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D E V E L O P I N G  T H E  Y I E L D  T A B L E S  

- D A T A  A N D  T E C H N I Q U E ' S  U S E D  

P 
I N T R O D U C T ' I  O N  

PREDICTING FUTURE TIMBER yields  i s  an unavoidab4e 
task f o r  the  fores t  manager who i s  in teres ted  i n  growing 
timber a s  a long-term investment. He must predict yields as 
a basis f o r  formulating management plans and policies.  And 
he must predict  yields from lands t h a t  d i f f e r  great ly  i n  
productivity. + 

I n  the  spruce-fir region of the  Northeast the problem 
of predicting yields  fmm di f ferent  kinds of lands i s  par- 
t i c u l a r l y  pressfng. Here for  years vas t  timberlands have 
been operated primarily fo r  pulpwood. With the  rapid deple- 
t i on  6f old-growth stands, pulp mi l l s  a r e  becoming increas- 
ihgly dependent on the new stands t h a t  have become, estab- 
l i shed  since the  clear-cutting t h a t  h a s  been the .vOgpte 
during the  past  half century. Some areas t h a t  were origi-  
m l l y  clear-cut have already been subjected t o  a second 
cutting3 others will be ready fo r  another harvesting within 
10 or  15 years. 



To manage t h i s  s teadi ly  mounting acreage of second- 
growth pulpwood fores t  in te l l igent ly ,  fore st managers need 
yield tables t h a t  a r e  applicable t o  these forests .  The 
yield tables  presented here were developed t o  f i l l t h i s  need. 
They show expected yields  from stands of d i f fe rent  composi- 
tions, ages, stocking, and s i t e  conditions. 

. J 

f A S T S T U D ' I  E.S 

O F  S P R U C E  - F'I  R Y ' I  E I L D S  

Numerous studies of growth on cut-over spruee-fir 
lands have been made both i n  the Northeastern Sta tes  and i n  
eastern Canada. Most of them made use of increment borings 
taken from t r ees  over a range of diameters; the data usually 
were c lass i f ied  by fores t  type and age of cuttings. A few 
studies were based on re-measurement of permanent sample 
plots. Results were ordinari ly  expressed i n  percentage 
growth figures o r  volume growth per acre. 

h 
Such s tudies  have t h e i r  greatest  value i n  showing 

past and estimated future growth on the  specif ic  areas 
studied. But no systematic e f fo r t  has been made t o  develop 

'ways of applying such y ie ld  data t o  other properties. 

Effor ts  t o  meet the growth problem have a lso  been 
made through use of normal y ie ld  tables. Early workers i n  
this f i e l d  were Murphy (6) and Meyer (@;' They both con- 
ducted t h e i r  s tudies  i n  pure, even-aged conifer stands tha t  
contained mostly red spruce ( ~ i c e a  rubens), white spruce (L 
glauca) , and balsam f i r  ( ~ b i e s  balsamea) 

However, spruce-fir fores ts  of the  Northeast d i f f e r  
notoriously from such stands. By and large they consist .not 
of pure spruce and f i r ,  but of mixtures of these species 
with varying'proportions of northern hardwoods. Most of the 
plots  Murphy and Meyer based t h e i r  tables on were i n  pure 
"old-field" spruce types. Since these a re  among the most 
productive s i t e s  i n  the region, t h e i r  tables  tend t o  exag- . 

'UNDERL~NED NUMBERS I N  PARENTHESES REFER TO LITERATURE C I T E D .  PAGE 53. 



gerate the yields  one d g h t  expect from natural fores t  
stands. Mulloy (9, working i n  Canada, attempted t o  overcome 
some of the  inherent weaknesses of such tables  by developing 
a whole ser ies  of yield tables c l a s s i f i ed  by forest  type, 
composition, and density of stocking. 

The heterogeneity of the northeastern spruce-fir type 
complicates the problem of predicting growth and yield. 
Hardwoods a r e  present i n  varying numbers, s izes ,  specbes, 
and spacing. The spruce-fir component, though usually mall 
i n  volume a f t e r  clear-cutting, nevertheless has a wide range 
i n  both s i z e  and number of t rees ;  and advance spruce-fir re- 
production, the mainstay for  the  next timber crop, varies 
great ly  i n  stocking. 

With t h i s  s i tua t ion  i n  aind, t h e  author (8) undertook 
t o  develop a predicting method tha t  could be applied sa t i s -  
f ac to r i ly  t o  the i r regular  mixed spruce-hardwood stands so 
common t o  the  spruce-fir region of the Northeast. 

The complexity of the problem, however, necessitated 
the introduction of new s t a t i s t i c a l  procedures. The methods 
Westveld used and the  y ie ld  tables  evolved were described i n  
1941 (8).  But these tables, l i k e  t h e i r  predecessors, were 
not en t i r e ly  f r ee  of weaknesses. One of the  most serious 
was a f a i lu re  t o  take in to  account changes i n  stand density 
with passage of time. Fortunately a reasonably accurate 
measure of this increase has since been obtained through 
fur ther  studies and repeat measurements on approximately 28 
percent of the  or iginal  growth p lo ts  t h a t  were used i n  the , 
y ie ld  study. 

( ~ t  i s  appropriate t o  mention here the comprehensive 
growth study recently begun by a group of Maine timberland 
owners i n  cooperation with the Northeastern Forest Experi- 
ment Station. T h i s  study consists of a network of permanent 
p lo t s  s e t  up i n  a dis t r ibut ion pattern calculated to  produce 
r e l i ab le  growth estimates f o r  a l l  stand conditions. However, 
under t h i s  continuous-inventory system a t  l e a s t  one--and 
preferarblj. two--growth periods must elapse before a sound 
basis  f o r  growth predictions w i l l  be available.  ) 

1 F 

The empirical "yield tables  presented here orrere d e  
signed t o  s e h e  u n t i l  more re l iab le  data  become available. 



B A S I S  F O R  T H IS S T U D Y  

The y ie ld  tables  developed i n  this study a r e  based on 
365 plo ts  established throughout the  spruce-fir region of 
the northeastern United States f i g .  1) .  The p lo t s  were 
located in representative stands scattered from northernmost 
Maine t o  the Adirondacks of New York, including the  White 
and Green Mountain regions of New Hampshire and Vermont. 

. J 
.The p lo ts  were confined t o  those fores t  s i t e s  known 

as lower spruce slopes and spruce and balsam f l a t s .  These 
a re  the s i t e s  tha t  contain the bulk of the spruce-fir grow- 
ing stock held by timberland owners of the region. A t o t a l  
of 207 plots  were s e t  up i n  the dominant softwood types 
(spruce and f i r  f l a t s  where spruce and f i r  made up 70 per- 

% 
cent or  more. of the stand). The other 158 plots  were i n  the  
secondary softwood types (lower spruce slopes where hard- 
wood representation ranged from 25 t o  70 percent). 

A systematic scheme of p l o t  selection was followed so  
.as t o  sample the  widest possible var iety of cut-over land 
conditions and t o  assure tha t  f i n a l  resu l t s  would express 
the general conditions of the :region. Ages of cut t ing areas 
studied ranged from those recently cut  t o  those cu t  60 years 

hpreviously ( table  1 ) .  On most of these areas clear-cutting 
of conifer pulpwood species had been practiced; tha t  is, 
spruce and f i r  down t o  6 or  8 inches d.b.h. had been removed 
while the  hardmoods had been l e f t .  Thus the residual stands 
consisted mainly of unmerchantable-size spruce-fir stems 
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FIGURE ~ . - - T h e  s p r u c e - f i r  f o r e s t s  o f  t h e  N o r t h e a s t  
a n d ' t h e  g e n e r a l  d i s t r i b u t i o n  o f  t h e  365 s t u d y  P l o t s  
u s e d  i n  d e v e l o p i n g  t h e  y i e l d  t a b l e s .  

plus hardwoods ranging from s m a l l  t rees  t o  mature t r e e s ~ o f  
large size.  F .  

Repeat measurements have been made on 91 plots (ap- 
proximately 25 percent of the  365 p lo ts ) .  The f i r s t  re- 
measurements were made 5 t o  8 years a f t e r  p lo t  establishment 
( i n  1924 and 1925). Re-measurements were made a t  5-year 



in te rva ls  a f t e r  tha t .  Since the f i r s t  re-measurements, 18 
plo ts  (about 21 percent) have been abandoned f o r  various 
reasons, leaving 39 p lo ts  on the dominant softwood s i t e s  and 
34 on the secondary s i t e s  on which re-measurements a re  being 
continued. The re-measurement data provided a f a i r l y  r e l i -  
able basis f a r  t e s t i n g  the accuracy of the  y i e ld  tables  
developed. A t  the same time they provided a measure of 
changes I n  composition and stand density. 

G R O W T H  F A C T O R S  

A N D  T H E  I R E V A C U A T ' I  O N  

I n  stands as  complex as  those found in the  spruce-fir 
region, numerous factors  influence the  growth and y ie ld  of 
the  spruce-fir component. Those exerting the strongest in-  
*flueme were selected f o r  analysis. 

The factors t h a t  make up s i t e ,  or s i t e  qual i ty ,  have 
a strong influence not only on the  growth r a t e  of spruce and 
balsam f i r  but a l so  on the  extent of t h e i r  representation in 

- -  the  stand. The more favorable these s i t e  factors  a r e  f o r  
spruce-fir production, t he  greater  w i l l -  be (normally) t h e  
y i e ld  of these species. 

I n  the  spruce-fir region s i t e  qual i ty  and fores t  type 
a re  closely related, They are  determined largely by the  
physical character of the  s o i l ,  as  affected by drainage. 
The shallow s o i l s  and the  s o i l s  with poor drainage normally 
of fer  the poorest s i t e s .  Best s i t e s  occur on well-drained, 
aerated s o i l s  of good depth. It i s  on the  wet, shallow 
s o i l s  of the bottom lands and the droughty so i l s  of steep 
mountain slopes, however, t h a t  spruce and f i r  occur i n  the  
greatest  abundance. Both species possess root systems well  
adapted t o  such s i t e s .  Pure spruce-fir stands a re  almost 
l imited t o  them. 

Hardwoods, on the  other  hand, require deep f e r t i l e  
s o i l s  that  o f fe r  no serious obstacle t o  deep root penetra- 
tion. On the  best of these s o i l s  hardwoods establ ish them- 
selves in large numbers and show excellent development. On 



such s i t e s  the faster-growing, more aggressive hardwoods 
relegate spruce and f i r  t o  secondary and often minor impor- 
tance. I n  s o i l s  of medium quality,  conifers and hardwoods 
s t r i v e  with nealrly equal success fo r  supremacy of the  site. 

To give recognition i n  a broad way t o  the  faetor of 
s i t e ,  the  data were t reated on the  basis of the two broad * 
site groupings: (1) dominant softwood sites and (2) second- 
ary softwood sTtes. A l l  p lo ts  were segregated in to  these 
two classtf icat ions.  

Dominant Dominant softwood s i t e s  a re  readi ly recognized 
softwood by the prep,onderance of softwood species and 

s i t e s  the gen4sal absence of sugar rap3,e (Aegr sacc- 
harophorum) and beech (Faws grandifolia) i n  

the hardwood component ( f ig ,  2). Red spruce and balsam f i r  

low, wet, and swampy areas b b e k  spruce 
Northern whike-cedW f?fhui.I~ 

W r a c k  ( ~ a r i x  l a r i c w  are axso common. 

These softwood s i t e s  occur under a wide range af . 

topographAc conditions, on s teep mountain slopes f r w  about 
3,000 f e e t  elevation t o  timber l i n e  a s  well  a s  in %he muse - 

Table 2 . ~ p ~ c b f l *  6 i t e t s m a  of the S b r t h t .  nuk8U b f0rtlllt.Y s 

T g p s m  . Bite 
elrrso PLD. in 6 w C ~ W  

LDarl Society of kdan lo- 

Dtdllmt us- 6 u b o l i u  to rad 
op-ugar w l b h e o c h  or 
rad spruce-~a1I.m birch 

3. sp.U ~ ~ ~ - b h M a C D L U I ~ r  D.L-rr - U r r t o r & d - C  I -2 - red m p r u c ~ l l a  birch 
C 

1 4. Upper aprnw *lope R e d  ap-e Dclirnnt Ollu I 
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FIGURE 2.--Dominant s o f t w o o d  s i t e s .  Most  d o m i n a n t  
s o f t w o o d  s t a n d s ,  s u c h  a s  A ( l e f t ) ,  c o n t a i n  a n  ad- 
m i x t u r e  o f  h a r d w o o d s ,  P r i n c i P a l l y  b i r c h  and r e d  
m a p l e .  

S t a n d  3 ( a b o v e )  c o n s i s t s  m o s t l y  .of r e d  s p r u c e ,  
w i t h  a s c a t t e r i n g  o f  b a l s a m  f i r  and f l h i t e  p i n e .  

The  g r o u n d  c o v e r  on t h e s e  d o m i n a n t  s o f t w o o d  s i t e s  
is m a i n l y  low-growing  h e r b s ,  m o s s e s ,  and f e r n s ,  
w i t h  o c c a s i o n a l  l o w  s h r u b s .  



gentle topography found on bench lands t h a t  reach hack f r o m  
streams and lakes and. on poorly d r d e d  b o t t m  l a r u b  md 
S W S  . 

Law ground vegetation characterizes these s i t e s .  In  
the  nearly pure conifer.  type feather mosses (mainly Hylo- 
c d m )  , f ems,  and numerous herbs comprise the  pr inc ipa l  
ground,ccver. Common herbaceous plants a r e  bunchberry 
(Cornus eanadensis), woodsorrel (0xalis acet0ssll.a) , Caw- 
dian mayflower (~aiarrthemum canaklense) , and red raspberry 
(Rubus i'daeus) . Occasional dwarf shrubs such a s  lowbush 
blueberry (vaccinim angustifolium), Labrador t e a  (~edum 
groenlandicum) , and sheep l au re l  ( ~ a l d a  angust i fol ia)  may 
be present, par t icular ly on areas with slow drainage. With 
an increased representation of hardwoqds , taller shrubs sueh 
a s  witch hobble (viburnum a l n i f o l i m )  and honeysuckle (e- 
i cera  canadensis) replace t o  some extent the dwarf shrubs 
and he~baceous growth. Where the  hardwood admixture in- 
cludes some beech, scattered mountain maple ( ~ c e r  spicatum) 
and s t r iped  maple (A. pensylvanicum) may a lso  be found. 

Secondary These s i t e s  may be recognized by the  pfesence 
softwood of beech, sugar maple, and yellow birch i n  ' s i t e s  varging proportions i n  tnixture with red spruce 9~v 

(fig.  3 ) .  Balsam f i r  i s  a lso  present but usu- -# 
ally i n  l e s se r  numbers than spruce. Hemlock i s  another i i 
common softwood associate. Northern hardwoods comprise 25 
t o  70 percent of the stand. Secondary softwood s i t e s  occupy 
the  bettzr-drained so i l s  of the  lower mountain slopes and 
ridge lands of medium elevation. 

Low ground vegetation on these s i t e s  i s  more scanty 
than on the dominant softwood s i t e s ,  while shrub growth and 
hardwood reproduction assume more importance. Nevertheless, 
herbaceous plants a lso occur here, some of,which--like wood 
so r re l  and Canadian mayflower--are a l so  comon t o  the  dom- 
inant softwood s i t e s .  

Other plants tha t  help t o  ident i fy  these s i t e s  ape 
the  shiny clubmoss (Lycopodim lucidlilum) , cl intonia  (elin- 
tonia bbreaus  ) , and twisted s t a lk  (~ t r ep topus  roseus 1. 
Prominent among the  shrubs a re  witch hobble, ground hemlock 
('&=us canadensis), and honeysuckle. Striped maple and 
 mount;&^ maple occur'with greater  frequency; and harhood 
reproduction, largely sugar maple and beech, makes up a 
large par t  of the low vegetation. 





FIGURE 3.--Examples o f  secondary  so f twood  s i t e s .  
I n  t h e s e .  s t a n d s  spruce  and balsam f i r  o c c u r  i n  
m i x t u r e  w i t h b e e c h ,  y e l l o w  b i r c h ,  and s u g a r  maple.  

A ( a b o v e )  i s  an  u n c u t  s t a n d .  I n  B f r i g h t )  t h e  
m e r c h a n t a b l e - s i z e  s o f t w o o d s  have been c u t ,  l e a v i n g  
hardwoods t o  dominate  t h e  s t a n d .  

The ground v e g e t a t i o n  on t h e s e  secondary  so f twood 
s i t e s  i s  w i t c h  hobble  and hardwood r e p r o d u c t i o n  
and a  v a r i e t y  o f  herbaceous  p l a n t s .  



shows t h a t  cut t ing leaves these lands i n  greatly varying 
s t a t e s  of stocklng ( table  3 ) .  

Several factors prevent adequately stocked stands of 
reproduction from developing in to  f u l l y  stocked stands of 
pulpwood. Among them are damage t o  young growth through - 
careless logging, smothering of reproduction by the  accumu- 
l a t ion  of slash from clear-outting, elimination of valuable 

. 
species through competition from i n f e r i o r  species, and f i r e  
-which has run over extensive areas of cut-over land. I n  
many places poor stocking can be a t t r ibu ted  t o  lack of ad- 
vance reproduction before logging. 

f 

Relative- Of a group of stands t h a t  have the same aver- 
density age diameter, the  one tha t  has the greatest  
concept number of t rees  i s  the  best stocked--the 

densest--of the group. To express stand. den- 
s i t y  adequately, a modification of the  method developed by 



Reineke (d was used. The term .v s i t p  , 
here, i s  the percentage relationship between the number c 
t rees per acre fo r  a specific stand and the reglo-1 averag 

.number of t rees  for  the same average diameter. 
- .  

The average number of t rees per acre . ' f o i  &Lifer& 
average dinmetgrs for  empirically stocked sWds m y  be cor 
sidered as representing 100 percent, Then the. r e l a t h e  
density3 of an individual stand i s  its m b e r  A of trees ea 
pressed as a percentage of the tabular values -'for the  s a ~ ~  
diameter. -This cont&sts with Reineke's stand-density-inde 
concept, which shows the progression of rees ar 
diameters under conditions of uniform st 

Change . AS indicated earli=r, snd* irifonktiofi oh tk 
in a t a d  rate a t  which density changes has been obtaine 

. density sfnce publication of the original empirical 
yield tables for spruce-fir se  changes ar 

highly significant ( table 4). 

- 
C-sitiob index Denaiw index - . Amrags ags w: . 

sit&+ ' Inoresse of cuttirlgs R&r 
1925 1940 or 1925 1940 or of plots 

decreaaa decrease 1925 1940 

  capos sit ion changes t o  be significant a t  the l-percent level  must exceed I units for  the 
dodmnt  s i t e s  and 15 fo r  the secondary s i tes;  a t  the 5-percent level  the corresponding fi-s 
a re  5 snd ll. 

Density changes t o  be significant a t  the 1-percent level muat exceed 13 units for  the 
d c d d n t  s i t e s  w d  16 for the secondary s i t e s ;  a t  the 5-percent level the corresponding f i p 8  
arm 9 and 13. 

Analysis of the data showed t h a t  density increases 
rbpidly i n  areas cut recently, as new reproduction carnee In. 
A s  t h e  passes, the increase in density tapers off ;  and, as  
the stand becomes mature and mortality sets  in ,  densiby be- 
gins t o  decrease. Thus allowance must be made for density 
changes. Othertdse there i s  danger of underestimating y i d d  
f ~ o m  yo- stands an& overestimating yield f r o m  old stan&. 

L 

The same trend in density i s  mallifested i n  degree of 
stocking. Rapid increase in density is  associated with 16lc 



hiW stocking. The r a t e  declines as the stocking ifi* 
creases, ac tua l  reduction i n  density occurring i n  oLder 
s h d a  t h a t  have a high density of stocking. 

Some idea of how changes in densi ty  a f f ec t  gr&h and 
y ie ld  can be gained from'table 5, i n  which a 20-yearald 
cut-over area (dominant s i t e )  with a composition index of 70 
i s  used a s  an example. I n  t h i s  example, errors  i n  f ie ld 
estimates range up t o  11.3 percent and those f o r  growth up 
t o  26.9 percent. 

Table 5.--Cm~ariaon ot hcnrth aadgisld wsr a 10-vm6r ~ e r i o d  with  a d  dtlmut a?loumce 
?or damits chinma 

(Par 20-year old apwe-2ir strad om thc &dmnt sofinnod sits rlth a crmpositlon in& of 70,) 

&a- no dauity ohnags AUcmlq for dsaslty 

V 0 l W  at- Grath - DensCt, V o l w  Ordh l€nwr h r  
for a t  cad yy a t  =mi in in for 

"F y -16- of 
of M-year pmth *el,  

period 
p d o d  m o d  -'ty papeoiod parlod rdl.ate s s t i ~ t a  

@& m w  U& m ' w  P & & & P e r e . n t  
30 3.2 5.1 1.9 64 +34 5.7 2.5 2k.O 10.5 

50 3.6 5.5 1.9 83 +33 6.2 2.6 26.9 11.3 

3.9 620 2.1 102 +%2 6.6 2.7 22.2 9.1 
4.3 6.4 2.1 1X) +% 7.0 2.7 22.2 8.6 

4.7 6.8 2.1 z W +28 7.4 2.7 22.2 8.1 . 
5.1 7.2 2.1 154 +a 7.B 2.7 22.2 7.7 

5.5 7,7 2.2 170 +20 8.1 2.6 15.4 Pk.9 
5.9 8.1 2.2 1(15 +15 8.4 2.5 12.0 3.6 

LW 6.3 8.5 212 2M) +lo 8.7 2.4 8.3 2.3 
210 6.7 9.0 2.2 215 + 5 9.1 2.4 4.2 1.1 . 

C o m p o s i t i o n  

Growth and yield of spruce and f i r  a r e  closely re- 
l a t e d  t o  stand composition. A s  pointed out ear l ie r ,  the two 
broad site-type groups used i n  the  y ie ld  study contain ex- 
tr-emely complex and variable mixtures of both hardwoods a d  
softwoods. So the extent t o  which spruce and f i r  a re  in 
possession of an area w i l l  largely determine the final 
yie lds  of these species. 

T .  

Composition I n  view of the importance of co@osition, it 
index was necessary t o  evolve a scheme f o r  measur- 

ing and classifying the  wide range of stand 
composition encountered i n  the study. The simple scheme 
evolved is based on the  relationship of the  number of spruce 
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and balsam f i r  t r ees  t o  the  t o t a l  number of a l l  t r ees  i n  t h e  
stand . 

This measure o f .  spruce-fir representation i n  the 
stand was termed the ltcomposition indexv. Thus a s tand that 
contains spruce and f i r  only ra tes  a composition index of 
100; a stand with half i t s  t r ees  spruce and fir ra tes  an in-  
dex of 5% and so on. 

Changes Because spruce-fir yields  are  closely cor- 
i n  related with changes i n  composition, t he  

c o ~ s s i t i o n  exkent of such changes was studied. Data 
from re-measurements of the or ig ina l  growth- 

study p lo ts  were used. The study showed ( table  4) 'that 
changes i n  composition a re  not significant.  

Appamntly under normal conditions the relationships 
between hardmoods and softwoods are  maintained or  a re  only 
s l igh t ly  a l te red  over a long period. Qf course an epidemic 
of *disease o r  insects  could quickly disturb t h i s  balance. 

E B a Q s e d  T i m e  S i n c e  C u g t i n g  

Qther things being equal, the greater the  elapsed 
time since cutting, the greater  w i l l  be the yield ( f ig .  4). 
Often maps o r  of f ice  records dl1 reveal t h e  date of cu t t ing  
f o r  the d i f fe rent  parcels of land i n  an ownel'ship block. 

If  such information i s  not available, it can be ob- 
tained during the inventory cruise. Date of  cu t t ing  can 
usually be d e t e d n e d  within a year o r  two by counting the  
annual growth rings on fast-growing hardwoods t h a t  spring 
up in  skid roads and skid trails the f i r s t  g r d n g  season 
a f t e r  logging. Increment borings Kill often provide another 
clue t o  date of cutting: well-developed t rees  near stumps 
usually'show accelerated growth as a r e su l t  of the cutting. 

E f f e c t i v e  Age 

However, even among stands of ident ical  age, growing- 
stock volume varies  great ly  ( tab le  6). Far example, among 
plots  comprising the 20-year-old cut t ing ser ies  the  volume 
deviation ranges from 6.8 t o  60.4 percent of mean. 



This is hderstandable when one considers the  wide 
range i n  stand conditions t h a t  r e su l t  from pulpwood cutting 
operations. Cutting leaves some areas p rac t i ca l ly  devoid of 

pees ; even seedlings may be lacking (fig. 5). Other areas, 
fen a f t e r  clear-cutting, are l e f t  with a good stocking of 
sprodaction and saplings up t o  5 inches d.b.h. as well as  a 
zattering of meehantable s i z e t r e e s  skipped by the  cutters.  
ne average recently cut-over area i s  l i k e l y  t o  support a 
Land midway between these two extremes. 

1 

Tabla 6.-Volms de+la%4&na iiW the ~s~rr.cPIDdelson of effsetin md ~)LI06Dlo&al 

m a  o f  2O-mar-old cuttinas on dcdaant s o f W  # l t e  

Plot CoaposlM~n ~ e r k t i o n  ~mnoba ~ffeetiva 
nmber index %Z glzm f- mean ags .Bb 

Units - Cu.n. PcTeant z&E 
28 50 82 356 -38.0 20 22 

29 53 97 353 -38.5 29 20 

30 50 atu+ 256 -55.4 20 U, 

31 76 W 720 +25.3 90 33 
32 n 85 749 +~o.L 20 35 

33 78 83 a 3  + 6.8 20 30 " 23 SU 626 + 9.0 20 
. *-&-' 
L, 33 85 .. 9 ~ 7  4 . 4  

&an 66 92 5% 0 20 .  

t 

By determining the "effective aget1 of a stand it i s  
p o s s i b l e t o a d j u s t  fo r thesed i f f e rences .  Inca lcu la t ing  
yield,  Ifeffective aget1 was used rather  than age of cutting. 
"Effective agef1 functions as an indi rec t  expression of 
growing-stock volume. 

It i s  obvious tha t  a f t e r  a lapse of 20 years the 
y ie ld  from a well-stoaked cut-over area w i l l  be much greater  
than t h a t  f k m  an area l e f t  devoid of t r ees  o r  stocked only 
with seedlings. This could hardly be otherwise i n  view of 
the  l a rge r  volume l e f t  a s  a growing base. I n  fac t ,  the  be- 
havior ( r a t e  of mod production) of the  well-stockd cut- 
over area a t  20 years may be equal t o  t h a t  of t h e  average 
30-year-oldcut-over area. If  so, i t s  "effective agef1 i a  
considered t o  be 30 years; and this age--rather than i t s  
chmnological age of 20 years-should be used i n  calculating 
yield. 







observed values of y ie ld  o r  growing-stock volume, density, 
and c m p o s i t i o n ~  

A s  employed here, the use of effect ive age i s  only a- 
a r t i f ioe  t o  permit an approxjimate adjustment f o r  present 
voldulpe, To est-te future f ie ld  ( l a t e r  discussed i n  d e t a i l )  
it is necessav  t o  add the  desired time in terva l ,  adjust  f o r  
corxespondlng average change i n  density, and subs t i tu te  
these'values together with observed composition i n  the  basic 
equation. The result i s  a more accurate estimate than would 
be obtained from conventional use of the  equation because 
&dditibnal - .  - inf i rna t ion  i s  used, 

A stand's effect ive age usually d i f f e r s  from i t s  
chronological age. Note ( table  6) t h a t  of t h e  eight  p lo t s  
in the 20-year cut t ing  ser ies ,  chronological and ef fec t ive  
age a re  on a pa r i ty  i n  only one (plot 29). I n  only one 
(plot 30) i s  the  effective age (1b   ears) below the  chron- 
ological age (20 years). For the majority of the  p lo t s  t h e  
effective age exceeds t h e  chronological age by a large mr- 
gin. I n  f ac t  the  group of plots  as  a whole a re  performing 
in the manner of 28-year-old cut-over areas. 

a _ Cut-over areas t ha t  A t e  minus effeet ive age contain 
few i f  any merchantable-size spruce and f i r  stems. Even 
though such areas  a re  well stocked with seedlings they w i l l  
s t i l l  ra te  a low density index, because density i s  based 
only on t rees  1 inch d.b.h. and larger.  On these seedling- 
stocked areas there may be no measurable density increase 
fo r  a long time. Eventually, however, as restocking pro- 
gresses and reproduction a t t a ins  sapl.ing and pole size,  t he  
areas w i l l  pass from a minus t o  a plus effect ive age, From 
t h i s  point on, the density index may r i s e  rapidly. 

D E V E l L O P  ING T H E  Y I E l L D  T A B L E % ,  

The most important factors t h a t  a f fec t  the  growth and 
yield of spruce and balsam f i r  a f t e r  clear-cutting a re  s i t e ,  
elapsed time since cutting, stand density, and stand compo- 
s i t ion .  The f i r s t  of these factors,  s i t e ,  was recognized by 
t rea t ing  the data on the  basis of two braad ' s i te  groups, 
dominant softwood s i t e s  and secondary softwood s i tes .  Thus 
elapsed time, density, and composition r e a p e d  as  three in- 
dependent variables;  and they lended themselves'readily 
evaluation. 





However, s ince the  equations g$ve values f o r  the  en- 
t i r e  spruce-fir stand ( tha t  is, fo r  a l l  t rees  of these two 
species i n  and above the  1-inch diameter c lass ) ,  conversion 
factors were used t o  calculate  merchantable y ie lds  i n  cubic 
fee t  and cor& per acre,  Behre's fonn-class system (A) was 
followed fn developing the f ie ld  tables.  

"As developed, the empirical y ie ld  tab les  s h m  the  
merchantable cbntents per acre of a l l  spruce and balsam f i r  
t rees  i n  and above the  6-inch diameter class,  with a 1-foot 
stump allowimce and a top u t i l iza t ion  l i m i t  of 3 inches in- 
s ide bark. No allowance was made f o r  cu l l .  

Two s e t s  of t a b l e s  were prepared. One shows mer- 
chantable cubic-foot volume, the other volume i n  cords. 

Cord volumes a r e  based on 95 cubic f e e t  of so l id  wood 
(peeled) in a stacked cord of 128 cubic feet .  Studies have 
shown tha t  spruce and fir pulpwood with bark averages about 
'12 percent more volume than peeled pulpwood. Because 
unpeeled wood makes looser stacks, an over-run of approxi- 
mately 1 5  percent should be allowed i n  calculat ing the so l id  
%content i n  stacked cords of unpeeled wood. 
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D o m i n a n t  sof 

o f  a l  l 

twood 

t r e e s  

s i t  - 
i n 

ElPIPICAf YIBfD T A B L E S  

I 

e s :  T o t a l  n e r c h a n  - 
6 - i n c h  d i a m e t e r  

1 In c u b i c  f e e t  I 

Canposition indca 
Dsnsity 
index 

10 20 30 40 50 60 70 80 90 100 

10 - b 4 2 24 50 79 l l 0  143 179 217 

30 ks - e;r 21 45 74 105 137 173 2 l l  251 
50 20 26 42 69 100 133 168 205 245 286 
70 24 37 65 94 127 163 279 321 
90 33 60 90 122 156 194 2 3 2 ' ~ , 4 2 7 3  315 357 

110 56 84 117 150 187 227 266 fa 349 3% 

130 80 ll1 146 1.92 220 260 301 343 386 427 
150 107 141 176 2l3 2% 294 336 378 422 466 
170 135 170 207 247 288 330 ,%+ 459 504 
190 165 202 W 281 324 365 [ 408 : ( 2 2 2 ~  
a 0  

497 5, 
196 235 275 316 358 WI1 ' 490 536 58% 

230 228 269 310 352 395 438 483 529 576 622 

250 263 303 W1 387 432 476 523 569 616 663 

20-YEAR-OLD CUTTINGS 

10 58 87 119 153 190 229 270 310 351 395 

30 82 114 lU 185 222 264 304 346 387 433 
50 l.07 143 179 217 255 298 339 382 425 471 
70 137 172 212 251 290 333 463 509 
90 166 204 WI 285 326 367 501 547 

U.0 197 237 278 320 362 404 
130 229 272 313 355 397 W 578 625 
150 264 30? 3U 391 434 479 522 571 618 664 
170 300 342 383 427 f472  517 562 610 658 704 
190 336 377 419 465 511 555 @ 8& 698 746 
210 371 412 457 503 549 594 6 t O  690 .739 788 
230 407 450 494 542 589 634 682 732 7 831 
250 4W* 490 536 582 632 675 725 775 824 876 



Dcniaant s o f t d  sitw, cubic-foot rolme (-1.- 

30-IEAR-OLD C V l T I I W  

Caopoaition index 
hIMity 
index 

10 20 30 40 50 60 70 80 90 100 

10 202 242 282 323 363 407 450 495 541 589 
N A  2% 274 316 357 398 WJ, 488 535 580 627 

50 269 308 351 393 435 482 527 574 622 648 

70 304 343 387 429 474 518 662 708 
90 338 379 424 467 5 9  - 557 7m 748 
Uo 374 W 6  462 595 552 598 743 790 

130 Ul  453 499 545 593 638 784 834 

150 447 492 537 583 632 678 727 778 828 876 

170 484 529 5 7  623 672 719 822 873 919 
1% 523 568 617 663 712 762 915 962 

210 563 608 657 704 753 803 958 1,004 

230 603 649 698 746 797 847 899 951 1,003 1,047 

250 643 689 738 788 840 892 943 997 1,047 1,090 

40-IBAR-OLD CUTrnOS 

10 375 420 465 510 556 602 650 698 746 795 

30 W 2  457 502 549 595 642 690 739 7m 838 

50 450 495 5W 587 635 682 732 781 830 862 

70 488 534 580 627 676 724 774 824 874 925 

90 527 573 620 668 717 917 97Cl 
ll0 566 6 1  708 757 9 1.015 

130 606 653 700 750 800 852 9 954 l , W  1,058 

150 646 693 742 792 843 894 946 999 1,049 1,102 

170 686 735 784 836 885 938 989 1,042 1,094 1,W 
1.w 727 777 827 879 928 983 1,033 1,087 1.139 1,192 
210 769 821 869 922 974 1,026 1,078 1,131 L,l& 1,237 

230 8 U  861, 914 967 1,916 1,069 1.123 1,177 1,231 1,285 

250 856 910 958 1,011 1,062 1 , U  1,169 1,222 1,277 1.3% 

(Continued) 
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Composition index 
Denslty 

index 
LO 20 30 40 50 60 70 BO q0 100 

10 570 616 663 710 760 810 862 913 %6 1,018 

30 610 656 703 753 802 853 906 958 1,OU 1,062. 

50 650 696_ 7 4  795 845 897 950 1,002 1,054 1,m7 

70 688 737 786 838 889 942 994 1,04_6 1,098 1,153 

90 729 778 830 883 932 985 1 3  1,197 

ll0 W 2  823 873 925 976 1,029 &Q@.-- 1,187 1.243 

130 814 664 917 %9 1,021 1,073 1,127 1,180 1.233 1,288 

150 857 938 960 1,013 1,064 1.ll5 1,171 1.226 1,281 1,336 

170 900 953 1,003 1,056 1,108 1,162 1,217 1,273 1,328 1,384 

190 944 997 1,047 1,lM 1,153 1,2W 1,263 1,320 1,376 1,432 
210 988 1,OlrO 1,091 1,146 1,190 1,254 1,310 1,367 1.424 1.481 

230 1,032 1.084 1.136 1,191 1,244 1.300 1,358 1 , U  1.471 1,528 

250 1,076 1,128 1,183 1,240 1,290 1,350 1,405 1,461 1,518 1.576 

60-YEAR-OLD CUTTINGS 

10 776 826 876 928 979 1,030 1,085 1,137 1,191 1.245 

30 ' 818 868 920 972 1,024 1,077 1,130 1,183 1.238 1,292 

50 862 913 964 1,017 1,069 1,121 1,176 1.229 1,285 1,339 

70 905 956 1,008 1,059 1,U3 1,166 

90 948 1,000 1,052 1,104 1,158 1,212 1,380 1.434 

110 992 1,043 1,097 1,150 1.204 1,259 1,427 1,483 

130 1.035 1,087 1,UO 1,196 1,250 1,305 1,474 1,531 

150 1,080 1,132 1,186 1,242 1,297 1.354 1,409 1.465 1,521 1,580 

170 1,124 1,179 1,233 1,289 1,345 1,401 1.457 1,513 1,568 1,626 

190 1,171 1,225 1,280 1,337 1,392 1.449 1,505 1,561 1,615 1,673 

210 1,216 1,271 1,326 1,383 1,440 1,496 1,553 1,607 1.663 1,721 

230 1,262 1,3U 1,374 1,432 1,487 1,544 1,600 1,656 1.709 1,768 

250 1,311 1,365 1.423 1,478 1,535 1,591 1,649 1,702 1,758 1,817 

L 



EMPIRICAL YIELD TABLBS 

D o m i n a n t  s o f t w o o d  s i t e s :  T o t a l  m e r c h a n t a b l e  v o l u m e  p e r  a c r e  

o f , a l l  t r e e s  i n  6 - i n c h  d i a m e t e r  c l a s s  and  l a r p e r  

I In c o r d s  I 

l o - ~ - 0 I D  c u m  

Caposition index 
Density 
index 

10 20 3 0 4 0 5 0 6 0 7 0 8 0  

I I 
(Continued) 
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Daminant softmod aites, volums in cords (continued).-- 

30-TEAR-OLD CUTPING3 

Ccmposition index 
oansity 
index 

10 20 30 40 50 60 70 80 go 100 

10 2.1 9.5 3.0 3.4 3.8 4.3 4.7 5.2 5.7 6.2 

30 2.5 2 3  3.3 3.8 4.2 4.7 5.1 5.6 6.1 6.6 
50 2.8 3.2 3.7 4.1 4.6 5.1 5.5 6.0 6.5 7.0 
70 3.2 3.6 4.1 4.5 5.0 5.5 6.0 6.5 7.0 7.5 
90 3.6 4.0 4.5 4.9 5.4 5.9 6.4 6.9 7.4 7.9 

110 3.9 4.4 4.9 5.3 5.8 6.3 6.8 7.3 7.8 8.3 
130 4.3 4.8 5.3 5.7 6.2 6.7 7.2 7.7 8.3 8.8 
15 0 4.7 5.2 5.7 6.1 6.7 7.1 7.7 8.2 8.7 9.2 
170 5.1 5.6 6.1 6.6 7.1 7.6 8.1 8.6 9.2 9.7 
190 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.1 9.6 10.1 
210 5.9 6.4 6.9 7.4 7.9 8.5 9.0 9.6 10.1 10.6 
230 6.3 6.8 7.3 7.9 8.4 8.9 9.5 10.0 10.6 11.0 

250 6.8 7.3 7.8 8.3 8.8 9.4 9.9 10.5 11.0 11.5 

40-TEAR-OLD CUTTINCB 

10 3.9 4.4 4.9 5.4 5.9 6.3 6.8 7.3 7.9 8.4 
30 ' 4.3 4.8 5.3 5.8 6.3 6.8 7.3 7.8 8.3 8.8 
50 4.7 5.2 5.7 6.2 6.7 7.2 7.7 8.2 8.7 9.3 
70 5.1 5.6 6.1 6.6 7.1 7.6 8.1 8.7 9.2 9.7 
90 5.5 6.0 6.5 7.0 7.5 8.1 8.6 9.1 9.7 10.2 

110 6.0 6.5 6.9 7.5 8.0 8.5 9.0 9.6 10.1 10.7 '9 

130 6.4 6.9 7.4 7.9 8.4 9.0 9.5 lO.0 10.6 11.1 

150 6.8 7.3 7.8 8.3 8.9 9.4 10.0 10.5 11.0 11.6 

170 7.2 7.7 8.3 8.8 9.3 9.9 10.4 11.0 l l .5  12.1 

19'3 7.7 8.2 8.7 9.2 9.8 10.3 10.9 11.4 12.0 12.5 ' 

210 R . 1  8.6 9.1 9.7 10.3 10.8 11.3 11.9 12.5 13.0 

230 8.5 9.1 9.6 10.2 10.7 11.3 11.8 12.4 13.0 13.5 

250 9.0 9.6 10.1 10.6 11.2 11.7 12.3 12.9 13.4 l L 0  

(Continued) 
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Dominant softnmd sitss, volume in cords (continued) .-- 
5O-YELR4LD CUI'TIMS 

Composition index 
Density 

index 
10 20 30 40 50 M) 70 80 9 0 1 0 0  

10 6.0 6.5 7.0 7.5 8.0 8.5 9.1 9.6 10.2 10.7 

3 C - J  6.4 6.9 7.4 7.9 8.4 9.0 9.5 10.1 10.6 l l . 2  

W 6.8 7.3 7.8 8.4 8.9 9.4 1 . 0  10.5 l l . 1  U . 7  

70 7.2 7.6 8.3 8.8 9.4 9.9 10.5 11.0 l l . 6  12.1 

90 7.7 8.2 8.7 9.3 9.8 10.4 10.9 11.5 12.0 12.6 

110 8.1 8.7 9.2 9.7 10.3 10.8 U . 4  U . 9  12.5 13.1 

130 8.6 9.1 9.7 10.2 10.7 11.3 l l . 9  12.4 13.0 13.6 
150 9.0 9.6 10.1 10.7 11.2 l l . 7  12.3 9 13.5 14.1 
170 9.5 10.0 10.6 u . 1  u . 7  12.2 12.8 13.4 14.0 U.6 
190 9.9 10.5 11.0 l l . 6  12.1 12.7 13.3 13.9 U . 5  15.1 

210 10.4 10.9 u . 5  12.1 12.6 13.2 13.8 U .4  15.0 15.6 

230 10.9 l l . 4  12.0 12.5 13.1 13.7 14.3 14.9 15.5 16.1 

250 11.3 11.9 12.5 13.1 13.6 14.2 U . 8  15.4 16.0 16.6 

60-IEAR4ul mm 

10 8.2 8.7 9.2 9.8 10.3 10.8 11.4 12.0 12.5 13.1 

3 30 8.6 9.1 9.7 10.2 10.8 11.3 U.9 l2.5 13.0 13.6 

50 9.1 9.6 10.1 10.7 11.2 l l .8  12.4 12.9 13.5 14.1 

70 9.5 10.1 10.6 U .1  l l . 7  12.3 12-9 13.4 111.0 U.6 
90 10.0 10.5 11.1 11.6 12.2 12.8 13.3 13.9 111.5 15.1 

110 10.4 11.0 11.5 12.1 12.7 U - 3  13.6 14.4 1 15.6 

130 10.9 l l . 4  U.0 6 13.2 13.7 111.3 14.9 15.5 16.1 

140 11.4 ll.9 5 13.1 13.7 U.3 4 . 8  15.4 16.0 16.6 

170 l l . 8  12.4 1 13.6 4.2 4-7 15.3 15.9 16.5 17.1 

190 12.3 12.9 13.5 U1.1 lb.7 15.3 15.8 16.4 17.0 17.6 

210 12.8 13.4 U . 0  U.6 15.2 15.7 16.3 16.9 17.5 18.1 

230 13.3 13.9 14.5 15.1 15.7 16.3 16.8 17.4 18.0 18.6 

2 9  13.8 14.1 15.0 15.6 16.2 16.7 17.4 17.9 1 1 9 . 1  

a 



GHPIRICAL YIELD TABLES 

1 1 1  

S e c o n d a r y  s o f t w o o d  s i t e s :  T o t a l :  m e r c h a n t a b l e  v o l u m e  

per a c r e  o f  a l l  t r e e s  i n  6 - i n c h  d i a m e t e r  

c l a s s  a n d  l a r g e r  

I I n  c v b ~ c  f e e t  J 

10-YEML-OD CUl'rINGS 

Composition i d e x  ' 

6 19 30 41 46 , $7 47 48 ha 9 
10 24 37 49 52 54 55 55 58 . 
U 29 45 57 61 63 63 t* 65 

19 36 52 66 71 73 73 74 75 

24 42 61 76 81 R3 84 64 85 

30 50 73 87 93 95 96 97 98 

36 59 81 99 106 109 U O  111 ll1 

42 68 92 ll3 122 124 126 127 128 , 
51 78 106 131 142 145 Uil 149 149 , 
59 90 122 ;1~3'@~179 174 177 179 l81 ' 
68 102 lJ+l 185- 206 211 216 219 222 

79 ll8 169 232 271 261 294 297 3W 
90 136 206 309 351 363 372 376 381 

104 161 269 389 428 U 5  444 449 451 ' 
11'3 195 350 458 486 493 500 502 504 , 

20-rnR-OLD CUWINGS 

23 41 59 79 80 81 82 82 , 
28 49 68 84 90 92 93 94 94 

34 57 78 96 102 105 106 107 

W 66 W 109 lJ.8 120 u 2  123 124 

49 76. 102 127 136 139 142 1wI 145 

57 87 U 8  U S  162 160 170 171 173 

66 99 136 177 195 2 W  205 208 2ll 

76 113 162 215 248 259 269 274 277 

@8. 130 195 288 231! 341 351 356 359 

i m  153 2f,6 ~m~' 'Ql:  420 426 430 W 3  - . 
114 186 331 42 474 479 485 48b 490 
131 230 WO 497 5X) 526 532 534 537 

154 305 472 542 564 569 5 b  575 577 

185 389 519 581 600 606 610 612 6U* 

232 458 563 618 634 639 642 644 646 

(Continued) 



Secondary softrood sites, cubic-foot volume (continued). - 

30-m4LD CUTTING¶ 

Conposition index 
b d t y  
index 

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

l0 47 98 122 131 134 136 137 139 
-?Xi 55 84 113 U2 155 159 162 164 166 

30 63 96 131 169 186 192 196 198 201 
40 b Ilo 154 206 232 W 248 252 256 

50 84 126 185 269 309 321 330 334 338 
60 % 146 230 350 389 4M 4U W5 W4 

70 U O  176 305 424 458 466 472 475 177 
80 127 215 388 484 5U 515 520 523 525 
q0 U b  286 456 53-_$5j3 558 563 565 567 
100 176 367 509 <572 ,4593 5% 600 602 604 -- - 
uo 459 552 608 626 6 3  634 637 6 9  
120 286 4% 590 642 659 663 666 668 671 

1 s  376 542 626 673 688 691 695 697 698 
U O  449 582 659 701 717 720 723 725 726 
150 500 618 688 729 744 746 749 751 752 

40-YEAR4I.D cI)TPIAOG 

10 81 122 176 246 290 301 309 314 318 
P 9i 142 217 331 374 384 391 397 401 

30 107 169 290 4 l l  WJI 153 460 465 467 
Ui 122 206 374 474 500 507 512 514 515 
40 142 27l U 4  523 5 551 555 557 559 
60 171 354 5m 565 582 588 592 595 597 
70 207 429 544 601 620 621, 627 629 6 3  

80 273 485 582 635 651 656 659 661 663 

90 357 533 620 ,%zA-&% 686 689 691 691 ' 

IM) 431 575 651 69% 7 7 5  n 7  719 720 
llo 488 612 683 724 738 7 U  744 745 746 
120 535 645 710 750 764 767 769 770 7'7L 

130 577 675 737 774 786 7 w  790 792 793 

140 6l4 703 764 797 806 811 813 815 816 

150 647 731 7@ 819 830 832 834 835 838.~ 



Secoadary .oftmood sites, cubic-foot rol- (continued).- 

5o-TBAB-cm cmmGs 



E Y P I R I C A L  Y I E L D  T A B L E S  

S e c o n d a r v  s o f t w o o d  s i t e s :  T o t a l  m e r c h a n t a b l e  vo lume 
-- - - 

.per, a c r e  o f  a l l  t r e e s  i n  6 - i n c h  d i a m e t e r  

S c l a s s  a n d  l a r g e r  

( In c o r d s  I 

Density , 

index 
10 20 30 40 50 60 7 0 .  80 90 

1 

(Continued) 







ALINEMENT CHAR 

FOR DETERMINING MERCHANTABLE 

ON DOMINANT SWTWOOO SITES, 

TIME 
FAGTOR 

(YEARS) 

VOLUME 
(CUBIC FEET 
PER ACRE) 

T I 

SPRUCE-FIR VOLUME 

IN CUBIC FEET 

DENSITY 
INDEX 

1 SO 

1 8 0  

I T O  

1 6 0  

150 

1 4 0  

1 3 0  

1 2 0  

I I0 

1 0 0  

5 0  

40 

30 

20 

1 0  

0 
E 

r ' 

i 



ALINEMENT CHAR1 

FOR DETERMINING MERCHANTABLE 

ON DOMINANT SOFTWOOD SI 

TINE VOLUME 
FACTOR ' (COADS 

( Y E A R S L  PER ACRE) 

- 18 - 
- 17 - 

- 
' 5  - 
- - - - - - 
- - 
- 2 
- - - 
- 
- 

- 
- 0 

A B C 

KEY:  A TO 0 ,  HOLD 8; T O  

' 2 

SPRUCE-FIR VOL 

TES, IN CORDS 

COMPOSITb 
INDEX 

E ,  READ C 

ON DENSITY 
LNM X 

LOO 

4 0  

3 0 



ALINEMENT CHART 3 

+ FOR DETERMINING MERCHANTABLE SPRUCE-FIR VOLUME 

ON SECONDARY SOFTWOOD SITES, IN CUBIC FEET 

COMPOSITION 
INDEX 

VOLUME 
ICVBIC FEET 

PER 4CRE) 

KEY A TO 

DENSITY 
INDEX 

TO 8 ,  READ C 



TIME 
FACTOR 

(YEARS1 

ALINEMENT CHART 4 

FOR DETERMINING MERCHANTABLE SPRUCE- FIR VOLUME 

ON SECONDARY SOFTWOOD SITES, IN CORDS 

COMPOSITION 
INOEX 

VOLUME 
(CUBIC FEET 

PER ACRE) 

KEY:  A TO E ,  HOLD D; TO B .  READ C . . 
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A P P L Y I N G  T H E  Y I E L D  T A B L E S  

T O  A T R A C T  O F  T I M B E R  

0 

D A T A  REQU'I R E D  

TO APPLY THE YIELD TABI,E;S t o  any given t r a c t  it i s  
necessary t.o know f o r  each stand (1) the  site:type class ,  
(2) the elapsed time since cutting, ( 3 )  the  effect ive age, 
(4) the composition index, ( 5 )  the stand-density index, . 
( 6 )  t he  expected change i n  sta.nd density, and (7) the acre- 
age by age classes,  

F o r e s t  I n v e n t o r )  

Any of the commonly used systems of fores t  inventory 
c a n b e u s e d ,  W h e r e n o s u c h i n v e n t o r y o f a n a r e a e x i s t s , a  
new one w i l l  be necessary. 

The in t ens i ty  of the inventory will be determined by 
t h e  degree of accuracy desired. Bear i n  mind t h a t  the7nore 
heterogeneous the  stand conditions, the greater  the number 
of plots  o r  s t r i p s  required t o  a t t a i n  a given degree of ac- 
curacy. Accuracy within a 10-percent error  of estimate:-fdr. 
t o t a l  vo l i i e  seems t o  be a reasonable goal. 



This area i s  sfmilar t o  thousands of acres of cut- 
over land throughout the spruce-fir region tha t  have been 
operated fo r  pulpwood since the turn  of the  century. 

The 10-year-old cut-over areas i n  the dominant sof t -  
wood s i t e s  of the  Spruce Pond watershed a r e  used i n  this 
example.* Values tha t  need t o  be determined f o r  each p lo t  
a re  indLcated i n  tab le  8, T h i s  shows the data f o r  P l o t  7, 
The t r a c t  contains 8 p lo ts  ( tab le  9 ) ,  

C o m $ u t i n g  S t a n d  D a t a  

Area, by s i t e  Following completion o f  the  fo res t  
and age of cut t ing survey f o r  the Spruce Pond watershed, 

f i e l d  maps were combined i n t o  a pro- 
ject  map. Next the acreages of the two site-type classes  
and the various age classes were determined ( table  7). 

Number of t rees  and basal area per acre  
number of t r ees  ( table  9) were transckibed d i r ec t ly  from 
and basal area the stand tables  already computed. For 

example, Plot 7 contained 1,096 t r e e s  
per acre, with a t o t a l  basal area of 

82.94 square fee t .  I n  determining average number of t r ees  
andmbasal area f o r  the en t i r e  t r a c t ,  a l l  eight p lo ts  i n  it 
were used as  a basis,  Two species groups, (1) spruce and 
f i r  and (2) a l l  other species, were total led,* 

Average daboh. F i r s t  the basal area of the average t r e e  
of the stand on each plot  was determined by dividing 

the p lo t ' s  t o t a l  basal area by i t s  t o t a l  
number of t r ees ,  The d%ameter correspondhg t o  the  basal 
area of the average t r e e  i s  i t s  average diameter, 

3~ S t M P L E  METHOD OF COMPUTlNG BASAL AREA B Y  FORMULA r S  DESCRFBED BY C. A .  
BICKFORD I N  JOUR. AGR. R E S .  51 425 434 1935. H S FORMULA I S .  

Sum of the area i n  square feet 5 [z] Isqua re ,,f dba ,,I = [(I. 00s4s4c. .] [dl 
4(144) 

%HERE ONLY SPRUCE-FIR Y ' E L D S  ARE DES:RED. A GROUP CONS [ S T I N G  OF ONLY 
THESE S P E C I E S  WOULD BE RECOGNIZED. IF SPRUCE-FIR-HEMLOCK Y!ELDS WERE SOUGHT, 
HEMLOCK WOULD BE ADDED TO rHE SPRUCE-FIR GROUP AND CARRIED THROUGH ALL THE C A L -  
CULATIONS FOR SPRUCE F I R .  Tnes WOULD LEAVE THE SECOND GROUP TO BE DEALT WITH, 
CONS I S T l N G  OF A L L  THE REMA INhNG S P E C I E S - .  HARDWOODS. CEDAR. P I N E .  E T C .  



For example, the t o t a l  basal area per acre fo r  Plot  7 
mas 82.94 square feet .  Dividing this by 1,096 ( t o t a l  number 
of t rees  per acre) gave a basal area of 0.0757 square f ee t  
for the  average t ree .  The t ab le  fo r  areas of c i rc les  (table 
16, i n  Appendix) shows the  diameter of a c i r c l e  of tha t  area 
t o  be 3.7 inches. Next the average d.b.h.'s f o r  the indiv- 
idual  p lo ts  were total led.  T h i s  t o t a l ,  30.4, divided by 8 
(the number of plots  i n  the uni t )  = 3.80 inches, t he  average 
d.b.h. of the stand. 

Merchantable To obtain a measure of merchantable 
spruce-fir volume spruce-fir volume per acre, the number 

per acre of spruce and f i r  stems i n  each diam- 
e t e r  c l a s s  (6 inches d.b.h. and above) 

were f i r s t  determined. Volumes were then computed f o r  each 
diameter c lass  through the use of appropriate volume tables.  
For the  example c i ted  i n  table  9, t he  volume tab le  shown in 
the Appendix (table 18) was used. Adding up the volumes i n  
the various diameter classes gave the t o t a l  voJwne fo r  P lo t  
7 of 2.0 cords per acre ( table  8). The volume of 3.1 cords 
per acre shorn for  the cu t t ing  area ( table  10) i s  the mean 
of the eight plots i n  the area. 

C o m p u t i n g  G r o w t h  F a c t o r s  

Composition The composition index of 64 fo r  Plot 7 was 
index arrived a t  by dividing 696 (number o*? spruce 

and balsam f i r  t rees)  by 1,096 ( to t a l  number 
of a l l  t rees) .  Thus 696 + 1,096 = 0.64; 0.614 x 100 = 64. 

Table 9.--Sample work sheet for comil& data needed to  determine 

stand-table values Der acre 

(spruce Pond watershed--1Gyear-old cuttings on dominant softwood s i t e s )  - 
plot  Spruce Harcbpoods Total Measured 

merchantable 
No. and 

f i r  otzi trees average area volume 
t ree  per acre 

N m  N* S q . P t .  I- Cu.ft. Cords 

7 696 400 1096 82.94 3.7 194 2.0 
8 928 208 1136 82.36 3.6 . 226 2.4 

23 ' 168 72 240 49.42 6.2 5 5.4 
Ur 176 72 248 30.13 4.7 *330 3.5 
25 296 40 336 20.84 3.4 234 2.5 
59 592 112 704 24.60 2.5 201 2.1 
60 456 2.4 480 19.24 2.7 252 2.6 
83 480 608 1088 77.55 3.6 438 4.6 



Density Since the density index of a cut t ing uni t  
index equals the mean density of the plots  t h a t  com- 

(present) pr i se  the uni t ,  density values must be cal- 
cviLated for  individual plots.  For example, 

the current density index of  121 for  Plot  7 was arr ived a t  
by dividing 1,096 ( t o t a l  number of a l l  t rees)  by 910 ( t o t a l  
number of t r ees  indicated i n  the  density reference table-- 
table  13, i n  Appendix--for an average stand diameter of 3.7 
inches. Bdding up the density values of the  eight p lo t s  i n  
the unit and. dividing the t o t a l  (576) by 8 gave the present 
stand-density index of 72 for  the unit (table 10). 

Effective Although effect ive age can be determined from 
age the  y ie ld  tab les  by i n t e r  olation, the  aline- 

(present) ment charts (pp. 38 - 41 7 provide a quicker 
means of figuring effect ive age. Effective 

age can be read d i r ec t ly  from these charts  by carrying out 
i n  reverse the procedures f o r  computing yield.  The method 
can be i l l u s t r a t e d  by l i s t i n g  the s teps fol lowedin ar r iv ing  
a t  the present effect ive age of 13 f o r  the  10-year-old cut- 
over area i n  the dominant softwood s i t e  ( table  10): 

1. Use alinement chart  2. Lay a straightedge across the 
kraduated volume scale a t  3.1 cords ( the measured mer- 
chantable volume) and the density sca le  at 72 (the den- 
s i t y  index). 

Table 10.-Work-shed 8 r ~ ~ m a l . g  of stand data. shmtin,? corrections for density chawes and cut t ina  apes 

(Spruce Pond watershed--10-year-old cuttings on dominant softmoad s i t e s )  

Present 20 years hence 

Plot 
NO. C v -  Measured Effect- Effect- Capo- Predicted 

s i t i on  ' 2  voltme ive  i ~ e  s i t i on  Drzz vol- 
index per acre age age index per acre 

Units Cu.ft. Cords YE Y- Units Un(lts Cu.ft. Cords 

7 64 121. 194 2.0 5 -- - -- - - 
8 82 l.23 226 2.4 3 -- - -- - - 

23 70 46 511 5.4 29 -- - -- - - 
24 71 34 330 3.5 15 - -- - -- - 
25 88 34 2% 2.5 11 -- -- - - - 
59 84 59 201 2.1 7 -- - -- - - 
60 95 42 252 2.6 9 -- - - - - 
83 44 117 438 4.6 25 -- - -- -- - 
Total 598 576 2386 25.1 104 - -- -- -- - 
Mean 75 72 298 3.1 13 33 75 140 790 8.3 



2 ,  Mark the  point where the straightedge in tersec ts  the un- 
graduated scale,  

3. Hold on t h i s  point and s h i f t  the straightedge t o  75 ( the 
composition index) on the composition scale.  

4, Then read the  point a t  which the straightedge intersects  
the time scale fo r  the effective age of the stand. I n  
t h i s  ease it i s  13, 

The present effective age for  the cut t ing uni t  i s  the 
mean of the eight plots  i n  the uni t ,  

Density The future density of a stand can be 

fo r  dominant softwood stands of different  densi t ies  and ages 
of cut-over areas,  (Fdr secondary softwood s i t e s  use table  
15.) Future density i s  calculated by successive 10-year 
steps,  t he  density a t  the end of the f i r s t  period being tak- 
en as the s t a r t i n g  point f o r  the iecond period, and so on. 

For example, the cut t ing unit under discussion has an 
effect ive age of 13 and a present density index of 72. Ten 
years from now i t s  density w i l l  be 119 (72 plus 46), a den- 
s i t y  increase of 46 over the 10-year period. After another 3 

10  years the  density index w i l l  have increased t o  140 (119 
plus 221, 

Effective Effective elapsed time since cut t ing i s  ' 

elapsed time determined by adding t o  the effect ive age 
since cu t t ing  the number of years hence f o r  which the 

yield prediction i s  desired. The effec- 
t i v e  elapsed time fo r  the uqi t  under discussion i s  the 
unit ? S  effect ive age (13) plus 20 (the number of years 
hence). Thus the effect ive elapsed time i s  33 years. 

C o m p u t i n g  Y i e l d  

After effect ive age, density index, and composition 
index have been computed fo r  the various ages of cuttPngs 
t h a t  make up the two broad site-type groups, predictio'ns of 
y i e l d  can be made, Mhere quick and precise values a re  de- 
s i r ed ,  yields  should be read from alinement charts 1 and 2. 
For the area i n  t h i s  example, the following a r e  the steps: 



1. Lay a straightedge across the time scale  a t  33 and the  
composition sca le  a t  75. 

2. Mark the point where the straightedge in tersec ts  the  
ungraduated scale.  

3. Hold on t h i s  point and s h i f t  the straightedge t o  140 on 
the  density scale. 

r. 

4 .  Then read the  point a t  which the straightedge in t e r sec t s  
the volume scale. I n  t h i s  case it i s  8.3 cords o r  790 
cubic f e e t  per  acre. 

When alinement charts a r e  not available, reasonably 
accurate estimates can be obtained by interpolat ing in  the  
yield tables.  

To obtain the t o t a l  expected yield f o r  the  cu t t ing  
unit, simply multiply i t s  acreage (750) by these per-acre 
volume figures. T h i s  volume t o t a l s  592,500 cubic f e e t  o r  
6,225 cords ( tab le  11). This i s  the predicted volume f o r  
the 10-year-old cut-over areas i n  the dominant softwood 
s i t e s  . 

Table U.--Btend data and spme-fir f ie ld   re dictions 20 re8rs hence 
for Spruce Pond watershed 



To determine t he  t o t a l  predic ted y i e ld  f o r  the  Spruce 
Pond watershed, these  calcula t ions  should be repeated f o r  
a l l  age-class un i t s  i n  t h e  two s i te- type groups ( t ab le  l l ) ,  

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

The question qu i t e  na tura l ly  a r i s e s  as t o  how ade- 
quate these  y-ield t ab l e s  a r e  f o r  forest-management purposes, 
For any pa r t i cu l a r  holding t h i s  depends on how intensively  
t h e  lands a r e  being managed, Over t h e  spruce-fir  region a t  
l a rge  a pioneer s tage of management s t i l l  prevai ls .  Exten- 
s ive  holdings a r e  being managed under t h e  one-harvest--cut- 
per-rotat ion system, It i s  believed t h a t  under t h i s  type of 
management t h e  y i e ld  t ab l e s  w i l l  prove adequate f o r  predict-  
i n g  growth and yield--especial ly f o r  areas  of more than 
1,000 acres ,  

I n  attempting t o  evaluate t he  accuracy of t h e  y i e ld  
t ab les ,  two questions need t o  be answered: (1) How closely  
do t h e  yie ld- table  values approach t h e  a c t u a l  y ie lds  of the  
re-measured p lo t s?  and (2) How accurate a r e  t he  c ru i s e  data 
f o r  the  t r a c t ?  

Analysis of t h e  re-measurement da ta  over a 15-yea? 
period on 93 of the  o r ig ina l  365 p l o t s  used i n  developing 
t he  y i e l d  t ab l e s  helps t o  answer t h e  f i r s t  question. A sum- 
mary of t h e  analyses f o r  both the  dominant and secondary: 
so f twoods i t e s  a p p e a r s i n t a b l e 1 2 ,  Note t h a t  devia*ion 
of t he  estimated volume from t h e  mean a c t u a l  volume averaged 
109.9 cubic f e e t  f o r  t he  dominant softwood s i t e s  and 70, l  
cubic f e e t  f o r  the  secondary softwood s i t e s ,  

The standard deviations of t he  di f ferences  of 15-year 
fu tu re  volume i n  cubic f e e t  f o r  individual  p l o t s  range from 
a low of 7 ,1  percent t o  a high of 31,4 percent of t h e  y i e ld  
f o r  t h e  dominant softwood s i t e s ,  For secondary softwood 
s i t e s  t h e  range i s  from 34 ,F percent t o  4004 percent, 

Although ac tua l  y iqlds  of ind iv idua l  1/8-airs units 
d i f f e r  r a the r  widely from tabu la r  values, t h e  e r ro r  of the  
mean diminishes rap id ly  a s  t h e  number of units comprising 
t h e  sample i s  increased. For t h e  59 growth p l o t s  t h a t  com- 
p r i s e  t h e  softwood s i t e s ,  t he  standard e r r o r  of t h e  mean 
deviation from a c t u a l  y%eld amounts t o  l e s s  than 4 percent. 



Use of about 170 p l o t s  would reduce t h e  e r ro r  t o  l e s s  than  
2 percent. 

Table 1 2 . 4 h e c k  of actus1 and estimated yield per acre over 
a 15-rear wried with corrections amlied for  

density C-a and effective cuttinf? apes 

%timated volume 

Hean Basia : 
Age Actual 
of mean deviation Standard 

cutting .volume fmm of 
actual 

d-tiOn plots 

Cu.It. C u . f t . k  
cent - 

U 403.5 155.2 119.15 29.5 4 

32 1,505.0 -258.A 472.82 21.4 12 

35 991.4 49.6 W.01  2A.M U 
42 2,576-6 -513.4 420.59 16.3 11 

47 1,793.2 n.1 466.66 26.0 14 
59 2,607.0 - 33.2 195.28 7.5 4 

Mean 1,651.3 -109.9 439.63 26.6 -- 

SGCONDARX SOFRlOOD SITES 

28 707.3 - 20.1 260.48 36.8 16 

29 529.5 68.0 184.77 34.9 4 
46 1,431-8 -166.8 578.24 40.4 14 

Hean 985.3 - 70.1 W6.U 42.2 - 

The second question,accuracy of the  inventory cruise ,  
is  important because t he  growth f ac to r s  used i n  predic t ing 
yie lds  a r e  derived from the  basic c ru i s e  data. Thus t he  ac- 
curacy of the  y i e l d  predic t ions  from t h e  tables   ill depend 
on--and cannot exceed--the accuracy of the  cruise  data. 

Accuracy of t h e  inventory c ru i se  can be determined 
from the  c ru i se  i t s e l f .  Once the  v a r i a b i l i t y  of the  s tand 
and t he  number of p lo t s  a r e  determined it i s  a simple matter  
t o  compute t h e  expected limits of t he  accuracy of the  cruise. 
The e r r o r  i n  sampling inventory i s  bound t o  exceed t h a t  en- 
countered i n  growth predic t ion.  T h i s  i s  t o  be expected, 
because t he  r a t i o  of growth t o  growing stock i s  r e l a t i v e l y  
small. 

However, inventory c ru i ses  today a r e  commonly under- 
taken with s u f f i c i e n t  i n t e n s i t y  t o  assure  volume accuracies 



of within 10 percent. Such accuracy normally e n t a i l s  t he  
establishment of several  hundred p lo t s ,  T h i s  i s  consider- 
ably  g rea te r  than t he  minimum of 170 p l o t s  required f o r  a 
growth e r r o r  of l e s s  than 2 percent, Thus. an  over-all  ac- 
curacy fo r  t h e  y i e ld  t ab les  of 2 12 percent - 5 s  a reasonable 
expectation, Such a degree of accuracy should suf f ice  f o r  
most s i tua t ions .  

Where valuable stands a r e  a t  s take o r  where t he  need 
f o r  heavy outlays f o r  roads and o ther  logging improvements 
a r e  indicated,  t he  cos t  of a t t a i n i n g  g r ea t e r  accuracy may be 
jus t i f i ed .  To a t t a i n  an accuracy of -f- 6 percent would re- 
quire  the  use of four times as many p lo t s  as f o r  t h e  + 12 
percent accuracy c i t e d  above, 

The y i e l d  t ab les  have t h e i r  l imi ta t ions .  They show 
only t he  volume of surviving t r e e s ;  therefore  they f a i l  t o  
show the  volume t h a t  i s  l o s t  through morta l i ty .  Through a 
s h i f t  from t h e  cne-harvest-cut--per--n>tation t o  shorter-cycle 
cut t ings  a high prcportion of $,his mor ta l i ty  cou1.d be sa l -  
vaged. A s  expanded road systems make higher l eve l s  of for- 
e s t ry  p rac t ice  feas ib le ,  pa r t i a l -cu t t ing  systems w i l l  large- 
l y  supplant t h e  long-cukting-cyzle system now i n  vogue. 

The frequent cuttings t h a t  charac te r ize  se lec t ion  
cu t t ing  ul t imately  e rea te  qmeven-aged stands It does not  
follow, however, t h a t  the  y i e ld  t ab l e s  cannot be applfed 
with reasonable success t c  &elec t ive ly  cut  stands. Residual 
growkg stock, expressed a s  e f fec t ive  age, de f in i t e ly  enters  
i n to  t h e  ealcula t ion cf future  y3ield, Since g rea te r  y ie lds  
a r e  expected under se lec t ion  cu t t ings ,  yield-table values 
w i l l  probably be on t he  @onservative s ide .  
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Tree diameter breast high, in inches and additional 10th of inches 

Inches I 0.0 I 0.1 1 0.2 1 0.3 1 0.4 1 0.5 1 0.6 1 0.7 I 0.8 1 0.9 

1 1,660 1,625 1,590 1,560 1,530 1,500 1,465 1,435 1,405 1,375 
2 1,345 1,315 1,285 1,260 1,230 1,200 1,175 1,150 1,125 1,100 

3 1,075 1,050 1,025 1,000 975 950 930 910 890 870 
4 850 830 815 800 782 765 748 732 716 700 
5 685 670 655 640 625 610 595 582 569 555 
6 543 530 518 506 495 485 474 462 452 442 
7 433 424 W5 406 398 391 384 376 367 360 
8 352 344 337 330 323 316 309 302 296 290 
9 283 276 269 263 257 251 246 240 235 230 

10 225 220 215 210 205 200 195 191 187 183 

- -  - 

Table 13.--Averace number of trees per acre. for  use i n  determi* stand densitp 1 

3.n the spruce-fir rehon of the Northeast 

(Basis: reference curve based on 365 plots) 

'TO determine the density of any given spruce-fir stand, divide its t o t a l  number of 
trees per acre by the t o t a l  number of trees indicated in the above table for  the same 
average diameter stand. 
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Table 16.--Basal areas. in sauare feet. for trees of various diameters 

Tree diameter breast high, in inches and additional 10th~ of inches 

Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

0 -- 0,0001 0.0002 0.0005 0.0009 0.0014 0.0020 0.0027 0.0035 O.OOW, 
1 0.0055 .0067 ,0079 .0092 .0107 .0123 .0140 ,0158 -0177 -0197 
2 .0218 .Oa0 .02& 00289 -034 -03W -0369 ,0398 -0428 -0459 
3 .Oh91 ".0524 .0559 ,0594 .0631 -0669 -0707 ,0747 -0788 -0830 
4 .0873 .OW7 ,0963 -1009 el056 -1105 all54 -1205 -1257 -1310 
5 '.1364 .1l+l8 .U74 .1532 ,1590 -1650 -1710 .17'72 -1835 .I899 
6 -1963 .2029 .2096 -2164 a2234 .2304 -2376 .W -2522 -2597 
7 .2673 .275O .2828 -2907 -2987 -3068 a3151 -3234 .3319 -3404 
8 .3491 .3579 .36& .3758 ,3849 -3941 .@% ~4l-29 .@24 -4321 
9 . U 8  .4517 s4617 ,4718 -4820 m4923 .5027 ,5132 a5238 .5345 
10 .5454 ,5564 -5675 ,5787 .5900 .6011, .6J-29 .6245 a6362 ,6481 
ll .6&0 .6721 .6842 -6965 .7089 -724 ,7340 -7467 .7595 -7724 
12 .7854 ,7986 ,8116 .8252 .8387 .8523 . -8660 .8798 .8937 .9077 
13 .92B .9360 .9504 a9648 -9794 -99W 1.0089 1.0237 1.0387 1.0538 
14 1.0690 1.0843 1.0997 1.1153 1.1309 1.1467 1.1626 1.1785 1.1946 1.2108 
15 1.2272 1.2437 1.2602 1.2768 1.2936 1.3104 1.3274 1.3444 1.3616 1.3789 
16 1.3963 1.4138 1.43U leu92 1.4670 1.4849 1.5030 1.5212 1.5394 1.5578 
17 1.5763 1.5949 1.6136 1.6324 1.6513 1.6703 1.6694 1.7087 1.7280 1.7475 
18 1.7671 1.7868 1.8066 1.8265 1.8465 1.8666 1.8869 1.9072 1.9277 1.9482 
19 1.9689 1.9897 2.0106 2.0316 2.0527 2.0739 2.0952 2.1167 2.1382 2.1599 
20 2.1817 2.2036 2.2256 2.2477 2.2699 2.2922 2.3146 2.3371 2.3597 2.3825 
2.l 2.4053 2.4283 2.4514 2.4745 2.4978 2.5212 2.5447 2.5684 2.5921 2.6159 
22 2.6398 2.6638 2.6880 2.7122 2.7366 2.7611 2.7857 2.8104 2.8352 2.8602 
23 2.8852 2.9103 2.9356 2.9610 2.9864 3.0120 3.0377 3.0635 3.0894 3.1154 
24 3.1416 3.1679 3.1942 3.2207 3.2471 3.2748 3.3006 3.3275 3.3545 3.3816 
25 1.4088 3.4361 3.4636 3.4911 3.5188 3.5465 3.57WI 3.6024 3.6305 3.6567 



1 *: Table 17.--8~ruce-flr volme table1: Total  cubic-foot vol- inaide bark (pealed mod) 
and exclusive of butt swell 

  om Class 67) 

Tree diameter b r e ~ t  high, in inches and additional lCkhs of inches 

Inches I 0.0 I 0.1 1 0.2 1 0.3 I 0.4 I 0.5 I 0.6 1 0 . 7  I 0.8 1 0.9 

1 0.05 0.06 0.07 0.08 0.09 0.11 0.13 0.15 0.17 0.19 
2 .22 .26 .30 .34 .38 .&? .46 .5O .55 .60 
3 -65 .70 -75 -80 -86 -92 -99 1-06 1.U 1.20 
4 1.27 1.34 1.W 1.48 1.55 1 . 6  1.72 1.81 1.90 2.00 
5 2.10 2.20 2.30 2.40 2.50 2.61 2.73 2.85 2.97 3.10 
6 3.7 3.9 4.1 4.3 4.4 4.6 4.8 4.9 5.1 5.3 
7 5.3 5-5 5.8 6.0 6.2 6.1 6.6 6.8 7.1 7.3 
8 7.3 7.7 8.0 8.2 8.4 8.6 8.8 9.0 9.4 9.7 
9 10.0 10.2 10.5 10.7 LL.l 4 U.6 LL,9 12.2 12.6 

10 12.7 13.2 13.5 13.8 l4.1 l4.4 l4.8 15.3 15.7 16.1 
)J. 16.4 16.8 17.1 17.4 17.7 18.0 18.4 16.8 19.2 19.6 
12 20.0 20.4 20.8 21.3 2L.7 22.1 22.5 22.9 '23.4 24.0 
13 24.4 24.8 25.2 25.6 26.0 26.5 26.9 27.3 27.7 28.1 
14 28.5 29.1 29.7 30.2 30.8 31.4 32.0 32.6 33.2 33.9 
15 34.5 35.0 35.6 36.1 36.8 37.3 37.9 38.4 39.1 39.6 
16 40.2 40.9 W.6 42.3 42.9 43.6 44.4 45.1 45.7 46.5 
17 46.9 47.6 48.3 , 49.1 49.8 50.5 51.3 52.0 52.7 53.4 
18 54.3 55.0 55.8 56.6 58.2 58.1 59.0 59.7 60.5 61.3 
19 61.9 62.5 63.2 63.9 64.6 65.2 65.9 66.7 67.3 68.0 
20 60.8 69.4 P.1 70.7 71.5 72.1 72.8 73.4 74.2 74.9 
21 75.8 76.7 77.6 78.4 79.4 80.2 81.1 82.0 82.9 83.9 
22 85.0 85.9 86.9 07.8 00.8 89.7 90.6 91.6 92.5 93.4 

; I 

Tabla U.--S~ruce-flr voluae table1: Merchantable cubic-foot v o l u s  t o  3-inch toe 
i 1 I 

I , 
L r  

inside bark ( ~ e e l e d  wood) and with 1-foot at- allomme 1 r 1,: (pow Clase 67) j 

Tree diameter breast high, in inches and additioaal 1 0 t h ~  of inches 



Table 19.-Ratio of merchslrtable volume t o  t o t a l  volume of spruce and fir on dominant 
noftmod s i tes .  i n  percent 

i 

Density Composition index 

index 10 20 30 40 50 60 70 80 90 100 

10 " 21.5 26.5 30.4 33.4 36.5 39.2 W.5 43.6 45.5 47.5 
30 26.0 29.5 33.1 36.0 38.8 W.1 43.2 45.1 47.2 49.1 
50 . 30.8 32.8 35.8 38.3 40.8 h2.9 U . 9  46.9 48.9 50.5 
70 32.1 35.2 38.0 40.4 42.6 W1.7 46.6 48.5 50.2 51.7 
90 34.8 37.7 40.1 42.2 44.3 46.3 48.2 49.9 51.4 52.7 

110 37.0 39.8 41.9 43.9 45.9 48.0 49.7 51.2 52.5 53.6 
130 39.4 W.5 43.6 45.7 Ir7.7 49.5 51.0 52.3 53.4 54.7 
150 41.2 43.4 45.3 47.2 49.2 50.8 52.1 53.2 54.5 55.6 
170 43.0 45.0 47.0 48.9 50.5 51.9 53.1 54.3 55.5 56.5 
l9Q 44.8 46.9 48.6 50.3 51.7 52.9 54.1 55.3 56.4 57.4 
210 46.5 48.2 50.0 51.5 52.7 53.9 55.1 56.2 57.2 58.2 
230 48.0 49.9 51.3 52.5 53.8 55.0 56.0 57.1 58.1 59.0 
250 49.6 51.1 52.3 53.6 54.8 55.9 56.9 58.0 58.9 59.8 

20-=-OLD CURIlOGS 

10 37.4 39.9 42.0 44.1 46.2 18.0 49.9 51.3 52.5 53.7 
30 39-5 W.8 43.8 45.9 47.7 49.7 51.1 52.3 53.5 54.8 
50 4l.4 43.6 45.5 47.5 49.3 50.9 52.2 53.3 54.6 55.7 
70 43.2 45.1 47.2 49.1 50.6 52.0 53.1 54.4 55.5 56.7 
90 44.9 46.9 48.8 50.4 51.8 53.0 54.2 55.3 56.5 57.4 

110 46.7 4R.4 50.2 51.6 52.9 54.0 55.1 56.2 57.3 58.2 
130 48.2 49.9 51.4 52.7 53.8 55.0 56.0 57.1 58.1 59.0 

u 150 49.7 51.2 52.4 53.7 54.9 55.9 57.0 58.0 58.9 59.8 
170 51.0 52.2 53.4 54.7 55.8 56.9 57.9 58.8 59.7 60.3 
190 52.0 53.2 54.5 55.6 56.7 57.7 58.7 59.5 60.2 61.1 
210 53.0 54.2 55.4 56.5 57.5 58.5 59.2 60.1 61.0 61.8 
230 54.0 55.2 56.4 57.3 58.3 59.1 59.9 60.9 61.7 62.5 
250 55.0 56.2 57.3 58.2 59.0 59.9 60.8 61.6 62.4 63.2 

30-lwJwxD cmmm 

10 46.8 48.6 50.3 51.7 52.8 5Ir.O 55.2 56.2 57.3 58.3 
30 18.3 50.0 51.5 52.7 53.8 55.1 56.1 57.2 58.1 59.1 
50 49.9 51.2 52.5 53.7 54.9 56.0 57.0 58.1 59.0 59.9 
70 51.1 52.2 53.5 54.7 55.9 56.9 57.9 58.9 59.8 60.4 
90 52.1 53.2 54.6 55.7 56.8 57.8 58.7 59.6 60.4 61.2 

110 53.1 54.3 55.6 56.6 57-6 58.6 59.3 60.3 61.1 61.9 
130 54.1 55.3 56.4 57.4 58.5 59.2 60.1 61.0 61.8 62.6 
150 55.1 56.2 57.2 56.3 59.1 60.0 60.8 61.7 62.5 63.2 
170 56.0 57.1 58.1 59.0 59.9 60.7 61.5 62.4 63.2 64.1 
190 57.0 58.0 58.9 59.8 60.5 61.3 62.2 63.1 63.9 64.4 
210 57.9 58.7 59.7 60.4 61.2 62.0 62.9 63.8 64.4 65.1 
230 58.8 59.4 60.2 61.0 61.9 62.8 63.6 64.3 65.1 65.5 
250 59.3 60.1 61.0 61.8 62.7 63.5 64.1 65.0 65.5 66.0 
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Table 19, continued.- 

40-YEAR-OLD CUTTINGS 

s 

Density 
index 

10 53.1 54.5 55.6 56.7 57.7 58.6 59.5 60.3 61.2 61.9 
30 54.2 55.4 56.4 57.5 58.4 59.3 60.2 61.0 61.8 62.6 
50 55.2 56.2 57.3 58.3 59.2 60.1 60.9 61.7 62.5 63.3 
70 56.0 57.2 58.2 59.0 6D.O 60.8 61.6 62.4 63.2 63.9 
90 57.0 1 58.9 59.8 60.6 61.4 62.3 63.1 63.8 64.6 

110 57.9 58.8 59.7 60.4 61.3 62.1 63.0 63.7 64.4 65.2 
130 58.7 59.5 60.3 61.2 62.0 62.9 63.6 64.3 65.1 65.7 
150 59.4 60.2 61.1 61.8 62.8 63.4 64.2 65.0 65.6 66.2 
170 60.1 6 l . O  61.7 62.7 63.3 64.1 64.9 65.5 66.1 66.7 
190 60.9 61.6 62.4 63.2 64.0 64.8 65.4 66-0 66-6 67.3 
210 61.5 62.3 63.1 63.9 64.7 65.3 65.9 66.4 67.2 67.7 
230 62.2 63.1 63.9 64.5 65.2 65.8 66.4 67.1 67.6 68.3 
250 63.0 63.9 64.4 65.1 65.6 66.3 67.0 67.5 68.2 68.8 

50-YEAR-OLD CUTTIWG8 

10 58.0 58.8 59.7 60.4 61.3 62.1 63.0 63.8 64.5 65.2 
30 58.7 59.6 60.3 61.2 62.0 62.8 63.7 64.4 65.1 65.7 
50 59.5 60.2 61.1 61.8 62.7 63.6 64.3 65.0 65.6 66.2 
70 60.1 61.0 61.7 62.6 63.4 64.2 64.9 65.5 66.1 66.7 
90 m.9 61.6 62.5 63.3 64.0 6b.8 65.4 66.0 66.6 67.3 

l l 0  61.4 62.4 63.1 63.9 64.7 65.3 65.9 66.5 67.2 67b8 
130 62.3 63.0 63.8 64.6 65.2 65.8 66.4 67.1 67.7 68.4 
150 62.9 63.7 64.5 65.1 65.7 66.3 67.0 67.6 68.3 68.8 
170 63.6 64.4 65.0 65.6 66.2 66.9 67.5 68.2 68.7 69.4 
190 64.3 64.9 65.5 66.1 66.8 67.4 68.1 68.6 69.3 69.9 
210 64.8 65.4 66.0 66.7 67.3 68.0 68.5 69.2 69.8 70.2 
230 65.3 65.9 66.5 67.2 67.8 68.4 69.1 69.7 70.1 70.9 
250 65.8 66.4 67.1 67.7 68.3 69.0 69.5 70.1 70.7 71.2+* 

60-YEAR-OLD CUTTINGS 

10 61.6 62.5 63.2 64.0 64.7 65.4 66.0 66.6 67.2 67.8. 
30 62.3 63.1 63.9 64.6 65.3 65.9 66.5 67.1 67.8 68.3 
50 63.0 63.8 64.5 65.2 65.8 66.4 67.0 67.7 68.3 68.8 
70 63.7 64.4 65.1 65.7 66.3 66.9 67.6 68.2 68.8 69.3 
90 64.3 65.0 65.6 66.2 66.8 67.5 68.1 68.7 69.3 69.9 

110 64.9 65.5 66.1 66.7 67.4 68.0 68.6 69.2 69.8 70.3 
130 65.4 66.0 66.6 67.3 67.9 68.5 69.1 69.7 70.2 70.8 
150 65.9 66.5 67.2 67.8 68.4 69.1 69.6 70.1 70.8 71.2 
170 66.4 67.1 67.7 68.3 69.0 69.5 70.1 70.7 71.1 71.6 
19 , 67.0 67.6 68.2 68.9 69.4 70.0 70.6 71.1 71.5 71.9 
210 67.5 68.1 68.8 69.3 70.0 70.5 71.0 71.5 71.9 72.2 
230 68.0 68.7 69.2 69.9 70.4 70.9 71.4 n . 9  72.1 72.6 
250 68.6 69.1 69.8 70.3 70.8 71.3 71.8 72.1 72.5 73.0 

Composition index 

l o  30 20 40 50 60 70 80 go 100 




