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To facilitate debris management, procedures for inventorying downed 
woody material are  presented. Instructions show how to estimate weights 
and volumes of downed woody material, fuel depth, and duff depth. Using 
the planar intersect technique, downed material is inventoried by 0- to 
0.25-inch, 0.25- to 1-inch, and 1- to 3-inch diameter classes; and by 
1-inch classes for sound and rotten pieces over 3 inches. The method is 
rapid and easy to use and can be applied to naturally fallen debris and to 
slash. The method involves counting downed woody pieces that intersect 
vertical sampling planes and measuring the diameters of pieces larger 
than 3 inches in diameter. The piece counts and diameters permit calcu- 
lation of tons per acre. 

OXFORD: 431 
KEYWORDS: fire causes (forest), fuel inventory, forest fuels, debris, 

planar intersect method, sampling methods. 



This Handbook t e l l s  how t o  inventory weights, volumes, and depths of  downed woody 
mater ia l .  Downed woody mater ia l  is  t h e  dead twigs,  branches, stems, and bo le s  of  t r e e s  
and brush t h a t  have f a l l e n  and l i e  on o r  above t h e  ground. This  mater ia l  is  usua l ly  
c a l l e d  s l a s h  o r  logging debr is  i f  man c rea t e s  it by c u t t i n g ;  it i s  c a l l e d  f u e l ,  
n a t u r a l  deb r i s ,  o r  d e t r i t u s  i f  it accumulates without  c u t t i n g .  

Inventorying downed woody mater ia l  can he lp  land managers p r a c t i c e  f u e l  manage- 
ment, plan f o r  prescr ibed  f i r e ,  and es t imate  u t i l i z a t i o n  p o t e n t i a l .  For example, 
undes i rable  fue l  hazards can be  i d e n t i f i e d  and p lans  made f o r  hazard reduct ion .  F i r e  
behavior i n  wilderness a r eas  can be p red ic t ed  t o  a i d  i n  implementing le t -burn  f i r e  
p o l i c i e s .  The volume of downed f i b e r  can be est imated t o  p lan  f o r  s a l e s ,  removal, 
and u t i l i z a t i o n .  Managers can communicate i n  exact  terms about t h e i r  deb r i s  problems. 

The inventory can be done t o  provide a l l  o r  any p a r t  of  t h e  following information:  

1. Weights and volumes p e r  ac re  of downed woody mater ia l  f b r  

a .  Diameter s i z e  c l a s s e s  of 0 t o  0.25, 0.25 t o  1, and 1 t o  3 inches ;  and 

b .  Diameters of 3 inches and l a r g e r  f o r  sound and r o t t e n  condi t ions .  

2 .  Average diameter o f  deb r i s  l a r g e r  than 3 inches .  

3 .  Depth of  f u e l  and f o r e s t  f l o o r  duff .  

This Handbook app l i e s  most accu ra t e ly  i n  t h e  western United S t a t e s  because it 
contains average p a r t i c l e  diameters  f o r  western con i f e r s ;  however, t h e  procedures a r e  
appropr ia te  f o r  f o r e s t s  everywhere. The inventory procedures a r e  r ap id  and easy t o  



use.  For average amounts o f  downed deb r i s ,  about 5 t o  6 minutes p e r  sample poin t  a r e  
requi red  f o r  t h e  measurements. More time is usua l ly  spent  i n  t r a v e l i n g  and loca t ing  
sample po in t s  than  i n  making t h e  measurements. I f  only downed woody mater ia l  i s  
inventor ied ,  a two-man crew can complete 20 t o  40 p l o t s  a day, depending on how much 
debr is  i s  present .  

The inventory o f  volumes and weights i s  based on the  p l ana r  i n t e r s e c t  technique 
(Brown 1971; Brown and Roussopoulos 1974), which has  t h e  same t h e o r e t i c a l  bas i s  as  
t h e  l i n e  i n t e r s e c t  technique (Van Wagner 1968) . The p l ana r  i n t e r s e c t  technique 
involves counting i n t e r s e c t i o n s  of  woody p ieces  with v e r t i c a l  sampling planes t h a t  
resemble g u i l l o t i n e s  dropped through t h e  downed deb r i s .  Volume i s  est imated;  then 
weight i s  ca l cu la t ed  from volume by applying es t imates  o f  s p e c i f i c  g rav i ty  of woody 
ma te r i a l .  The p l ana r  i n t e r s e c t  technique i s  nondes t ruc t ive  and avoids t h e  time- 
consuming, cos t ly ,  and o f t en  imprac t ica l  task  of c o l l e c t i n g  and weighing la rge  quan- 
t i t i e s  o f  f o r e s t  deb r i s .  

Woody p ieces  l e s s  than  3 inches i n  diameter a r e  t a l l i e d  by s i z e  c l a s s e s .  Pieces 
3 inches and l a r g e r  a r e  recorded by t h e i r  diameters .  S i ze  c l a s s e s  of  0 t o  0.25, 0 .25 
t o  1, and 1 t o  3 inches were chosen f o r  t a l l y i n g  i n t e r s e c t i o n s  because: 

1. The c l a s s  i n t e r v a l s  provide t h e  most r e so lu t ion  f o r  f i n e  f u e l s  and a r e  small 
enough t o  permit p r e c i s e  es t imates  of  volume. 

2 .  They correspond, i n  i nc reas ing  s i z e ,  t o  I - ,  l o - ,  and 100-hour average 
moisture t imelag c l a s s e s  f o r  many woody mater ia l s  (Fosberg 1970) . [These a re  s tandard  
moisture t imelags used i n  t h e  National Fire-Danger Rating System (Deeming and o the r s  
1972) . ] 

Inventory chosen areas  a s  fol lows:  

1. Decide on length  o f  sampling planes and number of sample p o i n t s .  

2 .  Complete t h e  f ieldwork.  

3 .  Calcula te  weight o r  volume, s i z e ,  and depth of deb r i s .  



NUMBER AND SIZE 
OF SAMPLING PLANES 

Choose sampling plane lengths from t h e  fol lowing t abu la t ion  : 

Diameter o f  debris 
Downed material 

Nons l a sh  ( n a t u r a l l y  f a l l e n  mater ia l )  6 10-12 35-50 
Discontinuous l i g h t  s l a s h  6 10-12 35-50 
Continuous heavy s l a s h '  3 6 -15-25 

For any a rea  where es t imates  a r e  des i red ,  15 t o  20 sample po in t s  should be  loca ted  
us ing  t h e  sampling plane lengths  shown i n  t h e  t abu la t ion .  This sampling i n t e n s i t y  
w i l l  o f t en  y i e l d  es t imates  having s tandard  e r r o r s  wi th in  20 percent  o f  t h e  mean 
es t imates .  Areas l a r g e r  than approximately 50 acres  t h a t  conta in  a high d i v e r s i t y  i n  
amount and d i s t r i b u t i o n  of  downed mater ia l  should be sampled with more than 20 po in t s .  
I f  mater ia l  l a r g e r  than 3 inches i n  diameter i s  scanty  o r  unevenly d i s t r i b u t e d ,  t h e  
longer sampling planes i n  t h e  t a b u l a t i o n  should be  used. 

The amount and d i s t r i b u t i o n  of downed woody mater ia l  vary g r e a t l y  among and 
wi th in  s tands .  Thus, t h e s e  sampling recommendat ions should be  considered approximate 
because a g r e a t e r  o r  fewer number of p l o t s  may be required t o  fu rn i sh  adequate p r e c i -  
s ion  f o r  any given area.  Sampling i n t e n s i t i e s  a r e  discussed f u r t h e r  i n  Appendix I .  



Locating Sample Points 
Locate p l o t s  sys t ema t i ca l ly ;  two methods a r e :  

1 .  Locate p l o t s  a t  a  f i xed  i n t e r v a l  along t r a n s e c t s  t h a t  l ace  r egu la r ly  across 
a sample a rea  (uniform sampling g r i d ) .  For example, on a  sample a rea ,  mark o f f  par -  
a l l e l  t r a n s e c t s  t h a t  a r e  5 t o  10 chains apa r t .  Then along t h e  t r a n s e c t s  l oca t e  p l o t s  
a t  2- t o  5-chain i n t e r v a l s .  

2. Locate p l o t s  a t  a  f i xed  i n t e r v a l  along a  t r a n s e c t  t h a t  runs d iagonal ly  
through t h e  sample area.  To minimize b i a s ,  have t h e  t r a n s e c t  c ross  obvious changes 
i n  f u e l s .  Before en te r ing  t h e  sample area ,  determine a  t r a n s e c t  azimuth and d i s t ance  
between p l o t s .  

Sample Point Procedures 
Step 1: Mark the sampling point with a  chaining p in  (No. 9 wire  o r  s i m i l a r  i tem) .  

Avoid d i s tu rb ing  mater ia l  around t h e  po in t .  Accurate es t imates  r equ i r e  
measurements of  undisturbed ma te r i a l .  I f  s tanding  t r e e  measurements (d. b  .h . 
and he ight )  a r e  a  p a r t  of t h e  inventory,  measure downed mater ia l  f i r s t .  

Step 2: Determine direct ion o f  sampling plane by t o s s i n g  a  d i e  t o  i n d i c a t e  one of  
s i x  30" angles between 0" and 150" ( f i g .  1 ) .  The 0" heading is t h e  t r a n s e c t  
d i r e c t i o n .  Turn a  f i xed  d i r e c t i o n ,  such a s  clockwise, t o  pos i t i on  t h e  
sampling plane.  A s  an a l t e r n a t i v e  f o r  i n d i c a t i n g  d i r e c t i o n  of t h e  sampling 
plane,  use t h e  p o s i t i o n  o f  t h e  second hand on a  watch a t  a  given i n s t a n t .  
To avoid b i a s  i n  placement of t he  sampling plane,  do not  look a t  t h e  f u e l  o r  
ground while t u rn ing  t h e  i n t e r v a l .  



Figure I .  --Locating sampling 
plane by  using die t o  pick 
one of s i x  directions.  

Step 3: Denote position of the sampling plane by running a tape  o r  s t r i n g  out from 
t h e  sampling poin t  paralleZ t o  the ground i n  t h e  d i r e c t i o n  determined i n  
S tep  2 ( f i g .  2 ) .  Extend t h e  tape  t o  t he  length of  t h e  longest  sampling 
plane.  A f i b e r g l a s s  rod o r  1/2-inch aluminum tube placed along t h e  s t r i n g  
beginning a t  t h e  sampling poin t  f a c i l i t a t e s  counting p ieces  l e s s  than 
1 inch i n  diameter. The rod should be  6 f e e t  long, t he  length o f  sampling 
plane f o r  small p a r t i c l e s .  The tape  and rod f i x  t h e  p o s i t i o n  of v e r t i c a l  
sampling planes.  

/ - 
Grid Line \ 30° For each dot on die \ 
or Transect \ \ 

\ 
-1-3 in Tally 

3+ in Tally 1 L d  
Figure 2. --Top view of smnplirzg plane and location of fuel depth measurements. 
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Step 4: Measure or estimate slope by s i g h t i n g  along t h e  sampling p lane  from t h e  
sample po in t  us ing  an Abney l e v e l  o r  s i m i l a r  device.  Ample p rec i s ion  i s  t h e  
nea res t  10 pe rcen t ,  which can be coded us ing  one d i g i t  (10 percent  = 1, 
90 percent  = 9 ,  e t c . ) .  

Step 5:  Tally the number of particles t h a t  i n t e r s e c t  t h e  sampling plane by t h e  
fol lowing s i z e  c l a s s e s :  

0 t o  0.24 inch (0 t o  0.6 cm) 

0.25 t o  0.99 inch (0.6 t o  2.5 cm) 

1.0 t o  2.99 inches (2 .5  t o  7.6 cm) 

The i n t e r s e c t i o n s  can be counted one s i z e  c l a s s  a t  a  time o r  "dot t a l l i e d , "  
which takes  s l i g h t l y  longer than counting (see sample da t a  form, page 14).  

The ac tua l  diameter of  t h e  p a r t i c l e  a t  t h e  po in t  o f  i n t e r s e c t i o n  determines 
i t s  s i z e  c l a s s .  A go-no-go gage with openings 0.25 inch ,  1 inch,  and 3 inches 
works wel l  f o r  s epa ra t ing  bo rde r l ine  p a r t i c l e s  i n t o  s i z e  c l a s ses  and f o r  
t r a i n i n g  t h e  eye t o  recognize s i z e  c l a s ses  ( f i g .  3 ) .  

The v e r t i c a l  plane is a p l o t .  Consequently, i n  counting p a r t i c l e  i n t e r -  
s ec t ions ,  it i s  very important t o  v i s u a l i z e  t h e  p lane  passing through one 
edge o f  t h e  p l o t  rod and te rminat ing  along an imaginary f ixed  l i n e  on the  
ground. Once visualized on the ground, the posit<on of the l ine should not 
be changed while counting particles ( f i g .  4 ) .  See t a l l y  r u l e s  f o r  qua l i fy ing  
p a r t i c l e s .  

Figure 3. --Dimnet& 
the intersected 
i s  checked with 
no-go gage. The 
rod marks the sa 
pling plane. 



Figure 4. --The sampling 
plane i s  exactly 
defined b y  one edge 
of the plot rod. 

@ Intersections 

Step 6 :  Take three measurements of dead fuel depth. Record depth a s  t h e  v e r t i c a l  
d i s t ance  from t h e  bottom o f  t h e  l i t t e r  l a y e r  t o  t h e  h ighes t  i n t e r s e c t e d  
dead p a r t i c l e  f o r  each of  t h r e e  adjacent  1-foot-wide v e r t i c a l  p a r t i t i o n s  of  
t h e  sampling p lane  ( f i g .  5 ) .  L i t t e r  i s  t h e  su r f ace  l aye r  o f  t h e  f o r e s t  f l o o r  
and c o n s i s t s  o f  f r e s h l y  f a l l e n  leaves ,  needles ,  twigs,  bark ,  and f r u i t s .  
Begin t h e  v e r t i c a l  p a r t i t i o n s  a t  t h e  sample po in t .  Record t o  t h e  nea res t  
whole inch .  

1 -Foot - Wide Vertical Partitions 

Sample 

Point / 
9 

Figure 5. --Cross sec- 
t i on  of a fuel bed. 
Depth i s  measured 
along the arrows 
i n  each l - foot-  
wide parti t ion.  

Fuel 

/ 
0 

0 

0 



Stev 7 :  

Depth should be  measured from only those  p a r t i c l e s  included i n  t h e  
inventory f o r  loading. For example, p a r t i c l e s  acceptable  f o r  measurement 
by t h e  p l a n a r  i n t e r s e c t  technique a r e  a l s o  acceptable  f o r  determining depth. 
I f  o t h e r  techniques a r e  used t o  es t imate  weight p e r  acre  o f  grass and forbs ,  
t h i s  vegeta t ion  would a l s o  q u a l i f y  f o r  determining depth. 

Measure ve r t i ca l  depth o f  du f f  t o  t h e  nea res t  0 . 1  inch using a r u l e r  along 
t h e  sampling p lane  a t  two po in t s :  (1) 1 foo t  from t h e  p l o t  cen te r ;  and 
(2 )  a  f i xed  d i s t ance  of 3 t o  5 f e e t  from t h e  f i r s t  measurement. 

Duff i s  t h e  fermentat ion and humus l aye r s  of t h e  f o r e s t  f l o o r .  I t  does 
no t  inc lude  t h e  f r e s h l y  c a s t  ma te r i a l  i n  t h e  l i t t e r  l a y e r .  The top o f  t h e  
duff  i s  where needles ,  leaves,  and o t h e r  ca s to f f  vege ta t ive  mater ia l  have 
no t i ceab ly  begun t o  decompose. Indiv idual  p a r t i c l e s  u sua l ly  w i l l  be bound 
by fungal  mycelium. When moss is p re sen t ,  t h e  t o p  of  t h e  duff  i s  j u s t  below 
t h e  green p o r t i o n  of  t h e  moss. The bottom of t h e  duff  is  mineral s o i l .  

Carefu l ly  expose a p r o f i l e  of  t he  f o r e s t  f l o o r  f o r  t h e  measurement. A 
k n i f e  o r  ha t che t  he lps  but  i s  not  e s s e n t i a l .  Avoid compacting o r  loosening 
t h e  duff  where t h e  depth is measured. 

When stumps, logs ,  and t r e e s  occur a t  t h e  po in t  of measurement, o f f s e t  
1 foo t  perpendicular  t o  t h e  r i g h t  s i d e  of t h e  sampling p lane .  Measure through 
r o t t e n  logs whose c e n t r a l  ax i s  is i n  t h e  duff  l a y e r  ( f i g .  6) . 

Yes= center of log is duff layer or below. 

No= center of log is above duff layer. 

Figure 6.--Duff depth i s  measured through a ro t ten  Zog when i t s  
centraZ axis  Zies i n  or b e l m  the d u f f .  

Step 8: Measure or estimate the d i m e t e r s  of  a l l  p ieces  3 inches i n  diameter and 
l a r g e r  t h a t  i n t e r s e c t  t h e  sampling p lane .  Measure t h e  diameters a t  t h e  
po in t  o f  i n t e r s e c t i o n  t o  t h e  nea res t  whole inch .  

Record diameters  s epa ra t e ly  f o r  r o t t e n  and nonrot ten  p i eces .  Consider 
p ieces  r o t t e n  when t h e  p iece  a t  t h e  i n t e r s e c t i o n  i s  obviously punky o r  can 
be  e a s i l y  kicked a p a r t .  

A r u l e r  l a i d  perpendicular ly  across  a  l a rge  p iece  of fue l  works s a t i s f a c -  
t o r i l y  f o r  measuring diameter. Be s u r e  t o  avoid p a r a l l a x  i n  reading t h e  



r u l e r .  Ca l ipe r s  a l s o  work well  f o r  measuring diameter .  A diameter t ape ,  
however, is  u n s a t i s f a c t o r y  f o r  p ieces  i n  contac t  with t h e  ground. 

Use a s  many consecutive l i n e s  on t h e  da t a  form (see  page 14) a s  necessary 
t o  record diameters. 

Step 9 :  For the entire s q l e  area, record the pcedominate species o f  t h e  0- t o  
1-inch-diameter branchwood. An average diameter f o r  t h e  0- t o  0.25-inch, 
and 0.25- t o  1-inch s i z e  c l a s s e s  w i l l  be s e l e c t e d  from t h i s  information. I f  
s eve ra l  spec i e s  comprise t h e  downed deb r i s ,  es t imate  t h e  propor t ion  of  t h e  
two o r  t h r e e  most common species .  Base t h i s  es t imate  on a general  impression 
of  what e x i s t s  on the  sample a rea  and record as  percentages o f  t o t a l  0- t o  
1-inch branchwood. O r ,  f o r  a s l i g h t  reduction i n  accuracy, omit t h i s  s t e p  
and i n  t h e  ca l cu la t ions  use an average diameter f o r  a composite o f  spec ies  
(page 16) 

T m L Y  RULES 

The fol lowing r u l e s  apply t o  downed woody p ieces  of  a l l  diameters:  

1. P a r t i c l e s  qua l i fy ing  f o r  t a l l y  inc lude  domed, dead woody mater ia l  
( twigs,  stems, branches, and bolewood) from t r e e s  and shrubs.  Dead branches 
a t tached t o  bo le s  o f  s tanding  t r e e s  a r e  omitted because they a r e  not  downed 
vegeta t ion .  Consider a p a r t i c l e  downed when it has f a l l e n  t o  t h e  ground o r  
is severed from i t s  o r i g i n a l  source of growth. Cones, bark f l akes ,  needles,  
leaves ,  grass ,  and forbs  a r e  not  counted. Dead woody stems and branches 
s t i l l  attached t o  standing brush and trees are not counted. 

2.  Twigs o r  branches ly ing  i n  t h e  l i t t e r  l aye r  and abdve a r e  counted. 
However, they  a r e  not  counted when t h e  i n t e r s e c t i o n  between t h e  c e n t r a l  ax i s  
of  t h e  p a r t i c l e  and t h e  sampling plane l i e s  i n  t h e  duff ( f o r e s t  f l o o r  below 
t h e  l i t t e r )  ( f i g .  7 ) .  

Does Not Qualify 

Figure 7.--Regardless o f  s ize ,  pieces are ta l l ied  only when inter-  
section l i e s  i n  and above the l i t t e r  (r ight  of arrow). 

9 



3. I f  t h e  sampling plane i n t e r s e c t s  t h e  end of  a p i ece ,  t a l l y  only i f  
t h e  c e n t r a l  a x i s  i s  crossed  ( f i g .  8 ) .  I f  t h e  plane exac t ly  i n t e r s e c t s  t h e  
c e n t r a l  ax i s ,  t a l l y  every o t h e r  such p iece .  

YES 0 
NO 
# 

Sampling Planes 

F i p r e  8.--An intersect ion a t  the end of a brnnch or log must 
include the central axis t o  be t a l l i ed .  

4.  Don1 t t a l l y  any p a r t i c l e  having a c e n t r a l  ax i s  t h a t  coincides per -  
f e c t l y  with t h e  sampling plane.  (This should r a r e l y  happen.) 

5. I f  t h e  sampling plane i n t e r s e c t s  a curved p i ece  more than once, 
t a l l y  each i n t e r s e c t i o n  ( f i g .  9 ) .  

Figure 9.--Count both intersections for a curved piece. 

6. T a l l y  wood s l i v e r s  and chunks l e f t  a f t e r  logging. Visual ly  mold 
t h e s e  p i eces  i n t o  cy l inde r s  f o r  determining s i z e  c l a s s  o r  recording diameters .  

7.  Ta l ly  uprooted stumps and roo t s  not  encased i n  d i r t .  For t a l l y i n g ,  
cons ider  uprooted stumps as  t r e e  bo le s  o r  indiv idual  r o o t s ,  depending on 
where t h e  sampling planes i n t e r s e c t  t h e  stumps. Do not  t a l l y  undisturbed 
stumps . 

8. For r o t t e n  logs t h a t  have f a l l e n  a p a r t ,  v i s u a l l y  cons t ruc t  a 
cy l inde r  conta in ing  t h e  r o t t e n  mater ia l  and es t imate  i t s  diameter .  The 
cy l inde r  w i l l  probably be smal ler  i n  diameter than  t h e  o r i g i n a l  log.  

9. Be s u r e  t o  look up from t h e  ground when sampling because downed 
ma te r i a l  can be  . t a l l i e d  up t o  any he igh t .  A p r a c t i c a l  upper cu tof f  is about 
6 f e e t .  However, i n  deep s l a s h  it may be  necessary t o  t a l l y  above 6 f e e t .  



When s tanding  t r e e s  a r e  inventor ied  along with downed ma te r i a l ,  it i s  necessary 
t o  f i x  a  limit above t h e  ground f o r  sampling downed ma te r i a l .  An upper l i m i t  he lps  
def ine  a  owned t r e e  so  t h a t  inventory of s tanding  and downed ma te r i a l s  w i l l  not  

13 overlap.- 

HEAVY SLASH OPTIOIVS 

1. A ya rds t i ck  a t tached t o  a  Jacob ' s  s t a f f  is  usefu l  f o r  marking t h e  sampling 
plane and speeds t h e  counting of small p a r t i c l e s  ( f i g .  10) . Erect  t h e  Jacob Is s t a f f  
a t  t h e  sample po in t .  Aline t h e  ya rds t i ck  with t h e  d i r e c t i o n  of  t h e  sample plane and 
l e v e l  it us ing  an a t tached bubble l e v e l .  

:gure 10. --A yardstick or 
meter s t i c k  attached t o  
a Jacob ' s  s t a f f  defines 
the sampling plane i n  
heavy slash. 

2 .  I n  a reas  with cons iderable  s l a s h ,  sampling e f f i c i ency  i s  improved by 
ocu la r ly  es t imat ing  t h e  number of  0- t o  0.25-inch i n t e r s e c t i o n s  and a c t u a l l y  counting 
t h e  number of  i n t e r s e c t i o n s  a t  a  subsample of p o i n t s .  The ocular -es t imates  a re  
ad jus ted  using t h e  r a t i o  o f  ocu la r  es t imates- to-ac tua l  counts .  This  method, incor-  
po ra t ing  3P sampling, is  described i n  d e t a i l  by Beaufait and o the r s  (1974). 

~ / 1 n  t h e  USDA Forest  Serv ice  Northern Region, a  r u l e  has been e s t ab l i shed  t h a t  a  
stem is "downed" and thus q u a l i f i e s  f o r  t a l l y i n g  when t h e  i n t e r s e c t i o n  o f  t h e  sampling 
plane and c e n t r a l  ax i s  is 6 f e e t  o r  l e s s  from t h e  ground. I f  t h e  midpoint of  t h e  bo le  
i s  more than 6 f e e t  above ground f o r  t r e e s  encountered i n  f ixed  and va r i ab le  rad ius  
p l o t s ,  they a r e  inventor ied  a s  "standing.  l 1  



3 .  For each sampling plane,  es t imate  t h e  propor t ion  of  0- t o  1-inch-diameter 
branchwood t o  t h e  n e a r e s t  10 percent  f o r  t h e  t h r e e  most common spec ie s .  

U T I L I Z A T I O N  O P T I O N S  

For p ieces  over  3 inches i n  diameter, t h e  following add i t i ona l  measurements can be 
usefu l  f o r  descr ib ing  u t i l i z a t i o n  p o t e n t i a l  : 

1. Species 
2 .  Length o f  p i ece  
3 .  Diameter a t  l a r g e  end 
4. Degree o f  checking, r o t ,  and o the r  de fec t s  t h a t  apply t o  t h e  e n t i r e  p iece .  

Field Equipment 
- 
Item Us e 

Hand compass 
Gaming d i e  
50-foot t ape  o r  s t r i n g  and one 

chaining p in  
P lo t  rod 

Go-No-Go gage ( f i g .  11) 

1-foot  r u l e r  o r  s t e e l  pocket t ape  

Hypsometer with percent  s c a l e  
Sample forms 
For s l a s h :  Jacob I s  s t a f f  with a t tached 

yard o r  meter s t i c k  and l e v e l  

Transect  and p l o t  layout .  
Random o r i e n t a t i o n  of  sampling p lanes .  

Delineate t h e  sampling p l anes .  
Delineate sampling p lanes  and i f  

c a l i b r a t e d ,  measure f u e l  depth. 
Determine s i z e  c l a s s  of  bo rde r l ine  

p a r t i c l e s .  
Measure duff depth and diameters of  

p ieces  over  3 inches .  Fuel depth 
could be  measured with s t e e l  pocket 
t ape .  

Slope measurement. 
Record da ta .  
Delineate sampling plane f o r  counting 

small p a r t i c l e s .  

Figure 11 .--A Go-No-Go gage ean be 
cut from 1/26 or 1/8-inch 
sheet aluminum. Cut the notches 
s l i gh t  Zy t i g h t  and fi Ze smooth 
t o  f ina l  dimensions. 



CALCULATIONS 

The ca l cu l  
desk ca l cu la to r  
s t and  o r  sample 

a t i o n s  can be r e a d i l y  processed by computer:/ and a r e  a l s o  easy us ing  a 
. Sample ca l cu la t ions  a r e  shown i n  f igu res  12 and 13. For a given 

area ,  f i l l  i n  t h e  computation summary shee t  as  follows: 

1. Calcula te  t h e  average s lope  co r rec t ion  f a c t o r  (c) using s lope  co r rec t ion  
f a c t o r s  f o r  each sampling plane.  Look up t h e  co r rec t ion  f a c t o r s  i n  t a b l e  1 o r  
compute them by: 

No s lope  co r rec t ion  i s  needed f o r  samples taken using t h e  Jacob ' s  s t a f f .  

Table 1. --Slope correction factors for converting weight/acre 
on a slope basis t o  a horizontal basis 

:/card punching i n s t r u c t i o n s  and a FORTRAN program f o r  computing t h e  inventory 
r e s u l t s  a r e  ava i l ab le  upon reques t  from the  Northern Forest  F i r e  Laboratory, Drawer G ,  
Missoula, Montana 59801. 

: Correct ion 
S 1 ope f a c t o r  

Percent c 

0 1.00 
10 1.00 
20 1.02 
30 1.04 
40 1.08 
50 1.12 

: Correc t ion  
Slope f a c t o r  

Percent c 

60 1 . 1 7  
70 1.22 
80 1.28 
90 1.35 

100 1.41 
110 1.49 

- 



DOWNED FUEL INVENTORY 
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Figure 12. --Sample data fom.  
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DOWNED WOODY MATERIAL COMPUTATION SUMMARY 

FOREST : COMPAR'MENT : STAND : 

Formulas t o  compute tons/acre: 

(A) 0- t o  3-inch material :  = 11.64 X n X d2 X s X a X c 
Na 

(B) 3+-inch material  . , 1 1 . 6 4 X ~ d ~ X s X a X c  
NJI 

Size 
c l a s s  

3+ Sound 

3+ Rotten 

Constant 

I 
1d2 f o r  3+ 

3/7 

76 3 

3+ Sound & Rotten = IV + V = 

Total = I + I1 + 111 + VI = 

Tons/ 
acre  

Sum of 3+-inch Number Average 
diameters of pieces diameter 

sound : 3-3 L 8. 25 in. 

Rotten : 37 2 18.5 in.  

Sum of  duff depths : : 3- in .  Sum of fue l  depths : 45) i n .  

Number observations : 9 Number observations : - 4 
Average duff depths : . / in.  Average fue l  depths : 6 .7 in .  

Figure 13. --Computation summary sheet.  The input values are from figure 12. 
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2 .  Tota l  t h e  number o f  i n t e r s e c t i o n s  [n) over  a l l  sample po in t s  f o r  each of 
t h e  0- t o  0.25-inch, 0.25- t o  1-inch,  and 1- t o  3-inch s i z e  classes.?/ 

3. From t a b l e  2, e n t e r  t h e  appropr ia te  squared average diameters  (d2) f o r  each 
s i z e  c l a s s  on t h e  computation shee t .  I f  spec ies  composition -has been determined, 
c a l c u l a t e  an average d2 a s :  

Where P1, P2, and P3 a r e  percentages f o r  composition of  t h e  spec ie s  recorded i n  Step 9 
(page 9) * 

I f  s eve ra l  spec i e s  a r e  present  and t h e i r  composition unknown, t h e  composite d2 
values can be  used as  approximate averages. 

Table 2 .  - -Squared average-quadratic-mean diameters  f o r  nons Zash and s l a s h  
ground fue l s  

Nons l a sh  Slash 
Size  c l a s s  . 

( inches)  : Cover t y p e y  Average d2 s p e c i e s l /  : Average d2 

Inches -Tnches2 

0 - 0.25 PP 0.0342 PP, LP 0 .0248 
LP .0201 L .0149 
S, DF, AF, C ,0122 DF, GF, C ,  S ,0122 
L .0149 ~ o m ~ o s i t e ~ l  .0151 
Composite .0151 

0.25 - 1 LP ,344 PP, C .317 
S, DF, AF, C .304 DF, GF, LP, L ,  S .278 
L ,  PP .238 Composit e .2 89 
Composite .2 89 

1 - 3  PP, AF 3.12 LP 3.50 
S, DF, C ,  LP 2.87 DF, PP, GF 2.83 
L 2.17 L ,  c,  s 2.30 
Composite 2.76 Composite 2.76 

v ~ ~ = ~ o n d e r o s a  p ine  (Pinus ponderosa) ; LP=lodgepole p ine  (Pinus 
contorts) ; S=Enge lmann spruce (Picea enge Zmannii) ; DF=Douglas - f i r  
{Pseudotsuga menziesi i )  ; L=wes t ern  1 arch ILmix  occidentaZis)  ; GF=grand f i r  
(Abies grandis )  ; C=wes t e r n  redcedar (Thu ja p l i c a t a )  ; AF=subalpine f i r  
(Abies Z a s i o c a r ~ a )  . 

21~11 
each cover 

L 

composite values a r e  averages of nonslash and s l a s h  f u e l s  with 
type and s2ec ies  weighted equal ly .  

3/For c a l c u l a t i n g  s tandard  e r r o r s  of  t h e  es t imate ,  t h e  number of  i n t e r s e c t i o n s  
(step-2) and t h e  sum of  squared diameters (Step 7) must be recorded f o r  each p l o t .  
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4.  Determine s p e c i f i c  g rav i ty ( s )  of  mater ia l s  from known sources o r  from 
labora tory  s t u d i e s .  Approximate s p e c i f i c  g r a v i t i e s  f o r  con i f e r s  a r e  : 

Diameter c l a s s  (inches) : 0-0.25 0.25-1 1-3 3+Sound 3+Rotten 

Spec i f i c  g r a v i t y  : 0.48 0.48 0.40 0.40 0.30 

Decay and v a r i a b i l i t y  i n  dens i ty  make t h i s  va r i ab le  d i f f i c u l t  t o  handle with accuracy. 
More accura te  es t imates  f o r  l a r g e  sound mater ia l  can be obtained by using s p e c i f i c  
g r a v i t i e s  from t h e  USDA Forest  Serv ice  (1955) Wood Handbook. Specia l  s t u d i e s ,  as 
shown i n  Appendix 11, a r e  needed t o  improve accuracy f o r  t h e  o the r  p a r t i c l e  ca t egor i e s .  

5. For s l a s h ,  determine t h e  nonhorizontal  angle co r rec t ion  f a c t o r s  (a) from 
t a b l e  3 .  For nonslash f u e l s ,  use t h e  following co r rec t ion  f a c t o r s  based on a composite 
of  western spec ie s :  

0 t o  3 inches :  1 .13  

3+ inches:  1.00 

The correc t ion  f a c t o r  ad jus t s  weight es t imates  f o r  t he  f a c t  t h a t  a l l  p a r t i c l e s  do no t  
l i e  ho r i zon ta l ly  as  assumed i n  t h e  p l ana r  i n t e r s e c t  theory .  

Table 3. --Average secant o f  nonhorizontal part ic le  angles for 
eorreeting orientation bias for s lash 

Size  c l a s s  : speciesL/  Average (a) 
(inches) Fresh : 1 - y e a r a n d  

s l a s h  : o l d e r s l a s h  

0 t o  0.25 PP 
Others 

0.25 t o  1 PP 
Others 

PP 
Others 

A l l  (an 
assumption) 1.00 1.00 

l / ~ ~ = ~ o n d e r o s a  p ine ;  Others=based on da t a  f o r  Douglas- f i r ,  
lodgepole pine,  Engelmann spruce,  western redcedar,  western l a r ch ,  
and grand f i r .  

6 .  Calcula te  t h e  t o t a l  length of samplin2 l i n e  (NR) f o r  each s i z e  c l a s s :  NR = 
number of sample po in t s  mu l t ip l i ed  by length of sampling plane ( f e e t ) .  

7. For mater ia l  3 inches and l a r g e r ,  square the  diameter of  each i n t e r s e c t e d  
p iece  and sum t h e  squared values (zd2) f o r  a l l  p ieces  i n  t h e  sampled area..?./ Compute 



L'd2 sepa ra t e ly  f o r  sound and r o t t e n  ca t egor i e s .  To ob ta in  weights o r  volumes f o r  
c e r t a i n  diameter  ranges ( 3  t o  9 inches,  f o r  example) , compute 1d2 f o r  t h e  s p e c i f i e d  
range. 

8. Calcula te  t h e  sum of diameters  f o r  a l l  i n t e r s e c t e d  p i eces  3 inches and l a r g e r  
( c a l c u l a t e  sound and r o t t e n  ma te r i a l s  s epa ra t e ly )  . 

9 .  Calcula te  t h e  sum of a l l  measurements f o r  duff  depth.  

10.  Calcula te  tons /acre ,  us ing  formulas on t h e  computation shee t  ( f i g .  13) I f  
des i red ,  c a l c u l a t e  volumes : 

32.05 x tons e r  ac re  
Cubic f e e t  p e r  acre  = Specific grzvity 

11. Calcula te  average diameters  of  i n t e r s e c t e d  p ieces  3 inches and 1-arger. 

12. Calcula te  average f u e l  depth and duff depth as  t h e  sum of  t h e  depths divided 
by t h e  number o f  measurements. 

13. Appendix I11 shows how t o  c a l c u l a t e  needle q u a n t i t i e s  i n  s l a s h .  

When inventorying l a rge  areas  t h a t  hold many spec ies  it is p r a c t i c a l  t o  use 
composite values and approximations f o r  diameters ,  s p e c i f i c  g r a v i t i e s ,  and nonhorizontal  
co r r ec t ions .  For example, a t imber management and downed-debris inventory i n  t h e  
Northern Region of t h e  USDA Forest  Serv ice  u t i l i z e s  composite average diameters ,  com- 
p o s i t  e average nonhorizontal  co r r ec t ion  f a c t o r s ,  and b e s t  approximations f o r  s p e c i f i c  
g r a v i t i e s .  

For t h e  Northern Region inventory,  t h e  formulas i n  f i g u r e  13 s impl i fy  t o :  

1. 

2. 

3. 

4. 

5. 

where : 

0- t o  0.25-inch s i z e  c l a s s :  w = 0.09533 nc/NR 

0.25- t o  1-inch s i z e  c l a s s :  w = 1.825 nc/NR 

1- t o  3-inch s i z e  c l a s s  : w = 14.52 nc/NR 

3+-inch sound : w = 4.656 cd2c/N!L 

3+-inch r o t t e n  : w = 3.492 1d2c/N!L 

w = weight, tons /acre .  

- 
 he formulas incorpora te  an i n s i g n i f i c a n t  b i a s  because n ,  zd2,  and c a re  t o t a l e d  

sepa ra t e ly .  Summing n x c o r  ~d~ x c over a l l  p l o t s  would e l iminate  the  b i a s e s ;  how- 
ever ,  t h i s  is  unnecessar i ly  troublesome. 



FURTHER APPLICATIONS 

I f  only debr is  l a r g e r  than 3 o r  4 inches i n  diameter i s  t o  be  inventor ied ,  t h e  
l i n e  i n t e r s e c t  technique descr ibed  by Howard and Ward (1972) and Bailey (1969) might 
be more appropr ia te  than t h e  p l ana r  i n t e r s e c t  method, e s p e c i a l l y  i n  logging s l a s h .  
The l i n e  i n t e r s e c t  method employs a few long sampling planes;  t h e  p l ana r  i n t e r s e c t  
method employs many small sampling p lanes .  I f  deb r i s  both g r e a t e r  than  and l e s s  t han  
3 o r  4 inches i n  diameter must be inventor ied ,  t h e  p lanar  i n t e r s e c t  technique i s  more 
e f f i c i e n t .  The p l ana r  i n t e r s e c t  technique can a l s o  be coordinated with o t h e r  measure- 
ments of  vegeta t ion  taken on p l o t s  ( f o r  example, an inventory of timber volume) . 

The procedures i n  t h i s  Handbook can be appl ied  t o  downed deb r i s  i n  a reas  o the r  
than t h e  western United S t a t e s  by assuming o r  measuring average diameters  f o r  t h e  
t h r e e  s i z e  c l a s ses  of p a r t i c l e s .  Average diameters have been determined f o r  red  p ine  
(Pinus res inosa)  , jack p ine  (Pinus banksiana) , and oak (Quercus spp. ) (Brown and 
Roussopoulos 1974) . A convenient method f o r  es t imat ing  s l a sh  weights o f  s eve ra l  Lake 
S t a t e s  t r e e  spec ies  has been repor ted  by Roussopoulos and Johnson (1973). 

If f i r e  behavior  i s  t o  be  mathematically modeled using models such a s  Rothermells 
( l972),  weights of o t h e r  f i n e  f u e l s  such as needle l i t t e r ,  dead grass ,  and dead forbs  
a l s o  should be  determined by sampling o r  by ex t r apo la t ing  from e x i s t i n g  information.  
Sampling f o r  q u a n t i t i e s  o f  g ra s s ,  fo rbs ,  and l i t t e r  requi res  methods o t h e r  than t h e  
p l ana r  i n t e r s e c t  technique (USDA Fores t  Serv ice  1959; Brown 1966; Hutchings and 
Schmautz 1969). 

Because p r a c t i c a l  methods of  inventory have been lacking i n  t h e  p a s t ,  accumula- 
t i o n s  of  downed f u e l  and deb r i s  have been described i n  vague terms such a s  " l i gh t , "  
"medium,11 and llheavy.ll Using t h e  simple f i e l d  procedures i n  t h i s  Handbook, weight 
and volume of downed woody ma te r i a l  can be inventor ied  t o  provide an ob jec t ive  b a s i s  
f o r  managing deb r i s .  
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APPENDIX I 
Sampling Intensities 

NUMBER AND S I Z E  OF SAMPLING FLANES 

Sampling p rec i s ion  can be con t ro l l ed  by a l t e r i n g  the  number of p l o t s  and length 
o f  sampling p lanes .  As a general  r u l e ,  t h e  more downed mater ia l  on an a rea ,  t h e  fewer 
t h e  number and s h o r t e r  t h e  length of  sampling planes requi red  t o  achieve a given l e v e l  
of  p rec i s ion .  Figure 14,  based on average sampling v a r i a t i o n  f o r  number of i n t e r -  
s ec t ions  of  0- t o  1-inch and 1- t o  3-inch p a r t i c l e s ,  can he lp  i n  choosing number of  
p l o t s  and length o f  sampling p lanes .  The da t a  f o r  f i g u r e  14 a r e  from many s tands  of  
varying composition and downed debr is  accumulations i n  nor thern  Idaho and western 
Montana. Curves f o r  a l l  ma te r i a l  under 3 inches i n  diameter would f a l l  between those  
f o r  t h e  0- t o  1-inch and 1- t o  3:inch c l a s ses .  

Percent  e r r o r s  of  20 percent  o r  l e s s  a r e  probably adequate l e v e l s  of  p rec i s ion  f o r  
assess ing  most f u e l  problems. Percent  e r r o r  i s  t h e  s tandard  e r r o r  of t h e  es t imate  
divided by t h e  mean es t imate  and expressed as a percentage.  More p rec i s ion ,  such as  
percent  e r r o r s  of  10 t o  15 pe rcen t ,  may be des i r ab le  f o r  eva lua t ing  u t i l i z a t i o n  poten- 
t i a l  o f  downed woody mater ia l  . 

Prec is ion  i s  maximized us ing  a d i f f e r e n t  length of  sampling plane f o r  each s i z e  
c l a s s .  However, considering both f i e l d  e f f o r t  and p rec i s ion ,  it is more e f f i c i e n t  t o  
use  t h e  same plane length  f o r  sampling t h e  0- t o  0.25- and 0.25- t o  1-inch c l a s s e s .  
The fol lowing suggest ions w i l l  h e lp  determine t h e  most e f f i c i e n t  number and length o f  
sampling planes f o r  a given a rea :  

1. Record da t a  from about 20 sampling planes i n  an a rea  and c a l c u l a t e  t h e  v a r i a -  
t i o n  f o r  guiding f u r t h e r  sampling. 

10 20 30 40 50 60 70 80 90 100 110 

Number of sample points 

Figure 14.--Percent errors for number of particle intersections along 6- and 
22-foot-length sampZing planes related t o  number o f  sample points for quan- 
t i t i e s  of l igh t  slash and nonslash. Percent error i s  2OOX (standard error 
of the estimate divided by the mean estimate).  



2.  
long en 
o r  more 
f o r  i n t  

For mater ia l  l a r g e r  than  3 inches i n  diameter ,  t h e  sampling plane should be  
ough s o  t h a t  on t h e  average a t  l e a s t  one i n t e r s e c t i o n  occurs with th ree - fou r ths  

of t h e  p lanes .  A l a rge  sampling variance r e s u l t s  when many zeros a r e  recorded 
e r sec t ions .  In  a reas  where very l i t t l e  downed mater ia l  e x i s t s ,  sampling p lanes  

should a c t u a l l y  be  one t o  s eve ra l  hundred f e e t  long t o  provide r e spec tab le  prec is ion .  
Where many sampling p lanes  have zero e n t r i e s ,  o t h e r  methods such as  measurement of 
length and diameter  of  a l l  downed p ieces  may be t h e  most e f f i c i e n t  method of inventory.  

3.  The number and length  of  sampling planes should be chosen s o  t h a t  f o r  a p i ece  
s i z e  of i n t e r e s t ,  such a s  ma te r i a l  over 3 inches i n  diameter, a t  l e a s t  35 t o  50 i n t e r -  
s ec t ions  occur over  an e n t i r e  sampled area .  

SAMPLING PRECISION FOR DEPTH MEASUREMENTS 

To achieve percent  e r r o r s  of 15 and 20 percent  using two-stage sampling, t h e  most 
e f f i c i e n t  number o f  secondary sampling u n i t s  appears t o  be t h r e e  f o r  f u e l  depth and two 
f o r  duff  depth ( f i g .  15) .  

The d a t a  f o r  f i g u r e  15 represent  average v a r i a t i o n  from sampling a wide v a r i e t y  of  
f o r e s t  and downed f u e l  condi t ions  i n  nor thern  Idaho and western Montana. Several  thou- 
sand measurements were taken using two secondary sample po in t s  f o r  duff  depth and t h r e e  
secondary sample po in t s  f o r  f u e l  depth.  Vegetation qua l i fy ing  f o r  f u e l  depth measure- 
ments included a l l  dead downed woody mater ia l  and dead brush,  g ra s s ,  and forbs . The 
d a t a  were subjec ted  t o  ana lys i s  of  variance f o r  two-stage sampling. 

The number of sample p l o t s  requi red  t o  a t t a i n  a given l e v e l  of p rec i s ion  va r i e s  
considerably among d i f f e r e n t  a r eas .  For choosing sampling i n t e n s i t i e s  f o r  s p e c i f i c  
a reas  t h e  number of primary sample po in t s  i n  f i g u r e  15 could be  adjus ted  up o r  down 
considerably,  depending on homogeneity of  t he  dead vegeta t ion  s t r a t a .  

S Dead fuel depth 

f Duff depth 

Number of secondary sample points 

Figure 15.--Number of primary and secondary points needed t o  achieve 
percent errors o f  15 and 20 percent for fuel depth and duff  depth. 



APPENDIX II 

Specific Gravities of Sound 
The s p e c i f i c  g r a v i t i e s  i n  t a b l e  4 a r e  based on ovendry 

and can be used f o r  ca l cu la t ion  o f  loadings. 

Material 
weight and a i r d r y  volume 

Table 4 .  - -Speci f ic  gravity of uoody twigs 
and branehes wi th  bark attached 

Species 

Diameter s i z e  c l a s s  (cm) 

110 - 1 : . - 1 - 10 o - i 1 1  - 3 j 213 - 5 

Ponderosa p ine  
Douglas-f ir  
Western la rch  
Lodgepole p ine  
Engelmann spruce 
Subalpine f i r  
Western redcedar 

'1 William R .  Beaufai t  and Charles E .  Hardy. F i r e  q u a n t i f i c a t i o n  f o r  s i l v i -  
c u l t u r a l  use. USDA For. Serv . ,  In termt ,  For. 6 Range Exp. S tn .  (In p repa ra t ion . )  

1 Brown (1972). 



APPENDIX Ill 

Calculating Needle Quantities 
Weight o f  needles can be  determined by mul t ip ly ing  r a t i o s  of needle-to-branchwood 

weights ( t a b l e  5) times est imated branchwood weight. The es t imates  i n  t a b l e  5 a r e  f o r  
branches having a l l  needles  a t tached.  The da t a  a r e  based on es t imates  of  needles and 
branchwood from t o t a l  l i v i n g  crowns f o r  t r e e s  between 2 and 30 inches d.b.h.  

Tab l e  5. --Foliage- to-branchwood r a t i o s  based on o v e n d q  weight 

Species 
Diameter of branches 

: 0- t o  0.25-inch ; 0- t o  1-inch 
No. t r e e s  

sampled 

Western l a r ch  
Ponderosa p ine  
Western white  p ine  
Douglas-f ir  
Western hemlock 
Engelmann spruce 
Western redcedar 
Lodgepole 
Grand f i r y  

p- - - -  

'/ Data by Fahnestock (1960). 
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