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As an aid to managing fuel and woody debris, procedures a re  
provided for predicting weights of slash using tables of either 
slash weight per t ree  by d. b.h., o r  slash weight per square foot 
of tree basal area by d. b. h. Slash weights include crowns (live 
and dead foliage and branchwood) and unmerchantable bole tips to 
3-, 4-, and 6-inch diameter limits. Slash weights canbe predicted 
for material less than and greater than 3 inches in diameter. 
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This  handbook con ta in s  procedures f o r  p r e d i c t i n g  weights of  s l a s h - - t h e  needles ,  
branches,  unmerchantable bo l e  t i p s ,  and broken and d e f e c t i v e  bo le  m a t e r i a l - - t h a t  
remains a f t e r  t imber c u t t i n g  o r  t h inn ing .  In  t h e  p a s t ,  i n a b i l i t y  t o  q u a n t i t a t i v e l y  
desc r ibe  downed woody d e b r i s  such a s  logging s l a s h  has made i t  d i f f i c u l t  t o  eva lua t e  
and communicate d e b r i s  problems. The c a p a b i l i t y  t o  p r e d i c t  q u a n t i t i e s  of  s l a s h  pe r-  
m i t s  p lanning  f o r  d e b r i s  problems before  t hey  a r e  c r ea t ed .  However, p r e d i c t i n g  s l a s h  
does not  guarantee  easy  s o l u t i o n s  t o  s l a s h  problems, bu t  r a t h e r  provides  a  sound 
foundation f o r  making d e c i s i o n s  and formula t ing  p l ans .  P ro fe s s iona l  exper ience  and 
good judgment w i l l  cont inue  t o  p l a y  important  r o l e s  i n  d e b r i s  management. 

Es t imates  o f  s l a s h  weights can be u s e f u l  i n  t h e  fo l lowing  s i t u a t i o n s :  

1. When communicating t h e  magnitude of f u e l  and d e b r i s  problems. 
2. When w r i t i n g  and adminis te r ing  d e b r i s  d i sposa l  c o n t r a c t s .  
3 .  When d e s c r i b i n g  f i b e r  p o t e n t i a l  o f  woody r e s idue .  
4 .  When s e l e c t i n g  among d e b r i s  t rea tment  a l t e r n a t i v e s  l i k e  t hose  developed by 

Roussopoulos and Johnson (1975). 
5 .  When p repa r ing  p r e s c r i p t i o n s  f o r  p re sc r ibed  burning.  
6.  When app ra i s ing  p o t e n t i a l  f i r e  behavior  o f  f u e l s .  

S l a sh  i s  produced from t h r e e  p o r t i o n s  o f  t r e e s :  (1) crowns ( f o l i a g e  and branches) ;  
(2) unmerchantable bole  t i p s ;  and (3 )  d e f e c t i v e  and broken bo le s  ( f i g .  1 ) .  D i f f e r en t  
methods a r e  r equ i r ed  t o  p r e d i c t  weight o f  s l a s h  from each source.  For crowns, t h e  
procedures i n  t h i s  handbook a r e  based on p r e d i c t i v e  r e l a t i o n s h i p s  between s l a s h  weight 
and t r e e  d .b .h .  t h a t  were developed from t r e e s  sampled i n  Montana and Idaho (Brown 
1976). The r e l a t i o n s h i p s  f o r  e s t ima t ing  unmerchantable bo l e  t i p s  were developed by 
~ a u r o t . ~  The procedure f o r  e s t ima t ing  d e f e c t i v e  and broken bo le s  r e l i e s  on e s t ima te s  
of  merchantable volume, d e f e c t ,  and breakage suppl ied  by u s e r s .  

Brown, James K.  Yeight anc! d e n s i t y  of  crowns o f  Rocky ?fountain c o n i f e r s .  
USDA For. Serv .  In te rmt .  For .  and Range Exp. Stn.  Pap. ( in  p repa ra t ion ) .  

Fauro t ,  James L .  Tables  f o r  e s t ima t ing  stem re s idues  s tudy  f o r  ponderosa p ine ,  
western l a r c h ,  Douglas- f i r ,  and lodgepole p ine  i n  western Montana. USDA For. Serv.  
In te rmt .  For .  and Range Exp. S t n .  Pap. ( i n  p r e p a r a t i o n ) .  



Figure I .  --Different relationships are required t o  predict weight of slash produced 
from croms  ( fol iage and dead and l i v e  branchuood), unmerchantable bole t i p s ,  and 
boles (defect  and breakage). 

Although t h e  d a t a  f o r  p red ic t ing  crown weight were gathered i n  Montana and Idaho, 
t h e  predic t ions  should apply reasonably well t o  t r e e s  throughout t h e  western United 
S t a t e s  except f o r  some coas ta l  a reas  where t r e e  species of l a rge  d.b.h.  a r e  found. 
For a  given species  and d .b .h . ,  crown weight per  t r e e  va r i es  considerably within 
individual  s tands .  We suspect t h a t  va r i a t ion  i n  crown weight per  t r e e  within stands 
may be about a s  much a s  between major f o r e s t  regions.  Thus, s l a sh  predic t ions  may be 
about a s  accurate  outs ide  of t h e  study a rea  a s  within t h e  area .  



P r e d i c t i o n  o f  s l a s h  weights  f o r  many d i f f e r e n t  s p e c i e s  and t r e e  s i z e s  i s  a l o g i c a l  
job f o r  computers. Computer systems f o r  c a l c u l a t i n g  s l a s h  p o t e n t i a l s  based on i nd iv id-  
u a l  t r e e  i nven to ry  d a t a  have been developed f o r  some r eg ions  o f  t h e  USDA Fore s t  Serv ice .  
Where a  t imber  i nven to ry  u s ing  i nd iv idua l  t r e e  r eco rds  i s  processed by computer, d e b r i s  
can be p r e d i c t e d  by computers.  However, computer systems a r e  n o t  r e a d i l y  a v a i l a b l e  t o  
everyone. T h e t e n t i a l c a l c u l a t i n g  s l a s h  weights  
when acces s  t o  a  computer p r e d i c t i o n  system i s  unava i l ab l e  o r  inconvenien t .  

The t o t a l  amount o f  downed woody f u e l  fo l lowing  logging o r  t h inn ing  i s  t h e  sum o f  
downed woody f u e l s  t h a t  e x i s t  before  c u t t i n g  and s l a s h  f u e l s  added by c u t t i n g .  Ex i s t i ng  
f u e l s  can be o f  major importance f o r  e v a l u a t i n g  f i r e  p o t e n t i a l .  Sometimes, e x i s t i n g  
downed woody f u e l s  weigh a s  much a s  o r  more than  t h e  s l a s h  c r ea t ed  by c u t t i n g .  (Weight 
o f  e x i s t i n g  downed woody f u e l s  can be i nven to r i ed  u s ing  procedures  de sc r ibed  i n  "Hand- 
book f o r  Inventory ing  Downed Woody Ma te r i a l t '  [Brown 19741.) 

PROCEDURES 

Sla sh  weights  can be p r ed i c t ed  f o r  t r e e s  c u t  o r  trampled u s ing  e s t i m a t e s  o f  e i t h e r  
(1) t r e e s  p e r  a c r e  by s p e c i e s  and d .b .h . ,  o r  (2) ba sa l  a r e a  pe r  a c r e  by s p e c i e s  and 
d.b.h.  Tables  o f  s l a s h  weight a r e  provided t h a t  i nc lude  crowns ( a l l  l i v e  and dead 
f o l i a g e  and branches)  and unmerchantable b o l e  t i p s  t o  3- , 4- , and 6- inch d i ame te r s .  
The t a b l e s  a r e  designed f o r  c a l c u l a t i n g  t o t a l  crown m a t e r i a l  and m a t e r i a l  l e s s  than  3 
inches  i n  d iameter .  Usual ly,  crown weight should be computed u s ing  t a b l e s  f o r  t o t a l  
crown and t i p  m a t e r i a l .  Powever, i n t e r p r e t i n g  f i r e  behavior  u s ing  mathematical f i r e  
models such a s  descr ibed  i n  Users' Guide t o  Debris Prediction and Hazard Appraisal 
(USDA Fore s t  Se rv i ce  Northern Region) r e q u i r e s  m a t e r i a l  l e s s  t han  3 inches i n  d iameter ;  
t h e r e f o r e ,  t a b l e s  f o r  computing crown m a t e r i a l  l e s s  than  3 inches i n  d iameter  a r e  
a l s o  provided.  

S l a s h  weight can be p r ed i c t ed  and summarized a long  wi th  e x i s t i n g  downed woody f u e l s  
a s  fo l lows:  

1. Gather and summarize t r e e  inventory  d a t a .  
2 .  C a l c u l a t e  s l a s h  weight from c u t t i n g  and t rampl ing .  
3 .  C a l c u l a t e  s l a s h  weight from d e f e c t  and breakage.  
4 .  I f  a v a i l a b l e ,  add weight o f  e x i s t i n g  f u e l s  t o  d e b r i s  summary. 



STEP 1. For any desired area, summarize tree  inventory data as number of t rees  per 
acre by species and d. b. h. or basal area per acre by species and d. b. h., 
whichever form i s  most convenient. 

If  poss ible ,  summarize the  t r e e  da ta  by l- inch d .b .h .  c l a s ses  as  shown on the  left-hand 
s ide  of f igure  2 .  Otherwise, summarize t r e e  data  by d.b.h.  groups and use the  average 
d.b.h.  of each group f o r  determining crown weights. Slash from both c u t t i n g  and tram- 
p l ing  should be considered by including t r e e s  i n  the  summary t h a t  a r e  expected t o  be 
e i t h e r  cut  o r  trampled. (Trampling i s  the  pushing over of small t r e e s  by logging equip- 
ment.) Trampling probably seldom occurs i n  thinning operations and may be neg l ig ib le  
on many harves t ing opera t ions .  However, where subs tan t i a l  trampling i s  expected, i t s  
contr ibut ion t o  s l a sh  can be predicted by t h i s  procedure. 

STEP 2 .  Select  the correct weight table  and muZtipZy e i ther  the number of t rees  or 
basal area per acre times the appropriate table weight for each d.b. h. species 
category. Sum a l l  weights t o  obtain the t o t a l  crown weight per acre ( t h i s  i s  
shown i n  the Sample Prediction section, and figure 2). 

For harvest  c u t t i n g ,  choose the  weight t a b l e  corresponding t o  the  merchantable t i p  
diameter spec i f i ed  i n  the  timber sa le .  On s a l e s  having mixed merchantable t i p  diameter 
spec i f i ca t ions  use t h e  weight t a b l e  f o r  e i t h e r  the  l a r g e s t  diameter o r  t h e  diameter 
associa ted  with t h e  species  contr ibut ing t h e  most volume. 

For precommercial thinning and trampling from harvesting a c t i v i t i e s ,  use the  
t a b l e s  f o r  a 6-inch merchantable t i p  diameter. These t a b l e s  permit ca lcu la t ing  crown 
and t o t a l  bole weights f o r  t r e e s  l e s s  than 6 inches d.b.h. For t r e e s  l a rge r  than 
6 inches d.b.h.  t h a t  might be precommercially thinned o r  trampled, only crown and bole 
mater ia l  l e s s  than 6 inches i s  included i n  the  predic t ions .  

The weight t a b l e s  a r e  a s  follows: 

Table Information t o  
number use tables  

Trees/acre 
Trees/acre 
Trees/acre 
Trees/acre 
Basal area/acre  
Basal area/acre  
Basal area/acre  
Basal area/acre  

Merchantable t i p  
Amount o f  crown diameter ( inches)  

A 1  1 
A 1  1 
A 1  1 
Less than 3 i n  
A 1  1 
A 1  1 
A 1  1 
Less than 3 i n  

3 
4 
6 
3 and g rea te r  
3 
4 
6 
3 and g rea te r  

The l i n e s  drawn around the  weights i n  the  t a b l e s  show the  range of sample t r e e  
da ta .  Species and l e t t e r  codes used i n  the  t a b l e  heading a r e  as  follows: 

Grand f i r  
Western l a rch  
Engelmann spruce 
Subalpine f i r  
Lodgepole pine 
Douglas-fir 
Western hemlock 
Western white pine 
Western redcedar 
Ponderosa pine 

Abies grandis (Dougl . ) Lindl . 
Larix occidentalis Nut t . 
Picea enge lmannii Parry 
Abies lasiocarpa (Hook. ) Nut t . 
Pinus contorta Dougl . 
Pseudotsuga menziesii (Mirb.) Franco 
Tsuga heterophy ZZa (Raf . ) Sarg . 
Pinus monticola Dougl . 
Thuja plicata Donn 
Pinus ponderosa Laws. 



SLASH WEIGHT SUMMARY 

SUMMARY OF DEBRIS WEIGHT 

Predicted weight. (1) + (2) + (3) Tonslacre = 

(4) Existing downed debris. Tonslacre = -  

Total debris. (1) + (21 + (3) + (4),Tonslacre = 

Figure 2.--Slash sununary form showing a sample estimate of t rees  expected t o  be cut 
and trampled and the resultant slash. Crown weight per acre i s  the product of number 
of t rees  per acre and crown weight per t ree  from table  3. ( A  sample form i s  inserted 
i n  the back of t h i s  handbook. ) 

(1) Cutting 

43.835 a/. 92 32 SO A L ~  a4h.z 4. a 3 
Poundslacre Tonslac re 

(2) Trampling (3) Breakage 
Poundslacre Poundslacre Tonslacre Tons lacre 



STEP 3 .  Estimate slash weight for de fec t  and breakage as:  

w = V x f x s/2000 

where 

w = weight o f  logging r e s i d u e  from d e f e c t  and breakage, t ons / ac re  
V = merchantable volume o f  t r e e s '  t o  be  c u t ,  f t 3 / a c r e  
f = f r a c t i o n  of  merchantable volume expected t o  be l e f t  on t h e  ground a s  d e f e c t  

and breakage 
s = d e n s i t y  o f  wood, l b / f t 3  

Es t imates  o f  merchantable t r e e  volume a r e  obta ined  from t imber  c r u i s e s  o r  t r e e  
i n v e n t o r i e s .  Wood d e n s i t i e s  f o r  common western spec i e s  a r e  summarized i n  t a b l e  9. 
For a mixture o f  s p e c i e s ,  d e n s i t i e s  can be averaged. A wood d e n s i t y  va lue  t h a t  rep-  
r e s e n t s  a commonly encountered mixture o f  western c o n i f e r  spec i e s  i s  25 pounds p e r  
cubic  f o o t .  

S l a sh  from d e f e c t  and breakage i s  considered t o  be l a r g e r  than  3 inches  i n  d i a -  
meter; t h u s ,  weight e s t ima te s  a r e  needed only  when p r e d i c t i n g  a l l  s l a s h  m a t e r i a l .  The 
d e f e c t  and breakage component of  s l a s h  i s  f a r  more d i f f i c u l t  t o  p r e d i c t  a c c u r a t e l y  than  
weight of crowns and unmerchantable bo l e  t i p s .  Nonetheless ,  an e s t ima te  i s  p o s s i b l e  
u s ing  exper ience  and knowledge o f  l o c a l  ha rves t i ng  ope ra t ions .  Breakage can vary  con- 
s i d e r a b l y  from n e g l i g i b l e  i n  hea l thy  second-growth s t ands  t o  s u b s t a n t i a l  i n  d e f e c t i v e  
old-growth s t ands .  

Breakage can be es t imated  b e s t  from l o c a l  exper ience  with p a s t  ha rves t i ng  opera-  
t i o n s .  In t h e  Northern Rocky Mountains, breakage i n  old-growth s tands  i s  commonly 
es t imated  a s  10 percent  o f  t h e  c ru i sed  merchantable volume and i n  o t h e r  s t ands  about 
5 percent  (opinion o f  s eve ra l  experienced f o r e s t e r s ) .  

Defect such a s  r o t ,  crook,  sweep, f i r e  s c a r s ,  b u t t  swe l l ,  e t c . ,  v a r i e s  by spec i e s  
and t r e e  s i z e .  Most t imber  s e l l e r s  have some no t ion  of  de fec t  f a c t o r s  ( f r a c t i o n  of  
merchantable volume t h a t  i s  d e f e c t i v e )  a p p l i c a b l e  t o  t h e i r  a r e a .  Not a l l  d e f e c t  remains 
on t h e  c u t t i n g  s i t e  because some of  i t  i s  hauled t o  t h e  m i l l .  Thus, d e f e c t  f a c t o r s  must 
r e p r e s e n t  t h e  ma te r i a l  a c t u a l l y  remaining on s i t e .  In  t h e  Northern Rocky Mountains, 
about 50 percent  o f  t h e  d e f e c t i v e  volume remains on an a r e a  a f t e r  c u t t i n g  (opinion o f  
s e v e r a l  experienced f o r e s t e r s ) .  



STEP 4. To estimate weight o f  t o ta l  downed debris, add weight o f  downed woody material 
before cut t ing t o  predicted weight of slash. 

Sample Prediction 

To i l l u s t r a t e  procedures f o r  p r e d i c t i n g  s l a s h ,  cons ider  a  p a r t i a l  c u t t i n g  o f  
grand f i r  and l a r c h .  The merchantable t i p  diameter  l i m i t  i s  6 inches  and number of 
t r e e s  p e r  a c r e  i s  used t o  c a l c u l a t e  weight f o r  a l l  s l a s h  m a t e r i a l .  Weights summarized 
by source o f  ma te r i a l  a r e :  

Source 

Cutting: Trees  t o  be c u t  a r e  grand f i r  (10 t o  16 i n  d . b . h . ) ;  and 
l a r c h  (12 t o  17 i n  d . b . h . ) .  Number o f  t r e e s  pe r  a c r e  (recorded 
i n  f i g u r e  2) mu l t ip l i ed  t imes crown weights p e r  t r e e  (from 
t a b l e  3) provided t h e  s l a s h  weights shown i n  f i g u r e  2. 

Trampling: Trees expected t o  be trampled were 1 and 2 i n  d.b.h.  
Weights were c a l c u l a t e d  us ing  t a b l e  3 

Weight 
f tons/acre ) 

Defect and breakage: w = 3,385 x 0.10 x 25/2,000. A t imber c r u i s e  
showed a volume o f  3,385 f t  3 ,  of which 80 percent  was grand 
f i r .  A wood d e n s i t y  o f  25 l b / f t  3 ,  was determined by weighting 
t h e  d e n s i t i e s  o f  grand f i r  and l a r c h  from t a b l e  9 by t h e i r  
percentages of  t o t a l  t imber volume: (80 percent  x 23.1 + 20 
percent  x 32.4)/100 = 25.0. Breakage was judged t o  be about 
5 pe rcen t  and d e f e c t  l e f t  on s i t e  was 5 pe rcen t .  Thus, t h e  
f  i n  equation (1) i s  0.05 p l u s  0.05 o r  0.10. 4.23 

Predic ted  s l a s h  27.8 

Domed woody material: Inventory of  e x i s t i n g  downed d e b r i s  
y ie lded  18 tons / ac re  18.0 

Tota l  45.8 

Other Species and Crown Classes 

These procedures can be used wi th  unknown but  probably acceptable  accuracy on 
spec ie s  having branch forms s i m i l a r  t o  spec i e s  t h a t  a r e  l i s t e d .  To i n d i c a t e  accuracy 
o f  p r e d i c t i o n ,  crown weight f o r  spec i e s  i n  t h i s  handbook t h a t  have s i m i l a r  branch forms, 
such a s  t h e  f i r s  and spruce ,  were compared. On t h e  average, one spec ie s  was wi th in  
about 20 percent  o f  t h e  o t h e r .  For some d . b . h . ' s ,  d i f f e r e n c e s  were a s  high a s  50 pe r-  
c e n t .  The fol lowing combinations of spec i e s  a r e  probably s i m i l a r  enough t o  y i e l d  
reasonably accu ra t e  s l a s h  p r e d i c t i o n s  when considered a l i k e :  

Listed i n  tables  Not l i s t ed  i n  tables  

Lodgepole p ine  
Grand f i r  

White barked p i n e ,  limber p ine  
P a c i f i c  r ed  f i r  



The tables in this handbook were developed from data for trees having dominant and 
codominant crown classes. Brown (see footnote 1) found that for shade-tolerant species, 
crown weight of intermediate crowns is not significantly different from dominant and 
codominant crowns. However, for shade-intolerant species, weight of intermediate crowns 
is significantly less than for dominant and codominant crowns. Thus, in stands of 
intolerant species where a large proportion of the trees have intermediate crowns, an 
adjustment of the crown weight based on dominant and codominant crowns may be desirable. 

We recommend adjusting crown weights only for ponderosa pine, lodgepole pine, and 
western larch. When these species dominate the composition and have a high proportion 
of intermediate crowns, adjusted crown weights can be calculated as follows: 

D. b. h. Equation 

Less than 7.5 in D' = D(l - 0 .5  fI) 
7.5 in and greater Dl = D(l - 0.4 fI) 

where 

D '  = crown weight per acre adjusted for intermediate crowns 
D = crown weight per acre based on dominant and codominant crowns 
f = fraction of trees per acre having intermediate and suppressed crowns I 



Slash Weight (lbs) per 

TREE 





WEIGHT P E R  TREE--TOTAL CRO\VN A N D  T I P  

TABLE 1. --Fleight per t ree  by d. b.h. o f  a l l  pater ia l  f o r  c r a m s  m,d m~erchcmtabZe bole 
t i p s  t o  a &inch top  

3- INCFI TOP 

D.b.h. 
( inches)  

Species 
P P LP WL-WP DF G F  AF WC-WH E S i 



TABLE 2.--Weight per t ree  by d.b.h. of a l l  material for crowns and mmerchmtable bole 
t i p s  t o  a 4-inch top 

4-INCH TOP 

Species r PP LP WL- WP DF GF AF WC-WH ES I 



TABLE 3.--Weight per tree by d. b. h. of a l l  naterial for c r m s  and unmerchantable bole 
t i p s  t o  a 6-inch top 

6- I N C H  T O P  

Snecies - - - - - -  

4.b.h. ' P P  LP WL-WP DF GF AF WC -IVH ES 
( ~ n c h e s  ) 



WEIGHT PER TREE--CROWN AND TIP UNDER 3 INCHES 

TABLE 4.--Weight per tree by d.b.h. of material Zess than 3 inches diameter for crotms 
and bole t i p s  

Species  
D.b.h. 
( inches)  

P P LP WL-WP DF G F AF WC-WH ES 

i 



Slash Weight (lbs) by 

BASAL AREA 





WEIGHT PER SQUARE FOOT BASAL AREA--TOTAL CROWN AND TIP  --- 

TABLE 5.--Weight per square foot of  basal area by d.b.h. of  a l l  material for c r m s  and 
unmerchantable bole t i p s  t o  a 3-inch top 

3-INCH TOP 

Species 
D.b.h .  
i n c h e s  

PP LP WL-WP DF GF AF WC-WH ES 



TABLE 6.  --Weight per squure foot of  basal area: by d .  b.  h. of a l l  material for crozjns 
and unmerchantable bole t i p s  t o  a 4-inch top 

4- INCH TOP 

Spec ies  
4.b.h.  
( inches)  

P P LP WL-WP DF GF AF WC-WH ES 



TABLE 7.--Weight per square foot  o f  basal  area by d.b.h. o f  a l l  mater ia l  for  c r a m s  
and unmerchantable bo le  t i p s  t o  a 6- inch top  

6-INCH TOP 

Species 
D.b.h. 
(inches) 

PP LP WL-WP DF GF AF WC-WH ES 



WEIGHT P E R  SQUARE FOOT BASAL AREA--CROWN AND T I P  UNDER 3 I N C H E S  

TABLE 8. --Weight per square foot o f  basal area by d. b. h. of  material l ess  than 3 inches 
diameter for crowns and bole t i p s  

Species 
PP LP WL-WP DF G F AF WC-WH ES 



WOOD DENSITY 

TABLE 9.--Density of wood for se lec ted western species.  (Density values from U.S. 
Forest Products Laboratory ( 1 9 7 4 ) )  

Species  
Densi ty 
( l b / f t  3,  

CONIFERS 

Cedar 
Western redcedar  (Thuja p l i ca ta )  
Incense ceda r  ( ~ i b o c e d r u s  decurrens) 
Alaska ceda r  (Chamaecyparis nootkatensis)  

Douglas- f i r  (Pseudotsuga menz ies i i )  
Coas t a l  (Washington and Oregon) 
Northern Rocky Mountains 
Southern Rocky Mountains 

F i r  
Grand f i r  (Abies grandis)  
C a l i f o r n i a  r e d  f i r  (Abies magni f i c a )  
Noble f i r  (Abies procera) 
P a c i f i c  s i l v e r  f i r  (Abies amabil is)  
White f i r  (Abies concolor) 
Subalp ine  f i r  (Abies Zasiocarpa) 

West e r n  hemlock (Tsuga heterophylla) 

West e r n  l a r c h  (Larix occ iden ta l i s )  

Pine  - 
Lodgepole p i n e  (Pinus contorts) 
~ o n d e r o s a  h i n e  (Pinus ponderosa) 
Sugar p i n e  (Pinus Zmbertiana) 
Western wh i t e  p i n e  (Pinus monticoZa) 

Redwood (Sequoia sempervirens) Old growth 

I 

Engelmann spruce  (Picea engelmannii) 
White spruce  (Picea gZauca) 
S i t k a  sp ruce  (Picea s i t c h e n s i s )  

HARDWOODS 

Quaking aspen (Populus tremuloides) 

Black co t  tonwood (PopuZus trichocarpa) 



ACCURACY 

Accuracy of  p r e d i c t i o n s  can va ry  cons iderably ,  depending upon spec i e s ,  s t and  con- 
d i t i o n s ,  and accuracy o f  t h e  t imber s t and  inventory.  Sources o f  v a r i a t i o n  a f f e c t i n g  
p r e d i c t i o n s  i nc lude  equat ions  f o r  e s t ima t ing  l i v e  crown weight,  dead crown weight ,  un- 
merchantable t i p  volume, and bark dens i ty ;  e s t ima te s  o f  d e f e c t  and breakage f a c t o r s ;  
and accuracy o f  t r e e  inventory  d a t a .  Equa.tions f o r  p r e d i c t i n g  l i v e  branches and 
f o l i a g e ,  which account f o r  a  major p o r t i o n  o f  t h e  t o t a l  crown weight ,  have s tandard  
e r r o r s  of  t h e  e s t i m a t e  ranging  from 30 t o  64 percent  o f  mean va lues .  When weight i s  
p red i c t ed  f o r  many t r e e s  and summed, e r r o r s  f o r  i nd iv idua l  t r e e s  tend  t o  ba lance  o u t ;  
t h u s ,  e s t i m a t e s  f o r  s t and  averages a r e  expected t o  be more accu ra t e  than e s t ima te s  f o r  
i nd iv idua l  t r e e s .  

A t e s t  t o  v a l i d a t e  p r e d i c t i o n s  was conducted i n  t h r e e  small  s t ands  dominated by 
a  s i n g l e  species--ponderosa p ine ,  Douglas- f i r ,  and lodgepole p ine .  Crown weights  were 
p r e d i c t e d  be fo re  c u t t i n g .  Af t e r  c u t t i n g ,  t h e  s l a s h  was i n t e n s i v e l y  i nven to r i ed  us ing  
t h e  p l ana r  i n t e r s e c t  method (Brown and Roussopoulos 1974). 

For s l a s h  l e s s  than  3 inches  i n  d iameter ,  p r ed i c t ed  weights  were l e s s  t han  i n -  
ven to r i ed  weights  by 15, 22, and 37 percent  o f  i nven to r i ed  va lues .  For a l l  s l a s h ,  
p r ed i c t ed  weights  v a r i e d  from 4 pe rcen t  more, t o  15 percent  l e s s  than inven to r i ed  
weights .  Some o f  t h e  d i s c repanc i e s  were t r a c e d  t o  b i a s e s  i n  t h e  t e s t ;  t hus ,  d i f f e r e n c e s  
between p red i c t ed  weights  and a c t u a l  weights would be l e s s  than  ind i ca t ed  by our  t e s t .  

Considering t h e  sources  of  v a r i a t i o n  inhe ren t  i n  p r e d i c t i n g  s l a s h  weights  and a 
v a l i d a t i o n  t e s t ,  we b e l i e v e  t h a t  most e s t i m a t e s  of  s l a s h  weight from crowns and un- 
merchantable bo l e  t i p s  should be w i th in  20 percent  o f  t h e  t r u e  mean. Occas iona l ly ,  
e s t ima te s  can be expected t o  d e v i a t e  from t h e  t r u e  mean by a s  much a s  50 pe rcen t .  

FUEL APPRAISAL 

Appraising p o t e n t i a l  f i r e  behavior  o f  f u e l s  i s  o f t e n  termed f u e l  a p p r a i s a l  and i s  
t h e  process  o f  (1) d e s c r i b i n g  f u e l  c h a r a c t e r i s t i c s  such a s  q u a n t i t y  and s i z e ;  and (2) 
i n t e r p r e t i n g  t h e  f u e l  i n  terms o f  f i r e  behavior;  f o r  example, r a t e  o f  spread ,  f i r e l i n e  
i n t e n s i t y ,  and flame length .  Thus, t h e  a p p r a i s a l  p rocess  a t tempts  t o  answer t h e  
ques t ion :  What i s  t h e  expected f i r e  behavior  f o r  d i f f e r e n t  f u e l s ,  given s t eepness  of 
s lope  and weather cond i t i ons?  The ques t ion  i s  d i f f i c u l t  t o  answer, p a r t l y  because t h e  
answer i s  made up o f  d i f f e r e n t  elements  o f  f i r e  behavior  (Anderson 1974): r a t e  of spread ,  
i n t e n s i t y ,  crowning p o t e n t i a l ,  s p o t t i n g  p o t e n t i a l ,  and du ra t ion  of  h e a t .  One o r  more of 
t h e s e  elements may have t o  be appra ised  when a s p e c i f i c  f u e l  management s i t u a t i o n  is  
be ing  eva lua ted .  



P o t e n t i a l  f i r e  behavior  o f  downed woody d e b r i s  can be app ra i s ed  by (1) mathematical 
modeling, and (2) exper ienced  judgment. Mathematical modeling o f  r a t e  o f  spread ,  f i r e -  
l i n e  i n t e n s i t y ,  and flame l eng th ,  f o r  example, o f f e r s  t h e  most o b j e c t i v e  means o f  ap- 
p r a i s i n g  p o t e n t i a l  f i r e  behavior .  However, t h i s  approach may n o t  be r e a d i l y  a v a i l a b l e  
t o  some land managers. 

Experienced judgment i s  an important  means o f  a p p r a i s i n g  f u e l s  because an exper-  
ienced person  can i n t e g r a t e  many f a c t o r s  t h a t  e lude  q u a n t i f i c a t i o n .  Even when more 
s o p h i s t i c a t e d  methods a r e  a v a i l a b l e ,  judgment i s  s t i l l  impor tan t .  One way o f  u s i n g  
exper ienced  judgment i s  t o  e s t a b l i s h  a  r e f e r e n c e  ( t ons  p e r  a c r e )  t h a t  can be used t o  
compare a g a i n s t  o t h e r  f u e l  l oad ings .  The r e f e r e n c e  load ing  should r e p r e s e n t  f u e l s  
f o r  which a  consensus o f  l and  managers experienced i n  c o n t r o l  o f  f i r e  can ag ree  upon 
a  r a t i n g .  Ra t ings ,  f o r  example, might be f o r  low, medium, o r  h igh  f i r e  i n t e n s i t y  
p o t e n t i a l ,  o r  e i t h e r  a ccep t ab l e  o r  unacceptab le  r ega rd ing  t h e  a b i l i t y  o f  an i n i t i a l  
a t t a c k  crew t o  g a i n  c o n t r o l .  A f t e r  s e t t i n g  a  r e f e r e n c e  load ing ,  f u e l s  a r e  app ra i s ed  
on a  r e l a t i v e  b a s i s .  For example, f o r  m a t e r i a l  l e s s  t han  3 i nches  i n  d iameter ,  i f  a  
load ing  o f  10 t o n s  p e r  a c r e  i s  e s t a b l i s h e d  a s  a  r e f e r e n c e ,  t hen  a  load ing  o f  20 t o n s  
p e r  a c r e  would e x h i b i t  approximately twice  t h e  p o t e n t i a l  f i r e  behavior .  

How Much Fuel Is Acceptable? 

F i r e  managers commonly want t o  know t h e  tonnages o f  f u e l  t h a t  a r e  accep t ab l e .  This  
ques t i on  i s  d i f f i c u l t  t o  answer because f i r e  behavior  depends n o t  on ly  on f i r e  p o t e n t i a l  
a t  one l o c a t i o n  bu t  a l s o  on o t h e r  f a c t o r s ,  such a s  d i s t r i b u t i o n  o f  f u e l s  and f i r e  behav- 
i o r  p o t e n t i a l  over  sur rounding  a r e a s  t h a t  may cover  one o r  more d r a inages .  Acceptable  
f u e l  load ing  depends on r e sou rce  v a l u e s ,  management o b j e c t i v e s  f o r  t h e  l and ,  p a t t e r n  
o f  l and  ownership, and suppress ion  c a p a b i l i t y .  I n  some s t a n d s ,  a ccep t ab l e  load  depends 
on r e s i s t a n c e  of  t r e e s  t o  crown scorch  and cambium k i l l .  P ro fe s s iona l  judgment i s  
c e r t a i n l y  needed t o  de te rmine  accep t ab l e  f u e l  tonnages.  

Dec is ion  steps.--To dec ide  how much f u e l  i s  accep t ab l e  r e q u i r e s  t h a t  one must 
i n t e g r a t e  many f a c t o r s  ( f i g .  3 ) .  This  can be done s y s t e m a t i c a l l y  a s  fo l lows:  

1 .  Consider  management o b j e c t i v e s  and va lues  a t  r i s k .  For t h e  l a t t e r ,  r e s o u r c e  
va lues  and r i s k  o f  a  f i r e  du r ing  a  h igh  f i r e- dange r  pe r iod  caus ing  damage a r e  j o i n t l y  
cons idered .  

2 .  Appraise  f u e l s  by (a)  d e s c r i b i n g  f u e l s  from inventory  and p r e d i c t i o n ;  and 
(b) i n t e r p r e t i n g  f i r e  behavior  p o t e n t i a l  such a s  r a t e  o f  spread ,  f lame l e n g t h ,  i n -  
t e n s i t y ,  and scorch  h e i g h t .  

3 .  Consider  o t h e r  f i r e - r e l a t e d  f a c t o r s  such a s  f u e l  and f i r e  behavior  p o t e n t i a l  
on a d j o i n i n g  a r e a s ,  suppress ion  c a p a b i l i t y ,  f requency and s e v e r i t y  o f  h i s t o r i c a l  f i r e s ,  
and f i r e ' s  e c o l o g i c a l  r o l e .  

Acceptable  f u e l  l oad ings  can depend t o  a  high degree  on f a c t o r s  i n  i tem 3 .  For 
example, a  heav i e r  f u e l  load ing  would be accep t ab l e  on a  u n i t  surrounded by s p a r s e  
f u e l s  wi th  l i t t l e  chance o f  i g n i t i o n  t han  on a  u n i t  surrounded by heavy f u e l s  wi th  
a  high chance o f  i g n i t i o n .  

Fue l  l oad ing  standards.--No s i n g l e  f u e l  load ing  may be accep t ab l e  f o r  a  l a r g e  
a d m i n i s t r a t i v e  a r e a .  Herein l i e s  t h e  dilemma of  s e t t i n g  f u e l  s t anda rds .  E s t a b l i s h i n g  
s t anda rds  would permi t  t h e  s e t t i n g  o f  c l e a r  o b j e c t i v e s  f o r  r e s i d u e  management and pro-  
v i d e  benchmarks wi th  which t o  measure accomplishments.  However, s t anda rds  could 
e a s i l y  circumvent p r o f e s s i o n a l  judgment f o r  de te rmin ing  t h e  maximum accep t ab l e  l e v e l  
o f  f u e l  f o r  s p e c i f i c  s i t e s .  One approach t o  de te rmin ing  accep t ab l e  f u e l  l e v e l s  i s  t o  
develop d i f f e r e n t  s t anda rds  f o r  each o f  t h e  major d e c i s i o n  circumstances encountered 
on a  l a r g e  a d m i n i s t r a t i v e  u n i t .  To accomplish t h i s ,  t h e  f a c t o r s  i n  f i g u r e  3 should  be 
eva lua t ed  f o r  t h e  d i f f e r e n t  management circumstances found on a  l a r g e  a d m i n i s t r a t i v e  
u n i t .  
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Acceptable loadings of debris also depend on requirements of other disciplines for 
attaining land management objectives. Thus, even if fuel standards are set, the final 
decision on how much downed debris is acceptable should be coordinated among land 
management interests. 

FUEL APPRAISAL 

F U E L  - F l R E  

D E S C R I P T I O N  POTEIVT I A L  

MANAGEMENT I I VALUES AT I 

I OTHER FlRE FACTORS I 

OBJECTIVES 

S U R R O U N D I N G  F U E L S  
S U P P R E S S  I O N  C A P A B I L I T Y  
F l R E  H I S T O R Y  
F I R E ' S  R O L E  

+DEC 1 ~ 1 0 ~ 4  R I S K I 

Figure 3.--Factors t o  consider when deciding how much fuel i s  acceptable. 

Weights in the tables are expressed on an ovendry basis. Fractions for converting 
material less than 3 inches in diameter to all material and converse conversions are in 
appendix I. 

Tables 1 through 8 show combined weights of crowns and unmerchantable tips. Re- 
lationships for estimating only crown weights for live and dead material are summarized 
by Brown (see footnote 1). Tables for predicting crown weights without unmerchantable 
tips are in appendix 11. Fractions for dividing crown weights into foliage and branch- 
wood diameter classes of 0 to 0.24 in, 0.25 to 0.99 in, 1.0 to 2.99 in, and 3.0+ in are 
in appendix 111. 



Unmerchantable t i p  and bole  weights were computed us ing  two methods. Brownls 
equations f o r  t o t a l  t r e e  bole  weight ,  inc luding  bark ,  were used f o r  t r e e s  above t h e  
dashed l i n e s  i n  t a b l e s  3, 4,  7, and 8.  For t r e e s  below t h e  dashed l i n e ,  weight of  
wood was es t imated  by means of  unmerchantable t i p  volume equat ions  developed by 
Faurot ( see  foo tno te  2) and wood d e n s i t i e s  from U.S. Fores t  Products Laboratory (1974). 
Bark weight was es t imated  from bark volumes and d e n s i t i e s .  Bark volume was ca l cu la t ed  
from r a t i o s  of  b ~ r k  thickness- to- stem th i ckness  a s  descr ibed  i n  appendix IV. 

F a u r o t l s  equat ions  f o r  volume of  unmerchantable t i p s  r e q u i r e  d .b .h .  and he igh t  a s  
independent v a r i a b l e s .  For cons t ruc t ing  t h e  t a b l e s ,  he igh t  was es t imated  us ing  he igh t -  
d .b .h .  r eg res s ions  developed by Brown (see  foo tno te  1 ) .  Tables of  t i p  weights and 
equat ions  f o r  t i p  volume and t r e e  he igh t  a r e  included i n  appendix IV. 

The t a b l e s  based on weight-per- square- foot  of  t r e e  basa l  a r e a  were cons t ruc ted  from 
t a b l e s  o f  weight p e r  t r e e  by d .b .h .  For each d .b .h . ,  weights p e r  t r e e  were d iv ided  by 
t h e  basa l  a r e a  corresponding t o  t h a t  d.b.h.  
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APPENDIX I 
Fraction of Crowns and Tips 3 Inches and Larger 

The fractions in table 10 above the dashed lines drawn at 2, 4, and 6 inches d.b.h. 
are based on weights that include entire boles. These fractions apply to slash from 
precommercial thinning and trampling where entire trees are left on the ground. Below 
the lines, the fractions are based on weights that include unmerchantable tips and apply 
to slash from harvesting operations. 

TABLE 10.--Fractions o f  crowzs and unmerchantable bole t i p s  t h a t  are 3 inches 
i n  diameter and larger 

Species 
D.b.h. PP LP WL DF G F AF WC WP WH E S 
(inches) 

3-INCkI TOP 
2 0 0 0 0 0 0 0 0 0 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 0 0 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 0 0 
8 0.02 0 0 0 0 0 0 0 0 0 
10 .04 0 0 0 0 0 0 0 0 0 
12 .06 0 0.02 0 0 0 0 0 0 0 
14 .09 0 .02 0 0 0 0 0 0 0 
16 .ll 0 .03 0.01 0 0 0 0 0 0 
18 .13 0 .04 .01 0 0 0 0 0 0 
2 0 .15 0 .04 .01 0 0 0 0 0 0 
2 2 .17 0 .04 .01 0 0 0 0 0 0 
24 .19 0 .05 .02 0 0 0 0 0 0 
26 .21 0 .05 .02 0 0 0 0 0 0 
2 8 .23 0 .05 .02 0 0 0 0 0 0 
3 0 .25 0 .05 .02 0 0 0 0 0 0 
3 2 .27 .05 .03 0 0 0 0 0 
34 .28 .06 .03 0 0 0 0 0 
36 .30 .06 .03 0 0 0 0 0 
38 .32 .06 .03 0 0 0 0 0 
40 .34 .06 .04 0 0 0 0 0 

- 
[ c o n .  ) 



TABLE 10.  --Continued 

Species  
D.b.h. PP L P W L  DF G F AF WC WP WH E S 
( inches)  

4-INCH TOP 
2 0.07 0.08 0.08 0.06 0.04 0.04 0.06 0.07 0.07 0.06 
4 .24  .39 .45 .29 .25 .31 -32  .40 . 33  .21  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 .18  .24 .32 .19 .15 .15 .16 .25.  .22 .15 
8 . l l  . 1 3  .21  . l l  .09 .08 .10 .16 .13  .09 

10 .09 .08 .15  - 0 7  .06 .05  .06 . l l  .09 .05  
12 .09 .05  .12 .05 .04 .03  .04 .08 .06 .04 
14 . l l  .03  .10 .04 . 0 3  .02 .03 .06 .04 . 03  
16 .12 .02 .09 . 0 3  .02 .01 .02 .05 .03  .02 
18 .14 .02 .08  .03 .02 .01 .02 .04 .03  .01  
20 .16 .01 .08 .03  .01  .01 . 01  .03  .02 .01 
2 2 .18 .01  .08  .03  .01 .01 .01 .03 .02 .01 
2 4 .19 .01 .07 .03  .01 .01 .01 .02 .01 .01 
26 .21 .01  .07 .03 .01  0 .01  .02 .01  .01 
28 . 2 3  .01  .07 .03  .01 0 .01  .02 .01 . 01  
3 0 .25 0 .07 . 03  .01  0 .01 -02  .01 0 
32 .27 .07 . 0 3  .01 0 .01 .01 0 
3 4 .29  .07 .03  .01 0 .01  .01 0 
3 6 .30 .07 .03  0 0 .01  .01 0 
38 .32 .07 .04 0 0 .01  .01 0 
4 0 .34 .07 .04 0 0 .01  0 0 

6-INCH TOP 
.06 .08  .08 .06 .04 
.31 .51  .58  .38 .33  
.34 .59 .74 .46 .44 

----------------------------------- 
.42 .52 .65  .46 .39 
.30  .36  .53 . 33  .27 
. 2 3  .25 . 4 3  .24 .19 
.19 .17 .35  -18  .14 
.18 .13  .29 .14 .11 
.18  .09 .25 . l l  .08 
.19  .07 .21  .09  .07 
. 20  .05  .19 .07 .05 
. 21  .04 .17 .06 .05  
. 23  - 0 3  .15 .06 .04 
.24  .03 .14 .05 .03  
.26 .02 .13  .05 . 0 3  
.28  .12 .05 .03  
.29  . l l  .05 .02 
.31  . l l  .05 .02 
.32 .10 .05 .02 
.34 .10 .05 .02 



APPENDIX II 
Crown Weight Tables 

1 / TABLE 11.--Crown weight per tree- 

Species  

I PP LP WL-WP DF GF AF WC-WH ES i 

Numbers w i th in  t h e  l i n e d  space a r e  wi th in  l i m i t s  o f  d a t a  sampled. 

2 8 



TABLE 1 2 .  --Crown weight per square foot of  basal area 

S p e c i e s  
P P LP WL-W DF G F AF WC -WH ES 

- - - - - - - - - - - - - - - - -  Pounds - - - - 
244 207 333 5 7 3  680 1 
260 1 9 6  254 432 520  
271 192 218 367 446 
280 1 9 0  195  328 4 02 
287 189 1 8 0  302 372 
293  190  168 282 35  1 
299 1 9 1  159 267 335 
3 04 192  1 5 1  256 324 
309 1 9 3  145  246 315 
314 1 9 5  140  238 308 
319 1 9 3  1 3 5  232 303 
32 3 191  131  226 300 
327 189 127  222 2 98  
331 187  124 218 297 
335 1 8 6  1 2 1  214 297 
339 1 8 5  119 211 298 
34 2 1 8 3  116 2 09  299 
346 182  114 212 301 
349 181  112 215 295 
35 3 1 8 0  110  218 289 
356 1 7 9  1 0 9  221 284 
35 9 178 107 224 279 
363  177  106 227 274 
366 176 104 229 269 
369 175  1 0 3  232 265 
372 174 102 2 34 26 1 
375 1 7 3  1 0 1  237 257 
378 1 7 3  1 0 0  239 253 
38  1 172 9 8 24 1 250 
384 1 7 1  9 8 244 247 
386 9 7 246 244 
389 9 6 248 241  
392 9 5 25 0 238 
395 94 2 5 3  235 
397 9 3  255 232 
400 9 3  257 230 
403 9 2 259 227 
405 9 1 26 1 225 
408 9 1 263  223  
4 1 1  9 0 266 220 



APPENDIX Ill 
Crown Component Fractions 

TABLE 1 3 .  --Fraction o f  crown ( l i v e  and dead branchwood and f o l i a g e )  comprised 
o f  fol iage and branchwood by  s i z e  class 

Species  
D.b.h. PP WL DF GF AF E S LP WP WC WH 
(inches)  

FOLIAGE 

BRANCHWOOD 0 t o  0 .25  INCH 

(con. ) 



TABLE 13. --Continued 

Species 
D.b.h. P P WL D F GF AF ES LP WP WC WH 
(inches) 

BRANCHWOOD 0 . 2 5  t o  1 INCH 

BRANCHWOOD 1 t o  3 INCHES 

BRANCHWOOD 3+ INCHES 



APPENDIX IV 
Unmerchantable Tip Weights 

Weights of unmerchantable bole tips (table 14) were determined by adding together 
separate estimates of wood and bark. Wood weight was determined using Faurotts (see 
footnote 2) equations to estimate volume and wood densities from table 9 to convert 
volume to weight. 

Faurotts equations were developed for lodgepole pine, ponderosa pine, western 
larch, and Douglas-fir. Comparisons of volumes among species showed that differences 
were small and that volume estimates for Douglas-fir were intermediate among the four 
species studied. On this basis, Douglas-fir volume equations were chosen to represent 
species not included in Faurotts work. 

Solution of Faurotts equations required an estimate of height, which was provided 
by the equations in table 15. To avoid unreasonable extension of Faurotts equations, 
tip weights for trees 24 inches d.b.h. or larger are assumed to be the same. 



TABLE 14. - -Weight of unmerchantable bole t i p s  including wood and bark 

Species 
D ' b ' h '  : PP : LP WL : DF GF : AF W C :  WP : WH ES (inches) : 

3-INCH TIP 

4-INCH TIP 

6-INCH TIP 



TABLE 15. - -Height-d. b. h. relationships for t rees  from a variety of s i t e  indexes and 
stand dens i t i es  

Number Standard 
Species o f ~unct ion1 R2 error of 

trees estimate 

Ponderosa pine 
Western larch 
Lodgepole pine 
Western white pine 
Grand fir 
Douglas-fir 
Western redcedar 
Western hemlock 
Engelmann spruce 
Subalpine f ir2 

Id = d.b.h., inches; h = height, feet. 
2~his equation is based on data for Douglas-fir, ponderosa pine, and subalpine fir. 

Bark weight was determined by multiplying ratios of bark weight-to-wood weight (R) 
times estimates of wood weight. The ratios R were calculated from: 

where 

pb = density of bark, lb/ft3 

s = density of wood, lb/ft3 

d = diameter outside bark, ft 
do = diameter inside bark, ft 
i 
R = length of cylindrical tree piece, ft 

Data on diameters inside and outside bark were supplied by Faurot and James 
Brickell, USDA Forest Service, Intermountain Forest and Range Experiment Station. 
Measurements along the entire tree length were used in the analysis. Values of R varied 
substantially. Average R was greater for tip sections than entire trees; however, 
values for entire trees were used to represent tips because the values seemed more re- 
liable than those from the limited data for tip sections. 

I 
Values of bark density were obtained from Smith and Kozak (1971). Values used 

to calculate the ratios R are in table 16. 



TABLE 16. --Wood d e n s i t i e s ,  bark d e n s i t i e s ,  bark volwne t o  s tem volwne r a t i o s ,  and 
bark weight  t o  stem weight  r a t i o s  used i n  es t imat ing  weights  o f  unmer- 
chantable bole  t i p s  

Species Wood Bark : Bark volume1 : Bark weight2 

density : density : Stem volume : Stem weight 

Ponderosa pine 
Lodgepole pine 
Western white pine 
Douglas-fir 
Subalpine fir 
Grand fir 
Western larch 
Western hemlock 
Western redcedar 
Engelmann spruce 

' (do2/di2)-1 from equation (4). 

2~ from equation (4). 
3~onsidered same as Douglas-fir. 



SLASH WEIGHT SUMMARY 

Predicted weight, (1) + (2) + (3) Tonslacre = 

(4) Existing downed debris, Tonslacre - - 

Total debris, (1) + (2) + (3) + (4),TonsIacre = 

SUMMARY OF DEBRIS WEIGHT 

U.S. G O V E R N M E N T  P R I N T I N G  OFFICE:  1977-0-777-023-14 

L 

(1) Cut t ing 
Pou ndslacre Tonslacre 

(2) Trampl ing 
Pou ndslacre 

(3) Breakage 
Tonslacre Pou ndslacre Tons lacre 



Brown, James K., J. A. Kendall Snell, and David L. Bunnell 
1977. Handbook for predicting slash weight of western coni- 

fers.  USDA For. Serv. Gen. Tech. Rep. INT-37, 35 p. 
Intermountain Forest  & Range Exp2riment Station, Ogden, 
Utah 84401. 

As an aid to mamging fuel and woody debris,  procedures a r e  
provided for predicting weights of slash using tables of either 
slash weight per  t ree  by d. b. h.,  o r  slash weight per  square foot 
of t ree basal area by d. b. h. Slash weights include crowns (live 
and dead foliage and branchwood) and unmerchantable bole tips to 
3-, 4-, and 6-inch diameter limits. Slash weights can be predicted 
for material less  than and greater  than 3 inches in diameter. 

KEYWORDS: slash, forest  fuels, t r ee  biomass 
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As an aid to  managing fuel and woody debris,  procedures a re  
provided for predicting weights of slash using tables of either 
slash weight per  t ree  by d. b. h. , or  slash weight per  square foot 
of t ree  basal a rea  by d. b. h. Slash weights include crowns (live 
and dead foliage and branchwood) and unmerchantable bole tips to 
3-, 4-, and 6-inch diameter limits. Slashweights canbe predicted 
for  material l ess  than and greater  than 3 inches in diameter. 

KEYWORDS: slash, forest  fuels, t r ee  biomass 
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