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A b s t r a c t  

E x i s t i n g  r e g i o n a l  growth-and-yield informa- 
t i o n  f o r  most of  t h e  n o r t h e r n  f o r e s t  t y p e s  i s  
summarized by s p e c i e s .  P r e s e n t  r e s e a r c h  i s  con- 
c e n t r a t e d  on growth-s imula t ion  models,  c o n s t r u c t e d  
by e i t h e r  a g g r e g a t i n g  a v a i l a b l e  i n fo rma t ion  o r  
th rough  i n d i v i d u a l  t ree  growth s t u d i e s .  A 
u n i f o r m i t y  o f  more r e f i n e d  measurements i s  needed 
s o  t h a t  f u t u r e  growth models can  be  t r i e d  f o r  
o theq  s p e c i e s  and f o r e s t  t y p e s .  

MOST FOREST-MANAGEMENT d e c i s i o n s  i n c l u d e  some form of 
growth i n fo rma t ion ,  because  c u l t u r a l  t r e a t m e n t s  on 
d i f f e r e rb t  s i t e s  c a u s e  growth r e sponse s  t o  v a r y .  Growth 
d a t a  are  n o t  o n l y  some o f  t h e  most sought  a f t e r  i n -  
f o rma t ion ,  b u t  a l s o  are some o f  t h e  most d i f f i c u l t  t o  
o b t a i n .  I n  o r d e r  t o  r e p o r t  on t h e  s t a t u s  of  growth and 
y i e l d  i n fo rma t ion  i n  n o r t h e r n  f o r e s t  t y p e s ,  it i s  nec- 
e s s a r y  t o  r e a l i z e  t h a t  d i f f e r e n t  f o r e s t  t y p e s  a r e  com- 
p r i s e d  o f  many s p e c i e s  w i t h i n  t h a t  t y p e  and t h a t  each  
s p e c i e s  grows a t  a d i f f e r e n t  r a te .  Each s p e c i e s  ha s  
i t s  own growth ra te  i n  h e i g h t  and d i ame te r ;  and t h e s e  
r a t e s  depend d i r e c t l y  upon s i t e ,  m o i s t u r e ,  and 
c ompe t i t i on .  

DESIRED GROWTH AND YIELD INFORMATION 

The i n fo rma t ion  d e s i r e d  most f r e q u e n t l y  would be  
used t o  p r e d i c t  t h e  long-term i n f l u e n c e  o f  s i t e ,  s t a n d  
d e n s i t y ,  and s i l v i c u l t u r a l  sys tems on t h e  growth and 
y i e l d  o f  d i f f e r e n t  s t a n d s  i n  terms o f  p roduc t  ob jec -  
t i v e s .  The long- term growth and y i e l d  p r e d i c t i o n s  a r e  
d e s i r e d  f o r  managed and unmanaged s t a n d s  growing on 
d i f f e r e n t  s i t e s  f o r  va ry ing  p e r i o d s  o f  t i m e .  

Y i e ld  i n fo rma t ion  i s  a l s o  needed f o r  d i f f e r e n t  
s i l v i c u $ t u r a l  t r e a t m e n t s  used f o r  d i f f e r e n t  management 
o b j e c t i v e s .  I n  a d d i t i o n  t o  d i f f e r e n t  growing condi-  
t i o n s ,  one needs knowledge o f  y i e l d s  by p roduc t  



c l a s s e s ,  i nc lud ing  v a r i o u s  p o r t i o n s  o f  whole t r e e s .  
Thus f o r  growth and y i e l d  in format ion  t o  be meaningful ,  
d i f f e r e n t  a s p e c t s  of  t r e e  growth--from f i b e r  product ion 
t o  h igh  q u a l i t y  sawlogs--must be considered.  These 
produc ts  should be desc r ibed  wi th in  a  framework of  
growing c o n d i t i o n s  and t ime requi rements  needed t o  
ach ieve  t h e  d e s i r e d  product  o r  measurement c l a s s e s .  

AVAILABLE GROWTH AND YIELD INFORMATION 

C l a s s i c a l  growth in format ion  has  been developed 
f o r  d iameter  and volume growth measured a t  4 . 5  f e e t  
above ground, o r  volume growth of t h e  whole bo le  by 
age c l a s s e s .  

The growth in format ion  a v a i l a b l e  i s  p r i m a r i l y  
s tand  growth over  an average s e t  of  c o n d i t i o n s ,  usu- 
a l l y  f o r  a r e l a t i v e l y  s h o r t  per iod  of  t ime.  Th i s  seems 
l o g i c a l  because it i s  impossible  t o  c o l l e c t  d a t a  from 
va r ious  aged s t a n d s ,  w i th  d i f f e r e n t  s i l v i c u l t u r a l  
t r e a t m e n t s ,  growing on d i f f e r e n t  s i t e s .  

E x i s t i n g  y i e l d  t a b l e s  a r e  of  two types .  Normal 
t a b l e s ,  based on unmanaged s t a n d s  a t  maximum o r  f u l l  
s t ock ing ,  show y i e l d s  a t t a i n e d  a t  v a r i o u s  s t and  ages .  
The o t h e r  t ype  i s  empi r i ca l  t a b l e s ,  which a r e  con- 
s t r u c t e d  over  t h e  l i f e  of  t h e  s t a n d ,  r e p r e s e n t i n g  
average s tock ing  t h a t  may have v a r i e d  g r e a t l y  a t  
d i f f e r e n t  pe r iods .  

Normal t a b l e s  a r e  poor i n d i c a t o r s  o f  a t t a i n a b l e  
product  y i e l d s  from th inned  s t a n d s ,  whi le  empi r i ca l  
t a b l e s  do n o t  g i v e  a c c u r a t e  e s t i m a t e s  f o r  long-term 
c o n d i t i o n s  u n l e s s  s t a n d s  a r e  grown under t h e  same 
c o n d i t i o n s  as t h o s e  on which t h e  t a b l e s  were based. 
Yield  in format ion  a v a i l a b l e  g i v e s  h a r v e s t  volume by 
age class and f r e q u e n t l y  by s i t e  index o r  c l a s s .  

The major no r the rn  f o r e s t  t ypes  recognized by t h e  
Soc ie ty  of American F o r e s t e r s  (1954) a r e :  aspen-birch- 
p i n  che r ry ;  whi te  p ine ;  swamp c o n i f e r s ;  s p r u c e - f i r ;  
and no r the rn  hardwoods. A s  a means of reviewing ex- 
i s t i n g  l i t e r a t u r e ,  I w i l l  d i s c u s s  t h e  growth and y i e l d  
informat ion f o r  each of  t h e s e  f o r e s t  t y p e s .  This  r e -  
view of growth and y i e l d  in format ion  i s  n o t  complete,  
and it i s  n o t  in tended  t o  i nc lude  a l l  a v a i l a b l e  sources  
of in format ion .  My purpose i s  t o  t r y  t o  r e p o r t  t h e  
most r e c e n t  o r  t h e  most s i g n i f i c a n t  l i t e r a t u r e  d e a l i n g  
wi th  growth and y i e l d  i n  t h e  no r the rn  f o r e s t  t y p e s .  



Within t h e  aspen-birch-pin  che r ry  t y p e ,  a lmost  
pure  s t a n d s  of i n d i v i d u a l  s p e c i e s  occur .  Therefore  I 
h i l l  review e x i s t i n g  growthoand y i e l d  in format ion  by 
each s p e c i e s .  For b i r c h  i n  New England, e a r l y  inform- 
a t i o n  i s  a v a i l a b l e  from Dana (1909i f o r - n a t u r a l  un- 
even-age s t ands .  Height ,  d iameter ,  and volume growth 
a r e  given by age and r e g e n e r a t i o n  c l a s s i f i c a t i o n .  
Yie ld  i s  given by age and q u a l i t y  c l a s s .  

Diameter growth d a t a  f o r  young managed b i r c h  c rop  
t r e e s  wi th  d i f f e r e n t  degrees  of t h i n n i n g  a r e  p re sen ted  
by Solomon and Leak ( 1 9 6 9 ) .  Merchantable volume 
y i e l d s  a r e  a l s o  given f o r  even-age s t a n d s  o f  v a r i o u s  
mean dibmeters  and t h e  number of  y e a r s  t o  r e a c h  t h a t  
mean s t and  d iameter  by s i t e  index f o r  managed and un- 
managed s t a n d s .  Normal y i e l d  t a b l e s  f o r  b i r c h  s t a n d s  
i n  t h e  Midwest were r e p o r t e d  by P lonsk i  (1956);  t h e s e  
t a b l e s  g i v e  y i e l d  by s i t e  c l a s s ,  age ,  h e i g h t ,  d iameter ,  
number o f  t r e e s ,  and b a s a l  a r e a .  The same informat ion  
f o r  wel l -s tocked aspen s t a n d s  i s  presen ted  i n  a  s i m i -  
l a r  manner. Informat ion about aspen s t a n d s  i n  t h e  
Midwest i s  given by Schlaege l  ( 1 9 7 2 ) .  He p r e s e n t s  n e t  
p e r i o d i c  annual  basa l -a rea  growth by age and s t and  
d e n s i t y .  Also,  y i e l d  in format ion  i s  presen ted  by age ,  
s i t e  index,  t h i n n i n g  regime, and s t and  d e n s i t y .  

For whi te  p ine  i n  New England, we have y i e l d  i n -  
format ion f o r  wel l -s tocked s t a n d s  (Frothingham 1914) ,  
and f o r  o l d - f i e l d  p l a n t a t i o n s  f o r  d i f f e r e n t  l o c a t i o n s  
by age and s i t e  index.  The most r e c e n t  y i e l d  informa- 
t i o n  i s  g iven  by Leak and o t h e r s  ( 1 9 7 0 )  f o r  whi te  p i n e  
i n  New England r e l a t e d  t o  age ,  s i t e ,  and s tock ing .  
Although t h i s  and o t h e r  y i e l d  in format ion  a r e  a v a i l a -  
b l e  f o r  whi te  p ine ,  ex t ens ive  stand-growth in format ion  
does no t  seem t o  be a v a i l a b l e .  What growth in format ion  
i s  a v a i l a b l e  i n  t h e  l i t e r a t u r e  i s  f o r  s p e c i f i c  a r e a s  
and i s  n o t  p resen ted  by a l t e r n a t i v e  management c r i t e r i a .  

For n a t u r a l  s t a n d s  of  r e d  p i n e  i n  t h e  Lake S t a t e s ,  
e x t e n s i v e  growth in format ion  by age ,  s i t e  index,  and 
s t and  d e n s i t y  a r e  a v a i l a b l e  (Buckman 1 9 6 2 ) .  H i s  t a b l e s  
p r e s e n t  b a s a l  area, n e t  growth, cub ic  f e e t ,  cordwood, 
and board-foot  growth by s i t e  index ,  age ,  and s t and  
d e n s i t y .  Yield  in format ion  i s  a l s o  p re sen ted ,  by s i t e  
index ,  age ,  and s t and  d e n s i t y  f o r  v a r i o u s  r e s i d u a l  
t h i n n i n g  d e n s i t i e s .  

Yie ld  informat ion f o r  jack p i n e  i n  t h e  Lake S t a t e s ,  
a long  wi th  cordwood growth and basa l - a r ea  growth a f t e r  
t h i n n i n g ,  i s  a v a i l a b l e  by s i t e  and age (Eyre and 



LeBarron 1944) .  Gevorkiantz  (1947) pub l i shed  y i e l d  
i n fo rma t ion  w i t h  growth rates  by s i z e  class and con- 
v e r s i o n s  f o r  less- than-normal  s t o c k i n g .  L a t e r ,  normal 
y i e l d  t a b l e s  f o r  j a ck  p i n e  i n  n o r t h e r n  On ta r i o  were 
developed by P l o n s k i  (1956) .  The re fo r e ,  t a b l e s  by s i t e  
and age  a r e  a v a i l a b l e  f o r  a wide r ange  o f  s t a n d  den- 
s i t i e s  and va ry ing  s i l v i c u l t u r a l  t r e a t m e n t s .  

S ince  t h e  Lake S t a t e s  have s t a n d s  o f  p redomina te ly  
b l a c k  sp ruce  w i t h  a low mix tu r e  o f  o t h e r  sp ruce  s p e c i e s ,  
b l a c k  sp ruce  w i l l  be d i s c u s s e d  s e p a r a t e l y .  The growth 
and y i e l d  o f  b l a c k  sp ruce  i n  t h e  Lake S t a t e s  i s  a v a i l -  
a b l e  f o r  managed s t a n d s  by a g e ,  s i t e ,  and b a s a l - a r e a  
d e n s i t y  ( P e r a l a  1971) .  From t h e s e  d a t a ,  e q u a t i o n s  have 
been developed f o r  e s t i m a t i n g  growth and y i e l d  f o r  b o t h  
c u b i c  f e e t  and c o r d s .  Also ,  normal y i e l d  t a b l e s  are 
p r e s e n t e d  by s i t e  and age  ( P l o n s k i  1956) .  Diameter 
growth by s t o c k i n g  and s i z e  class,  and b a s a l - a r e a  
growth f o r  v a r i o u s  r e s i d u a l  s t a n d  d e n s i t i e s  o f  t h e  
swamp c o n i f e r s ,  a r e  a l s o  a v a i l a b l e  ( S k i l l i n g  1959) .  

I n  a d d i t i o n  t o  b l a c k  sp ruce  i n fo rma t ion ,  s t a n d  
volume growth,  and y i e l d s  by a g e ,  s i t e ,  and compe t i t i on  
i n d i c e s  are a v a i l a b l e  f o r  balsam f i r  (Gevorkiantz  and 
Olsen 1950) .  Growth and y i e l d  i n fo rma t ion  f o r  sp ruce  
and fir s t a n d s  i n  t h e  Nor thea s t  s t a r t e d  i n  1 9 1 7  w i t h  
Murphy's (1917) work on old-growth and o l d - f i e l d  r e d  
sp ruce .  T h i s  work i nc luded  d i ame te r  growth by s i z e  and 
s t a n d  t y p e  f o r  d i f f e r e n t  l o c a t i o n s  th roughout  t h e  
Nor thea s t .  I t  a l s o  con t a ined  b a s a l - a r e a  growth by age  
and q u a l i t y  class. 

I n  t h e  N o r t h e a s t ,  bo th  normal y i e l d  t a b l e s  by 
Meyer (1929) and e m p i r i c a l  y i e l d  t a b l e s  by Westveld 
(1953) a r e  a v a i l a b l e  f o r  s p r u c e - f i r  s t a n d s .  The normal 
t a b l e s  a r e  by age  and s i t e  index  f o r  d i f f e r e n t  s p e c i e s .  
The e m p i r i c a l  t a b l e s  are g iven  by a g e ,  u s i n g  a d e n s i t y  
and s tand-composi t ion  index .  

Average cub i c - fo o t  s t a n d  growth rates  f o r  sp ruce-  
f i r  s t a n d s  have been p r e s e n t e d  f o r  New England ( S a f f o r d  
1968) .  The ave rages  a r e  p r e s e n t e d  by d e n s i t y ,  h e i g h t ,  
and t y p e  o f  s t a n d  mix tu r e .  Yie ld  i n fo rma t ion  i s  p r e -  
s e n t e d  by M e r r i l l  and Hawley (1924) f o r  hemlock s t a n d s  
i n  sou the rn  New England. Cubic-foot  and board-foot  
measures ,  and c u r r e n t  annua l  and mean annua l  i n c r e -  
ments ,  a r e  g iven  by age  and q u a l i t y  class. A more 
r e c e n t  p u b l i c a t i o n  by B a s k e r v i l l e  (1965) h a s  g iven  pro-  
d u c t i o n  of  balsam fir s t a n d s  i n  New Brunswick i n  b o t h  
c u b i c  f e e t  and weight  f o r  d i f f e r e n t  t r ee  components f o r  



vary ing  number of stems p e r  a c r e .  

Growth in format ion  f o r  no r the rn  hardwoods began 
wi th  d iameter ,  h e i g h t ,  and volume growth f o r  s t a n d s  i n  
t h e  Lake S t a t e s  and y i e l d  in format ion  f o r  t h e  Northeast  
(Hawes and Chandler 1 9 1 4 ;  Frothingham 1915) .  Both t h e  
growth and y i e l d  in format ion  i s  f o r  fu l ly - s tocked  
s t a n d s  by age and s i t e  d i f f e r e n t i a t i o n .  

La t e r  a d d i t i o n a l  normal y i e l d  in format ion  was 
presen ted  by Spaeth ( 1 9 2 0 )  and Gevorkiantz and Duerr 
( 1 9 3 7 ) .  These prov ide  y i e l d s  by age and s i t e  c l a s s -  
i f i c a t i o n s  f o r  both  t h e  Lake S t a t e s  and New England 
no r the rn  hardwoods. 

Yie lds  f o r  managed s t a n d s  i n  New England have been 
combined and presen ted  by Leak, Solomon, and F i l i p  
( 1 9 6 9 ) .  The i r  t a b l e s  make use  of  e x i s t i n g  in format ion ,  
bo th  publ i shed  and unpubl ished,  f o r  no r the rn  hardwood 
s t a n d s  and p r e s e n t  t h e  number o f  y e a r s  r e q u i r e d  t o  
r e a c h  a s p e c i f i e d  y i e l d  by s i t e  index.  Growth informa- 
t i o n  f o r  s t ands ' unde r  d i f f e r e n t  forms of management i s  
given by Erdmann and Oberg ( 1 9 7  3 ) . Also Solomon [ i n  
p r e s s ]  has  compiled s t and  growth responses  f o r  no r the rn  
hardwoods i n  New England, by s i z e  c l a s s  f o r  d i f f e r e n t  
d e n s i t i e s  i n  uneven-age s t a n d s .  

It becomes apparen t  from t h e  p a r t i a l  l i s t i n g  o f  
e x i s t i n g  growth and y i e l d  in format ion  t h a t  much work 
has  been done. Hence a r i s e s  t h e  ques t ion  of "Why do 
we need more?11 Why n o t  j u s t  r e v i s e  o r  a d j u s t  e x i s t i n g  
in format ion?  

FUTURE GROWTH AND YIELD INFORMATION 

The g e n e r a l  comparison o f  t h e  d e s i r e d  growth and 
y i e l d  in format ion  wi th  t h e  a c t u a l  publ ished in format ion  
i n d i c a t e s  t h e  i n t e n s i v e  need f o r  d a t a ,  e s p e c i a l l y  f o r  
managed s t ands .  S ince  no two s t a n d s  a r e  a l i k e ,  t h e  
need a r i s e s  f o r  t h e  f o r e s t  manager t o  have s e p a r a t e  
growth and y i e l d  in format ion  f o r  s t a n d s  of  d i f f e r e n t  
s p e c i e s  composit ion growing under d i f f e r e n t  l e v e l s  of 
s tock ing .  

Stand in format ion  i s  u s u a l l y  based on average 
growth and y i e l d s  over  a l a r g e  a r e a .  A broad average 
u s u a l l y  i gno res  many of  t h e  d i f f e r e n c e s  between i n d i -  
v i d u a l  s t ands .  Thus one o f  t h e  f u n c t i o n s  a  l and  man- 
a g e r  has  i s  t o  determine how c l o s e  h i s  s t a n d s  a r e  t o  
t h e  r e p o r t e d  average cond i t i ons .  



The re fo r e ,  t o  e s t i m a t e  f u t u r e  growth rates  and 
y i e l d s  a c c u r a t e l y  and make meaningful  forest-management 
d e c i s i o n s ,  t h e  l a n d  manager needs  i n fo rma t ion  abou t  t h e  
r e sponse  o f  h i s  s t a n d s  t o  a v a r i e t y  o f  env i ronmenta l  
and p h y s i o l o g i c a l  c o n d i t i o n s .  H e  needs  s i n g l e  t r e e  
i n fo rma t ion  r a t h e r  t h a n  broad ave rages  f o r  s p e c i f i c  
l o c a l  c a s e s .  The u s e  o f  i n d i v i d u a l  t r ee  r e sponse s  t o  
deve lop  an  ave rage  f o r  a whole s t a n d  shou ld  p rov ide  a n  
e q u a l l y  r e l i a b l e  ba se  f o r  f u t u r e  growth e s t i m a t e s .  

There  have been two b a s i c  approaches  toward f u l -  
f i l l i n g  t h e  need f o r  de te rmin ing  f o r e s t  growth and 
y i e l d  under  d i f f e r e n t  s i l v i c u l t u r a l  systems on d i f f e r e n t  
s i t e s .  Both approaches  employ s i m u l a t i o n  models o f  
a c t u a l  r e sponse s .  One method i s  t o  u s e  s t a n d  growth 
and y i e l d  d a t a  f o r  d i f f e r e n t  c o n d i t i o n s  and combine 
them i n t o  a s t a n d  model. The second method i s  t o  t a k e  
s p e c i f i c  d a t a ,  u s u a l l y  i n d i v i d u a l  t r e e  growth,  and de- 
ve lop  s t a n d  r e sponse s .  

A s  you can s e e  from e x i s t i n g  i n fo rma t ion ,  s t a n d  
r e s u l t s  are n o t  r e p o r t e d  on a similar b a s i s ,  which 
makes t h e  f i r s t  method o f  comparison o r  combining 
d i f f i c u l t .  Also ,  s p e c i e s  combinat ions  f o r  mixed s t a n d s  
are most d i f f i c u l t  t o  d e a l  w i th .  

Var ious  s t a n d  growth and y i e l d  s i m u l a t o r s  have 
r e c e n t l y  been developed f o r  t h e  n o r t h e r n  f o r e s t  t y p e s .  
Moser (1974) h a s  developed a system o f  e q u a t i o n s  f o r  
f o r e s t  s t a n d s  o f  suga r  maple i n  t h e  Lake S t a t e s .  
Solomon (1974) p r e s e n t e d  a s i m u l a t i o n  model f o r  d i f -  
f e r e n t  s i l v i c u l t u r a l  t r e a t m e n t s  o f  even-age n o r t h e r n  
hardwoods i n  New England. 

The method of  modeling t h a t  u s e s  i n d i v i d u a l  t r e e  
d a t a  a l l o w s  s i g n i f i c a n t l y  more f l e x i b i l i t y ;  however, 
it r e q u i r e s  more t i m e  t o  deve lop ,  and e x t e n s i v e  f i e l d  
c a l i b r a t i o n .  Many d i f f e r e n t  i n d i v i d u a l  t r e e  models a r e  
a v a i l a b l e  (Arney 1 9 7 1 ;  Beck 1974;  Lin 1974; and 
M i t c h e l l  1969) .  S imula t ion  models have been developed 
f o r  t h e  n o r t h e r n  f o r e s t  t y p e s  r e l y i n g  on d i f f e r e n t  
e x p r e s s i o n s  o f  compe t i t i on  and growth. Hegyi (19741,  
f o r  example, ha s  developed a model f o r  managing j a ck  
p i n e .  Likewise Ek and Monserud (1974) have p rov ided  a 
model t h a t  d e a l s  w i t h  mixed s p e c i e s  i n  even- and un- 
even-age s t a n d s .  

Ongoing 
n o r t h e r n  f o r e  
t r e e  i n fo rma t  
models.  

growth a n  
s t  t y p e s  
i o n  t o g e t  

.d y i e l  
i s  a t t  
h e r  w i  

d  r e s e a r c h  w i  
empting t o  u s  
t h  s t a n d s  t o  

t h i n  t h e  
e  i n d i v i d u a l -  
c o n s t r u c t  



Another u rgen t  need i s  f o r  t h e  f o r e s t e r  t o  measure 
produc ts  i n  more s p e c i f i c  u n i t s .  I f  we a r e  t o  i n t e n s -  
i f y  ou r  t r e e  growth we need t o  know t h e  responses  of 
d i f f e r e n t  t r e e  components and how t o  measure t h i s  r e -  
sponse. For example, volume, as measured by c o r d s ,  i s  
u n s a t i s f a c t o r y  f o r  branches o r  l e a v e s  (Young 1973) .  
Therefore  we should b r i n g  t h e  f o r e s t r y  world t o  a more 
common and p r e c i s e  b a s i s ,  such as cub ic  me te r s ,  c u n i t s ,  
o r  weight.  We need t o  be a b l e  t o  communicate a s  w e l l  
a s  unders tand.  

SUMMARY 

For t h e  land  manager t o  manage h i s  f o r e s t s  i n -  
t e n s i v e l y ,  he needs growth and y i e l d  informat ion f o r  
d i f f e r e n t  s p e c i e s  i n  mixed, even-age, and uneven-age 
s t a n d s  on d i f f e r e n t  s i t e s  w i th  vary ing  degrees  of  
d e n s i t y  and s tock ing .  These s t a n d s  need t o  have 
d i f f e r e n t  combinations of t h e s e  c o n d i t i o n s  bo th  f o r  
managed and unmanaged s t ands .  

Avai lab le  growth and y i e l d  in format ion  d e a l s  wi th  
normal s t a n d s  and some segments of  managed s t ands .  
There i s  n o t  on ly  a need t o  develop growth responses  
f o r  t r e e s  growing under d i f f e r e n t  environmental  con- 
d i t i o n s :  t h e r e  i s  a l s o  a need f o r  c o l l e c t i n g  d a t a  and 
r e p o r t i n g  r e s u l t s  on a more common and conforming 
measurement b a s i s .  Therefore ,  t h e  development of  s i m -  
u l a t i o n  growth models, as i s  being done, seems t h e  most 
l o g i c a l  pa th  t o  fo l low i n  an a t tempt  t o  b r idge  e x i s t i n g  
gaps 
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