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Most forest-management p r a c t i c e s  a r e  d i r e c t e d  toward i n c r e a s i n g  t h e  a l lowab le  
c u t  o r  t o  a  r e d u c t i o n  i n  r o t a t i o n  nge. To e v a l u a t e  such  p r a c t i c e s ,  f u t u r e  wood volumes 
must b e  p r e d i c t a b l e .  Th i s  may b e  accomplished by measurement of permanent sample p l o t s  
o r  by t h e  use  of e m p i r i c n l  y i e l d  t n b l e s .  These methods e i t h e r  t a k e  too  l o n g  b e f o r e  
r e s u l t s  become a v a i l a b l e  o r  a r e  no t  t o o  r e l i a b l e .  A method h a s  been dev i sed  whereby 
t r e e  and s t a n d  growth is s imula ted  on a  computer s o  t h a t  e s t i m a t e s  of growth and y i e l d  
c a n  b e  ob ta ined  q u i c k l y  and t h e  r e s u l t s  of s t a n d  t r ea tmen t s  t e s t e d  and demonstrated 
r a p i d l y .  

A mathemntical  model (group of r e l a t e d  e q u a t i o n s )  was developed t o  s i m u l a t e  
t h e  growth of s t a n d s  i n  terms of t h e  crown expansion of i n d i v i d u a l  t r e e s .  A p a r t i c u l a r  
p l o t  f o r  which growth p r e d i c t i o n s  a r e  t o  b e  made is s imula ted  i n  a  computer by a  "map", 
showing t h e  l o c a t i o n  and crown s i z e  of each  t r e e .  A s  t r e e s  grow t h e  sp read  of t h e i r  
crowns is l i m i t e d  by t h e  s i z e  and l o c a t i o n  of competing t r e e s .  The growth and r e s u l t -  
i n g  asymmetr ical  development of t h e  t r e e  crown is s imula ted  by a  scann ing  program which 
d i r e c t s  t h e  computer t o  s e a r c h  o u t  growing s p a c e  a v a i l a b l e  t o  each t r e e .  Diameter and 
volume of t h e  b o l e  a r e  e s t ima ted  from t h e  h e i g h t  and crown s i z e  of each t r e e  a t  t h e  end 
of t h e  p r e d i c t i o n  pe r iod .  The i n d i v i d u a l  t r e e  is t h e  b a s i c  u n i t  i n  t h e  s i m u l a t i o n ,  and 
t h e  i n f l u e n c e  of environment on i ts  growth is  desc r ibed  i n  terms of t h e  crown develop- 
ment. V a r i a b l e s  inc luded  i n  t h e  model a r e  a g e ,  s i t e ,  q u a l i t y ,  s p a c i a l  d i s t r i b u t i o n  of 
t r e e s ,  compe t i t ion ,  c u l t u r a l  p r a c t i c e s  ( t h i n n i n g s )  and unexplained s o u r c e s  of v a r i a t i o n  
a t t r i b u t a b l e  t o  g e n e t i c s ,  m i c r o s i t e ,  r o o t  g r a f t i n g ,  e t c .  Data were c o l l e c t e d  from even- 
aged s t a n d s  of w h i t e  s p r u c e  nea r  P r i n c e  George, B.C. 

Equat ions  were evolved t o  d e s c r i b e  r e l a t i o n s h i p s  between t h e  v a r i o u s  components 
of t h e  t r e e  growth and environmental  f a c t o r s .  The mathemat ical  model was based on t h e  
fo l lowing  determined r e l a t i o n s h i p s  f o r  which e q u a t i o n s  had been developed: 

a )  Cvmulative height-growth of t r e e s  d e s c r i b e s  t h e  e x t e n s i o n a l  growth of t h e  
b ranches  w i t h i n  t h e  growing s p a c e  l i m i t a t i o n s  imposed by competing t r e e s .  

b )  Height-growth of n  t r e e  is  a  f u n c t i o n  of t h e  height-growth of dominant 
t r e e s  and t h e  wid th  of t h e  crown r e l a t i v e  t o  maximum crown wid th  of 
comparable open-grown t r e e s .  

c )  There  is a  50 pe r  c e n t  p o s s i b i l i t y  t h a t  a  t r e e  w i l l  b e  suppressed  i f  t h e  
n a t u r a l  loga r i thm of t h e  r a t i o  between crown wid th  and mtlximum crown wid th  
f a l l s  below - 1.75. 

d )  Tree  h e i g h t  and crown wid th  p rov ide  a c c u r a t e  e s t i m a t e s  of d iamete r  and 
volume of t h e  bo le .  

S u i t a b l e  and adequa te  d a t a  from B r i t i s h  Columbia were  no t  a v a i l a b l e  t o  t e s t  
t h e  r e l i a b i l i t y  of t h e  model; consequen t ly ,  l i m i t e d  permanent sample p l o t  d a t a  from 
O n t a r i o  were  used. T e s t i n g  revea led  t h a t  s imula ted  and a c t u a l  v a l u e s  f o r  number of t r e e s  
pe r  p l o t ,  crown w i d t h ,  ave rage  d iamete r  of t h e  b o l e  and volume pe r  a c r e  were  i n  r easonab le  
agreement.  Simulated v a l u e s  were u s u a l l y  s l i g h t l y  low f o r  s t a n d  h e i g h t  and a  l i t t l e  h igh  
f o r  r a t e  of b a s a l  a r e a  growth a t  a g e  45 (1967) when dominants were 50-60 f t  t a l l .  C e r t a i n  
l i m i t a t i o n e  t o  t h e  model a r e  recognized b u t  can  be  overcome. 

The model p rov ides  e s t i m a t e s  of t h e  growth and y i e l d  of d i f f e r e n t  s i z e s  of 
s t a n d s  of w h i t e  sp ruce .  From t h e  computer ized s i m u l a t i o n  of t h e  growth of t h e  s t a n d s ,  
e s t i m a t e s  of t ime f o r  crown c l o s u r e ,  d i a m e t e r  d i s t r i b u t i o n  and t o t a l  volume by d iamete r  
c l a s s e s  c a n  b e  ob ta ined .  Th i s  in fo rmat ion  w i l l  permit  comparisons of t h e  r e s u l t s  of 
i n i t i a l  s p a c i n g  b e f o r e  s e e d l i n g s  a r e  p l a n t e d  and provide r e l i a b l e  p r e d i c t i o n s  of t h e  
r e s u l t s  from v a r i o u s  t h i n n i n g  and h a r v e s t i n g  regimes. 

.,-*- 
REPORT: S imula t ion  of t h e  Growth of Even-Aged Stands  of White Spruce.  Kenneth J .  M i t c h e l l .  

F o r e s t  Research Labora to ry ,  V i c t o r i a ,  B.C. 


