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kbs t r a c t  

The frequency and weight d i s t r i bu t i ons  of f u e l s  i n  lodgepole 

pine stands and the r e l a t i on  between weight of f u e l  and surface area were 

invest igated using 1/10,000-acre c i r c u l a r  plots .  

A graph t o  convert the  weight of f u e l  components i n  centigrams 

t o  t o t a l  surface a rea  i n  square f e e t  f o r  diameter c lasses  of .1 t o  .5 

inches and from .1 t o  1.0 inches i s  included. 
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Introduction 

The concept of surface area as a parameter of f i r e  rate-of-spread 

has been previously suggested. Fahnestock (1) s t a t ed  t ha t  "fuel burns 

only where i t  is i n  contact with the air;  the more extensive the contact ,  

the  f a s t e r  and more e f f i c i e n t  the  comb~st ion. '~  Studies i n  t he  Inland 

Empire by Olson and Fahnestock ( 2 )  showed an average pound of Douglas f i r  

s l a s h  contained 25 square f e e t  of surface and t ha t  needles made up 35 per  

cent of the  weight, but 80 per  cent of the surface area ,  

A d i r e c t  measure of the surface a rea  of na tura l  f ue l s  i s  i m -  

p r a c t i c a l  i n  view of the  time involved. For t h i s  reason an ind i rec t  

method using the  t o t a l  weight i n  grams and number of components was de- 

vised t o  determine t o t a l  surface area  per  u n i t  weight of f u e l  components 

having diameter l i m i t s  of from .1 t o  - 5  inches and from .1 t o  1.0 inches. 

The r e l a t i on  between the weight of a wooden cylinder and i t s  

surface area  i s  a simple ari thmetic computation. However, i f  the t o t a l  

surface area of a number of cy l indr ica l  f u e l  components having unequal 

diameters i s  t o  be oomguted from the t o t a l  weight of wood, the  problem is 

confounded. Unless the  c lass  l i m i t s  include a r e l a t i ve ly  small diameter 

range compared t o  the diameters being measured, the c l a s s  midpoint diaraeter 

cannot be expected t o  y i e ld  an accurate measure of surface area  because of: 

(1 )  the extremely skewed frequency d i s t r i bu t i on  of na tura l  f ue l  

components toward the  smaller diameters. 

(2)  the  g rea t  d i spar i ty  i n  surface area  per  u n i t  weight of s m a l l  

and large  dimneter f u e l  components. 

During the summer of 1962 a study was i n i t i a t e d  t o  develop 

graphs whereby the surface a rea  of f u e l  components within spec i f ic  diameter 



l i m i t s  might be approximated from t h e i r  t o t a l  weight. O f  p a r t i cu l a r  

i n t e r e s t  were ground f u e l  components under lodgepole pine stands i n  

south cen t r a l  B r i t i s h  Columbia near Merritt, 3. C. 

Method 

One hundred and three 1/10,000-acre c i r cu l a r  p lo t s  (diameter 28") 

were mechanically spaced i n  lodgepole pine stands of various ages and 

heights, Within each p l o t  a l l  dead wood fue l  components having a midpoint 

diameter between ,1 inches and 1.5 inches and grea te r  than 2 inches long, 

were segregated i n t o  l/l0-inch diameter classes.  The diameter was measured 

at the midpoint of its length with an open-mouthed diameter gauge, The 

number and t o t a l  weight i n  grams of fue l  components i n  each diameter c l a s s  

were measured, Branched fue l s  ly ing within the  p lo t  a rea  were broken at  

eaah node and t rea ted  as individual  f ue l  components. Fuel components 

extending outside the p l o t  were severed a& the p lo t  boundary, Relative 

humidity at the fue l  l eve l  was measured with a psychron, and correct ions  

t o  oven-dry weight made with equilibrium moisture content t ab l e s  (31 ,  

The a$e and height of the stand were measured at  each of the 

p l o t s  t o  determine i f  these stand cha rac t e r i s t i c s  influenced the  d i s t r i -  

bution of f ino  fuels .  The d i s t r ibu t ion  of p lo t s  i n  each stand i s  shown 

i n  Figure 1. 

Analysis 

The absolute and per cent frequency and weight of f ue l  com- 

ponents within each diameter c l a s s  were computed f o r  each of  the  f ive  

stands sampled and f o r  tho t o t a l  sample population, The e f fec t  of 

height,  age or  s i t e  on the mean per  cent frequency of f u e l  components i n  



TABLE I. DISTRIBUTION OF PLOTS BY B I G H T  AND SITE CUSS 

Height Class S i t e  Class 
Number 

of Plots 

1. 
0-17 f e e t )  

2, 18-35 f e e t  

3. 36-50 f e e t  

4. 51-65 f e e t  

5. 51-65 f e e t  

Total 

Poor) 

Mod. 

Poor 

Poor 

Mod. 

-)C 
Both moderate and poor s i t e s  grouped i n  t h i s  height c l a s s  

the  three smallest  c lasses  were n o t  s ign i f ican t  at the LO per cent l eve l  

of probabi l i ty  using students "tt* t e s t .  The percentage of p lo t s  on which 

f u e l  components within each diameter c l a s s  occur, shows a strong inverse 

r e l a t i o n  between s i z e  of f u e l  component and frequency of occurrence 

(~igurs 1). 

The per  cent frequency and weight o f  f u e l  components i n  each 

diameter c l a s s  computed from the  t o t a l  population a r e  shown i n  Figure 2 

and Table 11. Semi-logarithmic paper w a s  used t o  enlarge the lower 

port ion of the  scale  i n  Figure 2, 



.1 . 2  .3 .4 .5 .6 .7 .8 .9 1.0 1.1 1.2 1.3 1.4 1.5 

diameter i n  fnches 

F igure  1 Percent of plots on which fuels within eaah s ize  c lass  oacur, 
compiled from 103 plots. 





The skewness i l l u s t r a t e d  i n  Figure 1 is emphasized i n  Figure 2 

which considers the  number of f ue l  components within each diameter c lass .  

The extreme skewness of the frequency curve indicates  t ha t  the  use of 

mid-class diameter f o r  computing the surface a rea  of f u e l  components 

within de f in i t e  diameter l i m i t s  is  misleading. 

Computation 

The weicht of the  average f u e l  component i n  each diameter c l a s s  

was computed by dividing the  t o t a l  weight i n  each c l a s s  by the t o t a l  

frequency i n  tha t  c l a s s   a able II), The weight per  inch of fue l  cornpon- 

ents  i s  derived from the  equation: 

W i n  grams = x r21 SoGe (16.386) 

where r = radius i n  inches 

1 5 length i n  inches; i n  t h i s  case 1 inch 

S,G. = spec i f ic  gravi ty  of lodgepole pine 
i n  grams per  cec ,  = ,41(4) 

and 16,386 i s  the number of cubic centimeters 
i n  a cubic inch 

The weights per  inch of f u e l  components having d i m e t e r s  equal t o  the  

c l a s s  midpoint of the  1/10 inch c lasses  used i n  t h i s  study a re  shown i n  

Table 11. The length i n  inches of the  average f u e l  component i n  m y  

c l a s s  is then computed by dividing the weight of the average fue l  compon- 

ent  i n  each c l a s s  by the  computed weight per  inch  a able 11). Plot  s i z e ,  

i n  a l l  probabi l i ty ,  a f f ec t s  a l l  the  lengths t o  a small degree, but  especia l ly  

i n  t he  l a rge r  diameter classes. 



Dim. Class .1 .2 .3 .4 .4 .6 07 .8 .9 1.0 1.1 1.2 1.3 1.4 Total 

Aba. Frequency 4112 524 - 165 117 55 45 18 21 17 11 7 6 3 4 5,060 

Abs. Weight 2922.8 1724.8 1430.1 2082.1 172l.5 2307.6 1096.6 1767.7 2004.1 1676.5 1322.7 982.9 500-3 948.8 219376*8 
(grams) 

$ Weight 

Weight of average -712 3.29 
fuel oomponent 

(-1 
Weight per inch .118 -329 -645 1.07 1.48 2 .  2.98 
from equation 1 

Length of average 6.03 
fuel oonponent 

(inchee) 



Computation of Surface Area 

It has been shown tha t  the  frequency d i s t r i bu t i on  of f u e l  

components i s  extremely skewed toward the  smaller diameter classes.  This 

i s  reason t o  r e j ec t  the  use of midpoint diameters f o r  computing the  surface 

areas of f u e l  components within broad s i z e  c lasses ,  To compute the surface 

a rea  a s  a function of weight i n  terms of the frequency d i s t r i bu t i on  found 

i n  t h i s  study, two broad s i z e  c lasses  were used -- one from . l o  t o  .50 

inches, and another from . l o  t o  1.00 inches, Only the  computation f o r  the 

former i s  shown i n  Table 111 although the same computation may be used t o  

derive the surface a rea  of f ue l s  within any diameter c l a s s  l i m i t s  from 

el t o  1.5 inches from the data  presented here, 

If the range of the s i ze  c lasses  is  changed, so  does the  f re -  

quency d i s t r i bu t i on  shown i n  Table 11. A s l i g h t l y  changed d i s t r ibu t ion  

curve i s  computed, Code B, using the absolute values i n  each diameter 4: 1 ,  

L class from Table 11, Code A.  The change i n  frequency d i s t r ibu t ion ,  although 
4 

small, favours the small diameter c lasses   a able 111). The computation shown 

i n  Table III assumes t ha t  100 fue l  components a r e  measured from the  aversge 

p lo t ,  These 100 pieces, using the per cent  frequency on Code 23,  computed 

from the sample population of Code A and the  average weight and length of 

f ue l  components from Table 11, Code C and 33, y ie ld  a t o t a l  weight of 167,O 

grams and R surface area  of 428.4 square inches o r  2.97 square f ee t .  End 

area  w a s  excluded because of the  b i a s  introduced by breaking the  branched 

f u e l  components. I f  end areas  a r e  included, the surface a rea  would be 

approximately 5.5 square inches l a rger ,  the  g rea te r  share occurring i n  

the  smallest  class.  



TABLE 111. COPIPUTATION OF TOTAL SURFACE AREll AS A FEHCTION OF WEIGH2 I N  

GRAMS OF FEEL COEPONENTS FROM .LO TO .50 INCHES I N  DIAMETER 

Diameter Class 
Totals  and 

.1+ . 2+ .3+ .4+ Units 

Code A ,  Absolute frequency 

B, Per  cent frequency 

C. Length (from Table 11) 

3 ,  Midpoint diameter 

E, Weight (from Table 11) 

3'. Total weight ( B  x E) 

G. Circumference 

H. Average surface area 
( C  x G) 

I, Total  surface area  
(B x a)  

J. Total surface area 

4918 

100 .l$ 

inches 

inches 

grams 

P a s  

inches 

14.75 23.20 sq, i n ,  

sq. in. 

sq. f t *  

An equivalent weight of f u e l  i s  encompassed by a calculated 8urface 

area of 318.2 square inches o r  2.18 square f ee t  when the midpoint diameter of 

.30 inches i s  used, This r e s u l t s  i n  an underestimate of -79 square f e e t  o r  

approximately 26 per  cent, 

Using the same procedure as outl ined i n  Table 111, the surface 

a rea  of a sample of the  same number of pieces having c lass  l i m i t s  of .1 t o  

1.0 inches i s  computed t o  be 337.5 &vans having a surface area  of 559.3 square 

inches o r  3.06 square fee t .  -7 ,, , - 



weight of fuel i n  100's of grams 

Figure 3 Relation between weight i n  grams and surface area i n  square 
feet  of fuel compohents i n  two s ize  classes. 



In  the  l a t t e r  case, i f  the c l a s s  midpoint diameter of .55 inches 

i s  used t o  calcula te  the  surface area of an equivalent weight of f ue l ,  only 

380.0 square inches o r  2.69 square f e e t  of f ue l  surface is  derived, an under- 

est imate of 1.17 square f e e t  o r  30 per  cent, ~ i g u r e g  shows the surface 

a rea  of f u e l  components sampled within two diameter c lasses  as a function 

of t h e i r  weight i n  hundreds of g rms .  The curves shown i n  Figure 3 should 

only be used f o r  lodgepole pine;  care should be exercised i f  p lo t  s i z e s  

other  than 1/10,000 acre  a r e  used, 

C onc l u s i  ons 

The r e s u l t s  of t h i s  paper show tha t  the use of c l a s s  midpoints 

f o r  the computation of surface area within broad s i z e  c lasses  r e s u l t s  i n  

subs t an t i a l  underestimates of the ac tua l  surface area, the mount of e r r o r  

being d i r e c t l y  proportional t o  the difference i n  c l a s s  l i m i t s ,  

The technique discussed i n  t h i s  paper is of use t o  f i r e  control  

personnel involved i n  f u e l  research f o r  measuring surface a r ea  through the 

r e l a t i v e l y  simple measure of weight and the use of the  graph shown i n  Figure 

3.  
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