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Abstract 

T h i s  p u b l i c a t i o n  p r e s e n t s  t a b l e s  on  t h e  beha'vior of f i r e  and t h e  r e s i s t a n c e  :of 
f u e l s  t o  c o n t r o l .  The i n f o r m a t i o n  i s  t o  b e  used  w i t h  t h e  p h o t o s  i n  t h e  p u b l i -  
c a t i o n ,  Ifphoto Series for  Q u a n t i f y i n g  F o r e s t  Res idues  i n  t h e  S i e r r a  Mixed 
C o n i f e r  Type, Sierra True  F i r  Type" ( U S D A  For .  Se rv .  Gen. Tech. Rep. PNW-95, 
1979, by Wayne G .  Maxwell and F r a n k l i n  R.  Ward). 

KEYWORDS: F i r e  behav io r  ( f o r e s t ) ,  f i r e  management, f i r e  s p r e a d .  

Metric Conversion 

To change  

Miles p e r  hour  
Cha ins  
F e e t  
Acres 

Species List 

Doug la s- f i r  
f i r  
ponderosa  p i n e  

t o  - 
k i l o m e t e r s  p e r  hour  
meters 
meters 
h ec tares 

m u l t i p l y  by: 

1.6093 
20.12 
0 . 3048 
0.4047 

Pseudo t suga  m e n z i e s i i  (Mirb.)  Franco  
Ab ies  spp .  
P i n u s  ponderosa  Dougl. ex Laws.  



Timber h a r v e s t  and s i l v i c u l t u r a l  p r a c t i c e s- a s  well as n a t u r a l ' p h e n o m e n a ,  s u c h  as 
windthrow, i ce  damage, and w i l d f i r e- o f t e n  l e a v e  u n d e s i r a b l e  amounts of forest  
r e s i d u e s .  The f o r e s t  manager must set l i m i t s  on t h e  amount o f  r e s i d u e s  and f i r e  
h a z a r d  t h a t  are c o n s i s t e n t  w i t h  r e s o u r c e  management o b j e c t i v e s .  

Pho to  series have  been p u b l i s h e d  as a n  i n v e n t o r y  t o o l  t o  assess f u e l  l o a d i n g s  by 
s i z e  class i n  s e v e r a l  forest t y p e s .  The p h o t o s  are used  t o  t r a n s l a t e  v i s u a l  images 
t o  q u a n t i t i e s  ( t o n s  pe r  acre) so t h e  manager c a n  descr ibe  t h e  r e s i d u e  t h a t  s h o u l d  
be  r e t a i n e d  t o  meet e n v i r o n m e n t a l  c o n c e r n s  and g o a l s  of  a p a r t i c u l a r  s p e c i a l t y .  
The p h o t o s  a l so  p r o v i d e  a s t a r t i n g  p o i n t  for  a s s e s s i n g  f i r e  h a z a r d .  

T h i s  p u b l i c a t i o n  p r e s e n t s  tables f o r  p r e d i c t i n g  ra te  of f i r e  s p r e a d ,  flame 
l e n g t h ,  and r e s i s t a n c e  o f  f u e l  t o  c o n t r o l  fo r  each r e s i d u e  c o n d i t i o n  d e p i c t e d  by 
t h e  pho to  series for  t h e  Sierra mixed c o n i f e r  and Sierra t r u e  f ir  t y p e s  (Maxwell 
and Ward 1979). F i r e  b e h a v i o r  estimates are based s o l e l y  on measured f u e l  j 

l o a d i n g s  i n  t h e  1/4- t o  3- inch diameter range .  All o t h e r  i n p u t s  t o  a mathematical 
f i r e  spread 'mode l  (Rothermel 1972), i n c l u d i n g  d e p t h  of fuel bed and 1-hour timelag 
(0- t o  l / Q - i n c h  d i a m e t e r )  l o a d i n g ,  are g e n e r a t e d  by assuming s i m i l a r i t y  of t h e  
f u e l  bed t o  a s t y l i z e d  f u e l  model. Pack ing  and surface- to- volume r a t io s  were 
d e r i v e d  by i n t e r p o l a t i o n  between models.  F o l i a g e  and l i t t e r  l o a d i n g s  are 
reflected i n  t h e  1- hour timelag f u e l  l o a d i n g .  No l i v e  o r  c o a r s e  (greater t h a n  
3- inch diameter) f u e l s  are c o n s i d e r e d .  
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Two se t s  of fuel models a r e  i n  widespread u s e  f o r  f i r e  p l a n n i n g  and hazard 
z p p r a i s a l - - N o r t h e r n  F o r e s t  F i r e  L a b o r a t o r y  (NFFL) ana  N a t i o n a l  Fire-Danger R a t i n g  
( N F D R )  models. The NFFL -models  ( A l b i n i  1976)  a r E  a l so  used  f o r  f o r e c a s t i n g  
b e h a v i o r  o f  w i l d . f i r e .  G e n e r a l l y ,  t h e  s l ash  f u e l  models r e f l ec t  a n  a v e r a g e  of 
t y p i c a l  f u e l  c o n d i t i o n s  i n  D o u g k s - f i r  and ponderosa  p i n e  s l a sh .  The NFDR models 
(Deeming e t  a l a  1 9 7 7 )  d i f f e r  from t h e  NFFL ser ies  ma in ly  i n  t h a t  a greater 
p r o p o r t i o n  o f  1- hour timelag f u e l s  are p r e s e n t  r e l a t i v e  t o  10- and 100-hour f u e l s  
( 1 / 4  i n c h  t o  3 i n c h e s ) .  Pack ing  r a t i o s  a r e  similar, b u t  NFFL models have  more 
n e a r l y  optimum packing.  Because  o f  these d i f f e r e n c e s ,  p r e d i c t i o n s  f o r  s p r e a d  and 
i n t e n s i t y  o f  f i r e  f o r  f u e l s  w i t h  p r o p e r t i e s  of t h e  NFDR s lash models w i l l  b e  
s l i g h t l y  greater a t  low windspeeds--and much greater a t  h i g h  windspeeds- - than 
f u e l s  w i t h  t h e  p h y s i c a l  p r o p e r t i e s  of NFFL s l a s h  madels. 

A c h o i c e  between u s i n g . t h e  NFFL o r  NFDR series of  models t o  r e p r e s e n t  t h e  f u e l  
bed i n  a pho to  from Maxwell and Ward (1979)  was based on t h e  p r o p o r t i o n  o f  f i n e  
f u e l s  p r e s e n t  and on t h e  b e l i e v a b i l i t y  of t h e  o u t p u t  on f i r e  behav io r .  Res idues  
from second- growth t i m b e r  and red s lash ,  because  of a greater amount of 1- hour 
f u e l  l o a d i n g ,  a re  be t te r  r e p r e s e n t e d  by NFDR models. Old-growth o r  o v e r w i n t e r e d  
s l a s h  h a s  character is t ics  similar t o  NFFL models .  

Rothermel 's (1972) f i r e  s p r e a d  model is  t h e  basis f o r  estimates of  f i r e  b e h a v i o r .  
The algori thm used t o  estimate flame l e n g t h s  f o r  pho tographs  judged similar t o  
NFDR f u e l  models  i s  t h e  same u s e d  i n  t h e  NFDR sys tem.  The f i r e  spread model, 
however,  depends  on a c o n t i n u o u s  and homogeneous f u e l  bed ,  and a d j u s t m e n t s  a re  
needed i f  t h o s e  c o n d i t i o n s  do n o t  p r e v a i l .  S e v e r a l  f u e l  beds  d e p i c t e d  i n  t h e  
p h o t o  series by Maxwell and Ward (1979)  were t reated by f i r e  o r  mechan ica l  
c r u s h i n g .  Where a t r e a t m e n t  d r a s t i c a l l y  r educed  d e p t h  o r  c o n t i n u i t y  of t h e  f u e l  
bed ,  o u t p u t s  of t h e  model were a d j u s t e d  a c c o r d i n g l y .  



Tables  1-30 p r o v i d e  a ' m e a n s  t o  q u a n t i f y  r e l a t i v e  d i f f e r e n c e s  i n  f i r e  p o t e n t i a l  
between f u e l  beds  i n  a manner c o n s i s t e n t  w i t h ,  b u t  more p ' r e c i s e l y  t h a n ,  s t y l i z e d  
f u e l  models. The u s e r  s h o u l d  n o t  e x p e c t  p r e d i c t e d  v a l u e s  t o  be e x a c t  estimates of 
f i r e  b e h a v i o r  on a n  a c t u a l  f i r e  on a s p e c i f i c  u n i t .  D e v i a t i o n s  from o n e - h a l f , t o  
two times t h e  predic ted  v a l u e s  can  be  expec t ed .  Even v a l u e s  one- four th  t o  f o u r  
times t h e  a c t u a l  v a l u e  may o c c u r .  D e v i a t i o n s  are a l so  p o s s i b l e  if the f u e l  ' 
i n v e n t o r y  i s  i n a c c u r a t e  o r  i f  t h e  -character o f  t h e  f u e l  bed i s  s u b s t a n t i a l l y '  
d i f f e r e n t  from t h e  s t y l i z e d  f u e l  model. 

Spread  of f i r e  is  a m p l i f i e d  by wind and s l o p e .  E f f e c t i v e  wind ( A l b i n i  1976)  i s  
t h e  windspeed t h a t  a l o n e  would p roduce  t h e  same a m p l i f i c a t i o n  as  t h e  combined 
effects of wind and s l o p e .  The tables  show e f f e c t i v e  wind a t  midflame h e i g h t .  
F i g u r e  1 can  b e  used  t o  d e t e r m i n e  e f f e c t i v e  midflame windspeed.  

Fue l  m o i s t u r e  c o n t e n t  is  c a l c u l a t e d .  by combining t h e  three f i n e  f u e l  classes so 
t h a t :  

M o i s t u r e  c o n t e n t  = 0.76 x (1- hour 'timelag m o i s t u r e )  
+0.18 x (10- hour timelag m o i s t u r e )  
+0.06 x (100- hour timelag m o i s t u r e ) .  

F i r e  p e r i m e t e r ,  area, and r e s i s t a n c e  t o  c o n t r o l  are a l s o  u s e f u l  f o r  f i r e  
p l a n n i n g .  Formula and g r a p h i c  a ids  ( F i r e  Behavior  Officer 's  F i e l d  Reference')  
f o r  d e t e r m i n i n g  p e r i m e t e r  and area are p r e s e n t e d  in appendix 1. 
r e s i s t a n c e  t o  c o n t r o l  r a t i n g ,  s l o p e ,  and flame l e n g t h  a d j u s t m e n t  f a c t o r s ,  and 

Fuel 

. l N a t i o n a l  I n t e r a g e n c y  F i r e  T r a i n i n g  C e n t e r ,  Marana, Kr i zona ,  1978. 
3 



Figure 1.—Chart for determining
effective windspeed from midflame
windspeed and ground slope in
direction of wind.
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c o n v e r s i o n  of r e s i s t a n c e  t o  c o n t r o l  r a t i n g  v a l u e s  t o  c h a i n s  pe r  hou r  o f  l i n e  
c o n s t r u c t e d  by o n e  pe r son  are p r e s e n t e d  i,n append ix  2. 

For t h e  app rox ima te  p o t e n t i a l  f i r e  b e h a v i o r  and  r e s i s t a n c e  o f  f u e l  t o . c o n t r o 1  for 
a p a r t i c u l a r  area and  g i v e n  weather c o n d i t i o n s ,  d e t e r m i n e  t h e  f o l l o w i n g :  

1. Which pho to  n e a r l y  matches, o r  which pho tos  bracket, t h e  area. 
2. Rate o f  s p r e a d  o f  f i r e  and flame l e n g t h  ( tables.1-30).  
3 .  P e r i m e t e r  and area of f i r e  ( f rom g r a p h s  and f o r m u l a s  i n  append ix  1). 
4.  R e s i s t a n c e  o f  f u e l  t o  c o n t r o l  (from tables  i n  append ix  2 ) .  

For example,  if t h e  area was r e p r e s e n t e d  by. pho to  2-MC-4-RC i n  Maxwell and Ward 
(1979)  and there was a 5-mi/h wind a t  midflame height ,  a f i n e  f u e l  m o i s t u r e , o f  
4 p e r c e n t ,  and t h e  area was on a 20- percent  s l o p e ,  t h e  f o l l o w i n g  c o n d i t i o n s  would 
e x i s t :  

E f f e c t i v e  mid f l ame  wind (miles p e r  hour)-- 6 
Rate of s p r e a d  ( c h a i n s  p e r  hour)--10 
Flame l e n g t h  ( f e e t ) - - 6  
P e r i m e t e r  g rowth  a t  1 hour  (ckiains)--29.3 
Area at 1 hour (acres)--5.2 
R e s i s t a n c e  t o  s u p p r e s s i o n  (chains/person-hour)--l.2 

I f  t h e  area was bracke ted  by two p h o t o s ,  i n t e r p o l a t e  by u s i n g  t h e  r e s p e c t i v e  
tables . 
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Mixed Conifer 

Size Class 4 

Regeneration Cut 

Tables 1 through 3 

(Cor re sponds  t o  Photo Series l-MC-4-RC t o  3-MC-4-RC i n  
Maxwell and Ward 1979) 
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T A B L E  l--fIRE B E H A V I O R  AND C O N T R O L  I N F O R M A T I O N  FDK P H O T O  1-MC-4-RC 

P E R C E N T  C H A I N S  Y E i 4  HllUFt F E E T  

2 
3 
4 
5 
6 
7 
Y 
9 

10 
11 
12 
1 3  
14 

0 0 0 0 0  0 0 0 0 
o o o o u  u 0 6 0 
o i l 0 3 0  0 0 0 0 
0 0 : 3 0 0  0 0 (2 0 
0 0 0 ; 3 , 0  0 0 0 0 
0 0 0 0 ’ 3  0 0 0 c 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 c 
0 ’ 0 1 3 9 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 3 0 0  0 0 0 G 
0 0 3 9 3  0 0 0 0 
o o . = ) o o  0 0 0 c! 

0 0 0 O i )  0 ‘0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
O O D O O  0 0 - 0  0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
i ) ’ O C O O  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
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T A E L E  2 - - F I R E  B E H A V I O R  AND CrlPITROL I N F O R M A T I O N  FUR P H O T i l  2- MC- 4- RC 
( F I R E  B E H A V I O R  I N F Q H M A T I O N  S C A L E D  FROlY NFFL 'MODELS)  

P E G C E N T  

2 '  
3 
4 .  
5 
6 
7 
e 
9 

10 
11 
1 2  
13 
14 
15 
16 

CHAINS P E R  HDCJR. ' 

1 4 a 13 17 22 2 7  35 4 8  
1 4 7 11 15 19 23 3G 41 
1 3 6 10 1 3  17 21 26 37 
1 3 6 9 12 15 19 24 33 
1 3 5 3 11 14 17 22 31 
1 3 5 8 11 14 17 21 29 
1 3 5 7 10 13 16 20 28 
1 2 5 7 13 12 15 19 2 7  
1 2 4 .7  9 12 14 18 25 

0 2 4 5 7 10  12 15 21 
0 2 3 5 6  8 1 0 1 3 1 7  
0 1 2 3 5  6 7 9 1 3  
0 1 1 2 3  4 4 6 8 
0 0 0 0 0  1 1  1 1  

o 2 4 6 a 11 13 1 7  2 3  

F E E T  

2 4 5 7 8  9 9 1 1 1 2  
2 4 5 6 7  8 8 9 1 1  
2 3 4 5 6  7 8 8 1 0  
2 3 4 5 6  4 7 8 9 

1 3 4 5 5  6 6 7 8 
1 3 4 4 5  6 6 7 8 
1 3 6 6 5  6 6 7 8 
1 3 3 4 5  5 6 7 0 
1 2 3 4 5  5 6 6 7 
1 2 3 4 4  5 5 6 7 
1 2 3 3 6  4 4 5 6 
1 1 2 2 3  3 3 4 4 
0 1 1 2 2  2 2 2 3 
0 0 0 0 0  0 0 0 1 

1 3 4 5 5  6 7 a 9 



10 
T A B L E  3 - - F I R E  B E t i A V I O R  AND C O N T R O L  I N F O R M A T I O N  FOR PHQTO 3-i”IC-G-RC 

( F I R E  8EHAWlUR I N F O R M A T I O N  S C A L E D  F R O M  N F F L  M O D E L S )  

P E R C  E N 1  ChAI I ’ JS  P E R  HdUR F E E T  

2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
12 
13 
14 

1 3 6 9 12 1 5  19 2 4  3 4  

0 2 4 7 9 12 14 18 25 
0 2 4 6 8 11 13 17 2 3  
0 2 4 b 8 10 12 1 6  22 
0 2 4 5 7 10 12 15 21 
0 2 3 5 7  9 1 1 1 4 2 0  
0 2 3 5 7  9 1 0 1 3 1 9  
0 1  3 4 6  8 1 0 1 2 1 7  
0 1 3 4 5  7 8 1 1 1 5 .  
0 1 2 3 4  5 7 9 1 2  
0 1 1 . 2 3  4 5 t E 
0 0 1 1 1  1 2  2 3 

1 3 .  5 Y 10 13 16 21 29 
1 3 4 4 3  6 6 7 8 
1 2 3 4 4  5 5 6 7 
1 2 3 3 4  4 5 6 6 
1 2 3 3 4  4 5 5 6 
1 2 3 3 4  4 4 5 6 
1 2 2 3 3  4 4 5 6 
1 2 2 3 3  4 4 5 5 
1 2 2 3 3  4 4 4 5 
1 2 2 3 3  3 4 4 5 
1 1 2 2 3  3 3 4 4 
1 1 2 2 2  3 3 3 4 
0 1 1 1 2  2 2 2 3 
O O C I l l  1 1  1 1  



Mixed Conifer 

Size Class 4 

Partial Cut 

Tables 4 Through 11 

(Corresponds to Photo Series l -MC-4-PC to 8-MC-4-PC in 
Maxwell and Ward 1979) 
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T A B C f  4 - - F I R E  BEHAVIOR AND CONTROL I N F O R M A T f G N  FOR PHOTO l-MC-4-PC 

( P A T E  O f  S P R E A D  E S T I M A T E S  A R E  ONE-HALF OF NFF’L CONTINUOUS 
SLASH MODEL) 

PERCENT CHAINS P E R  HOUR FEET . 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

0 1 2 3 5  6 7 9 1 3  
0 1 2 3 4  5 6 8 1 1  
0 1 2 3 3  4 5 7 1 0  
0 1 2 2 3  4 5 6 9 
0 1 1 2 3  4 5 6 8 
0 1 1 2 3  4 4 6 8 
0 1 1 2 3  3 4 5 7 
0 1 1 2 2  3 4 5 7 
0 1 1 2 2  3 3 4 6 
0 0 1 1 2  2 3 4 5 
0 0 1 1 1  2 2 3 4 
0 0 0 0 1  1 1  1 2  

1 1 2 2 3  3 3 3 4 
1 1 2 2 2  2 3 3 4 
1 1 1 2 2  2 2 3 3 
0 1 1 2 2  2 2 3 3 
0 1 1 2 2  2 2 3 3 
0 1 1 2 2  2 2 2 3 
0 1 3 1 1 2  2 2 2 3 
0 1 1 1 2  2 2 2 3 
0 1 1 1 1  2 2 2 2 
0 1 1 1 1  1 2  2 . 2  
0 0 1 1 1  1 1  1 2  
0 0 0 0 1  1 1  1 1  



T A B t E  5 - - F I R E  B E H A V I O R  AND C O N T R Q L  I N F O R i ' 4 A T I O N  FOR PHOTO 2- MC- 4- PC 
( R A T E  OF SPREAD.  E S T I M A T E S  A R E  OdE-HALF DF N F F L  CONTINUQUS 
SLASH PrODEL)  

PERCENT C H A I N S  P E R  HOUR F E E T  

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

0 2 3 5 7  9 1 1 1 4 2 0  
0 1 3 4 6  8 9 1 2 1 7  
0 1 3 4 5  7 9 1 1 1 5  
0 1 2 4 5  6 8 1 0 1 4  
0 1 2 3 5  6 7 9 1 3  
0 1 2 3 4  6 7 9 1 2  
0 1 2 3 4  5 6 I S 1 1  
0 1 2 3 4  5 6 8 1 1  
0 1 2 3 4  5 6 7 1 0  
0 1 2 2 3  4 5 6 9 
0 1 1 2 3  3 4 5 0 
0 1 1 2 2  3 3 4 6 
0 0 1 1 1  2 2 2 3 
0 0 0 0 0  0 0 0 0 

1 2 3 4 4 . 5  5 6 ' 7  
1 2 3 3 4  4 5 5 6 
1 2 2 3 3  4 4 5 . 5  
1 2 2 3 3  4 4 4 5 
1 2 2 3 3  3 4 4 5 
1 2 2 3 3  3 4 4 5 
1 2 2 2 3  3 4 4 . 5  
1 1 2 2 3  3 3 4 4 
1 1 2 2 3  3 3 4 4 
1 1 2 2 2  3 3 3 1 4  
1 1 1 2 2  2 3 3 ' 3  
0 . 1 1 1 2  2 2 2 3 
0 1 1 1 1  1 1  1 2  
0 0 0 0 0  0- 0 0 0 
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14 
T A G L E  6--fIRE B E H A V I C J R  AND CONTROL I N F O R M A T * l O N  FUR PHOTO 3-MC-4-PC 

P E R C E N T  C H A I N S  P E R  HOUR F E E T  

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 

0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 3 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 



T A B L E  7;:FIRE B E H A V I O R  AND CONTROL I N F O R M A T I O N  FOR PHOTO 4- M C- 4- P C  
( F I R E  B E H A V I O R  I N F O R M A T I O N  S C A L E D  F R O H  N F F L  MUDELS) 

FEET  PERCENT CHAINS  P E R  HOUR 

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 

1 3 6 10 13 17 2 1  2 7  37  
1 3 5 8 11 1.5 18 2 3  32 
1 2 5 7 1 0  13 1 6  20 28 
0 2 4 7 9 12 1 4  18 26 
0 2 4 h 9 11 13 17 2 4  
0 2 4 6 8 10 13 16 23 
0 2 4 6 8 10 12 16 22 
0 2 G 5 7  9 1 1 1 5 2 0  
0 2 3 5 7  9 1 1 1 4 1 9  
0 1 3 4 6  8 9 1 2 1 7  
0 1 2 4 . 5  6 8 10 1 4 .  
0 1 2 3 4  5 6 7 1 0  
0 0 1 1 2  2 3 ' 4  5 

1 3 4 5 6  b ?  0 9 
1 3 4 4 5  6 6 7 :  8 

1 2 3 4 4  5 5 6 f  
1 2 3  3 Q  4 5 6 '  b 
1 2 3 3 4  4 5 5 6 
1 2 3 3 4  4 5 5 . b  
1 2 3 3 4  4 4 5 6 
1 2 2 3 3  4 4 5 5 .  
1 2 2 3 3  3 4 4 5 
1 1 2 2 3  3 3 4 4 
1 1 1 2 2  2 2 3 . 3  
0 1 1 1 1  1 1  2 2 

1 2 3 4 4  5 6 . 6 ' 7  

15 



T A B L E  8--FIRE B E H A V I O R  ANI) C O N T R O L  I N F O R M A T I O N  F O R  PHOTO 5-MC-4-PC 
( F I R E  B E H A V I O R  I N F O R M A T I O N  S C A L E D  F R O M  NFFL MUDELS) 

PERCENT . C H A I N S  P E R  HOUR F E E T  

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1 4  
1 5  
16  

1 4 9 1 3  17 2 2  27 3 4  4 f  
1 .4 7 11.15 1 9  2 3  2 9  40 
1 3 6 1 0  13 1 7  20 26 36 
1 3 6 9 1 2  1 5  18 2 4  3 2  
1 3 3 0 11 1 4  1 7  2 2  3 0  
1 3 5 8 10 13 16 2.1 2 9  
1 2 5 7 10 1 3  1 5  20 2 7  
1 2 5 7 9 12 15 19 26 
1 2 4 7 9 11 1 4  IS 2 4  
0 2 4 6 8 1 0  1 3  16 2 2  
0 2 3 5 7  9 1 1 1 4 2 0  
0 1 3 4 6  0 9 1 2 1 7  
0 1 2 3 4  6 7 9 1 2  
0 1 1 2 3  3 4 5 7 
0 0 0 0 0  0 0 0 0 

2 4 5 6 7  8 9 1 0 1 2  
2 3 5 6 7  7 8 9 1 1  
2 3 4 5 6  7 ?  8 1 0  
2 3 4 5 6  6 7 8 9 
1 3 4 5 5  6 7 7 9 

1 3 4 4 5  6 6 ? 8 

1 . 2 3 4 5  5 6 6 7 
1 2 3 4 4  5 5 6 7 
1 2 3 3 4  4 5 5 6 
1 2 2 3 3  4 4 5 5 
1 1 2 2 3  3 3 4 4 
0 1 1 1 2  2 2 2 2 
0 0 0 0 0  0 0 0 0 

1 3 6 4 5  6 6 7 a 
1 3 3 4 5  5 6 7 a 
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T A B L E  9 - -F IRE BEHAVIOR AND CONTROL I N F O R M A T I O N  FOR PHUTO 6-MC-4-PC 
( F I R E  B E H A V I U R  INFOR,5\.ATIClN SCALED FRok NFFL MODELS) 

PERCENT CHAINS P E R  HOUR F E E T  

2 
3 
4 
5 
6 
7 
a 
9 
10 
11 
12 
13 
14 
15 
16 

1 5 9 14 19 2 4  30 3 8  5 2  
1 4 r3 1 2  16 2 1  2 6  3 3  45 
1 G 7 11 15 18 23 29 6 0  
1 3 6 10 13 17 20 26 3 4  
1 3 6 9 1 2  16 19 2 4  3 4  
1 ' 3 6 8 12 15 18 2 3  32 
1 3 5 8 11 14 17 2% 30 
1 3 5 S 10 1 3  16 21 29 
1 2 5 7 10 1 3  15 20 27 
1 2 4 7 9 12 14 19 26 
0 2 4 6 8 11 13 17 23 
0 2 4 5 7  9 1 1 1 5 2 0  
0 1 3 4 6  8 9 1 2 1 6  
0 1 2 3 4  5 6 8 1 1  
0 0 1 1 2  2 3 4 5 

2 5 6 7 9 10 10 1 2  14 
2 4 5 7 8  8 9 1 0 1 2  
2 4 5 6 7  8 8 9 1 1  
2 3 5 6 6  ? 3 9 1 0  
2 3 4 5 6  7 7 0 1 0  
2 3 4 5 6  7 7 0 9 
2 3 4 5 6  6 7 8 9 
2 3 4 5 6  b ?  8 9 
1 3 4 5 5  b 7 7 8 
1 3 4 4 5  6 6 7 8 
1 2 3 4 5  5 6 6 7 
1 2 3 4 4  5 5 ' 6  7 
1 2 2 3 3  4 4 5 6 
1 1 2 2 3  3 3 3 4 
0 1 1 1 1  1 2  2 2 
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T A B L E  ~o- -F I~E BEHAVI OR AND C O N T R O L  INFORMATION F ~ R  P W T O  ~ - M C - + P C  
( F I R E  B E H A V I O R  I N F O R M A T I O N  S C A L E D  FROPI NFFL lh100fLS) 

PERCENT 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 - 
16 

C H A I N S  PER HOUR 

1 5 9 13 1.3 23 28 36 50 
1 4 8 12 16 2 0  24 31 4 3  
1 3 7 10 1 4  18 22 2 8  38 
1 3 6 9 13 16 20 2 5  35 
1 3 6 9 12 15 18 23 32 
1 3 5 8 11 1 4  17 22 3 0  
1 3 5 8 11 1 3  16 21 2 9  
1 3 5 7 10 13 16 20 28 
1 2 5 7 10 1 2  15 19 2 6  
1 2 4 7 9 11 1 4  18 24 
0 2 4 6 8 1 0  12 16 22 
0 2 3 5 7  9 1 1 1 4 1 9  
0 1 3 4 5  7 8 1 1 1 5  
0 1 2 3 3  4 5 7 1 0  
0 0 1 1 1  2 2 2 3 

FEET 

2 4 6 7 8  9 1 0 1 1 1 3  
2 4 5 6 7  8 9 1 0 1 1  
2 3 5 6 7  7 8 9 1 0  
2 3 4 5 6  7 7 9 1 0  
2 3 4 3 6  6 f 8 9 
2 3 4 5 6  6 7 8 9 
1 3 4 5 5  6 7 7 9 
1 3 4 5 5  6 6 7 0 
1 3 6 4 5  6 6 '7 8 
1 3 3 4 5  5 6 7 8 
1 2 3 4 4  5 5 6 7 
1 2 3 3 4  4 5 5 6 
1 2 2 3 3 . 4  4 4 5 
1 1 2 2 2  2 3 3 3 
0 0 1 1 1  1 1  1 1  
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TABLE 11--FIRE BEHAVIOR AND COHTRUC I N F O R M A T I O N  FUR PHOTO 8-MC-4-PC 
( F I R E  B E H A V I O R  I N F O R M A T f O N  S C A L E D  FROM NFFL i40DELS) 

P E R C E N T  CHAINS P E R  HOUR F E E T  

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 4 d 12 16 21 26 3 3  45 
1 4 7 10 14 18 22 28 39 
1 3 6 9 12 16 19 25 34 
1 3 5 8 11 14 18 23 31 
1 3 5 8 11 13 16 21 29 
1 2 5 7 10 13 16 20 28 . 
.1 2 5 7 10 12 15 19 26 
1 2 4 7 9 12 14 18 25 
0 2 4 ti 9 11 1 3  17 23 
0 2 4 b 8 10 12 16 21 
0 2 3 5 7  9 1 1 1 4 1 9  
0 1 3 4 6  7 9 1 1 1 5  
0 1 2 3 4  5 6 9 1 1  
0 0 1 1 2  3 3 4 6 .  

2 4 5 6 7  8 9 1 0 ' 1 1  
2 3 5 5 6 7 8 9 ' 1 0  
2 3 4 5 6  6 7 0 9 
1 3 4 5 5  6 7 7 . 9  
1 3 4 6 5  6 6 ? , O  
1 3 4 4 5  6 6 7 0 
1 3 3 4 5  5 6 7 0 
1 2 3 4 5  5 b 6 7 
1 2 3 4 4  5 5 6 7 
1 2 3 4 4  5 5 b 7 
1 2 3 3 4  4 5 5 6 
1 2 2 3 3  4 r, 4 : 5  
1 1 2 2 2  3 3 3 ' 4  
0 1 1 1 1 ' 1  2 2 2 

19 
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Mixed Conifer 

Size Class 3 

Partial Cut 

Tables 12 Through 19 

(Corresponds to Photo Ser ies  A-MC-3-PC t o  8-MC-3-PC i n  
Maxwell and Ward 1979) 



TABLE 12--FIRE BEHAVIGR AND CONTROL INFCRMATXOP4 FOR PH:3T;3 1-MC-3-PC 
( F I R E  8 E H A V I O R  I N F O R M A T X O N  S C A L E D  F R O M  NFFL M O D E L S )  

PERCENT 

2 
3 
4 .  
5 
6 
7 
8 '  
9 

10 
11 
1 2  
1 3  

CHAINS PER HOUR F f E T  

0 2 3 5 7  9 1 2 1 5 2 1  
0 1 3 5 6  8 1 0 1 3 1 8  
0 1 3 4 6  7 9 1 1 1 6  
0 1 2 4 5  7 8 1 0 1 4  
0 1 2 4 5  6 8 1 0 1 4  
0 1 2 3 5  6 7 9 1 3  
0 1 2 3 4  6 7 9 1 2  
0 1 2 3 4  5 6 8 1 1  
0 1 2 3 3  4 5 7 1 0  
0 1 1 2 3  4 4 6 0 
0 0 1 1 2  2 3 4 5 
0 0 0 0 ~ 1  1 1  1 2  

1 1 2 2 3  3 3 4 4 
1 1 2 2 2  3 3 3 , 4  
1 1 2 2 2  2 3 3 4 
1 1 1 2 2  2 3 3 3 
0 1 1 2 2  2 2 3 3 
0 1 1 2 2  2 2 3 ' 3  
0 1 1 2 2  2 2 3 3 
0 1 1 1 2  2 2 2 ' 3  
0 1 1 1 2  2 2 2 3 
0 1 1 1 1  1 2  2 ' 2  
0 0 1 1 1  1 1  1 1  
0 0 0 0 0  0 0 0 1 1  
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22 
TABLE 13- -F IRE B E H A V I O R  AND CONTROL INFORHATION FOR PHOTO Z-HC'3-PC 

( F I R E  BEHAVIOR INFORMATION SCALED FROM NFDR MODELS) 

PERCENT CHAINS PER HOUR FEET 

2 
3 
-4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1Y 
20 
21 
22  
23 
2 4  

1 5 io 15 21 28 34 45 64 
1 4 0 13 19 2 4  30 40 5? 
1 4 7 12 11 22 27 36 51 
1 3 7 11 15 20 2 4  32 46 
1 3 6 10 14 18 22 29  4 2  
1 3 6 9 13 17 21 27 39 
1 3 5 8 12 16 19 25 36 
1 2 5 8 11 15 18 2 4  34 
1 2 5 8 11 1 4  17 23 33 
1 2 5 7 10 13 17 22 31 
1 2 4 7 10 13 16 21 30 
1 2 4 7 10 12 16 20 29 
0 2 4 7 9 12 15 20 28 
0 2 4 6 9 11 1 4  19 27 
0 2 4 6 8 11 14 18 25 
0 2 4 6 8 10 13 17 24 
0 2 3 5 7  9 1 2 1 6 2 2  
0 1 3  5 7 Y 11 1 4 2 0  
0 1. 3 4 6 8 10 12 18 
0 1 2 4 5  6 8 1 1 1 5  
0 1 2 3 4  5 6 8 1 2  
0 1 1 2 3  4 5 6 8 
0 0 1 1 1  2 2 3 4 

2 4 6 8 9 10 11 13 ' IS  
2 4 6 7 8  9 1 0 1 2 1 4  
2 4 5 6 7  8 9 1 1 1 2 '  
2 3 5 6 7  8 9 1 0 1 1  
2 3 4 5 6  7 8 9 1 0  

1 3 4 5 5  6 7 8 9 
1 3 3 4 5  6 6 7 8 
1 2 3 4 5  5 6 7 8 
1 2 3 4 4  5 5 6 7 
1 2 3 4 4  5 5 6 7 
1 2 3 3 4  4 5 5 6 
1 2 2 3 4  4 4 5 6 
1 2 2 3 3  4 4 5 6 
1 2 2 3 3  3 4 4 5 
1 1 2 2 3  3 3 4 5 
1 1 2 2 2  3 3 4 4 
1 1 2 2 2  2 3 3 4 
0 1 1 2 2  2 2 3 3 
0 1 1 1 2  2 2 2 3 
0 1 1 1 1  1 2  2 2 
0 0 1 1 1  1 1  1 1  
0 0 0 0 0  1 1  1 1 :  

2 3 4 5 6  7 7 a 1 0  



T A B L E  1 4 - - F T R E  B E H A V l O R  AND C G N T K O L  l N F O R ? I 4 T Z O b l  FClR P H O T O  3-YC-3-PC 
( F I R E  R E H A V I U R  X N F d K M A T I G N  S C A L E D  F R O M  NFFL H03fLS) 

PERCENT CHAINS  P E P  HOUR F E E T  

2 
3 
4 '  
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

1 3 5 d 11 14 17 2 2  3 0  
0 2 4 7 9 12 14 19 2 6  
0 2 4 r j  tl 10 13 l h  2 3  
0 2 4 5 7 10 1 2  1 5  2 1  
0 2 3 5 . 7  9 11 1 4  20 
0 2 3 5 .  7 9 10 1 3  19 
0 2 3 5 6 8 10' 13 l e  
0 1 3 4 6  8 9 1 2 1 6  
0 1 3 4 5  7 9 1 1 1 5  
0 1 2 3 5  6 7 C ; 1 3  
0 1 2 3 ' 4  4 0 7 1 0  
0 1 1 2 2  3 3 4 6 
0 0 0 0 0  0 1 1  1 

1 2 . 3 4 4  5 5 6 7 
1 2 3 3 4  4 5 5 0 
1 2  2 3 3 4 . 4  5 . 6  
1 2 2 3 3  4 4 5 5 
1 2 2 3 3  4 4 4 5 
1 2 2 3 3  3 4 4 5 
1 2 2 3 3  3 4 4 5 
1 1 2 2 3  3 3 e 4 
1 1 2 2 3  3 3 4 4 
1 1 2 2 2  3 3 3 4 
0 1 1 2 2  2 2 2 3 
0 1 1 1 1  1 1  2 , , 2  
o o o o u  0 0 0 0 
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T A B L E  1 5 - - f I R E  B E H A V I O R  AND CONTP.OL I N F O R M A T I O N  FUR PHOTO 4-”1-3-PC 

( F I R E  B E H A V I O R  I N F C I R f l A T I G h  S C A L E D  FRJPI KFFL :+4’1UDELS) 

P E R C E N T  C H A I N S  P E R  HUUR F E E T .  

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
16 

1 3 6 10 13 17 20 26 3 6  

1 2 5 7 10 13 15 20 27 
0 2 4 7 9 12 14 lb 25 
0 2 4 6 8 11 13 17 23 
0 2 4 6 8 10 13 16 22 
0 2 4 b t3 10 12 1 5  21 
0 2 3 5 7  9 1 1 1 4 2 0  
0 2 3 5 7  8 1 0 1 3 1 8  
0 1 3 4 6  7 9 1 2 1 6  
0 1 2 4 5  6 8 1 0 1 3  
0 1 2 3 3  4 5 7 1 0  
0 0 1 1 2  2 3 3 5 

1 3 5 0 11 14 17 22 31 
1 3 4 5 5  6 7 7 9 
1 3 3 4 5  5 6 7 8 
1 2 3 4 4  5 5 6 7 
1 2 3 4 4  5 5 6 7 
1 2 3 3 4  4 5 5 6 
1 2 3 3 4  4 5 5 b 
1 2 3 3 4  4 5 5 6 
1 2 3 3 6  4 4 5 6 
1 2 2 3 3  4 4 5 5 
1 2 2 3 3  3 4 4 5 
1 1 2 2 3  3 3 4 4 
0 1 1 2 2  2 2 3 3 
0 1 1 1 1  1 1  1 2  



TABLE 1 6 - - F I R E  9EtiAVfOR AND CLlidTPOL I N F O R M A T I O N  FUR P H O T O  5-MC-3-PC 
(F IRE B E H A V I O R  I N F O R M A T T O N  S C A L E D  FROPl N F D R  M O D E L S )  

PERCENT CHAINS P E R  HQUR F E E T  

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
22 
23 
2 4  

1 5 1 0  1 5  2 2  2 8  35 46 46  
1 4 9 1 4  1 9  25  3 1  4 1  58 
1 4 il 1 2  17 22  26 3 7  52  
1 3 7 11 1 5  20 25  3 3  47  
1 3 6 1 0  1 4  1 8  23  3 0  43 
1 3 6 '  9 1 3  1 7  2 1  28  4 0  
1 3 6 9 1 2  1 6  20  2 6  3 7  
1 3 5 8 1 2  1 5  1 9  2 5  35  
1 2 5 8 11 1 4  1 8  2 4  3 4  

1 2 5 7 10 1 3  17 2 2  3 1  
1 2 4 7 1 0  1 3  1 6  2 1  30 
1 2 4 7 9 1 2  1 5  2 0  2 9  
0 2 4 b 9 1 2  1 5  1 9  2 7  
0 2 4 6 9 11 1 4  1 8  2 6  
0 2 4 6 8 11 1 3  1 7  2 5  
0 2 3 5 7 1 0  1 2  1 6  2 3  
0 1 3 5 7  9 1 1 1 5 2 1  
0 1 3 4 6  8 1 0 1 3 1 6  
0 1 2 4 5  7 8 1 1 1 5  
0 1 2 3 4 , l i  7 9 1 2  
0 1 1 2 3  4 5 c 9 
0 0 1 1 . 1  2 2 3 5 

1 2 5 a 11 1 4  1 7  2 3  32 

2 4 6 7 9 1 0  11 1 2  1 4  
2 4 5 7 6  9 1 0 1 1 1 3  
2 4 5 6 7  8 9 1 0 1 2  
2 3 5 6 7 7 B 9 . 1 1  
2 3 4 5 6 7 8 9 ' 1 0  
1 3 4 5 6  6 7 8 9 
1 3 4 4 5  h 7 7 9 
1 2 3 4 5  5 6 7 8 
1 2 3 4 5  5 6 5 8 
1 2 3 4 4  5 5 6 7 
1 2 3 3 4  4 5 6 7 
1 2 3 3 4  4 5 5 6 
1 2 2 3 3  4 4 5 6 
1 2 2 3 3  4 4 5 5 
1 1 2 3 3  3 4 4 5 
1 1 2 2 3  3 3 4 4 
1 1 2 2 2  3 3 3 4 
1 i 1 2 2  2 3 3 4 
0 1 1 2 2  2 2 3 3 
0 1 1 1 2  2 2 2 3 
0 1 1 1 1  1 1  2 2 
3 0 1 1 1  1 1  1 1  
0 0 0 0 ' 3  1 1  1 1  
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T A B L E  17--FIRE B E H A V I O R  A N D  Ci3YTFT)L I q F C I P M A T I O N  F O R  P H O T O  6-MC-3-PC 

( F I R E  B E A A V I C I R  I N F C I i 2 r l A T I D h  S C A L E D  F R O i l  NFFL 3 O D E L S )  

P E R C E N T  C H A I N S  P E R  HOUR F E E T  

2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
1 3  

I 

0 2 4 7 9 12 15 19 26 
0 2 4 6 3 10 12 16 22 
0 2 3 5 7  9 1 1 1 4 2 0  
0 2 3 5 6  8 1 0 1 3 1 8  
0 1 3 4 6  8 1 0 1 Z 1 7  
0 1 3 4 6  7 9 1 2 1 6  
0 1 3 4 5  7 v 1 1 1 5  
0 1 2 4 5  6 8 1 0 1 4  
0 1 2 3 5  6 7 9 1 3  
0 1 2 3 6  5 6 8 1 1  
0 1 1 2 3  4 4 6 8 
0 0 1 1 1  2 2 3 4 

1 2 3 3 4  4 4 5 6 
1 2 2 3 3  4 4 4 5 
1 2 2 3 3  3 4 4 5 
1 1 2 2 3  3 3 4 4 
1 1 2 2 3  3 3 4 4 
1 1 2 2 3  3 3 4 4 
1 1 2 2 2  3 3 3 4 
1 1 2 2 2  3 3 3 4 
1 1 2 2 2  2 3 3 3 
0 1 1 2 2  2 2 3 3 
0 1 1 1 1  2 2 2 2 
0 0 1 1 1  1 1  1 1  



T A O L E  18--FIRE B E H A V I O R  AND C W T R U L  I N F O k Y A T I O N  FOR P H O T O  7- MC- 3- PC 
( F I R E  B E H A V I O R  I N F O P M A T T O M  S C A L E D  F R O M  NFFL 1 Y O O E L S )  

P E R C E N T  CHAINS P E R  HOUR F E E T  

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
*12 
1 3  
1 4  
15 
16 

1 4 9 13 13 23 28 35 6 9  
1 4 7 11 1 5  2 0  2 4  3 1  4 2  
1 3 7 10 1 4  17 2 1  2 7  3 7  
1 3 6 9 1 3  16 1 9  2 5  3 4  
1 3 6 9 11 1 5  1 8  2 3  3 1  
1 3 3 Y 11 1 4  17 2 2  3 0  
1 3 5 8 1 0  1 3  16 2 1  28 
1 2 5 7 10 1 3  1 5  2 0  27 
1 2 4 7 9 1 2  1 4 -  1 F  2 6  
0 2 4 b 9 11 13 1 7  24 
0 2 4 6 8 10 1 2  1 5  21 
0 2 3 5 7  8 1 0 1 3 1 8  
0 1 2 4 5  6 9 1 9 1 4  
0 1 2 2 . 3  4 5 6 9 
0 0 0 1 1  1 1  2 2 

2 4 6 7 d  9 1 0 1 1 1 3  
2 4 5 6 7  S 9 1 0 1 1  
2 3 5 6 6 7 8 9 . 1 0  
2 3 4  5 6  7 7 0 , , 9  
2 3 4 5 6  6 7 a 9 
1 3 4 5 5  6 7 7 ' 9  
1 3 4 5 5 . 6  h 7 0 
1 3 4 4 5  6 6 7 3 
1 3 4  4 5 5 . 6  7 , 8  
1 2 3 4 5  5 6 6 7 
1 2 3 4 4  5 5 6 7 
1 2 3 3 . 4  4 5 5 :  6 
1 2 2 3 3  3 4 4 - 5  
1 1 1 2 2  2 2 3 3 
0 0 0 !O 1 1 1 1 . 1  
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T A B L E  19--FIRE B E H A V I O R  AND C C q T R O L  ItiFDRMATIbPl Fdt? P H 3 T O  3 - Y C - 3 - P C  

P E R C E N T  CHAI I IS  P E R  HOUR F E E T  

2 
3 
4 
5 
6 
7 
s 
9 
10 
11 
12 
1 3  

0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
O O d 0 3  0 0 0 G 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 c 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 c) 0 
0 0 0 0 0  0 0 G 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 9  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 c 

0 0 0 0 0  0 0 0 0 
i ) o o o o  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 ~ 0  0 0 c) 0 
0 0 0 0 0  0 0 0 0 
o o o ( i 0  0 0 0 0 
0 0 0 0 0  3 0 0 0 
G O O d C l  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 3  9 0 0 0 
0 0 0 0 0  0 0 0 ' 0  



True Fir 

Size Class 4 

Regeneration Cut 

fables 20 Through 25 

(Cor responds  t o  Photo Series 1-TF-bRC t o  6-TF-4-RC i n  
Maxwell and Ward 1979) 
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30 
T A B L E  20--FIRE B E d A V I O R  A N G  C O ? J T R O L  I N F G R M A T I O N  F O R  PYDTO 1- T F- 4- R C  

P E R C E N T  CHAINS  P E R  HOUR F E E T  

2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
1 2  
13 

0 0 0 0 0  0 0 0 0 
o o c ) o u  0 0 0 0 
0 ' 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 3 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 

0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
o o o i i o  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
i ) o o i ) o  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 



T A B L E  21--FIRE B E H A V I O R  AND CUhTKGL I N F O R M A T I O N  FUR PHOTO 2-TF-4-KC 

P E R C E N T  CHAINS  P E R  HUUR F E E T  

2 
3 
4 
5 
6 
7 
a 
9 
10 

--I 1 
1 2  
13 

0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
O G O O O  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
O @ O O O  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0 , O  0 G 0 
0 0 . 3 0 0  0 0 0 0 

0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
~ 0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 0 0 
0 0 0 0 0  0 0 . 0  0 
0 0 0 0 0  3 0 0 0 
0 0 0 0 0  0 0 0 0 
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TABLE 22--FIRE E E H A V I i J R  AND CONTROL I N F O R i ' l A T I ~ N  FUR P H O T O  3-TF-4-RC 

( R A T k  OF S P R E A D  E S T I V A T E S  A R E  ONE-QUARTER CF PlFFL CONTINUOUS 
SLASH KCIDEL)  

PERCENT C H 4 I N S  P E R  HOUR F E E T  

2 
3 
.4 
5 
b 
7 
8 

' 9  
10 
11 
12 
13 
14 
15 

0 1 2  3 4  5 6 7 . 1 G  
0 1 2 2 3  4 5 6 9 

0 1 1 2 3  3 4 > 7 
0 1 1 2 2  3 4 5 7 
0 1 1 2 2  3 4 5 6 
0 1 1 2 2  3 3 4 0 
0 1 1 2 2  3 3 4 6 
0 0 1 1 2  2 3 4 5 
0 0 1 1 2  2 3 3 5 
0 0 1 1 1  2 2 3 4 
0 0 1 1 1  1 2  2 3 
0 0 i ) l l  1 1  1 2  
0 0 0 0 0  0 0 c! 1 

0 1 1 2 3  4 . 4  6 a 

1 2 2 3 3  4 4 4 5 
1 1 2 2 3  3 3 4 5 
1 1 2 2 3  3 3 4 4 
1 1 2 2 2  3 3 3 4 
1 1 2 2 2  3 3 3 4 
1 . 1 2 2 2  2 3 3 e 
1 1 2 2 2  2 3 3 3 
1 1 1 2 2  2 3 . 3  3 
1 1 1 2 2  2 2 3 3 
0 1 1 2 2  2 2 3 3 
0 1 1 1 2  2 2 2 3 
0 1 1 1 1  1 2  2 2 
0 0 1 1 1  1 1  1 1  
0 0 0 3 0  0 0 0 0 



T A 6 L E  23--FIRf B E t t A V I O R  ANG CiJNTROL I N F G R M A T I U N  F O R  PHDTO 4-TF-4-RC 
( R A T E  O f  S P R E A D  E S T I M A T E S  ARE O N E- H A L F  OF NFFL CONTINUOUS 
SLASH M O D E L )  

PERCENT CHAXNS P E R  HOUR FEET 

2 .  
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

0 2 3 5 7  9 1 1 1 4 2 0  
0 2 3 5 6  8 1 0 1 2 1 7  
0 1 3 4 5  7 9 1 1 1 5  
0 1 2 4 5  6 8 1 G 1 4  
0 1 2 3 5  6 7 9 1 3  
0 1 2 3 4  6 7 ' 9 1 2  
0 1 2 3 4  5 7 0 1 2  
0 1 2 3 4  5 6 8 1 1  
0 1 2 3 4  5 6 7 1 0  

0 1 1 2 3  4 4 6 e 
0 1 1 2 2  3 3 4 6 
0 0 1 1 1  2 2 3 4 
0 0 0 3 0  0 0 1 1  

0 1 2 2 3 . 4  5 7 9 

1 2 3 4 4  5 5 6 7 
1 2 3 3 4  Q 5 5 6 
1 2 3 3 4  4 4 5 6 
1 2 2 3 3  4 4 5 5 
1 2 2 3 3  4 4 4 5 
1 2 2 3 3  3 4 4 5 
1 2 2 3 3  3 4 4 5 
1 1 2 2 3  3 3 4s 5 
1 1 2 2 3  3 3 4 4 
1 1 2 2 2  3 3 3 4 
1 1 2 2 2  2 3 3 3 
0 1 1 1 2  2 2 2 3 
0 1 1 1 1  1 1  2 2 
0 0 0 0 0  0 0 0 ' 0  
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T A B L E  2 4 - - F I 8 E  B E H A V I O R  AND CDNTROL INFORMATION F O R  P H O T O  5-Tf-4-RC 

( F I F E  B E H A V I C I R  I N F O R M A T I O N  S C A L E C  F R O M  NFFL  M O D E L S )  

P E R C E N T  CHAINS P E R  HOUR FEET 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

0 2 5 7 10 12 15 19 27 
0 2 4 6 8 11 13 17 23 
0 2 3 5 7  9 1 1 1 5 2 0  
0 2 3 5 7 9 10 13 1 9 -  
0 2 3 5 6 8 10 13 18 
0 1 3 4 6 . 8  .9 12 17 
0 1 3 4 4  7 9 1 1 1 6  
0 1 3 4 5  7 8 1 1 1 5  
0 1 2 3 5  6 7 9 1 3  
0 1 2 3 4  5 b 8 1 1  
0 1 1 2 3  4 5 6 8 
0 0 1 1 2  2 2 3 4 

1 2 3 3 4  4 5 5 6 
, 1 2 2 3 3  4 + 5 5 
, 1 2 2 3 3  3 4 4 5 
1 1 2 2 3  3 4 4 5 
1 1 2 2 3  3 3 4 4 
1 1 2 2 3  3 3 4 4 
1 1 2 2 3  3 3 4 4 
1 1 2 2 2  3 3 3 4 
1 1 2 2 2  2 3 3 4 
0 1 1 2 2  2 2 3 3 
0 1 1 1 1  2 2 2 2 
0 0 1 1 1  1 1  1 1  



TABLE 25--FIRE B E H A V I O R  AKD Cf lNTROL INFGRt?ATfEh F O R  PHdTO 6-TF-4-RC 
( F I R E  BEHbVIi32 I N F O R M A T I O b  S C A L E D  FROh NFFL IYUDELS) 

P E R C E N T  CHAINS P E R  HOUR 

2 
3 
4 
5 
6 
7 
& 
9 

10 
11 
12 
1 3  
1 4  
15 

1 4 8 1 2  16 21 2 3  3 3  4 5  

1 3 6 Y 1 2  1 b  1 9  2 5  3 4  
1 3 5 S 11 1 4  1 8  2 3  31 
1 3 5 8 11 13 16 21 2 9  
1 2 5 7 10 13 16 20 2 7  
1 2 5 7 9 12 1 5  19 26 
1 2 4 7 9 1 2  1 4  18 2 3  
0 2 4 6 i3 11 13 17 23 
0 2 4 5 8 10  1 2  1 s  2 1  
0 2 3 5 7  9 1 1 1 4 1 9  
0 1 3 4 6  7 9 1 1 1 5  
0 1 2 3 4  5 6 8 1 1  
0 0 1 1 2  2 3 4 5 

1 3 7 io 14 l a  22 20 3 9  
2 4 3 6 7  8 9 1 0 d 1  
2 3 4  5 6  7 8 9 ' 1 0  
2 3 4 5 6  6 7 8 9 
1 3 4 5 5  b 7 7 9 
1 3 4 4 5  6 6 7 , 0  

1 3 3 4 5  5 6 7 8 
1 2 3 4 5  5 6 6 , 7  
1 . 2 3 4 4  5 5 b ?  
1 2 3 4 4  5 5 6 . 7  
1 2 3 3 4  4 3 5 6 
1 2 2 3 3  3 4 4 5 
1 1 2 2 2  3 3 3 . 4  
3 1 1 1 1  1 1  2 2 

1 3 4 4 5  5 6 7 , a  
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True Fir 

Size Class 4 

Partial Cut 

Tables 26 Through 30 

(Corresponds t o  Photo Series 1-TF-4-PC t o  5-TF-bPC i n  
Maxwell and Ward 1979)  



TABLE 2 6 - - F I K E  BEHAVIOR AND C O N T R O L  ! N F O K f i A T I U N  FiJR P H O T 3  1-TF-4-PC 
( R A T €  L3F S P R E A D  ESTIHATES A R E  ONE-HALF '3f NFFL  CIJNTINUOUS 
S L A S H  M O D E L )  

CHiAINS P E R  HOUR F E E T  PERCENT 

2 
3 
4 
5 
6 
7 
0 
9 

1 0  
11 
1 2  
1 3  
1 4  

0 1 3 4 5  7 8 1 1 1 5  
0 1 2 3 5  6 7 9 1 3  
0 1 2 3 4  5 6 8 1 1  
0 1  2 3 4 5 ' 6  7 1 0  
0 1 2 3 3  4 5 7 1 0  
0 1 2 2 3  4 5 7 9 
O l l " 2 3  4 5 6 9 
0 1 1 2 3  4 5 6 8 
0 1 1 2 3  3 4 5 7 
0 1 1 2 2  3 4 3 6 
0 0 1 1 2  2 3 3 5 
0 0 0 1 1  1 2  2 3 
0 0 0 0 0  0 0 0 0 

1 2 2 3 3  3 4 4 5 
1 1 2 2 3  3 3 4 4 
1 1 2 2 2  3 3 3 4 
1 1 2 2 2  3 3 3 4 
1 1 2 2 2  2 3 . 3  4 
1 1 2 2 2  2 3 3 3 
1 1 1 2 2  2 3 3 3 
0 1 1 2 2  2 2 3 3 
0 1 1 2 2  2 2 2 3 
0 1 1 1 2  2 2 2 3 
0 1 1 1 1  1 2  2 2 
0 0 1 1 1  1 1  1 1  
0 0 0 0 0  0 0 0 0 
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TABLE 2 7 - - F I R E  B E H A V I O R  AND CONTROL INFORMATIUN F O R  PHOTO 2 - T f - 4 - P C  
( F I R E  ' S E H A V ' I O R  INFORMATION SCALED F R O M  NFFL MLjDELS)  

FUEL E F F E C T I V E  MIDFLAME WlFiD E F F E C T I V E  M I D F L A M E  WIND 
M O I S T U R E  ( M I / H )  ( M I / H )  

0 2 4 6 8 10 12 14 16 0 2 4 4 S 10 12 14 16 

FEET  P E R C E N T  CHAINS P E R  HOUR. 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

0 2 4 7 9 12 14 Iti 26 
0 2 4 6 8 10 12 16 22 
0 2 3 5 7  9 1 1 1 4 1 9  

0 1 3 4 6  0 9 1 2 1 7  
0 1 3 4 6  7 9 1 1 1 6  
0 1 3 4 5  7 0 1 1 1 5  
0 1 2 4 5  6 8 1 0 1 4  
0 1 2 3 4  6 7 9 1 2  
0 1 2 3 4  5 6 7 1 0  
0 1 1 2 3  3 4 5 7 
0 0 1 1 1  2 2 3 4 

0 2 3 5 6  8 1 0 1 3 1 ~ 1  

1 2 3 3 4  4 4 5 6 
1 2 2 3 3  4 4 4 5 
1 1 2 2 3  3 4 4 5 
1 1 2 2 3  3 3 4 4 
1 1 2 2 3  3 3 4 4 
1 1 2 2 3  3 3 3 4 
1 1 2 2 2  3 3 3 4 
1 2 2 2 2  3 3 3 4 
1 1 1 2 2  2 3 3 3 
0 1 1 2 2  2 . 2  2 3 
0 1 1 1 1  2 2 2 2 
0 0 1 1 1  1 1  1 1  

38 



T A B L E  28--FIRE B E H A V I O R  AND COi4TRClL I N F O 2 M A T I G N  F O R  PHr3TO 3-TF-4-PC 
( F I R E  B E H A V I U R  I N F O R P I A T I O N  S C A L E D  FR3M N f F L  4 U D E L S )  

F E E T  P E R C E N T  CHAINS P E R  HOUR 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

1 3 7 io 14 17 21 2 7  3a 
1 3 6 9. 12 15 10 23 32 
1 3 5 9 10 13 16 21 29 
1 2 5 7 9 12 15 19 26 
0 2 4 6 3 11 14 l e  24 
0 2 4 h 8 11 13 17 23 
0 2 4 6 8 10 12 16 2 2  
0 2 4 6 8 10 12 15 21 
0 2 3 5 7  9 1 1 1 4 1 9  
0 2 3 5 6  8 1 0 1 2 1 7  

0 1 2 3 4  5 6 e 1 1  
0 1 1 2 2 ' 3  3 4 6 

0 1 2 4 5  7 a i 0 1 4  

2 3 4 5 6  6 7 8 9 
1 3 4 6 5  b b 7 0 
1 2 3 4 5  5 6 6 7 
1 2 3 4 4  5 5 6 7 
1 2 3 4 4  5 5 6 7 
1 2 3 3 4  4 5 5 6 
1 2 3 3 6  4 5 5 6 
1 2 3 3 4  4 5 5 6 
1 2 3 3 4  4 4 5 6 
1 2 2 3 3  4 4 G 5 
1 1 2 2 3  3 3 4 4 
1 1 1 2 2  2 3 3 3 
0 1 1 1 1  1 1  2 2 
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T A B L E  2 9 - - F I R E  i 3 E H I V  AND CONTROL I h F O R M A T I O N  F U R  PkiQTO 4-TF-4-PC 
( F I 2 E  E E H A V I Q Z  I N F U R H A T I O N  S C A L E D  FRQW NFFL M O D E L S )  

2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 

a 

1 4 5 12 13 21 25 32 4 5  
1 3 7 13 1 4  1 E  2 2  Z b  3rj 
1 3 o 9 1.2 16 19 2 5  34 
1 3 5 j 11 14 19 22 3 1  
1 3 5 8 10 13 16 i l l  29 
1 2 2 7 10 1 3  1 5  20 2 7  
1 2 5 7 9 12 1 3  19 26 
1 2 4 7 3 11 14 1 F  25 
0 2 4 -6 H 11 13 17 2 3  
0 2 4 i, 8 10 12 1 3  ?1 
0 2 3 5 7  9 1 1 1 3 1 9  
0 1 3 4 5  7 9 1 1 1 5  
0 1 2 3 4  5 h 8 1 1  
0 0 1 1 2  2 3 4 5 

2 4 ' 5 6 7  a 9 1 0 1 1  
2 3 4 > s  7 8 9 1 0  
2 3 4 5 6  6 7 8 9 
1 3 4 ' 5 5  6 7 7 8 
1 3 4 4 5  6 6 7 8 

1 2 3 4 3  5 6 7 8 
i 2 3 4 5  S 6 6 7 
1 2 3 4 4  5 5 6 7 
1 2 3 4 4  5 5 b 7 
1 2 3 3 4  4 5 5 6 
1 2 2 3 3  3 4 4 5 
1 1 2 2 2  3 3 3 4 
0 1 1 1 1  1 1  2 2 

1 3 3 4 3  5 6 7 a 
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T A B L E  30 - -F I i tE  B E H A V I O R  AND CGNTROL INFOR‘tMATION F O R  P t i 3 T O  5- TF- 4- PC 
( F I R E  B E t - I A V I i l H  I N F G R M A T I O h  S C A L E D  F R a M  i u f F L  M O D E L S )  

P E R C E N T  C H A I N S  P E R  HOUR F E E T  

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 + 7 10 14 18 2 2  29 39 
1 3 6 9 12 1 6  1 9  2 4  3 4  
1 3 5 9 11 14 17 22 30 
1 2 5 7 10 13 15 2 0  27 
1 2 4 7 9 12 1 4  18 26 
0 2 4 h 9 11 14 18 2 4  
0 2 Q 6 8 11 1 3  1 7  23 
0 2 4 6 8 10 12 16 22 
0 2 4 5 7  9 1 1 1 5 2 0  
0 2 3 5 7  8 1 0 1 3 1 8  
0 1 3 4 6  7 9 1 1 1 5  
0 1 2 3 4  5 7 8 1 2  
0 1 1 2 3  3 4 5 7 
0 0 0 0 0  0 1 1  1 

2 3 4 5 6  7 7 a 1 0  
1 3 4 5 5  6 7 7 9 
1 3 3 4 5  5 6 7 8 
1 2 3 4 5  5 6 6 7 
1 2 3 4 6  5 5 6 7 
1 2 . 3 4 4  5 5 6 7 
1 2 3 4 4  5 5 6 ’ 7  
1 2 3 3 4  4 5 5 6 
1 2 3 3 4  4 5 5 6 
1 2 2 3 3  4 4 5 . 5  
1 2 2 3 3  3 4 4 5 
1 1 2 2 2  3 3 3 4 

0 0 0 0 0  0 0 0 0 
0 1 1 1 1  2 2 2 1 2  

41 



42



Appendix 1 

Fire Perimeter and Area Calculation Graphs and Formulas 

(Adapted from F i r e  Behavior  Officer 's F i e l d  Refe rence ,  
N a t i o n a l  I n t e r a g e n c y  F i r e  T r a i n i n g  C e n t e r ,  Marana, 
Ar izona)  

4 3  
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p = Perimeter WHERE 

KP = Perimeter factor 
R = Rate of spread (chains per hour) 
T = Time (hour); 1-hour maximum 
KA = Area factor 
D = R x T; spread distance (chains) 

(c ha i n s) 

P = KpD 
= Kp(RxT) 

A = Area (acres) 

A = K ~ D ~  
= - K,(RXT~ 

Effective m idf la me wi ndspeed 
(miles per hour) 



Appendix 2 

R e s i s t a n c e  t o  c o n t r o l  r a t i n g s ,  flame l e n g t h  a d j u s t m e n t  
f ac tor ,  s l o p e  a d j u s t m e n t  f ac tor ,  and c o n v e r s i o n  of  
r e s ' i s t a n c e  t o  c o n t r o l  r a t i n g  v a l u e s  t o  c h a i n s - p e r  hour  
o f ' l i n e  c o n s t r u c t e d  by one  p e r s o n  
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The r e s i s t a n c e  t o  con t ro l  r a t i n g  ( t a b l e  31) times flame length adjustment 
f a c t o r  ( t a b l e  32) times s lope  adjustment f a c t o r  ( t a b l e  33)  equals  t h e  adjusted 
r a t i n g .  
con t ro l .  

Use t a b l e  34 to convert adjusted r a t i n g  t o  ac tua l  r e s i s t ance  t o  

Table 31--he1 re s i s t ance  t o  con t ro l  r a t i n g s  by photo number1 

1-MC-4-RC 
2 -MC -4-IC 
3 -RC 

1 -MC-4-P C 
2 -MC -4-PC 
3 -MC-4-PC 
4 -Mc -4-PC 
5 -MC-4-PC 
6 -MC -4-PC 
7-MC-4-PC 
8-MC -4-PC 

4 
11 
30 

2 
1 2  

5 
10 
13 
1 7  
20 
1 7  

1-TF-4-RC 
2 -TF-4-RC 
3-TF-4 -RC 
4 -TF-4-RC 
5-TF-4-RC 
6-TF-4-RC 

1-TF-4-PC 
2-TF-4-PC 
3-TF-4-PC 
4-TF-4-PC 
5 -TF-4-PC 

1 
2 
9 

11 
6 

1 7  

4 
7 
8 

17  
2 7  

l-MC-3-PC 2 
2 -MC-3-PC 6 
3 -K-3-PC 5 
4-Mc-3-PC 6 
5 -K-3-PC 7 
6-MC-3-PC 9 
7 -MC-3-PC 13 
8 -MC -3-PC 8 

lRatings derived f rommatr ix  by Wayne G. Maxwell (on f i l e  a t  Pac i f i c  
Mrthwest Forest and Range Experiment S ta t ion ,  Portland, Oregon). 

............................................................................... 
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Table 32--Flame length adjustment factor 

r 

Flame length ( f e e t )  0-4 5-8 9-12 13+ 

Ad j us tmen t f ac tor 1 1 . 5  2 .0  3 .0  

. 
Slope (percent) 0 -30 31-60 61-75 75+ 

Adjustment factor 1 1 . 2  1 . 5  1 e9 
+- A 

Table 33--Slope adjustment factor 
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Table 34--Conversion o f  r a t i n g  va lues  t o  chains  p e r  
hour o f  l i n e  cons t ruc ted  by 1 person 

1 
2 
3 
4 
5 
6 
7 
8 
9 ,  

10 
11 
1 2  

12.00 
6.00 
4.00 
3.00 
2 a40 
2 a O O  
1 a 7 0  
1 a 5 0  
1 a 3 0  
1 a20 
l a 1 0  
1 a00 

13 
14 
15 
16 
1 7  
18 
19 
20 
25 
30 
35 
40 

Om92 
a86 
a80 
a 7 5  
a 7 1  
a67 
a63 
a 60 
a48 
a 40 
a34 
a 30 

48 

*GPO 797-498 



The Forest Service of the US. Department of 
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use management of the Nation’s forest resources 
for sustained yields of wood, water, forage, wildlife, 
and recreation. Through forestry research, 
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owners, and management of the National Forests 
and National Grasslands, it strives - as directed by 
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to a growing Nation. 
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