m a t e l y 20 y e a r s , and a t h i r d c u r v e shows a v e r y d i f f e r e n t 
r a t e of growth. D i f f e r e n t growth r a t e s and p a t t e r n s a r e l i k e l y 
due t o s i t e d i f f e r e n c e s , t e m p o r a l change i n c l i m a t e o r o t h e r 
c o n d i t i o n s , damage, e t c . 

Tree h e i g h t growth c u r v e s may be u s e f u l f o r KNP f o r a number of 
r e a s o n s . S i m i l a r t o t h e r e g e n e r a t i o n d e l a y p r o b l e m , v e g e t a t i o n 
managers s h o u l d not be s u r p r i s e d w i t h l a c k of o r a s t o u n d i n g 
h e i g h t growth of new t r e e s a f t e r f i r e o r o t h e r d i s t u r b a n c e , and 
s h o u l d be a b l e t o r e a c t t o p u b l i c or o t h e r c o n c e r n s w i t h a c c u r a t e 
i n f o r m a t i o n . W i l d l i f e h a b i t a t i n c l u d e s a c o v e r component of which 
concealment may be i m p o r t a n t i n some c i r c u m s t a n c e s . Knowing the 
l e n g t h o f t i m e r e q u i r e d f o r t r e e s t o r e a c h t h e e q u i v a l e n t or 
n e c e s s a r y concealment h e i g h t of e l k cows w i t h c a l v e s on c e r t a i n 
s i t e s may i n f l u e n c e h a b i t a t p r o t e c t i o n o r enhancement d e c i s i o n s . 

A i r Temperature P r o f i l e s 

Smoke management i s a major i s s u e i n p r e s c r i b e d f i r e management 
i n n a t i o n a l p a r k s and w i l d e r n e s s a r e a s i n t h e U.S.A. and i n 
c o mmercial f o r e s t r y a r e a s i n many p r o v i n c e s . Some c o m p l a i n t s have 
been r e c e i v e d by r e s i d e n t s of Canadian n a t i o n a l p a r k s d u r i n g 
p r e s c r i b e d f i r e o p e r a t i o n s . 

Smoke d i s p e r s a l i s s t r o n g l y i n f l u e n c e d by a t m o s p h e r i c s t a b i l i t y ; 
a c o n d i t i o n e a s i l y a s s e s s e d from a v e r t i c a l a i r t e m p e r a t u r e 
p r o f i l e . F i g u r e C2 shows t e m p e r a t u r e p r o f i l e s f o r two l o c a t i o n s 
i n KNP t a k e n i n J u l y of 1988. These t r a c e s , show t h e t e m p e r a t u r e 
a t v a r i o u s e l e v a t i o n s r e a d from t e m p e r a t u r e and a l t i m e t e r 
i n s t r u m e n t s i n s i d e a B e l l 206 J e t Ranger h e l i c o p t e r . A l s o shown 
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Stem Analysis - KNP 
3 Lodgepole Pine on 2 Sites 

2 5 T 

0 40 80 120 160 200 
Age of Tree <Max. in 1988) 

a Settler's + Verm. Pass o Verm. Survivor 

i g u r e C 1 . Stem a n a l y s i s of 3 l o d g e p o l e p i n e on 3 s i t e s i n KNP. 
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( d r y a d i a b a t i c l a p s e r a t e ) . 



on t h e graph i s t h e d r y a d i a b a t i c l a p s e r a t e of 0.98 degrees 
c e l s i u s p e r 100 metres. DALR i s t h e r a t e a t w h i c h an u n - s a t u r a t e d 
p a r c e l of a i r c o o l s o r warms as i t i s r a i s e d o r l o w e r e d t h r o u g h 
t h e atmosphere, due t o f r i c t i o n and change i n p r e s s u r e . The 
a c t u a l t e m p e r a t u r e p r o f i l e s can be r e f e r r e d t o as t h e 
e n v i r o n m e n t a l l a p s e r a t e (ELR). 

I f t h e ELR i s l e s s t h a n t h e DALR ( i e . ELR c u r v e i s s t e e p e r t h a n 
th e DALR) t h e n t h e atmosphere i s s a i d t o be s t a b l e , and smoke 
w i l l not d i s p e r s e v e r t i c a l l y above t h e p o i n t where t h e c u r v e s 
c r o s s . The r e v e r s e i s a l s o t r u e : i f ELR > DALR t h e atmosphere i s 
u n s t a b l e and smoke w i l l c o n t i n u e t o r i s e , u n l e s s t h e r e i s a 
s t a b l e l a y e r a t a n o t h e r h e i g h t (Oke, 1978). 

The KNP s i t u a t i o n on t h i s p a r t i c u l a r day i s n e u t r a l s t a b i l i t y up 
t o about 2100 metres e l e v a t i o n , above which a s t a b l e s i t u a t i o n 
e x i s t s . Depending on t h e placement o f t h e DALR l i n e due t o 
i n i t i a l p a r c e l t e m p e r a t u r e , one c o u l d e x p e c t s l o w v e r t i c a l 
movement of smoke up t o about 2100 m e t r e s . A t t h i s h e i g h t t h e 
smoke may s t o p , u n a b l e t o proceed h i g h e r because t h e s u r r o u n d i n g 
t e m p e r a t u r e i s a l r e a d y h i g h e r ( c o o l e r a i r i s more dense and w i l l 
not r i s e t h r o u g h warmer a i r ) . Depending on o t h e r f a c t o r s such as 
th e i n i t i a l t e m p e r a t u r e of c o o l e d smoke a t i t s ' r e l e a s e h e i g h t 
and upper l e v e l w i n d s , such c o n d i t i o n s c o u l d l e a d t o a problem i f 
t h e v e n t i n g h e i g h t i s not s u f f i c i e n t . I n t h i s c a s e , smoke may 
o b s c u r e s u n l i g h t and t h e s u r r o u n d i n g mountain peaks, c a u s i n g 
u n p l e a s a n t s i g h t - s e e i n g c o n d i t i o n s f o r some t o u r i s t s and 
i m p a t i e n c e from l o c a l b u s i n e s s owners s e n s i t i v e t o t o u r i s t 
revenue. 

B e t t e r u n d e r s t a n d i n g of t h i s s i t u a t i o n and a v o i d a n c e of more 
s e v e r e s i t u a t i o n s can be a c h i e v e d t h r o u g h m e a s u r i n g t e m p e r a t u r e 
p r o f i l e s i n advance of p r e s c r i b e d f i r e s u s i n g a h e l i c o p t e r , 
d r i v i n g a h i g h - m o u n t a i n r o a d , o r c h e c k i n g u p p e r - l e v e l wind and 
t e m p e r a t u r e i n f o r m a t i o n a v a i l a b l e t h r o u g h A t m o s p h e r i c Environment 
S e r v i c e , t h e n e a r e s t T r a n s p o r t Canada F l i g h t S e r v i c e S t a t i o n , o r 
c o m m e r c i a l o n - l i n e weather s e r v i c e s . The i n f o r m a t i o n w i l l not 
a l l o w managers t o change t h e ELR, b u t may b e t t e r p r e p a r e them f o r 
d e c i s i o n s t a k e n l a t e r i n t h e day. Smoke management i n f o r m a t i o n 
and g u i d e l i n e s have been d e v e l o p e d by p r o v i n c i a l and f e d e r a l f i r e 
management a g e n c i e s i n both Canada and t h e U.S.A. 

E l k W i n t e r Use by F o r e s t Age 

Use s t a t i s t i c s f o r many w i l d l i f e s p e c i e s were c o l l e c t e d w i t h t h e 
KNP e c o l o g i c a l l a n d c l a s s i f i c a t i o n and a r e d e s c r i b e d i n 
A c h u f f ( e t . a l . . 1984). Use of e c o s i t e s by e l k d u r i n g w i n t e r were 
d e r i v e d p r i m a r i l y from p e l l e t group c o u n t s and a r e l i s t e d as N i l , 
Low, Medium, H i g h , and V e r y H i g h . A c l a s s i f i c a t i o n scheme u s i n g 
t h e s e i n d i c a t o r s as numbers 1-5 was d e v e l o p e d f o r use i n SPANS. A 
map of e l k w i n t e r use was produced and o v e r l a i d w i t h t h e s t a n d 
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o r i g i n map and a class-means r e p o r t g e n e r a t e d . 

F i g u r e C3 shows t h e average use s t a t i s t i c f o r each c l a s s of 
f o r e s t age shown on t h e s t a n d o r i g i n map, u s i n g 50 y e a r age-
c l a s s e s . A l s o shown i s t h e average use s t a t i s t i c f o r non f o r e s t e d 
a r e a s i n t h e p a r k , a c c o r d i n g t o t h e s t a n d o r i g i n map. The graph 
shows a b i m o d a l d i s t r i b u t i o n but some problems a r e e v i d e n t . 

The s t a n d o r i g i n map was not s e n s i t i v e t d open, r i p a r i a n h a b i t a t 
a l o n g t h e Kootenay and o t h e r r i v e r s t h a t a r e known t o be 
i m p o r t a n t e l k h a b i t a t . Even though a d a t a p o i n t f o r t h e 0-50 y e a r 
a g e - c l a s s i s shown, t h e r e a r e v e r y few f o r e s t s i n t h e p a r k l e s s 
t h a n 60-70 y e a r s o l d . T h e r e f o r e , t h e use s t a t i s t i c f o r t h e 0-50 
y e a r a g e - c l a s s may not be r e p r e s e n t a t i v e . A l s o , 50 y e a r age-
c l a s s e s may not be an a p p r o p r i a t e c l a s s - w i d t h . The peaks o b s e r v e d 
near 100 and 500 y e a r s may be due t o n a t u r a l t h i n n i n g of p i n e and 
s p r u c e s t a n d s . The s h a r p peak i n use around 350 y e a r s may be an 
a r t i f a c t of t h e d a t a ; t h e r e may be a preponderance of 350 y e a r 
o l d f o r e s t s near m i c r o h a b i t a t (such as r i p a r i a n a r e a s o r s m a l l 
meadows not d e t e c t e d on t h e s t a n d o r i g i n map) w i t h v e r y h i g h use 
v a l u e s . 

T h i s graph i s p r e s e n t e d because use of ELC d a t a was one of t h e 
p r i m a r y j u s t i f i c a t i o n s f o r P a r k s t o p u r c h a s e GIS. Use c u r v e s , 
such as t h e one p r e s e n t e d h e r e , may be i n v a l u a b l e f o r use i n 
h a b i t a t m o d e l l i n g e x e r c i s e s . I f t h i s c u r v e i s t o be a c c e p t e d f o r 
a moment, c o n s i d e r t h e e f f e c t of c h a n g i n g t h e a g e - c l a s s 
d i s t r i b u t i o n of t h e f o r e s t s of KNP ( F i g u r e 11) e i t h e r by f i r e 
e x c l u s i o n , f i r e management a c c o r d i n g t o ecosystem g o a l s , 
e x c e s s i v e a r e a burned, mountain p i n e b e e t l e , o r o t h e r 
d i s t u r b a n c e . Use c u r v e s and o t h e r r e l a t i o n s h i p s w i l l have t o be 
t h o r o u g h l y s c r u t i n i z e d by v a r i o u s r e s o u r c e e x p e r t s b e f o r e put 
i n t o use as a t a b l e or f u n c t i o n . 
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Elk Winter Use - KNP 
V=5 H=4 H=3 L=2 Nll=1 

Forest Age (50 yr classes) 
o Forest + Non-forest 

i g u r e C3. E l k w i n t e r use from KNP ELC as a f u n c t i o n of f o r e s t 
age from s t a n d - o r i g i n map. 
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INTRODUCTION 

Forest Fire History of Kootenay National Park is a comprehensive study 
of the time-since-fire in the 88,000 hectares of the park. An attempt has been 
made to detect changes in the "Mean Fire Return Interval" (MFRI) over the last 
several hundred years. In particular, Masters was interested in finding the 
effect of the establishment of the park on the MFRI. For example, have man-
caused fires significantly decreased the MFRI or have fire suppression efforts 
significantly decreased it? 

FIRE HISTORY 

The mean fire return interval for the park as a whole was 127 years. Of 
the three main valleys in the park, two (Kootenay and Sinclair) showed a 
relatively constant MFRI (92 years) over the last several centuries, while the 
third, Vermilion, abruptly changed from an MFRI of 75 years to 267 years 
around the year 1768. Masters suggests that this may be the result of a 
climatic cooling that occurred in the eighteenth century (ending around 1830). 

This century the major fires in the park occurred in 1926, 1935, 1950 and 
1968. Fire suppression appeared to have little or no effect on these large fires. 
Costly suppression efforts were mounted in all cases but rain eventually brought 
the fires under control. Two women and two children were trapped in a car and 
died in the 1926 fire. Since 1985 helicopters and rappel-trained initial attack 
crews have successfully suppressed ten fires that would have burned more area 
if left unchecked. 

Most fires, both before and after park establishment, appear to have been 
ignited by lightning. The major fires of 1926 and 1968 are known to have been 
lightning-caused. The establishment of the park did not appear to have an effect 
on the frequency of fires, man-caused or otherwise. 



FIRE SUPPRESSION IN PARK 

Fire is pervasive in the park and is a natural phenomena in the forest 
life-cycle. Masters endorses the use of prescribed fire in the park to "duplicate 
natural processes as closely as possible" and estimates that a natural fire 
regime could be simulated by burning less than 700 hectares annually. 
Prescribed burning of standing timber can cause considerable controversy and 
confusion, however. He also advocates rapid and aggressive initial attack of 
wildfires because of their significant threat to human safety and high control 
costs. 

In order to initiate a prescribed fire program, he recommends a greater 
effort to monitor fire danger and predict fire behaviour by, in part, increasing 
the number of automatic weather stations in and around the park. The public 
should also be better informed of the forest management practices, including 
prescribed fire, and of the dangers and uncontrollability of large wildfires. 

IMPLICATIONS FOR AES. 

1. Additional automatic weather stations installed in the national parks 
could provide AES with more valuable surface weather information in a data-
sparse area. The data could be archived for climatological analysis and if 
available in real time could be used in the AES forecasting program. 

2. The Canadian Parks Service may be inclined to assist in setting up 
automatic weather stations outside park boundaries if the data would help in 
the AES fire weather forecasting program. 

3. AES may be able to provide a better service to the Canadian Parks 
Service in their suppression of lightning-caused wildfires. This could be done by 
initiating a program for short-term forecasting and nowcasting of lightning 
events when fire weather indices rise, and are expected to stay, above a certain 
criteria in the park. An important part of the program would be rapid 
communication of this short term forecast to fire suppression personnel in the 
parks. 


