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Growth Rates 
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of New England, 
Based on Remeasured Plots ' 
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Introduction 

THE fact  tha t  t r e e s  grow makes the ext ract ion of logs 
and bo l t s  from a fores t  d i f fe ren t  from the ext ract ion 

of ore from a mine. Every mine has a l i m i t ,  and sooner or 
l a t e r  it must be abandoned, e i t h e r  because the vein has run 
out or because the mine has become too cos t ly  t o  operate. 
But a properly managed fores t  --one where cut t ing maintains 
production--never becomes exhausted by harvesting operations 
alone. 

Trees grow by adding successive layers of wood. This 
means t h a t  the annual growth of wood cannot be harvested 
l ike  corn or  potatoes. Instead, the fo res t  manager r e l a t e s  

l ~ a t a  f o r  t h i s  s t u d y  were ob ta ined  from p l o t s  e s t a b l i s h e d  and remeasured by 
t h e  f o l l o w i n g  t i m b e r l a n d  owners :  Brown Co., Dead R i v e r  Co., G r e a t  N o r t h e r n  
Paper  Co., I n t e r n a t i o n a l  Pape r  Co., Penobscot  Development Co., S t .  R e g i s  P a p e r  
Co., S c o t t  Paper  Co., S t anda rd  Packaging Corp. (Eas t e rn  Corp. ) ,  James W. Sewal l  
Co., and S. D. Warren Co. These  a r e  t h e  c o n c e r n s  c o o p e r a t i n g  i n  t h e  g rowth  
s t u d y  f o r  t h e  s p r u c e - F i r  r e g i o n  of Maine and a d j o i n i n g  New Hampshire. 
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t he  volume removed by c u t t i n g  t o  t he  volume added by growth. 
On the  average, with a properly balanced f o r e s t ,  c u t t i n g  
should equal  growth. 

The f o r e s t s  of t he  Northeast a re  genera l ly  under- 
stocked, so t h a t  growth should exceed the  cu t  while t he  
s tands  a re  being b u i l t  up t o  what is des i red .  Thus, a knowl- 
edge of growth i s  extremely important t o  the  f o r e s t  manager. 

N E E D  F O R  G R O W T H  D A T A  

The manufacture of paper from wood became important 
i n  nor thern  New England around t h e  t u r n  of t he  century.  And 
f o r  t h i r t y  years  o r  more t h e  supply of wood was more than 
adequate f o r  t h i s  i ndus t ry ' s  needs; technology made more and 
more spec ies  ava i l ab l e  f o r  paper making, and water t r anspo r t  
became l e s s  e s s e n t i a l .  Then, during and immediately a f t e r  
World War 11, wood procurement became d i f f i c u l t  because of 
l imi ted  suppl ies  of wood, as  wel l  as  shortages of manpower 
and equipment. Although o f f i c i a l s  of most companies were 
concerned with the  increas ing  s c a r c i t y  of s u i t  ab le  wood, 
some bel ieved they already owned too  much wild land. The 
answer i n  e i t h e r  case requi red  more exact  information on the  
growth of t h e i r  f o r e s t s  than was ava i l ab l e  i n  t h e  l a t e  
1940's .  For many years  growth es t imates  were made by r u l e  of 
thumb--"one- t o  two-tenths cords per acre  per year ."  But 
f o r e s t e r s  now f e e l  t h a t  t h i s  formula is no longer va l id ,  i f  
it ever  was. 

In  t h i s  a r ea  of New England, wood-using indus t r i e s  
exe r t  a profound e f f e c t  upon employment and wages and upon 
t h e  dependent s e rv i ce s .  Approximately one-third of t he  peo- 
p l e  i n  !daine2 work i n  the f o r e s t s  or i n  wood-using indus- 
t r i e s .  They produce near ly  two-f i f ths  of a l l  t h e  s t a t e ' s  
products i n  value.  Thus, t o  the  ex ten t  t h a t  such i n d u s t r i e s  
might be compelled t o  shut  d o h  o r  move, o r  t h a t  they might 
grow and expand, t h e  people too  have an i n t e r e s t  i n  more 
accurate  information about t h e  growth of these  f o r e s t s .  

G R O W T H  D E F I N E D  

A t  t h i s  point  perhaps we should consider  what is 
meant by growth--that i s ,  growth i n  r e l a t i o n  t o  the  manage- 
ment of a f o r e s t .  I t  is  a subjec t  t h a t  i s  not  always wel l  
understood. Increment might be a b e t t e r  word than growth, 

'census o f  Maine manufacturers .  Maine h p t .  of Labor and I n d u s t r y  Rpt. 262, 
40 pp. (mimeo), 1957. 
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but i t  never caught on f o r  genera l  usage. I f  t r e e s  on the  
same a rea  a r e  measured on two successive occasions, net  
growth i n  volume i s  the  d i f f e r ence  i n  volume between these  
two measurements. 

This br ings  out  t he  importance of care  and consis ten-  
cy i n  t he  bas i c  measurements. I f  t r e e s  a re  measured on two 
successive occasions, t h e i r  d i f fe rence  i n  diameter, height ,  
o r  volume i s  growth. Thus t o  minimize measurement e r r o r s ,  
t r e e s  should be measured i n  t he  same manner, a t  t he  same 
place, with the same d e f i n i t i o n s .  Furthermore, t o  avoid 
b i a s  i n  es t imat ing  volume growth, t he  same volume t a b l e  
must be used a t  each occasion, ad jus t ing  f o r  changes i n  
height  and form as  may be necessary.  

To b e t t e r  apprec ia te  t he  make-up of net  growth, con- 
s i d e r  t h e  changes t h a t  may occur i n  t he  i n t e r v a l  between 
measurements: some t r e e s  d i e ;  o the r s  may be c u t ;  t he  remain- 
der  increase  i n  s i z e .  Some t r e e s  of t h i s  remainder become 
use l e s s  because of increased r o t  o r  o ther  de fec t .  Others may 
grow t o  merchantable s i z e .  For t h e  sound t r e e s  t h a t  increase 
i n  s i z e ,  volume added t o  t r e e s  previously measured i s  a c c r e -  
t i o n  while t h e  e n t i r e  volume of t r e e s  t h a t  c ros s  t h e  thresh-  
o l d  of measurement is ingrowth. The volume of t r e e s  t h a t  
d i e  is mortality. 

Accretion a l s o  includes volume added t o  t r e e s  t h a t  
d i e  o r  a r e  cu t  during the  i n t e r v a l .  Ingrowth would include 
any t r e e s  t h a t  grew i n t o  measurable s i z e  and d ied  during the  
i n t e r v a l  and any t r e e s  previously considered c u l l  t h a t  be- 
come merchantable. Mor ta l i ty  may include volume of some 
t r e e s  not  previously measured and does include volume added 
t o  t r e e s  i n i t i a l l y  measured t h a t  d i e  during t h e  i n t e r v a l .  
Trees t h a t  become c u l l  a r e  e f f e c t i v e l y  t he  same as mor ta l i ty  
even though s t i l l  a l i v e .  

I These three--accret ion,  ingrowth, and mortality--are 
1 theelementsofnetgrowthasdefinedabove: 

Net growth is accre t ion  p lus  ingrowth minus mor t a l i t y .  

Gross growth i s  ne t  growth plus mor ta l i ty ,  o r  accre- 
t i o n  plus ingrowth. 

Fac tors  t h a t  a f f e c t  net  growth a r e  those t h a t  a f f e c t  
t h e  growth and su rv iva l  of t r e e s .  Some of these  more i m -  
por tan t  f a c t o r s  a r e  species ,  s i t e ,  dens i ty ,  c l imate,  age, 
and assoc ia ted  vegetat ion.  I t  is evident  t h a t  many of these 
a r e  d i f f i c u l t  t o  i d e n t i f y  and measure. Fac tors  a f f ec t ing  



growth a r e  o f t e n  s o  i n t e r r e l a t e d  t h a t  a broad c l a s s i f i c a t i o n  
such as  f o r e s t  type w i l l  include, t o  some degree, species ,  
s i t e ,  c l imate,  and assoc ia ted  vegetat ion.  

C O O P E R A T I V E  G R O W T H  S T U D Y  PLANNED 

In t he  mid and l a t e  1940's  concern over t h e  continued 
a v a i l a b i l i t y  of wood f o r  paper i n  s u f f i c i e n t  volume deepened. 
And t h i s  concern brought about increased i n t e r e s t  i n  more 
dependable growth da t a  f o r  t h e  spruce-f ir  area,  e spec i a l l y  
i n  Maine and northern New Hampshire. The cooperat ive growth 
study was organized t o  provide these  needed d a t a ;  t he  work 
was l a rge ly  a r e s u l t  of t he  i n t e r e s t  and e f f o r t s  of a few 
company f o r e s t e r s .  The working plan3 which has guided the  
pro jec t  was w r i t t e n  and approved i n  1950. F i e ld  work was 
begun t h a t  same year and t h e  l a s t  p l o t s  were e s t ab l i shed  i n  
1955. 

Purpose of 
This Report 

More than three-fourths of t h e  p l o t s  had been remeas- 
ured once by t h e  end of 1958 and, i n  response t o  mounting 
i n t e r e s t  and an i n s i s t e n t  demand, Longwood repor ted  pre- 
l iminary r e s u l t s  a t  t h e  New England Sect ion meeting of t h e  
Society of American Fo res t e r s  i n  March 1959. This paper has 
been prepared t o  make those prel iminary r e s u l t s  more r e a d i l y  
ava i l ab l e  and t o  supplement them with analyses made s ince  
t he  meeting. 

This r epo r t  is preliminary--the ca l cu l a t ed  s t a t i s t i c s  
do not  include da t a  from more than 200 of t h e  e s t ab l i shed  
p l o t s .  However, these  add i t i ona l  p l o t s  w i l l  probably not  
ma te r i a l l y  a f f e c t  t h e  means and variances t h a t  have been 
ca l cu l a t ed  i f  they are  from t h e  same population, as  has been 
assumed. The r epo r t  t h a t  is planned when a l l  p l o t s  have 
been remeasured once i s  expected t o  d i f f e r  p r inc ipa l ly  i n  
t h a t  a more thorough ana lys i s  w i l l  be made. I t  may be ex- 
pected by 1962; i t  w i l l  seek t o  e s t a b l i s h  bas i c  r e l a t i o n -  
sh ips  and t o  i d e n t i f y  inf luenc ing  f a c t o r s  a s  wel l  as  t o  r e -  
v i s e  means and variances a s  may be needed. 

 orki kin^ p l a n  f o r  j o i n t  c o o p e r a t i v e  growth s t u d y  f o r  s p r u c e - f i r  r e g i o n  o f  
Maine. N o r t h e a s t .  F o r e s t  Expt. Sta .  and Maine Timberland Owners. 1950. 
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The Study 
Is Established 

A s  soon as  t he  plan was approved by the  e igh t  o r i g i -  
n a l  cooperators,4 p lo t  establ ishment  was begun. The plan 
included a d e t a i l e d  desc r ip t i on  of the s tandard f i e l d  pro- 
cedure f o r  p lo t  s e l ec t ion ,  establ ishment ,  and remeasurement; 
The companies e s t ab l i shed  and remeasured the  p l o t s  while t he  
Northeastern Forest  Experiment S t a t i o n  served as  coordina- 
t o r ,  compiling and analyzing the  da ta .  

The general  purpose of the study was t o  l ea rn  t he  
average growth r a t e s  s o  t h a t  t he  cooperat ing companies could 
more accura te ly  es t imate  t h e  growth of spruce and f i r  on 
t h e i r  holdings.  The allowable e r r o r  was s e t  a t  10 percent 
of the  mean f o r  t he  spruce- f i r  component. I t  was recognized 
t h a t  growth would vary by f o r e s t  type and might a l s o  be a f -  
f ec t ed  by dens i ty  and height  of t he  dominant s tand.  The in-  
f luence of o ther  f a c t o r s  was a l s o  considered, but t he re  
seemed t o  be no p r a c t i c a l  way t o  include them f o r  a l l  co- 
opera tors .  Var ia t ion  i n  these t h r ee  factors--densi ty,  
height ,  and type of stand--would def ine  s t r a t a ,  o r  c l a s se s ,  
of f o r e s t  land and were expected t o  be more e f f i c i e n t  c r i t e -  
r i a  than o the r  f a c t o r s  f o r  sampling per iodic  growth. Data 
from a l l  cooperat ing companies was pooled t o  provide s trong- 
e r  averages by c l a s se s .  This procedure presumes t h a t  aver- 
ages by c l a s s e s  a re  t h e  s m e  f o r  a l l  companies. 

S A M P L I N G  D E S I G N  

Classes used i n  t h i s  s tudy were adapted from spu r rS  
because f i v e  of t h e  o r i g i n a l  cooperators  had used s i m i l a r  
c l a s s e s  i n  t h e i r  f o r e s t  inventor ies  based on a e r i a l  photo- 
graphs. The o the r  cooperat ing companies would be ab le  t o  
es t imate  a reas  by these  c l a s s e s  and s o  ob ta in  t he  needed 
s t r a t a  weights.  The c l a s s e s  f i n a l l y  adopted were a compro- 
mise among those cooperators  having a i r  photo coverage of 
t h e i r  lands.  Twenty-seven c l a s s e s  were defined recognizing 
th ree  l e v e l s  i n  each of t h r ee  f ac to r s :  f o r e s t  type, s tand 
densi ty,  and stand he ight .  These l e v e l s  a r e  as  follows: 

%he f i r s t  s e v e n  companies p r e v i o u s l y  l i s t e d  i n  F o o t n o t e  1 ,  p l u s  t h e  North- 
e a s t e r n  F o r e s t  Experiment S t a t i o n ;  t h e  o t h e r  t h r e e  came i n  soon t h e r e a f t e r .  

I s p u r r ,  S. H. A e r i a l  photographs i n  f o r e s t r y .  340 pp. New York, 1948. 
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F o r e s t  Type  

(S) Softwood 66 - 100 percent softwood species 
(M) Mixedwood 21 - 65 percent softwood species 
(H) Hardwood 0 - 20 percent softwood species 

S t a n d  H e i g h t  

(1) Less than 35 fee t  
(2) 35 - 64 fee t  
(3) More than 64 fee t  

S t a n d  D e n s i t y  

(A) 71 - 100 percent crown closure 
(B) 41 - 70 percent crown closure 
(C) 11 - 40 percent crown closure 

Thus, three symbols would ident i fy  a par t icular  c lass :  S1A 
f o r  example, would stand f o r  softwoods l e s s  than 35 fee t  i n  
stand height and with a 71-100 percent stand density.  

A e r i a l  
P h o t o g r a p h s  U s e d  

Where a e r i a l  photos were available,  these c lasses  
were t o  be iden t i f i ed  on the photographs. However, t o  in- 
clude i n  the study as many companies as would l i k e  t o  coop- 
era te ,  it was agreed t h a t  possession of a e r i a l  photographs, 
though desirable,  was not a requ i s i t e .  The sampling design 
was planned on the bas is  of such photographs and those with- 
out them recognized t h a t  it might not be possible t o  pool 
t h e i r  data  with those who had photographs. 

Another problem arose: the poss lb i l i ty  of differences 
i n  pkioto in terpre ta t ion among the companies. I t  was pro- 
posed t o  solve t h i s  question by having an experienced fo res t  
survey in terpre ter6  c l a s s i f y  a l l  p lo t s  with photos. A sub- 
sequent analysis  would determine whether or  not there were 
r e a l  differences and how t o  adjust  i f  necessary. This anal- 
ys i s  w i l l  be made when a l l  p lo t s  have been remeasured once. 

N u m b e r  a n d  
D i s t r i b u t i o n  o f  P l o t s  

Desired accuracy is essen t i a l  i n  specifying the num- 
ber of p lo t s  t o  remeasure. A s  has been noted, the allowable 
e r ro r  was s e t  a t  10 percent of the mean fo r  the spruce-fir  

%. J. G r i s e t  served as photo in terpreter .  H i s  work i s  g r a t e f u l l y  acknowl- 
edged. 
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component. In  es t imat ing  sample s i z e ,  t h i s  s tandard of 
prec is ion  was i n t e rp re t ed  t o  apply t o  t he  weighted average 
of a l l  c l a s se s .  Areas from f o r e s t  survey da t a  f o r  northern 
New Hampshire and variances est imated from ava i l ab l e  d a t a  
from remeasured p l o t s  were used i n  ca l cu l a t i ng  the  number of 
sample p l o t s  requi red .  (Areas w i l l  sometimes vary from one 
property t o  another and t en  percent accuracy may not be met 
i n  a l l  cases.)  The number of p l o t s  s o  est imated was 860;  
Their d i s t r i b u t i o n  by c l a s s e s  is  shown i n  t a b l e  1. These 
p l o t s  were then d i s t r i b u t e d  by cooperators  i n  Ju ly  1950 
without regard t o  s tand c l a s s e s  (see t a b l e  2 ) .  

Table 1.--Numbers of plots (by classes) estimated to be needed 

Forest type 
(stand density in percent) 

Height 
class Sof twoods Mixed woods Hardwoods 

11-40 41-70 70+ 11-40 41-70 70+ 11 4 0  41-701 70+ 

40 50 40 0-34(1' 
50 60 50 

20 50 30 10 20 10 
35-84 (2) 20 60 40 10 20 10 

6 5 t  (3) 50 60 50 20 30 20 10 20 10 

F I E L D  P R O C E D U R E  

Where a e r i a l  photographs were ava i lab le ,  p l o t s  were 
e s t ab l i shed  a t  random wi th in  t he  appropriate  de l inea ted  
c l a s s .  I n  t h e  absence of photographs, p l o t s  were s e l ec t ed  
a t  random from permanent c r u i s e  p l o t s  a f t e r  they were c l a s -  
s i f i e d  on t h e  b a s i s  of type, he ight ,  and dens i ty .  NO a t -  
tempt was made t o  ass ign  numbers of p l o t s  by c l a s s e s  t o  a 
company. Instead,  a t  t he  c lo se  of each f i e l d  season ( u n t i l  
p lo t  establ ishment  was considered complete), numbers t h a t  
had been e s t ab l i shed  were repor ted  t o  a l l  cooperators .  I n  
t h e  following season each company t r i e d  t o  take p l o t s  from 
t a b l e  1 where t he  need was g r e a t e s t .  As  a r e s u l t  more p l o t s  
were e s t ab l i shed  i n  t h e  common c l a s s e s  than had been e s t i -  
mated t o  be necessary and not enough p l o t s  were e s t ab l i shed  
i n  t h e  l a rge  and small  height  c l a s s e s  and i n  t he  low densi-  
t y  c l a s s e s .  A t o t a l  of 1,122 p l o t s  were s o  e s t ab l i shed ,  of 
which 865 have been remeasured. I t  i s  the  da t a  from the 865 
remeasured p l o t s  t h a t  has been used i n  t h i s  r epo r t .  

I n  remeasuring these  p lo ts ,  the usual  d i f f i c u l t i e s  
were encountered. E r ro r s  of omission and dupl ica t ion  may 



occur i n  each t a l l y  and t h e r e  a re  of course t h e  common m i s -  
t akes  made i n  reading sca l e s ,  i den t i fy ing  species ,  and r e -  
cording da ta .  For these  reasons, i t  was not  always possible  
t o  achieve pe r f ec t  agreement between successive t a l l i e s  of 
t he  same p lo t ,  even with due allowance f o r  growth. The 
s i g n i f i c a n t  point  is not  t h a t  such mistakes were made but  
t h a t  f o r  t h i s  s tudy t h e  proport ion of a f fec ted  p l o t s  was a s  
small  as  it was. This is an inescapable problem i n  remeas- 

Table 2.--Number of plots,  by cooperators 

Table 3.--Numbers of reneasured plots by classes 

u r ing  p l o t s ;  and it is why such extreme ca re  must be taken 
i n  these  measurements. Though it is aweakness of growth 
es t imates  based on remeasured p lo ts ,  it is s t i l l  t r i v i a l  i n  
comparison with ava i l ab l e  a l t e r n a t i v e s  . 

Resul t s  from the  remeasurement of these  865 plot$ 
were repor ted  by Longwood a t  t he  Boston S.A.F. meeting i n  
March 1959. Class  d i s t r i b u t i o n  of t h e  p l o t s  is shown i n  
t a b l e  3. 
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Cooperator 

Brown 90 78 78 
Dead River 60 228 185 
Oreat Northern 350 357 342 
International 90 94 0 
Penobscot 90 120 119 
St.  Regis 90 78 22 
Scott 90 110 87 
S. D. Warren 0 18 0 
James W. Sewall 40 25 23 
Standard Packaging 0 14 9 

(Eastern Corp;) 

Total 900 1,122 865 

Allotted 

Height 
c lass  

Established 

0-34(1) 4 13 4 1  8 3 5 0 2 2 
35-64(2) 34 166 164 28 189 66 60 34 20 

6% (3) 0 0 4 0 2 6 2 6 6 

Forest type 
(stand density In percent) 

Rewastired 
( to  1-1-59) 

Hardwoods 

11-40 1 41-70 1 70+ 

Mixed woods 

1 1 4 0  41-70 1 70+ 

Softwoods 

11-40 41-70 70+ 



A N A L Y S I S  O F  D A T A  

V o l u m e  C o m p u t a t i o n s  

The bas i c  d a t a  cons is ted  of t a l l i e s  of t r e e s  by spe- 
c i e s  and by d.b.h.  f o r  each of the  865 p lo t s ,  both a t  es tab-  
lishment and remeasurement. These d a t a  were converted t o  
volume i n  cubic f e e t ,  using Austin Cary 's  t a b l e s l ,  as  f o l -  
lows: spruce from Cary ' s  t a b l e  6 was reduced by 129 percent 
t o  give wood-without-bark; o the r  softwoods were reduced an 
addi t iona l  8 percent t o  r e f l e c t  d i f f e r ences  i n  form; and 
hardwoods were est imated from Cary 's  t a b l e  described on 
pages 138 t o  146 of t h e  Report of t he  Fores t  Commissioner 
(Maine) f o r  1933-1934. 

The volume d a t a  axe shown i n  cubic f e e t  of wood-with- 
out-bark; t h i s  is volume used t h a t  may be measured objec- 
t i v e l y  and cons i s t en t ly .  Se lec ted  r e s u l t s  a r e  converted t o  
cords of rough and peeled wood using 80 and 96 cubic f e e t  
per cord, r e spec t ive ly .  Of course, the  cord i s  t h e  s tandard 
i n d u s t r i a l  u n i t  f o r  buying and s e l l i n g  wood. But because of 
i t s  looseness a s  a u n i t  of measure--a f a c t  well-known by 
anyone who has ever  s tacked wood--the bas i c  computations 
a r e  i n  cubic f e e t .  

Resul ts  a re  shown by f i v e  d i f f e r e n t  spec ies  groups: 
spruce-f ir-hemlock, a l l  softwoods, beech-birch-maple, a l l  
hardwoods, and a l l  spec ies .  These groups were s e l ec t ed  on 
the  b a s i s  of i ndus t ry ' s  expected i n t e r e s t .  Beech-birch- 
maple includes beech, yellow birch,  sugar and red  maple, 
but not  paper (white) b i rch .  Otherwise t h e  group names a re  
c l e a r .  More d e t a i l e d  information on the  groups i s  planned 
f o r  t he  next r epo r t .  

Net new growth a s  used throughout t h i s  r epo r t  i s  the  
d i f fe rence  i n  volume a t  two successive t a l l i e s .  

T e s t s  Made  

The f i r s t  ques t ion  r equ i r ing  ana lys is  was whether 
t he re  was need t o  separa te  those p l o t s  c l a s s i f i e d  from a e r i -  
a l  photographs from those c l a s s i f i e d  only on the  ground. 
This procedure was t e s t e d  s t a t i s t i c a l l y  using ne t  growth of 
spruce-fir-hemlock. Differences between means by c l a s s e s  
were small enough t o  have been random. Thus a l l  t he  da t a  
were pooled, and t h e  o r i g i n a l  27 c l a s s e s  preserved i n  s o  f a r  

' ~ a r y ,  Austin. Woodsman' s manual. Fourth Ed.,  323 pp. Harvard Univ. Press, 
Canbridge, 1932. 



as they were represented (see t ab le  3) . And so cooperators 
without photographs were able t o  use r e s u l t s  from a l l  coop- 
e ra to r s .  

Even though t h i s  t e s t  f a i l ed  t o  reveal  a s ignif icant  
difference between the two s e t s  of data, there i s  the pos- 
s i b i l i t y  of a consistent  difference i n  photo in terpre ta t ion 
between Grisez and one or  more of tke company in te rp re te r s .  
I f  t h i s  were t rue ,  use of s t r a t a  weights based on delinea- 
t ions  by the company in te rp re te r  could r e s u l t  i n  a biased 
estimate of growth. This problem w i l l  be studied when a l l  
p lo ts  have been remeasured. 

Next, the need f o r  a l l  27 c lasses  was challenged 
Analysis of variance of net growth i n  spruce-fir-hemlock was 
used and the "F-ratio" f o r  c lasses  proved highly s ign i f i can t .  
Component analysis  supported the continued use of c lasses  
based on composition and height but indicated tha t  the two 
lower density classes,  B (41-70 percent) and C (11-40 per- 
cent) ,  could be combined. These data  were accordingly pool- 
ed, r e su l t ing  i n  18 possible c lasses  with data  f o r  17 as 
shown i n  t ab les  4 and 5. ( I t  is recognized tha t  other spe- 
c i es  groups or  net  growth of a l l  species might give d i f f e r -  
ent  r e s u l t s ;  appropriate t e s t s  w i l l  be made when a l l  p lo t s  
have been remeasured. ) 

Results and 
HOW to Use Them 

Averages' by c lasses  were then computed, showing 
growth by components fo r  the f ive  species groups (see t ab le  
4) .  I n i t i a l  volume, gross growth, and net growth are a lso  
given fo r  a l l  species. A s  w i l l  be brought out, t h i s  t ab le  
i s  ch ie f ly  valuable fo r  diagnosis. I t  could, of course, be 
used t o  estimate accretion of spruce-f ir-hemlock, or any 
other s imi lar  combination. A s  a r e s u l t  of inadequate Sam- 
pling, some of the e n t r i e s  i n  t h i s  table  are obviously in- 
consistent .  I t  i s  unlikely, f o r  example, tha t  there is 
r e a l l y  no growth of beech-birch-maple i n  c lass  H 1 A  (hard- 
wood, 0-34 fee t  i n  height, 70-100 percent density),  but the 
two plots  i n  t h i s  c l a ss  jus t  happen not t o  have had any 
beech, birch, o r  maple t r e e s  on them. Nonetheless, the 
averages shown are the  best estimates available.  
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Table 4 .--continued. 

Beech-birch-maple All hardwoods 

Stand class 

Accretion Ingrowth ~ortalit~* Accretion Ingrowth ?dortality* 

0-34 70+ 0.5 0.1 0.0 0.5 0.2 0.2 
Softwoods 35-64 70+ 2.4 1.4 3,. 7 3.7 1.8 4.8 

6% 7ot 2.3 3.8 .O 2.3 3.8 

0-34 11-70 .4 .5 4.2 1.1 1.9 4.6 
Softwoods 35-64 11-70 2.2 1.6 4.8 3.6 2.3 6.1 

6% 11-70 -- -- -- -- -- -- 
0-34 70+ .O .O .O 2.9 .O 1.3 

Mixed woods 35-64 70+ 7.6 2.9 9.0 9.9 4.2 11.2 
6 s  70+ 3.5 1.5 40.5 3.5 1.5 40.5 

0-34 11-70 3.2 4.9 1.1 4.9 10.8 3.7 
Mixed woods 35-64 11-70 8.7 4.5 10.3 10.2 5.3 12.4 

6% 11-70 14.4 6.7 5.2 14.4 6.7 5.2 

0-34 70+ .O .O .O 4.5 16.1 .O 
Hardwoods 35-64 7ot 7.4 8.0 11.4 13.8 15.8 17.4 

6 5+ 70+ 14.2 3.6 9.7 14.9 5.1 9.7 

0.34 11-70 21.7 9 .O 11.1 21.7 14.3 11.1 
Hardwoods 35-64 11-70 17.4 6.2 15.3 18.7 6.9 16.6 

6% 11-70 16.9 9.2 34.4 16.9 9.2 34.4 

(continued) 



Table 4.--continued. 

*bfortality includes volume of t r ee s  t h a t  became c u l l  and a few t r ee s  tha t  were cu t  without 
explanation. 

Stand class 

0-34 7ot 849 27.5 30.6 4.9 58.1 53.2 
Softwoods 35-64 70+ 1,858 56.5 23.9 18.6 80.4 61.8 

6% 70+ 1,966 60.9 10.6 38.4 71.5 33.1 

0-34 11-70 4 30 27.2 25.8 8.0 53.0 45.0 
Softwoods 35-64 11-70 1,559 53.6 23.7 24.4 77.3 52.9 

65+ 11-70 -- -- -- -- -- -- 
0-34 70+ 947 33.8 16.1 2.0 49.9 47.9 

Mixed woods 35-64 70+ 1,698 50.3 23.5 23.5 73.8 50.3 
6% 70+ 2,496 21.2 6.4 58.4 27.6 30.8 

0-34 11-70 2 73 17.6 23.3 4.3 40.9 36.6 
Mixed woods 35-64 11-70 1,428 46.1 19.5 24.0 65.6 41.6 

6% 11-70 1,910 44.8 18.2 19.6 63.0 43.4 

0-34 7Ot 247 13.2 16.1 .O 29.3 29.3 
Hardwoods 35-64 70+ 896 22.6 19.3 22.1 41.9 19.8 

6% 70t 2,132 25.9 7.0 19.0 32.9 13.9 

0-34 11-70 492 21.7 14.3 11.1 36.9 24.9 
Hardwoods 35-64 11-70 903 29.6 12.1 19.5 41.7 22.2 

65+ 11-70 1,308 25.5 11.9 34.8 37.4 2.6 

A l l  species 

Initial 
volume 

Accretion Ingrowth Mortality* 
growth 

Net 
growth 



N E T  G R O W T H  & I T S  C O M P O N E N T S  

The p r a c t i c a l  f o r e s t  manager, however, i s  more con- 
cerned with ne t  growth, even though study of t he  above com- 
ponents may be i n t e r e s t i n g  t o  him. Data on ne t  growth t o -  
gether  wi th  t h e  corresponding variances and numbers of p l o t s  
a r e  shown i n  t a b l e  5 .  These da t a  provide t he  b a s i s  f o r  
es t imat ing  t o t a l  o r  mean growth f o r  a s p e c i f i c  a r ea  of f o r -  
e s t  land. 

H O W  T O  U S E  T H E S E  G R O W T H  D A T A  

We now come t o  t h e  matter  of how these  growth d a t a  
w i l l  be used i n  s p e c i f i c  s i t u a t i o n s ,  p a r t i c u l a r l y  by t h e  
l a rge  landowner. Let ' s consider  two examples. 

I n  the  f i r s t  place, suppose it i s  des i red  t o  es t imate  
growth f o r  a p a r t i c u l a r  property.  In  addi t ion  t o  t he  d a t a  
i n  t a b l e  5 ,  it i s  necessary t o  know a rea  f o r  each of t he  
c l a s s e s  represented .  Growth f o r  t he  property is then e s t i -  
mated by t h e  sum of products of  a r ea  and average ne t  growth. 
A numerical example is shown i n  t a b l e  6, where a reas  were 
assumed . 

EXAMPLE 1: On an assumed f o r e s t  of 51,350 acres  i n  northern 
Maine, a e r i a l  photographs were de l inea ted  t o  ob t a in  a reas  
by st and c l a s se s .  

The ca l cu l a t i ons  necessary t o  es t imate  ne t  growth of 
spruce -f ir-hemlock f o r  t h i s  property a r e  shown i n  t a b l e  6 .  
Area d a t a  were derived from the  assumed photo de l inea t ions .  
Average growth r a t e s  were read  from t a b l e  5. The products 
of a r ea  and growth a r e  shown i n  t h e  next t o  l a s t  column. 
The sum of these  products is  est imated annual ne t  growth f o r  
t h e  whole property expressed a s  cubic f e e t  of wood-without- 
bark. The same r e s u l t  could have been obtained by ca l cu l a -  
t i n g  t h e  proport ions of area,  a s  shown i n  t he  t h i r d  column 
of t a b l e  6. The sum of t he  products of these  proport ions 
wi th  average growth by c l a s s e s  is average growth per acre  
f o r  t h e  e n t i r e  area,  44.8 cubic f e e t  i n  t h i s  example. And 
mult iplying t h i s  average by t o t a l  a r ea  g ives  t h e  same annual 
ne t  growth f o r  t he  whole property, except f o r  e r r o r s  due t o  
r o d d i n g ,  o f f .  For t h i s  purpose alone t h e r e  i s  no p a r t i c u l a r  
advantage. For ca l cu l a t i ng  sampling e r r o r s ,  however, these  
proport ions a re  needed and i t  becomes more e f f i c i e n t  t o  use 
them than use t h e  poss ib ly  more f ami l i a r  procedure. 

EXAMPLE 2: Assume t h a t  t h e  865 p l o t s  t h a t  have been remeas- 
ured a r e  i n  f a c t  a simple random sample of t h e  spruce-f i r  



region of Maine and northern New Hampshire and t h a t  t he  
a r ea  of t h i s  region is  assumed t o  be f i f t e e n  mi l l ion  
acres .  

The necessary ca l cu l a t i ons  a r e  shown i n  t a b l e  7 ,  col -  
umns 1, 2, 3, 4, and 6 .  Numbers of p l o t s  of column 2 were 
read from t a b l e  3. Average growth r a t e s  of column 3 were 
read  from t a b l e  5. Proport ions of column 4 were ca l cu l a t ed  
from numbers of  p l o t s  of column 2. Thus t he  average annual 
net  growth of a l l  spec ies  i n  t he  region is est imated t o  be 
45.53 cubic f e e t  per acre .  For the  region a s  a whole annual 
growth is est imated by mult iplying t h i s  average by the  a r ea  
of t he  region, ( a s s u m e d  t o  be f i f t e e n  mi l l ion  acres) ,  i n  
t h i s  case, 682.95 mi l l i on  cubic f e e t  is t h e  est imated annual 
growth i n  t h i s  t h e o r e t i c a l  example. 

These ca l cu l a t i ons  have been made i n  cubic f e e t ,  
which is measurable f o r  t he  t r e e s  and p l o t s  of t h i s  s tudy.  
The foregoing r e s u l t s  may be expressed i n  cords by d iv id ing  
by the  proper number of cubic f e e t  of wood per cord.  The 
r e s u l t s  t abu la t ed  below were obtained by using 80 cubic f e e t  
f o r  a cord of rough wood and 96 cubic f e e t  f o r  a cord of 
peeled wood: 

Rough Pee  l e d  
c o r d s  c o r d s  

EXAMPLE 1 
Average per  acre  0.56 0.47 
To ta l  f o r  t h e  property 28,743 23,953 

EXAMPLE 2 
Average per  acre  0.569 0.474 
Tota l  f o r  t he  region 8,536,900 7,114,000 

T H E  A S S O C I A T E D  S A M P L I N G  E R R O R S  

This cooperat ive s tudy was undertaken t o  ob t a in  aver- 
age growth r a t e s  s o  t h a t  cooperators  could es t imate  growth 
with a sampling e r r o r  no l a r g e r  than t e n  percent of the  
mean. The method of ca l cu l a t i on  i s  f i r s t  described and t h i s  
is followed by a b r i e f  d i scuss ion  of what t h e  sampling e r r o r  
means t o  the user  of these da ta .  

M e t h o d  
o f  C a l c u l a t i o n  

This study has been s e t  up on t h e  bas i s  of s t r a t i f i e d  
sampling s o  t h a t  adjustments cah be made f o r  growth d i f f e r -  
ences due t o  spec ies  composition, s tand  height ,  and stand 



Table 5.--Average net growth per year in gross volume and associated ra+isnces 

by species  VOUP md stand c las s  

Stand c las s  

Feet = I Cubic f ee t  ~~ I 
0-54 70+ 48.4 52.7 0 .6  0.5 53.2 41 787 786 3 6 

Softwood? J' 35-64 704. 
787 

58.6 61.1 1 . 7  61.8 164 922 1,201 165 193 1,384 
6% 70+ 33.2 27.0 6 . 1  6.1 33.1 4 2,471 2,512 33 33 2,750 

0-34 41-70 11-40 42.4 46.6 -3.3 -1.6 45.0 17 831 1,477 84 125 1,784 
Softwoods 35-64 41-70 11-40 51.3 53.1 -1.0 - . 2  52.9 200 1,719 2,184 -- -- 177 -- -- 216 2,511 

65+ 41-70 11-40 -- 0 -- -- -- -- -- 

0-34 70+ 44.9 46.3 . O  1 .6  47.9 5 1,680 1,705 0 22 1,961 
Mixed woods 35-64 70+ 44.9 47.4 1.5 2.9 50.3 66 1,106 1,151 394 519 1,775 

65+ 70+ 4.0 4.7 -35.5 -35.5 30.8 6 1,624 1,578 2,259 2,259 3,092 

0-34 41-70 11-40 24.6 24.6 7.0 12.0 36.6 11 369 369 92 240 88 
Mixed woods 35-64 41-70 11-40 38.4 32.5 2.9 3.1 41.6 217 1,708 1,780 621 76 7 2,372 

6% 41-70 11-40 40.7 27.5 15.9 15.9 43.4 2 171 32 853 853 1,215 

0-34 7% 6.7 8.7 .O 20.6 29.3 2 1 16 0 302 
Hardwoods, r/ 35-64 70+ 

180 
7.4 7.6 4 .0  12.2 19.8 20 311 310 572 901 1,006 

6% 7% 3.6 3.6 8 .1  10.3 13.9 6 731 731 841 678 nl 

0-34 41-70 11-40 . O  .O 19.6 24.9 24.9 2 0 0 882 493 493 
Hardwoods 35-64 41-70 11-40 13.1 13.2 8 .3  9.0 22.2 94 352 343 1,317 1,573 1,806 

65+ 41-70 11-40 10:6 10.9 -8.3 -8.3 2.6 8 137 139 3,193 3,193 3,208 

1 
Variance I s  a s t a t i s t i c a l  measure of the variation from Plot t o  plot in  net growth of s c las s ;  I t  is the square of the standard deviation, which may be nore 

familiar. 

Species 
groups 

Net growth 

Height 
Spruce 

2zOCk 

variance1 

Density 
spruce 

f i r  
All  

s01twoods 
All 

so'ftwoods 

Beech 

:Ey: 
Beech A11 

hardwoods 
A11 

species  
All  

hardwoods 
A11 

species 



Table 6.--Estimation of total net growth of spruce-fir-hemlock 

Stand class 

Percent Acres Proportion - - Cubic Cubic 
of total feet - feet - feet - 

0-34 70+ 9,830 0.191 48.4 475,772 787 

Softwoods 35-64 70+ 7,040 .I37 58.6 412,544 922 
0-34 11-70 11,720 .228 42.4 496,928 831 
35-64 11-70 13,100 .255 51.3 672,030 1,719 

Mixed wmda 0-34 11-70 6,410 .I25 24.6 157,686 369 
65+ 11-70 1,570 .031 40.7 63,899 171 

Hardwoods 35-64 11-70 1,110 .022 13.1 14,541 352 
65+ 11-70 5 70 .011 10.6 6,042 137 

Tot a1 -- 51,350 1.000 -- 2,299,442 - - 

dens i ty .  I t  is the re fo re  necessary t o  recognize these  same 
s t r a t a  i n  ca l cu l a t i ng  t h e  sampling e r r o r .  The formula used 
here is  given by Cochran: 

s; =&W 
where P is proport ion of a r ea  i n  a c l a s s ,  si2 is variance i 
of t he  c l a s s ,  and n is  the  number of p l o t s  used t o  obta in  

i 

mean growth and variance of t he  c l a s s .  S- i s  ac tua l ly  t he  
- X 

standard e r r o r  of t h e  mean, X, and i s  used t o  es t imate  t he  

sampling e r r o r .  

For example 1, r e f e r  t o  t a b l e  6 :  mult iply t he  square 
of proport ion by var iance ;  d iv ide  by numbers of p l o t s  from 
t a b l e  3 ;  sum over a l l  e igh t  c l a s s e s  and obta in  t he  square 
roo t  of t h i s  sum. Using S1A (softwoods, 0-34, 70+) t o  i l l u s -  

t r a t e :  [ (0'191)2(787) = 0.700257 is the  con t r ibu t ion  f o r  4 1 

t h a t  c l a s s .  The sampling e r r o r  i s  then t h e  square root  of 
the  sum of e igh t  such numbers. In t h i s  example, it was ca l -  
cu la ted  t o  be 2.125 + cubic f e e t .  A s  ind ica ted  by t h e  sym- 

' ~ o c h r a n ,  W. G. Sampling t e c h n i q u e s  (p. 69 ) .  320 pp. New York, 1953. 

Species 
groups 

Variance 
Of net 
g r d h  

Are a 

Height 

Average 
net growth 

Density 

Tot a1 
net growth 



b 

Table 7.--Calculation of mean growth for all species and its sampling error 

1 

Stand class 

Feet Percent - - Number - Acres Proportion Cubic - 
of total - feet 

Softwoods 0-34 
11-70 17 45.0 0.020 1,784' 0.900 35.680 0.714 0.041976 

35-64 11-70 200 52.9 .231 2,511 12.220 580.041 133.989 .669947 

0-34 70+ 41 53.2 .047 787 2.500 36.989 1.738 .042402 
Sof twoads 35-64 70+ 164 61.8 .I90 1,384 11.742 262.960 49.962 .304649 

65+ 70+ 4 33.1 .005 2,750 -166 13.750 .069 .017188 

0-34 11-70 11 36.6 .013 88 -476 1.144 .015 .001352 
Mixed woods 35-64 11-70 2 17 41.6 .251 2,372 10.442 595.372 149.438 .688656 

6 5+ 11-70 2 43.4 .002 1,215 .087 2.430 .005 .002430 

0-34 7% 5 47.9 .006 1,951 -287 11.706 .070 .014047 
Mixed woods 35-64 70+ 66 50.3 .076 1,775 3.823 134.900 10.252 .I55339 

65+ 70+ 6 30.8 .007 3,092 .216 21.644 .I52 .025251 

0-34 11-70 2 24.9 .002 493 .050 .986 .001972 .000986 
Hardwoods 35-64 11 -70 94 22.2 .lo9 1,806 2.420 196.854 21.457 .228267 

6 5+ 11-70 8 2.6 .009 3,208 -023 28.872 .260 .032481 

0-34 70t 2 29.3 .002 180 -059 .360 .000720 .000360 
Hardwoods 35-64 70+ 20 19.8 .023 1,006 .455 23.138 ,532174 .026609 

65+ 70+ 6 13.9 .07 711 ,097 4.977 .0348 .005806 

Total 865 -- 1.000 -- 45.53 -- -- 2.257746 
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bol ,  t h i s  app l i e s  t o  t he  mean value previously ca lcu la ted  t o  
be 44.8 cubic f e e t  per acre.  The e r r o r  f o r  t h e  property a s  
a whole is obtained by mult iplying 2.125 by area, which f o r  
t he se  d a t a  is 109,119 cubic f e e t .  Expressed i n  percent,  
t h i s  e r r o r  is 4.7 (e.g., 2.125 i s  4.7 percent of 44.8). 

For example 2, r e f e r  t o  t a b l e  7. Here a commonly 
used procedure i s  shown i n  d e t a i l .  Column 7 l ists the  prod- 
uc t  of proport ion and var iance ;  these  e n t r i e s  a re  then mul- 
t i p l i e d  by t h e  r e spec t ive  proport ions t o  obta in  pi2si2 as  
column 8 e n t r i e s .  Next, d i v i s i o n  by number of p l o t s  pro- 
v ides  t he  e n t r i e s  of column 9 which are  summed t o  give 
2.25... . The square roo t  of  t h i s  sum is 1.503, which is 
t h e  s tandard e r r o r  of the  mean used t o  es t imate  t h e  sampling 
e r r o r .  I t  i s  3.3 percent of = 45.53. The corresponding 
sampling e r r o r  f o r  t he  region is 22.545 mi l l i on  cubic f e e t  
(3.3 percent  of 682,950,000 cubic f e e t ) .  

I n t e r p r e t a t i o n  
o f  S a m p l i n g  E r r o r  

The sampling e r r o r  is a measure of t he  v a r i a t i o n  from 
one sample t o  another, but it cannot de t ec t  b i a s .  I f  t he  
same timber es t imator  repea ted ly  c ru ised  the  same f o r e s t  and 
est imated t o t a l  volume f o r  each c ru i se ,  it is un l ike ly  t h a t  
any two es t imates  would be i d e n t i c a l .  We would, however, 
expect them t o  vary wi th in  a r e l a t i v e l y  small range. I t  i s  
t h i s  v a r i a t i o n  t h a t  t he  sampling e r r o r  measures. 

I f  p l o t s  o r  s t r i p s  were l a i d  out  with an improperly 
graduated tape,  h i s  es t imate  of t o t a l  volume would be biased 
and the  sampling e r r o r  wou1.d not  de t ec t  i t .  The sampling 
e r r o r s  t h a t  have been ca lcu la ted ,  and t h e  variances used t o  
obta in  them, genera l ly  do not  r e f l e c t  r e s u l t s  of b ias ,  o r  
o the r  nonsampling e r r o r s .  I n  t he  absence of such e r r o r s ,  
v a r i a t i o n  i n  means o r  t o t a l s  due t o  sampling fol lows the  
normal d i s t r i b u t i o n .  Thus, i t  becomes poss ib le  t o  make def-  
i n i t e  p robab i l i t y  s tatements  about t he  mean of a l l  poss ib le  
es t imates  i n  r e l a t i o n  t o  t he  p a r t i c u l a r  ca l cu l a t ed  mean and 
i ts  sampling e r r o r .  In  example 1, above, t he  mean was 44.8 
cubic f e e t  with a sampling e r r o r  of 2.1 cubic f e e t .  I t  is 
conventional t o  symbolize these  d a t a  as  44.8 + 2 .1  cubic 
f e e t .  I f  a l l  t h e  assoc ia ted  assumptions are t r u e ,  t h e  
chances a re  0.68.. . (approximately 68 percent)  t h a t  t he  mean 
of a l l  poss ib le  es t imates  l i e s  i n  t h e  i n t e r v a l  42.7 
(44.8 - 2.1) t o  46.9 (44.8 + 2.1) .  Increasing t h e  s i z e  of 
t h i s  i n t e r v a l  increases  t h e  corresponding p robab i l i t y  and 
v i ce  versa .  

Extension of these  concepts t o  t he  r e s u l t s  of t he  
growth study is obvious. Calcu la t ion  of t he  sampling e r r o r  



makes use of a l l  study p lo t s  i n  each c lass  and the variance 
of tha t  c l a ss .  I f  there are  sampling e r r o r s  i n  the estimated 
areas by classes,  these e r r o r s  too affect  the precision of 
estimated growth. There would be such sampling e r ro r s  when 
points are c l a s s i f i e d  on photographs or  when areas are de- 
termined by the s t r i p s  or  l i n e  p lots  of conventional ground 
cruising.  When photo coverage is complete and a l l  the area 
is delineated, however, there is no sampling e r ro r  of c l a ss  
area, although there  may be a mistake. 

Thus it is seen tha t  " . . . the  sampling e r r o r  is. . .  the 
amount by which an estimate . . . is expected t o  deviate from 
the average of a l l  such est imates.  . . " . 

The sampling e r ro r  i s  useful  t o  the p rac t i ca l  fo res t  
manager because it provides him with an index of the confi- 
dence appropriate t o  the corresponding average. But he must 
a lso  rea l i ze  tha t  bias may impair the confidence. An aver- 
age of 40 with a sampling e r ro r  of 40 is obviously unrelia-  
b le .  Reducing the sampling e r r o r  t o  4 increases the associ- 
ated confidence but does not r u l e  out possible b ias .  Sources 
of bias are  innumerable. In t h i s  study we sought t o  el imi- 
nate or reduce bias as much as possible.  But it i s  not l ike-  
l y  t h a t  we completely eliminated bias.  

Discussion 
of Results 

Mean or t o t a l  growth and its e r ro r  may be estimated 
by the methods described f o r  any fo res t  property i n  the 
spruce-fir-region when areas or  proportions by the c lasses  
used i n  t h i s  study are known. However, the representative- 
ness of these data  has not been analyzed. To be able t o  
pool data  from two or  more companies we must assume t h a t  
there were equal averages by c lasses .  When a l l  p lo t s  have 
been remeasured once, t h i s  hypothesis w i l l  be t e s t ed  by 
formal analysis .  

S t r i c t l y  speaking, these data are a lso  l imited t o  the 
period actual ly  studied.  This would of course defeat the 
purpose fo r  which the study was made. To use these data  fo r  
other periods requires  the assumption tha t  means by c lasses  

9 ~ e n d r i c k s ,  Walter A. The mathematical theory  of sampling. 364 pp. Scare- 
crow Press ,  New Rrunswick, N. J . ,  1956. 



do not change with time. Repeated remeasurement w i l l  pro- 
vide data  f o r  t e s t ing  the assumption tha t  c l a ss  means do not 
change. Losses due t o  b i rch  dieback and the beech scale-  
n e c t r i a  may have resul ted  i n  abnormal mortal i ty f o r  birch 
and beech thus reducing net growth. O r ,  on the other hand, 
e a r l i e r  losses  may have so reduced density t h a t  growth of 
other species was greater  than it should have been. I t  i s  
f ac to r s  such as these t h a t  require us t o  be careful  i n  ap- 
plying growth averages from one period t o  a d i f fe ren t  one. 

F A C T O R S  A F F E C T I N G  N E T  GROWTH 

In t ab le  4, the components of net growth were pre- 
sented and passed over f o r  l a t e r  discussion. Insofar as 
these data  are representative,  they suggest (1) tha t  s o f t -  
woods contribute more t o  growth proportionately than hard- 
woods and (2) tha t  spruce-fir-hemlock and beech-birch-maple 
account f o r  most of the growth of softwoods and hardwoods 
respectively.  I t  should be noted tha t  these various species 
groups are  not independent ; the heavier the stocking is t o  
softwoods, the l e s s  room there is fo r  hardwoods, and vice 
versa. Similar considerations apply t o  any mutually exclu- 
s ive  species groupings. In terms of sampling e r r o r s  by spe- 
c i e s  groups, variance tends t o  be in f l a t ed  as there  is 
greater  var ia t ion i n  t o t a l  softwoods, fo r  example, than i n  
the t o t a l  of a l l  species.  

I n f l u e n c e  o f  M o r t a l i t y  

Another aspect of these data  is the d i s t r ibu t ion  of 
net  growth among accretion, ingrowth, and mortal i ty.  In a 
v i rg in  fo res t  there  is no net  growth, except fo r  limited 
periods and areas, as mortal i ty tends t o  equal accretion 
plus ingrowth. In a well  managed fores t ,  on the other hand, 
accretion plus ingrowth w i l l  g rea t ly  exceed mortal i ty as 
weakened and suppressed t r e e s  are harvested before t h e i r  
death t o  provide more growing space f o r  the be t t e r  t r ees .  
Thus as the  qua l i ty  of fo res t  management improves, losses 
due t o  mortal i ty should become t r i v i a l .  For these p lo t s  as 
a whole, mortal i ty expressed as  a percentage of weighted 
average net growth was 16 percent fo r  spruce-fir-hemlock; 
18 percent f o r  a l l  softwoods; 123 percent fo r  beech-birch- 
maple ; 180 percent f o r  a l l  hardwoods ; and 26 percent fo r  a l l  
species. 

I n f l u e n c e  o f  I n g r o w t h  

Ingrowth provides a clue t o  the qua l i ty  of management 
a stand has received. I t  is evident t h a t  t r e e s  jus t  passing 



t he  threshold  of merchantable s i z e  may be uneconomic t o  har- 
ve s t .  I t  is a l s o  c l e a r  t h a t  without ingrowth t h e r e  would 
eventua l ly  be no more t r e e s  t o  harves t .  Thus good f o r e s t  
management r equ i r e s  ingrowt h . 

Ingrowth i s  probably most u se fu l  when r e l a t e d  t o  ac- 
c r e t i o n  a s  a percentage. The optimum value of t h i s  percent- 
age is so  a f f ec t ed  by u n i t s  of measure, l i m i t s  of merchant- 
a b i l i t y ,  and goals  of management t h a t  no un ive r sa l  value i s  
poss ib le .  Data from t h i s  s tudy show t h e  percentages t o  have 
been remarkably cons i s t en t .  They were 48, 45, 50, 53, and 
47 f o r  spruce-fir-hemlock, a l l  softwoods, beech-birch-maple, 
a l l  hardwoods, and a l l  spec ies  r e spec t ive ly .  A s  we ga in  ex- 
perience with managed f o r e s t s ,  we should s tudy these  per- 
centages a s  a poss ib le  guide t o  t he  q u a l i t y  of management i n  
r e l a t i o n  t o  s p e c i f i c  goals .  

I n f l u e n c e  o f  M a n a g e m e n t  

Even without management experience we can see how ne t  
growth may be a f f ec t ed  by what we do t o  our f o r e s t s .  No cu t -  
t ing ,  o r  c u t t i n g  a t  i n t e r v a l s  t h a t  a r e  too  long, r e s u l t s  i n  
unharvested mor t a l i t y  which reduces ne t  growth and s a c r i -  
f i c e s  some of the  y i e l d  from the  land.  Of course, mor ta l i ty  
of t r e e s  t o o  small t o  harves t  a t  a p r o f i t ,  i s  no d i r e c t  eco- 
nomic lo s s .  Also c u t t i n g  t h a t  i s  too  heavy, too  frequent ,  
o r  t h a t  removes t he  wrong t r e e s  may a l s o  reduce ne t  growth, 
o r  put t o o  much of it i n t o  ingrowth. In  harves t ing  t r e e s  
from a f o r e s t ,  t h e  manager may s e l e c t  t he  t r e e s  on which he 
w i l l  secure added growth. Proper choice of these  t r e e s  w i l l  
maximize ne t  income from the  f o r e s t  which should be h i s  
ob j ec t ive .  

For es t imat ing  growth, i t  is evident  t h a t  c u t t i n g  is 
l i k e l y  t o  a f f e c t  a reas  by c l a s s e s .  Thus t o  avoid b ias ,  
c l a s s  a reas  must be adjusted as  needed. In  some instances,  
c u t t i n g  may s o  reduce the  r e s idua l  s tand  t h a t  t h e r e  w i l l  be 
e s s e n t i a l l y  no growth during t h e  time a new s tand  is be- 
coming e s t ab l i shed .  

Summary 

Average growth r a t e s  by c l a s s e s  of f o r e s t  land have 
been obtained f o r  t h i s  f i r s t  r epo r t  of r e s u l t s  from t h e  co- 
opera t ive  spruce-f ir growth study.  Usable averages, repor ted  
f o r  a l l  but  one of t h e  c l a s se s ,  p a r t i a l l y  meet t he  objec t ive  
of t h i s  s tudy.  I t  i s  now poss ib le  t o  es t imate  growth and t o  



calcula te  i t s  sampling e r r o r  f o r  a par t icular  fo res t  proper- 
t y  i n  the  spruce-f ir area of Maine and northern New Hamp- 
sh i re .  When a l l  p lo t s  have been remeasured some small 
changes may be expected, but it is not l ike ly  tha t  serious 
e r r o r  would r e s u l t  from proper use of the averages reported 
i n  t h i s  paper. 

Proper use of the  data  requires  recognition of t h e i r  
l imi ta t ions  and of t h e i r  representativeness. The study was 
designed t o  obtain average growth r a t e s  fo r  the common 
classes  of fo res t  land i n  the area sampled. The goal was t o  
enable landowners t o  make r e l i a b l e  estimates of growth on 
various fo res t  propert ies.  Areas by c lasses  are required, 
as  well as the average r a t e s  obtained from t h i s  study; these 
areas should, of course, r e f l e c t  changes due t o  cut t ing or  
other fac tors ,  t o  give an accurate p ic ture  of the period of 
estimation. Good r e s u l t s  may be expected fo r  such propert ies 
i n  the general area sampled provided tha t  the averages by 
c lasses  do not change with time and tha t  the c lasses  are 
mainly those well represented i n  t h i s  study. For example, 
r e l i a b l e  s t a t i s t i c s  cannot be obtained from two plots .  In 
general, however, use of these data  should give val id  e s t i -  
mates of growth, and its error ,  f o r  propert ies i n  the 
spruce-fir region of Maine and northern New Hampshire. 

Averages from t h i s  study are considerably greater  
than one-tenth of a cord per acre per year. They are a lso  
somewhat greater  than had commonly been supposed but no more 
so  than had been indicated by other studies,  such as  the 
plots, t h a t  have been remeasured i n  the areas cut  t o  study 
e f f e c t s  of the expected a t tack by spruce budworm. Results 
of t h i s  study may have led t o  some reconsideration of compa- 
ny plans and pol ic ies .  The timber resource i n  t h i s  spruce- 
f i r  area now appears more a t t r a c t i v e  f o r  continued operation 
than had been recognized. Perhaps there  is  room t o  expand 
the wood-using indust r ies  i n  t h i s  area. Furthermore, with 
a t  l eas t  one c lass  already averaging a cord per acre per 
year of gross growth, i t  becomes more a t t r a c t i v e  t o  do a 
be t t e r  job of fo res t  management and perhaps a t t a i n  a net 
growth of a cord per acre per year. 
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