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SUMMARY

The events leaning to the decision to prune State-owned 

forests of radiata pine on a wide scale in New Zealand are 

reviewed* Future levels of clearwood demand and price were not 

explicitly considered in the decision to prune.

A deductive analysis suggested that clearwood demand will be 

highly price elastic* Producers should therefore examine how to 

produce clearwood most efficiently.

A simulation model constructed to predict the yield of 

clearwood from pruning showed that initial stocking, pruning and 

thinning treatnent, site index and rotation length affected 

clearwood yield.

The probability distribution of clearwood yield for a 

25 year rotation with heavy early thinning and severe pruning on a 

site index of 29 m had a mode of 75 m^/ha. The probability of

occurrence of the mode was only 0.209* Clearwood yields ranged
3 3from 5 m /ha to 145 m /ha.

The modes for the probability distributions of the discounted 

net worth of pruning were $ -5/ha. on a site index of 24*4 m, and 

&5/ha on site indices of 29 m and 33*5 m. The expected values of 

the probability distributions were $fe*4/ha, ^7*05/ia and ^13.44/ha 

on site indices of 24*4 m, 29 m and 33*5 m respectively.

A deterministic analysis of the profitability of a sawlog 

regime including pruning indicated an internal rate of return of 

13 % for a 25 year rotation length on a site index of 29 m.
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The costs of pruning are unlikely to be recouped by the 
value added to otherwise knotty lumber by pruning on site indices 
below 29 j x u  While the State is committed to supply increasing 

volumes of clearwood for the next 30 years, the clearwood 

production goals implicit in the New Zealand Forest Service 
pruning policy should be revised to ensure efficient allocation 

of scarce resources.
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CHAPTER ONE

INTRODUCTION

P ru n in g  P o l i c y

E a r ly  i n  th e  tw e n t i e th  c e n tu r y  i t  becam e a p p a re n t  t h a t  th e  

c a p a c i ty  o f  th e  in d ig e n o u s  f o r e s t s  to  s u p p ly  wood to  th e  n a t i o n  was 

r a p i d l y  a p p ro a c h in g  i t s  l i m i t  i n  New Z e a la n d . I t  was r e a l i s e d  

t h a t  an  a l t e r n a t i v e  s o u rc e  o f  wood o f  c o m p arab le  q u a l i t y  w ould  b e  

r e q u i r e d  to  s u p p ly  th e  n eed s  o f  f u t u r e  g e n e r a t i o n s .

The S t a t e  a c c o r d in g ly  em barked  upon  a n  a f f o r e s t a t i o n  

program m e u s in g  e x o t i c  s p e c i e s ,  r a d i a t a  p in e  (P in u s  r a d i a t a  D .D on) 

b e in g  th e  m a jo r  com ponen t. The program m e was g iv e n  added  im p e tu s  

d u r in g  th e  w o rld w id e  econom ic d e p r e s s io n  o f  th e  1 9 3 0 's  b y  th e  

a v a i l a b i l i t y  o f  o th e r w is e  unem ployed  la b o u r .  T he p l a n t i n g  r a t e  

d e c re a s e d  a f t e r  t h e  1 9 3 0 's  and  th e  a r e a  p l a n t e d  d u r in g  1940-47  w as 

n e g l i g i b l e .  H ow ever, a n  expanded  a f f o r e s t a t i o n  program m e i s  now 

N a t io n a l  p o l i c y ,  and  th e  c u r r e n t  p l a n t i n g  r a t e  i s  a b o u t 29 140 h a  

p e r  annum (New Z e a la n d  F o r e s t  S e r v i c e ,  1973)*

The e s ta b l i s h m e n t  o f  s a w m ills  u t i l i s i n g  p l a n ta t io n - g r o w n  

lo g s  o f  e x o t ic  s p e c i e s  d u r in g  th e  1 9 4 0 's  l e d  to  th e  d ev e lo p m en t o f  

v i s u a l  g ra d in g  r u l e s ,  b a s e d  m a in ly  o n  r e l a t i v e  k n o t - s i z e  and  p i e c e  

d im e n s io n , and  o n  k n o t  c o n d i t i o n .  Sawn tim b e r  i n  New Z e a la n d  i s  

now s o ld  b y  g r a d e ,  th e  m ain  c a t e g o r i e s  i n  i n c r e a s i n g  o r d e r  o f  

q u a l i t y  b e in g :
Box G rad e  

M e rc h a n ta b le  G rade 

D r e s s in g  G rade

F a c to r y  ( c l e a r c u t t i n g s )  G rade
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These grades apply to a l l  timber so ld  as boards and to larger 

dimensions o f timber used fo r  s tru c tu ra l  purposes. In  addition  to 

these  grades, common scantling  i s  graded as No. 1 Framing, o r as 

No. 2 Framing of lower q ua lity . Table 1 shows the p rices  o f a

se le c tio n  of grades and sizes o f sawn timber taken from the cu rren t 

(May 1973) wholesale p rice  l i s t  fo r  Waipa S ta te  Saw oill.

TABIE 1. PRICES OF SELECTED GRADES AND WIDTHS OF SAM TIMBER 

IN NEW ZEALAND.

Grade Dimension P ric e  (

Box 15.24 cm wide 25.21

22.86 to  30.48 cm wide 27.16

Dressing 10.16 x 2.54 ca 44.53

22.86 to 27.94 cm wide 57.16

No.1 Framing 10.16 x 5*08 cm 44.53

22.86 to 30.48 cm wide 59.79

The development o f these grading ru le s  re f le c te d  the 

detrim ental influence of large knots in  marketing ra d ia ta  p in e .

Buyers were accustomed to high q u a lity  c lear timbers availab le  from 

the  indigenous resource. However, clearwood from the long internodes 

of ra d ia ta  p ine  found a ready market in  in d u s tr ia l  uses requ iring  only 

sh o rt lengths. This lim ited market suggested th a t  long lengths o f 

c le a r  timber from ra d ia ta  pine would find  p ro f i ta b le  markets 

(Hinds, 1962).
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P ru n in g  o f la rg e  a re a s  o f  p la n ta t io n s  commenced du rin g  the  

p o s t  war years  (H inds, 1962), However the  n e c e s s ity  f o r  th in n in g  to  

m a in ta in  s tan d  h e a lth  was n o t a p p re c ia te d  u n t i l  the w idespread 

occu rrence  o f  m o r ta l i ty  a sso c ia te d  w ith  S ire x  n o c t i l io  F a b r ic iu s  

du rin g  th e  l a t e  1940 's  and e a r ly  1 9 5 0 's , The absence o f  m arkets f o r  

th e se  th in n in g s  o f  sm all dim ension le d  i n  tu rn  to  the now w idespread 

p r a c t ic e  o f  th in n in g  to  w aste  i n  young s ta n d s . I t  was r e a l i s e d ,  

however, th a t  the y ie ld s  o f  good q u a l i ty  tim ber from unpruned stan d s 

tr e a te d  i n  th is  manner would b e  much l e s s  th an  those from th e  o ld e r 

s tan d s  which had been  m ain ta in ed  f o r  lo n g e r p e rio d s  a t  much c lo se r  

s to c k in g s .

Grade s tu d ie s  c a r r ie d  o u t in  th e  1960*s e lu c id a te d  the  p a t te r n  

o f  d e fe c t  in  r a d ia ta  p in e .  F ig u re  1 (a i* te r Brown, 1965) shows the 

s ig n if ic a n c e  o f d e fe c ts  induced by  b ranches in  de term in ing  grade 

y ie ld .  Encased k n o ts , formed by the  grow th o f  the  b o le  around 

r e ta in e d  dead b ran ch es , accounts fo r  th e  m ajor p ro p o r t io n  o f  the  

d e fe c t  in  lower lo g s .

I n  the e a r ly  1960*3 Box grade accounted  fo r  40  fo to  50 % o f 

th e  y ie ld  from e x o tic  f o r e s t s  and i t  was d i f f i c u l t  to  s e l l .  This 

s i tu a t io n  s t i l l  e x is te d  i n  1970 (C u tle r ,  1970) .  G ra in g e r ( 1960) 

concluded th a t  by the  y ear 2000 th e re  would be an excess o f  

0 .4  m il l io n  cubic m etres  (1 69 m ill io n  b o a rd  f e e t  ( b d . f t . )  ) o f 

Box g rade and an alm ost e q u iv a le n t d e f ic ie n c y  o f  f in is h in g  g rad es . 

The p o l ic y  o f p ru n in g  f i n a l  crop t re e s  to  about 6,1 m ( 20 .0  f t , )  

was th e re fo re  adopted on a wide s c a le  i n  S ta te  F o r e s ts ,  to  reduce 

degrade and to  maximise th e  p ro d u c tio n  o f  clearwood and p e e le r  

grade lo g s  (S u tto n , 1972) ,
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Lum ber  downgraded by indicated  defect  (bd .f t . )

F i g u r e  1 The s o u r c e s  o f  d e f e c t  i n  r a d i a t a  p i n e
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The Aim and S tru c tu re  o f  the  S tudy

The New Z ealand  F o re s t  S e rv ic e  p run ing  p o l ic y  appears to  b e  

b ased  upon th e  assum ption th a t  th e  a l lo c a t io n  o f  re so u rce s  to  p ru n in g  

i s  j u s t i f i e d  by  th e  expected re tu rn s*  The aim o f  th i s  s tu d y  i s  to  

c r i t i c a l l y  examine th e  v a l id i t y  o f  th i s  assum ption.

The q u e s tio n  o f  m arket o p p o r tu n i t ie s  i s  b a s ic  to  the  d e c is io n  

to  p rune  and i s  examined i n  C hapter 2 . I n  C h ap ter 3 f a c to r s  

a f f e c t in g  th e  y ie ld  o f  clearwood a re  review ed and d e f ic ie n c ie s  i n  th e  

knowledge o f  th e  de te rm in an ts  o f  clearwood y ie ld  id e n tif ie d *  I n  

C hapter 4  e m p iric a l analy ses  o f th e  a v a ila b le  d a ta  a re  d e sc rib e d  and 

th e  r e s u l t s  a re  in te g ra te d  w ith  th e  r e s u l t s  o f  o th e r  re s e a rc h  to  

en ab le  th e  y ie ld s  o f  clearw ood from  s tan d s  to  b e  p re d ic te d  fo r  a  wide 

ran g e  o f s i l v i c u l t u r a l  t r e a tn e n ts .

A f t e r  v e r i f i c a t i o n  o f  th e  p r e d ic t io n  o f  th e  s im u la tio n  model 

i n  C hapter 5 , Hie y ie ld s  o f  clearw ood from a  ty p ic a l  p ru ni ng reg im e 

and from o th e r  regim es a r e  examined» in  C hapter 6. I n  C hap ter 7 th e  

model i s  m odified  to  en ab le  a  s to c h a s t ic  a n a ly s is  o f  clearw ood y ie ld  

to  b e  c a r r ie d  o u t. I n  C hapter 8 the  p r o f i t a b i l i t y  o f  a  ty p ic a l  

p ru n in g  regim e i s  examined using  th e  clearw ood y ie ld s  p re d ic te d  b y  

-the s im u la tio n  model.



CHAPTER TVJO

THE MARKET FOR G LEA R TO D

In tro d u c tio n

Investm en t in  clearw ood p ro d u c tio n  by p run ing  i s  dependent

ipon  p ro d u cers  * ex p ec ta tio n s  o f  fu tu r e  clearw ood p r ic e s .  However, 

p r ic e  and q u a n tity  a re  i n t e r r e la t e d  th rough th e  in te r a c t io n  o f 

demand and supp ly  and hence an a n a ly s is  o f  p run ing  as an investm ent 

must commence w ith  a c o n s id e ra tio n  o f  clearw ood demand and supply .

The Demand f o r  Sawn Timber i n  New Z ealand

R ecen t e s tim a te s  (H osking, 1972) su g g es t th a t  p e r  c a p i ta

consum ption o f sawn tim ber in  New Z ealand w i l l  d ec rease  from 
3 3

0.571 m’ /c a p ./a n n . i n 1970 to  0.496 m /c a p ./a n n . by  the  year 2000.

T his i s  s im ila r  to  tren d s  f o r e c a s t  fo r  o th e r  developed c o u n tr ie s

(G regory, 1970). In c re a se s  in  p o p u la tio n , however, a re  expected to

r a i s e  New Zealand*s t o t a l  sawlog consum ption from 3*81 m il l io n  

3 3n r/a n n . t °  5*02 m il l io n  m /a n n . over th e  same p e r io d . New 

Zealand*s fo r e s ts  a re  expected  to  be a b le  to  s ip p ly  th e se  q u a n t i t ie s .

Such fo re c a s ts  o f  consum ption in v o lv e  imp l i c i t  assum ptions 

about b o th  th e  demand fo r  and s ip p ly  o f sawn tim ber which may a f f e c t  

th e i r  r e l i a b i l i t y .  A demand schedule  i s  a  s ta tem en t d e p ic tin g  how 

th e  q u a n tity  o f  a  commodity th a t  p u rc h a se rs  a re  w il l in g  to  pu rch ase  

i n  a g iven  m arket i n  a  g iven  p e r io d  o f tim e, changes w ith  p r i c e .  

S im ila r ly  a  sup p ly  schedule  i s  a  s ta tem e n t d e p ic t in g  how th e  q u a n tity  

o f a  commodity th a t  p roducers a re  w ill in g  to  s e l l ,  i n  a  g iven  m arket 

in  a  g iven  p e r io d  tim e, changes w ith  p r ic e  (S a e th e r , 1971)*



7

A f o r e c a s t  o f  consum ption thus in v o lves fo re c a s t in g  the  f u tu r e  

positions o f  th e  demand and s ip p ly  c u rv e s . The q u a n tity  o f  th e  

commodity consumed, and th e  p r ic e  o f  th e  commodity a re  d e fin e d  "by the  

in te r s e c t io n  o f  supp ly  and demand cu rv es .

The New Zealand f o r e c a s ts  (H osking, 1972) d iscu ssed  above 

im p l ic i t l y  assume th a t  th e  p r i c e  o f  sawn tim ber w i l l  n o t change 

r e l a t i v e  to  th e  p r ic e  o f  s u b s t i t u te  m a te r ia ls*  T his assum ption i s  

v a l id  o n ly  i f  th e  supply  cu rve  f o r  sawn tim b er i s  p e r f e c t ly  e l a s t i c ,  o r  

s h i f t s  i n  such a  manner th a t  p r ic e  rem ains c o n s ta n t when demand 

changes. The form er c o n d itio n  i s  c l e a r l y  most u n lik e ly  because  i t  

ig n o re s  th e  responses o f  p roducers  to  changes i n  p r i c e .  The l a t t e r  

c o n d itio n  i s  a lso  u n lik e ly  because i t  im p lie s  p roducers  c an  m anipu late  

c o s ts  to  c o in c id e  w ith  th e  p redeterm ined  l e v e l  o f  p r ic e  (G regory, 1955)* 

These fo re c a s ts  o f  sawn tim ber consum ption i n  New Zealand should  

th e re fo re  b e  t r e a te d  w ith  c a u tio n .

The Demand f o r  R a d ia ta  P in e  Clearwood

D iv e rse  op in ions a re  h e ld  as to  th e  l ik e ly  fu tu r e  demand fo r  

clearw ood from r a d ia ta  p in e .  Brown (1972) s ta te d  t h a t  "any th ing  

k n o tty  tim ber can  do, c le a r  tim ber can do b e t t e r " ,  and C u tle r  (1970) 

s t a t e d  th a t  " th e re  w i l l  be  m arkets f o r  s u b s ta n t ia l  q u a n t i t ie s  o f  c le a r  

tim ber • • • •  o f r a d ia ta  p in e  . . . . " .  I n  c o n t r a s t ,  s ta te m e n ts  by 

A non (1972) th a t  " . . . v e r y  h igh  q u a l i ty  wood w i l l  b e  i n  demand f o r  

lu x u ry  purposes a t  lu x u ry  p r ic e s "  and K err (1972) t h a t  " • • • . th e re  w i l l  

r o t  b e  a  la rg e  co n tin u in g  m arket f o r  clearw ood, •• a p a r t  f r o m .. . .  

s p e c i a l i s t  p roducers  th e re  i s  no need a t  a l l  f o r  p ru n in g  P in u s  r a d i a t a " 

ex p ress  an alm ost d i r e c t l y  o p p o s ite  v iew p o in t.
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Official forecasts (Grainger, 1960) of the desired proportions 
by grades of sawn timber in the year 2000 are:

Finishing (Clears, Dressing and Factory grades) 30 %

Building (No, 1 and No, 2 Framing grades) 47 %

Rough (Box and Merchantable grades) 23 %

Thus, assuming that no clear grades are put to structural use, 

the consumption of finishing and clear grades could reach about 

1,5 million mVann, by the year 2000 if the forecasts by Grainger (1960) 
and Hosking (1972) are accepted.

As noted above, the forecasts \$>on which this estimate is 
based should be treated with caution and an examination of the demand 

for clearwood on a purely deductive basis may be more useful.

The demand for clearwood is obviously derived from the demand 
for the commodities of which it is a component. According to 
classical economic theory (Marshall, 1947) the derived demand for a 

product will be more inelastic:
(i) the more essential the factor being examined,

(ii) the more inelastic the demand for the final product,
(iii) the smaller the fraction of total cost that goes to the factor,

(iv) the more inelastic the supply curves of other factor«.
On the basis of current technology the major uses for radiata 

pine clearwood could be for structural purposes, for joinery and 

furniture manufacture, or for veneer manufacture, Radiata pine 

clearwood is not essential in any of these three uses. This fact is 

likely to be of overwhelming importance in determining its elasticity 

of demand. The demand for radiata pine clearwood is therefore likely 

to be highly price elastic; a small change in its price relative to
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th e  p r i c e  o f  s u b s t i tu te s  cou ld  cause  la r g e  changes i n  th e  q u a n tity  o f 

clearw ood demanded,

McConchie (1970 a) recogn ised  p o te n t i a l  s u b s t i t u t io n  as an 

im p o rtan t c o n s id e ra tio n  when examining p ro p o sa ls  to  p roduce clearwood 

by  p ru n in g . He suggested  th a t  s u b s t i tu te s  i n  th e  form o f  

r e c o n s t i tu te d  board  p ro d u c ts , and v a rio u s  forms o f  b u t t  and edge 

jo in te d  tim ber would b e  s ig n i f ic a n t  i n  de term in ing  th e  consum ption o f 

clearw ood.

F en to n  (1972 b )  considered  th e  r i s k s  o f  p r o f i t a b ly  m arketing  

clearw ood in te r n a t io n a l ly  to  be  low. Bunn (1970) and S u tto n  (1970 a) 

suggested  th a t  New Zealand has a com parative advantage i n  th e  

p ro d u c tio n  o f  r a d ia ta  p in e  clearwood b y  v i r t u e  o f  e x c e p tio n a lly  h ig h  

growth r a t e s .  They co n sid e red  th a t  th e  N orth  A m eric an m arket 

would p ro v id e  a  p r o f i t a b l e  o u t l e t  f o r  a l l  th e  clearw ood th a t  

New Z ea lan d  i s  l ik e ly  to  p roduce . These o p in io n s  a re  n o t grounded 

on any r ig o ro u s  economic a n a ly s is  o f in te r n a t io n a l  m a rk e ts . The 

f a c t  rem ains t h a t  th e  p r i c e  o f  r a d ia ta  p in e  clearw ood r e l a t i v e  to  th e  

p r ic e  o f  s u b s t i tu te s  w i l l  rem ain an im p o rtan t de term in an t o f  demand on 

b o th  dom estic and o v e rseas  m arke ts.

The e f f e c ts  o f  o th e r  v a r ia b le s  in f lu e n c in g  th e  demand fo r  

clearw ood i n  New Zealand a re  im p e rfe c tly  un d ers to o d . I f  clearw ood 

i s  used f o r  s t r u c tu r a l  p u rposes the  c h a r a c te r i s t i c s  o f  demand a re  

l i k e ly  to  b e  s im ila r  to  th o se  f o r  sawn tim ber i n  g e n e ra l .

F e rg u so n 's  (1973 a , b ) work suggested  th a t  th e  income e l a s t i c i t y  o f 

demand f o r  sawn tim ber i n  A u s tra l ia  was d e c lin in g , b u t  was 

approx im ately  u n ity . The e l a s t i c i t y  o f  demand w ith  r e s p e c t  to  the  

p ro p o r tio n  o f  f l a t s  to  d w e llin g s , was l e s s  t han  u n i ty .  T h is  f a c t  

was thought to  be  an im p o rtan t d e te rm in an t o f  fu tu re  le v e l s  o f  sawn
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tim ber consum ption in  view  o f the s h i f t  from s in g le  to  m u ltifam ily  

d w e llin g s .

The demand f o r  clearwood f o r  jo in e ry  and f u r n i tu r e  o r 

v e n e e rs , however, may e x h ib i t  c h a r a c te r i s t i c s  q u ite  d i f f e r e n t  from 

those  expected o f  sawn tim ber. A e s th e tic  appeal i s  an im portan t 

elem ent i n  many o f  th e  f i n a l  p ro d u c ts  and could  r e s u l t  i n  an 

in c re a s in g  income e l a s t i c i t y .  N e v e r th e le s s , clearw ood w i l l  s t i l l  

have to  oompete w ith  new p ro d u c ts  i n  o th e r  comnodity groups such as 

p l a s t i c s ,  s t e e l  and g la s s  and demand i s  th e re fo re  l i k e l y  to  be p r ic e  

e l a s t i c .

C le a r ly  th e re  i s  co n s id e rab le  scope fo r  re s e a rc h  in to  the  

f a c to r s  a f fe c t in g  th e  demand fo r  r a d i a t a  p in e  clearwDod in  New 

Z ea lan d . The ev idence  su g gests  th a t  th e  t o t a l  demand b o th  i n  New 

Z ealand  and in te r n a t io n a l ly  w il l  be  h ig h ly  p r ic e  e l a s t i c .  On the 

dom estic m arket, th e  in c re a se s  in  demand a s so c ia te d  w ith  p o p u la tio n  

may b e  o f f s e t  by  th e  d ecreases  i n  p e r  c a p i ta  sawn tim ber consumption 

b ro u g h t about b y  p r i c e  s u b s t i tu t io n .  Hence th e  n e t  s h i f t  i n  the  

donand f o r  clearw ood may n o t be  very  la r g e .

The Supply o f  R a d ia ta  P in e  Clearwood

McConchie (1970 b )  has e s tim ated  th a t  i f  the  a re a  pruned in  

e x o tic  S ta te  F o re s ts  i s  in c re a se d  to  6 000 h a /an n . (15 ,000  a c s . /a n n .) 

by  1975, 2 5 $  ( 1 .0  m il l io n  n r )  o f New Z e a lan d 's  e x o tic  sawlog 

requ irem en t ( s ic )  i n  1990 could  b e  su p p lie d  from pruned  lo g s .

However, F en to n  (1970) su ggested  th a t  p a s t  p ru n in g  in  S ta te  

F o re s ts  had b een  so  p o o r ly  executed th a t  le s s  than  8 093 ha  

(20 ,000 a c s .)  o f  th e  i*J0 064 ha (99 ,000 a c s .)  pruned b e fo re  1966
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co u ld  b e  expected to  y ie ld  s u b s ta n t ia l  amounts o f  clearw ood i n  th e  

n ex t 30 y e a rs . P run ing  c a r r ie d  o u t s in c e  1966 was a n t ic ip a te d  to  

g iv e  b e t t e r  r e s u l t s ,  b u t  l i t t l e  e x o tic  clearw ood was expected to  b e  

a v a ila b le  b e fo re  th e  year 2000 u n le ss  p runed  stem s on h igh  q u a l i ty  

s i t e s  were allow ed to  grow a t  a  f a s t e r  r a t e .

New Zea lan d F o re s t  P ro d u c ts  L td , has an e stim ated  volume o f  

4 ,2  m il l io n  m? o f  pruned lo g s  a v a ila b le  o v er th e  n ex t 20 y e a rs  

(Hyam, 1973), b u t  th e  p ro p o r t io n  o f  clearw ood i n  t h i s  volume i s  n o t 

known.

The e s tim a te s  d iscu ssed  above, and re c e n t  o f f i c i a l  e s tim a te s  

(H osking, 1972) o f  th e  supply  o f  sawn tim ber a re  e s tim a te s  o f  

a v a i l a b i l i t y  r a th e r  th an  su p p ly . They ig n o re  th e  in f lu e n c e  th a t  

p r i c e  w i l l  have upon the  w ill in g n e s s  o f  p ro d u ce rs  to  supply  

clearw ood to  th e  m arket, A s  i n  th e  case  o f  clearw ood demand, a  

d ed u c tiv e  a n a ly s is  o f  th e  supp ly  o f  clearwood may b e  more u s e f u l .

The d e c is io n  to  in v e s t  i n  th e  p ro d u c tio n  o f  clearw ood by  

p ru n in g  i s  dependent upon p ro d u c e rs9 e x p ec ta tio n s  o f  p r o f i t s .  The 

investm en t w i l l  b e  undertaken  o n ly  i f  th e  p r o f i t s  a re  s u f f i c i e n t ly  

g r e a t .  However, investm ent i n  clearwood p ro d u c tio n  n e c e s s i ta te s  

investm en t i n  th e  p ro d u c tio n  o f  o th e r  forms o f  wood. Once th e  

investm ent i n  p ru n in g  i s  made, i t  lo se s  i t s  i d e n t i t y  and becomes 

p a r t  o f  th e  la rg e r  investm ent i n  wood p ro d u c tio n .

I n  d ec id in g  to  h a rv e s t  a  s ta n d  o f  p runed  t r e e s ,  p ro d u cers  

w i l l  co n sid e r th e  p r ic e s  they  ex p ec t to  re c e iv e  i n  r e l a t i o n  to  th e  

miniimin a cc e p tab le  p r i c e ,  o r  r e s e rv a t io n  p r i c e ,  w hich they  have 

e s ta b lis h e d  f o r  th e  t o t a l  in v estm en t i n  th e  s ta n d . S ince  th e  

p ru n in g  investm en t has been  made and i s  th e re fo re  a  sunk c o s t ,  th e  

d e c is io n  to  c u t i s  n o t l ik e ly  to  b e  a f fe c te d  a p p re c ia b ly  by th e
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p r ic e  o f  clearw ood. The supply  o f clearw ood i s  thus l i k e ly  to  be 

la r g e ly  in e l a s t i c  w ith  re s p e c t to  p r i c e .

C u rren t manag einen t  i n  New Z ealand*s e x o tic  S ta te  F o re s ts  i s  

dominated by  th e  n e c e s s i ty  to  eke o u t wood s u p p lie s  from the  

p re  1940 age c la s s e s  to  avoid an expected  d e f i c i t  i n  the  1986-1995 

decade caused b y  th e  low p la n t in g  r a t e s  o f the  1930's* The supp ly  

o f  clearwood u n t i l  the  l a t e  1980*s w i l l  th e re fo re  be r e l a t i v e ly  

s t a t i c  and sm a ll.

As p runed s tan d s  a re  u t i l i s e d  to  supp ly  th e  dom estic and 

in te r n a t io n a l  demand f o r  wood from  1990 onw ards, the  supply  curve 

f o r  clearw ood w i l l  s h i f t  r a p id ly  ou tw ards. T h is  movement w i l l  

co n tin u e  as th e  in c re a s in g ly  la rg e  acreages p runed  s in c e  the  

194£>*s a re  u t i l i s e d .

However, subsequent s h i f t s  i n  th e  clearw ood supp ly  curve 

beyond the  tu rn  o f  th e  c en tu ry  w i l l  depend upon th e  ex p ec ta tio n s  

o f  p r o f i t a b i l i t y  by  today*s p o t e n t i a l  clearwood p ro d u c e rs . These 

p r o f i t s  w i l l  depend on the  fu tu re  p r i c e s .  Hence th e  supply  curve 

a f t e r  the y ear 2000 may w e ll be  p r i c e  e l a s t i c  to  some degree s in c e  

we a re  no lo n g e r d e a lin g  w ith  sunk c o s ts .

The P r ic e  o f Clearwood

P rev io u s  New Z ealand s tu d ie s  o f  th e  p r o f i t a b i l i t y  o f

a f f o r e s ta t io n  have assumed th a t  clearw ood would c u r r e n t ly
3 3command p r ic e s  o f  approx im ate ly  ^55/“  to  $6Q/m (F en ton  e t  a l , 

1963; Brown 1965, 1969; F enton  1972).

W ith an e l a s t i c  demaixL, which i s  n o t expected  to  in c re a se  

s u b s ta n t ia l ly  over the  n e x t 30 y e a r s ,  and an i n e l a s t i c  supp ly , 

th e  p r ic e  o f  clearw ood i s  n o t expected  to  change s u b s ta n t ia l ly



13

b e fo re  th e  y ear 2000. Hence th e  above p r i c e  ran g e  can b e  used as 

an i n i t i a l  gu ide  i n  an a n a ly s is  o f  th e  p ru n in g  d e c is io n .

I f  p ru n in g  p ro v es  to  be p r o f i t a b l e  a t  th e se  p r i c e s ,  th e  

p re s e n t  p o lic y  -w ill have been  j u s t i f i e d .  C o n tin u a tio n  o f  th e  

p o l ic y  "would ensure  th a t  fu tu r e  supp ly  co n tin u es  to  s h i f t  outw ards 

ro u g h ly  i n  b a lan c e  w ith  th e  expected agg regate  demand. F u tu re  p r ic e s  

beyond th e  tu rn  o f  th e  cen tu ry  would th e re fo re  b e  u n l ik e ly  to  change 

g r e a t ly  from  th e  p re s e n t  le v e l s .

However, i f  p ru n in g  proves u n p ro f i ta b le ,  r e v i s io n  o f  th e  

p ru n in g  p o l ic y  o f  th e  New Zealand F o r e s t  S e rv ice  m ight r e s u l t  in  a  

s t a t i c  le v e l  o f  su p p ly , o r  a t  l e a s t  a  low er r a t e  o f  in c re a s e .

In c re a s e s  i n  ag g reg a te  demand m ight th en  r e s u l t  i n  in c re a se s  i n  th e  

p r i c e  o f  clearw ood r e l a t i v e  to p re s e n t  le v e ls  which would i n  tu rn  

improve p r o f i t a b i l i t y .  T h is i l l u s t r a t e s  th e  in te rdependence  o f  p r ic e  

and q u a n tity  which m ust e x i s t  i n  a  m arke t -where one s e l l e r  i s  dom inant. 

I n  essence  i t  means th a t  a  m a rg in a lly  u n p ro f i ta b le  v e r d ic t  b ased  on 

the  e x is t in g  fo re c a s ts  o f  f u tu r e  p r i c e  would n e c e s s i ta te  a  much c lo s e r  

exam ination  o f  the  p r ic e - q u a n t i ty  r e la t io n s h ip  and re -ex am in a tio n  o f  

the  p r o f i t a b i l i t y  o f  p ru n in g  i n  th i s  l i g h t .



CHAPTER THREE

FACTORS AFFECTING- THE YIELD OF CIEARTNOOD FROM RADIATA PINE. 

Introduction

Clearwood yield from a pruned log of a given length is 

determined by the interaction of sawing pattern and log 

characteristics* The most important log characteristics are log 

diameter, log shape, and the diameter of the knotty core, more 

accurately defined as the diameter over pruned stubs of the largest 

pruned whorl including an allowance for occlusion defect* Log 

characteristics are determined by the influences to which the pruned 

section of the tree was subjected during its life* Those influences 

include rotation length, thinning treatment, pruning treatment, site 

factors and genetic influences.

The Effect of Sawing Pattern

There have been a number of trials in which the yields of 

clearwood resulting from different sawing patterns have been examined. 

However, the effect of sawing pattern in these trials has been 

confounded by the different pruning and silvicultural histories of the 

stands yielding the pruned logs.

The logs sawn in the trial described by Brown (1965) had 
received intensive pruning to heights of 13.7 m to 15*2 m 

(45 ft to 30 ft) over a period of 20 years, with individual pruning 

lifts as little as 0.9 m (3 ft). The individual tree diameters at 

the top of each lift ranged from about 7*6 cm (3 inches) at the first 

pruning lift to about 17«8 cm to 20.3 cm (7 to 8 inches) at the last
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p ru n in g  l i f t .

The lo g s  sawn in  a l a t e r  t r i a l  re p o r te d  by  Brown (1969) were 

p runed  to  4« 9 m (16 f t )  in  th re e  l i f t s  o c cu rrin g  betw een s ta n d  

h e ig h ts  o f  about 6,1 m (20 f t )  and 12 .2  m (40 f t )  leav in g  a  c le a r  

b o le  o f 5*5 m to  6,1 m (18 f t  to  20 f t )  in  le n g th .  Thinning o f 

unknown in t e n s i t y  was c a r r ie d  o u t c o n c u rre n tly  w ith  p ru n in g ,

F en ton  e t  a l  (1971) p u b lish e d  th e  r e s u l t s  o f  sawing b u t t  

lo g s  o f a  s ta n d  which had been  pruned to  h e ig h ts  rang ing  from 6,1 m 

to  16 ,8  m (20  f t  to  50 f t )  by  age 17 to  19 y e a r s .  F i r s t  p ru n in g  was 

to  h e ig h ts  o f  1 . 8 m  to 2 .4  m ( 6  f t  to  8 f t )  a t  age 6 y e a r s , and th e  

second l i f t  was 5*5 m (18 f t )  a t  ages ran g in g  from 8 to  10 y e a r s . 

F i r s t  th in n in g  was to  618 stem s p e r  h e c ta re  ( s . p . h . )

(250 stems p e r  a c re )  a t  age 9 y e a rs  and second th in n in g  was to  

198 stems p e r  h e c ta re  (80 stems p e r  a c re )  a t  ages 17 to  19 y e a r s .

Sawing p a t te r n s  in  a l l  th re e  t r i a l s  produced m ain ly  b o ard s  o f  

2 .5 4  cm (1 in ch ) th ic k n e ss . The t r i a l  re p o r te d  b y  F en ton  e t  a l  

(1971) in v o lved  c u t t in g  one fa c e  u n t i l  a  d e fe c t  appeared ; the  lo g s  

w ere th en  tu rned  180° and th e  p ro c e s s  rq p e a ted . The rem ainder o f  

th e  log  was su b seq u en tly  reduced  to  a  c a n t o f commercial w id th  and 

co n v en tio n a l through and through sawing co n tin u ed . T h is  ’f la t*  

sawing p a t t e r n  was designed  to  y ie ld  th e  maximum volume o f  wide 

c le a r  b o ard s  using  a  v e r t i c a l  band h e ad rig  fe d  by a  P a c i f i c  log  

c a r r ia g e ,

F en to n  (1967) showed th a t  f l a t  sawing o f  r a d i a t a  p in e  logs 

gave h ig h e r  conversions to  sawn tim ber th an  logs th a t  w ere e i th e r  

q u a r te r  o r  ta p e r  sawn, Clearwood y ie ld s  were a lso  co rre sp o n d in g ly  

h ig h e r i n  lo g s  th a t  were f l a t  sawn.
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Clearwood y ie ld s  o b ta in e d  from exp erim en ta l sawing t r i a l s  a re  

p ro b ab ly  h ig h e r th an  those  which would be  o b ta in ed  from normal 

commercial p r a c t ic e  (F enton , 1967). C a lc u la tio n s  o f the  p r o f i t a b i l i t y  

o f p ru n in g  based  on the r e s u l t s  o f  such sawing t r i a l s  may th e re fo re  

be  b ia se d . However, advances i n  the technology o f  sawing a re  l ik e ly  

to  reduce  th e  b ia s  to  n e g l ig ib le  p ro p o r tio n s  over the  long tim e 

h o rizo n  w ith  which th is  s tu d y  i s  concerned.

The E f fe c t  o f  Log C h a r a c te r is t ic s

Log d iam eter has been shown to  be im p o rtan t in  de term in ing  

clearwood y ie ld s  i n  b o th  th e o r e t ic a l  s tu d ie s  (F en ton  e t  a l . 1963; 
S utton j1970  b ) and i n  sawing t r i a l s  (F enton  e t  a l .  1971;

Brown, 1963, 1969)•

I n  sawing t r i a l s  th e  clearwood y ie ld s  from p runed  logs o f 

v a ry in g  d iam eter have been  de term ined , and fu n c tio n s  r e l a t i n g  

clearw ood y ie ld  to  lo g  s i z e ,  expressed  as b a s a l  a re a , d iam eter b r e a s t  

h e ig h t over bark  (D .B.H .O .B.) o r sm all end d iam eter in s id e  bark  

(S .E .D .I .B .) have b een  e s ta b lis h e d  by  re g re s s io n  a n a ly s is .  Thus 

Brown (1969), u s in g  th e  d a ta  from two sawing t r i a l s  (Brown 1965,

1969) suggested  th a t  th e  fo llo w in g  eq u a tio n  should  be  used where 

p ru n in g  had produced a  k n o tty  co re  o f  l e s s  than  23 cm (9  inches) i n  

d iam eter:

Y = -O .I652 + .000183 X (1)

Where: Y -  clearw ood y ie ld  (m^) from a  5 .5  m (18 f t . )  lo g ,

sm all end d iam eter in s id e  b a rk  (cm ).X
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The minimum le n g th  o f c le a r  board  in c lu d ed  i n  th e  d a ta  on which th i s  

e q u a tio n  was based  was 1.5  m (5 f t ) .

F en to n  e t  a l  (1971) p re se n te d  th e  fo llo w in g  e q u a tio n  to  

p r e d ic t  clearw ood y ie ld  d e riv e d  from d a ta  o b ta in ed  by saw ing 15 

w ell-p ru n ed  dominant stem s:

Y = -  0.1185 + 1 .3554 X (2)

"2

where I  -  clearw ood y ie ld  (n r )  from  a  5 .5  m log  le n g th ,

2
X = t r e e  b a s a l  a re a  over b a rk  (m ) .

The minimum le n g th  o f  c le a r  b o ard  in c lu d ed  in  th e  d a ta  used to  

d e r iv e  th is  re g re s s io n  was 1 .8  m. The average k n o tty  co re  d iam eter 

was 25.4  cm (10 in c h e s ) .

The d if f e r e n c e s  between eq u a tio n s  ( l )  and (2 ) can n o t be 

te s te d  s t a t i s t i c a l l y  because e q u a tio n  ( l )  was s u b je c t iv e ly  d e riv ed  by  

Brown, and th e  independen t v a r ia b le s  d i f f e r .  However, i f  due 

allow ance i s  made f o r  th e  d if f e r e n c e  betw een D .B .H .0 .3 . and S .E .D .I .B . 

th e  eq u a tio n s  p r e d ic t  s im ila r  y ie ld s  o f  clearw ood from t r e e s  o f  

e q u iv a len t D.B.H.O.B .  Both eq u a tio n s  in d ic a te  t h a t  clearwood y ie ld  

in c re a s e s  i n  p ro p o r t io n  to  th e  sq u are  o f  th e  d iam eter o f  th e  pruned lo g .

T h e o re tic a l  s tu d ie s  o f  expected  clearwood y ie ld  have a ttem p ted  

to  p r e d ic t  th e  volume o f  clearw ood th a t  co u ld  b e  sawn from a  log  by  

c o n sid e rin g  log  s i z e ,  lo g  shape and s p e c i f ic  c u t t in g  p a t t e r n s .

These s tu d ie s  have assumed th a t  th e  lo g s  were p e r f e c t ly  r e g u la r  i n  

sh ap e , were sym m etrical and had c e n t r a l l y  p la ce d  d e fe c t  co res 

(Brown 1965) .  The r e s u l t s  o f  th e se  s tu d ie s  in d ic a te d  th a t  clearw ood 

y ie ld s  were l ik e ly  to  range from 0 % o f  t o t a l  sawn y ie ld  i n  sm all 

lo g s  w ith  la rg e  d e fe c t  c o re s , to  a  maximum o f  abou t 95 f° o f
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t o t a l  sawn y ie ld  f o r  a  66 cm (26 in ch ) D.B.H.O.B. log w ith  a 

10.2 cm (4  inch) co re  d iam e ter.

These s tu d ie s  a lso  in d ic a te d  th a t  an  in c re a se  in  D.B.H.O.B. o f 

6 .4  cm (2 .5  in ch es) was n ecessa ry  to  condensate  fo r  th e  clearw ood 

l o s t  by a 2 .5  cm (1 inch) in c re a se  i n  k n o tty  co re  d iam e te r. This 

fin d irig  a p p lie d  over a  wide range o f k n o tty  co re  and b u t t  lo g  

d iam eters (S u tto n  1970 c ) .

Log shape a lso  a f f e c t s  th e  e f f ic ie n c y  o f  conversion  to  sawn 

tim ber. Lonn (1970) and MacDonald e t  a l  (1970) p re se n te d  d a ta  

in d ic a t in g  th a t  the  p resen ce  o f  sweep in  a  log  w i l l  cause a  la rg e  

re d u c tio n  in  sawn y ie ld .  A 10 mm sweep, f o r  example, i n  a  4 .6  m 

log  le n g th  w i l l  reduce tim ber y ie ld  by  about 20 % conpared w ith  

s t r a ig h t  logs (Lonn, 1970). T h e o re t ic a l ly , sweep becomes more 

im portan t as lo g  d iam eter d ecrea se s  and as lo g  le n g th  in c re a se s  

(MacDonald e t  a l . 1970). Clearwood y ie ld s  d e c rea se  as sweep 

in c re a s e s .

The e f f e c t  o f ta p e r  on th e  e f f ic ie n c y  o f  conversion  does n o t 

appear to  have b een  e s ta b lish e d  q u a n t i ta t iv e ly .  W ith f l a t  saw ing, 

in c reased  ta p e r  w i l l  reduce clearw ood y ie ld s ,  b u t  w ith  ta p e r  sawing 

i t  may have l i t t l e  e f f e c t  (K. G roves, p e r s .  comm.).

D ata  from sawing t r i a l s  d e sc rib ed  b y  F en ton  e t  a l  (197*1) 

were i n s u f f i c i e n t  to  e s ta b l is h  e m p ir ic a lly  th e  in f lu e n c e  o f k n o tty  

co re  d iam eter i n  determ ining  clearw ood y ie ld  (F en ton  e t  a l . 1970*  

However, Brown (1969) used d a ta  from two sawing t r i a l s  (Brown 1965, 

1969) to  e s ta b l i s h  a  r e la t io n s h ip  betw een D.B.H.O.B. and k n o tty  core  

d iam e te r, exclud ing  o c c lu s io n  d e f e c t .  The r e la t io n s h ip  wasj
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Y = -  0.1010 4 0.000199 x L 2 ^ 0.000094 x K 2 (3)
x

where: Y s  clearwood y ie ld  (in ) ,

D s  D.B.H.O.B (cm),

K = knotty  core diameter (cm), excluding  

o cclu sion  d e fe c t .

I t  i s  reported in  Brown (1969) that "neither o f  the regressio n s  
2on K nor K can be regarded as s ig n if ic a n t .  However the use o f

2 2 K (or  K ) in  conjunction w ith D.B.H. (or D.B.H. ) does r e s u lt  in  a

s ig n if ic a n t  improvement in  the reg ressio n ."  These statem ents are

ambiguous because i t  i s  s t i l l  not c lea r  whether knotty core r e s u lt s

in  a s ig n if ic a n t  improvement over and above th a t produced by

D.B.H.O.B.

Knowles (1970) reported data on branch s iz e  and the ra d ia l 

growth required to occlude branch s tu b s. Sutton  (1970 c) used th is  

data together w ith  equation ( 3) to c a lcu la te  the in crease  in  f in a l  

lo g  D.B.H.O.B. required to compensate fo r  a 2 .5  cm (1 inch) in crease  

in  knotty core diam eter. In  co n tra st to th e o r e tic a l stu d ies  he 

found that an in crease  o f on ly  1 .0  cm to 1 .3  cm ( 0 .4  to 0 .5  in ch es)  

in  f in a l  log  D.B.H.O.B. was necessary to compensate for  a 2.5 cm 

in crease  in  knotty  core diam eter. Sutton (1970 c ) concluded 

th at he had used equation (3) ou tsid e  the range o f the data used 

to derive i t  and that the equation had been based on data from a 

biased  sample.
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The results of Sutton's (1970 c) study however, together with 
the negative coefficient for knotty core in equation (3)* and the 

results of the theoretical sawing studies, indicate that increases 

in the knotty core diameter do reduce clearwood yield. However, 

more research is required to establish precisely how clearwood yield is 

related to knotty core diameter.

As expected the clearwood yields predicted from theoretical 

considerations exceed those obtained in sawing trials. The 
presence of unexpected and unpredictable defects, caused by for 

example stem cone holes, and site induced defects such as resin 
pockets, resin streaks, sweep and log eccentricity (Chandler, 1970) 

would account for a substantial proportion of the discrepancies.

The Effect of Site and Rotation Length on Log Characteristics

Site Index is a measure of the productivity of a site. It is 
normally expressed in New Zealand as the mean height on a stand 

height-diameter curve corresponding to the 100 largest trees per acre 
(Lewis, 1954)« Basal area increment and volume increment over time 

are generally well correlated with height increment over time. Thus 

stands with high site indices produce larger trees in a given 

rotation length: larger trees produce more clearwood.
Site also affects taper* Generally the better the growing 

conditions, the greater the diameter increment on the lower bole. 

Conversely, the less favourable the growing conditions, the less 
increment is obtained* However, both trees and stands may react 

differently to the same treatments depending upon the site (Whyte,1970).
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S i t e  a f f e c t s  k n o tty  co re  d iam eter through i t s  e f f e c t  on stem  

d iam eter grow th, t r e e  shape , ta p e r  and b ranch  grow th.

An e x ten s iv e  p run ing  t r i a l  i n  New Z ealand re p o rte d  upon by  

S u tto n  e t  a l  (1968, 1970, 1972) p rov ided  some d a ta  concern ing  the  

r e la t io n s h ip  betw een D.B.H.O.B. and the  d iam eter over s tu b s  o f the  

l a r g e s t  pruned whorl f o r  v a rio u s  p ru n in g  l i f t s .  I n  g e n e ra l ,  the 

d iam eter over s tu b s  o f  th e  la r g e s t  p runed  w horl in c re ase d  by  0 .5  cm 

(0 .2  in c h e s )  fo r  every  0.31 m (1 .0  f t )  in c re a se  in  s tan d  mean h e ig h t. 

The d a ta  from th i s  t r i a l  in d ic a te d  th a t  d iam eters over s tu b s  o f the  

l a r g e s t  pruned whorl were equal to :

( i )  D.B.H. a t  tim e o f p run ing  p lu s  4*1 cm i n  low p ru n in g ,

( i i )  D.B.H. a t  tdme o f p run ing  p lu s  1 .5  cm in  a  p run ing  l i f t  

w ith  a  b a se  o f  2.1 m,

( i i i )  D.B.H. a t  tim e o f  p run ing  p lu s  0 .8  cm in  a p ru n in g  l i f t  

w ith  a  b a se  o f 3«1 m,

( iv )  D.B.H. a t  tim e o f p run ing  minus 0 .8  cm in  a p rim ing l i f t  

w ith  a b a se  o f  4*3 m.

No le v e l s  o f r e l i a b i l i t y  were g iv en  f o r  th ese  e s t im a te s , and the  

e f f e c t  o f  s to ck in g , i f  any, on th e se  r e la t io n s h ip s  was n o t co n sid e red .

T h is  t r i a l  a lso  p rov ided  an in d ic a t io n  o f how th e  d iam eter o f  

th e  l a r g e s t  b ranch  f o r  th e  low p ru n in g  l i f t  (0 .0 0  m -  2.1 m) 

changed w ith  an in c re a s e  i n  s tan d  h e ig h t .  The d iam eter o f the  

l a r g e s t  b ranch  in  th e  low er 2.1 m o f the  stem in c re a se d  by 

approx im ately  0 .7 6  cm (0 .3  in )  w ith  every  0 .31m(1 .0  f t . )  in c re a se  

in  s ta n d  mean h e ig h t .  Again no e s tim a te  o f the  accu racy  o f th e  

r e la t io n s h ip  was g iv e n , and the  e f f e c t  o f  s to c k in g , i f  any^was n o t

con sid ered



No e s tim a te s  o f  r e la t io n s h ip s  betw een s ta n d  h e ig h t o r  D.B.H, 

and th e  l a r g e s t  b ran ch  d iam eter i n  o th e r  p o r t io n s  o f  th e  lower 6 m
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o f  a  r a d ia ta  p in e  stem  appear to  have been  made*

B ranch measurements from  spacing  t r i a l s  i n  s e v e ra l l o c a l i t i e s  

c le a r ly  in d ic a te  t h a t  s o i l  f e r t i l i t y  has a  marked in flu en c e  on th e  

i n i t i a l  s to ck in g -b ra n ch  s iz e  r e la t io n s h ip  (Bunn, 1970). W ill (1970) 

has a lso  shown th a t  n u t r i t io n a l  f a c to r s  a f f e c t  b ran ch  grow th.

N itro g en  and phosphorous d e f ic ie n c y  reduced  b ran ch  growth r e l a t i v e  to  

stem gro wth  i n  New Z ealand . Cromer e t  a l  (1957) however, showed 

th a t  i n i t i a l  s to ck in g  a f fe c te d  b ranch  d iam eter o n ly  to  th e  e x te n t 

t h a t  stem  D.B.H.O.B. was a f f e c te d .  W righ t, J .  (1970) s ta t e d  th a t  

th e  e f f e c t s  o f  s i t e  index  and s i l v i c u l t u r a l  tre a tm e n t on b ranch  s iz e  

a re  n e g l ig ib le  over and above t h e i r  e f f e c t s  on t r e e  s iz e .

Thus f o r  a  g iv en  s i t e ,  b ran ch  s iz e  may b e  dependent upon stem 

d iam e te r . However, s i t e  a f f e c t s  r a t e s  o f  d iam eter growth o f  branches 

over tim e b ecause  i t  determ ines the  r a t e  o f  stem  d iam eter grow th.

S tu d ie s  i n  New Zealand (Knowles 1970) and i n  A u s tra l ia  

(Brown e t  a l .  1957) e s ta b lis h e d  th a t  th e  amount o f  r a d ia l  grow th 

re q u ire d  to  o cclude  a  pruned b ran ch  s tu b  was a  fu n c tio n  o f  th e  

d iam eter o f  th e  b ran ch  a t  the  tim e o f p ru n in g . A fu n c tio n  r e l a t i n g  

th e  amount o f r a d i a l  growth re q u ire d  to  occlude  and b ranch  d iam eter 

was e s ta b lis h e d  b y  Knowles (1970):

Y = 0 .8 t  + 0 . 3 6 X  (4)

w here: Y -  r a d i a l  growth (cm) re q u ire d  f o r  o c c lu s io n ,

= b ra n c h  d iam eter (cm) a t  th e  tim e o f  p ru n in g .X
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Knowles (1970) s ta t e d  th a t  th e  re g re s s io n  was s ig n i f ic a n t  a t  

th e  99.9  % p r o b a b i l i ty  le v e l .  E q u a tio n  (4 ) g iv e s  r e s u l t s  s im ila r  

to  th o se  g iven  by an eq u a tio n  determ ined  by  Brown e t  a l  (1957) when 

sh e a rs  were used as th e  p run ing  to o l .

The e f f e c t  o f  s i t e  on clearwood y ie ld  i s  thus tw ofo ld . On 

h ig h e r s i t e  in d ic e s , th e  r a t e  o f  clearw ood p ro d u c tio n  i s  in c reased  

b ecause  the  tim e re q u ire d  to  reach  a g iv en  f i n a l  lo g  d iam eter i s  

d e c rea se d . However, s tan d s  on h ig h e r  s i t e  in d ic e s  m ust be pruned a t  

an e a r l i e r  age i f  th e  k n o tty  co re  d iam eter i s  n o t to b e  in c reased  and 

clearw ood y ie ld  th e reb y  reduced .

The E f f e c t  o f  Thinning on Log C h a r a c te r is t ic s

Clearwood y ie ld  would presum ably be  in c re a se d  i f  increm ent 

cou ld  be  co n cen tra ted  as e a r ly  as p o s s ib le  upon p runed  stem s. Thus 

i f  maximum clearwood y ie ld  i s  the  o b je c t iv e ,  th in n in g  to  remove a l l  

b u t  the  f i n a l  crop t r e e s  should be accom plished as soon as p o s s ib le .

However, th e  e f f e c t  o f  th in n in g  on branch  developm ent in  the  

low er 6 m o f a  r a d i a t a  p in e  stem has n o t been  e s ta b l is h e d . I f  

th in n in g  p r io r  to  th e  com pletion  o f  p run ing  in c re a s e s  k n o tty  co re  

d iam eter v ia  an e f f e c t  o f  b ran ch  d iam eters and th e  r a d i a l  grow th 

re q u ire d  f o r  subsequen t o c c lu s io n , clearvrood y ie ld s  may be  reduced . 

F or th is  re a so n  W hiteside  (1962) suggested  th a t  th in n in g  should  b e  

delayed  u n t i l  p run ing  had been  com pleted.

The tim ing o f  th in n in g  tre a tm e n t needs c lo se  a t te n t io n  in  

r e l a t i o n  to  p ru n in g , b o th  from th e  p o in t  o f  view  o f maximising 

clearw ood y ie ld  and o f m inim ising tending  c o s ts .  The c o s ts  o f 

non-commercial th in n in g  to  a  nom inated s to ck ing  in c re a s e  as th e  s tan d  

a g es , b u t th e  c o s ts  o f p ru n in g  a re  decreased  i f  c a r r ie d  o u t b e fo re
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th in n in g  (T . W* Johnson , p e r s .  comm.) • On th e  o th e r  hand, e r ro rs  

i n  t r e e  s e le c t io n  can  b e  r e c t i f i e d  i f  p ru n in g  i s  c a r r ie d  o u t p r io r  to  

th in n in g , and s e le c t io n  o f  t r e e s  to  rem ain  a f t e r  a th in n in g  i s  aided 

i f  s e le c t io n  f o r  p rim ing  has been c a r r ie d  o u t beforehand* Where 

p ru n in g  and "thinning a re  scheduled a t  th e  same age th e  New Zealand 

F o r e s t  S e rv ice  ad ep ts  th e  p r a c t ic e  o f  couple  t in g  th e  p ru n in g  o p e ra tio n  

b e fo re  th inning*

No p u b lish ed  re s e a rc h  i s  a v a i la b le  on  th e  e f f e c t  o f  th in n in g  on 

ta p e r  o f  r a d ia ta  p in e  s tem s. However, s tu d ie s  w ith  o th e r  sp ec ie s  

(Whyte 1965) have e s ta b lis h e d  th a t  th in n in g  in c re a s e s  d iam eter grow th 

a t  b r e a s t  h e ig h t to  a  g r e a te r  e x te n t than  a t  p o in ts  f u r th e r  1Jtp th e  

stem . Taper th e re fo re  in c re a s e s  as th e  in t e n s i t y  o f  th in n in g  

in c re a s e s .

Fen ton  e t  a l  (1971) re p o rte d  t h a t  b u t t  lo g  volumes from tre e s  

w ith  an average D.B.H.O.B. o f 59*4 cm (2 3 .4  in )  tak en  from a  r a d ia ta  

p in e  s ta n d  in  New Z ealand  which had re c e iv e d  m oderate p ru n in g  and 

th in n in g  trea tm en t exceeded th e  average volume o f  b u t t  lo g s  o f  

e q u iv a le n t D.B.H. from  un th inned  s ta n d s  by  10 to  12 ft*  T his f in d in g  

th e re fo re  c o n f l ic ts  w ith  th e  evidence o b ta in e d  from o th e r  s p e c ie s . 

N e v e r th e le s s , i f  th e  i n t e n s i t y  o f  th in n in g  i s  in c re a se d  a f t e r  p run ing  

i s  c o n p le ted  th e  r a t e  o f  clearw ood p ro d u c tio n  should  in c re a s e  

c e t e r i s  p a r ib u s .

The E f f e c t  o f  P ru n ing  o n  Log C h a r a c te r is t ic s

There i s  a  la ck  o f  q u a n t i ta t iv e  d a ta  d e sc r ib in g  th e  

in te r a c t io n  o f p run ing  tre a tm e n t, s ta n d  d e n s i ty  and ta p e r  i n  r a d ia ta  

p in e  s ta n d s  in  New Z ea lan d .
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F a r r a r  (1 9 61) concluded th a t  th e  th ic k n e ss  o f  th e  annual r in g s  

i n  a  stem was g r e a te s t  a d j8c e n t  to  th e  nodes whose b ranches c a r r ie d  

th e  g r e a te s t  amount o f  f o l ia g e ,  A t r e e  w ith  g reen  fo l ia g e  ex tend ing  

from  the apex to th e  base  p rod u ces  an annual r in g  o f  approx im ately  

uniform  th ic k n e s s , b u t  which th ick en s  s l i g h t l y  toward the  b a se , and th e  

stem  i s  th e re fo re  ta p e re d . As a s tan d  grows o ld e r ,  n a tu ra l  shading 

cau ses  the  b ase  o f  th e  g reen  crown to  r i s e  and th e  th ick n ess  o f  th e  

annual r in g  n e a r the  base  o f  th e  stem  d e c re a se s . The re g io n  o f  

maximum annual r in g  th ick n ess  th e re fo re  moves up th e  stem and th e  

low er s ta n  becomes more c y l in d r ic a l .  G reen p ru n in g  a c c e le ra te s  the  

r i s e  i n  the  b a se  o f  the g re e n  crown, so th a t  th e  p o in t  o f maximum 

annual r in g  th ick n ess  moves up th e  stem as th e  t r e e  i s  p runed .

Heavy th in n in g  s t im u la te s  d iam eter grow th i n  th e  low er p o r t io n  

o f  th e  b o le . G reen p ru n in g  s t im u la te s  d iam eter growth i n  the  upper 

p o r t io n  o f th e  b o le .  Com bination o f  th e  two tre a tm e n ts  causes th e  

stem  to  become more c y l in d r ic a l ,  and as a  r e s u l t  th e  volume o f  a  

pruned log  may exceed th a t  found in  unth inned and unpruned s ta n d s .

T h is  p ro b ab ly  ex p la in s  th e  r e s u l t s  found by  F en to n  e t  s i  (1971) 

re p o rte d  e a r l i e r .

The e f f e c t  o f  p ru n in g  on b ranch  developm ent above th e  pruned 

p o r t io n  has been  e s ta b lis h e d  by  Jacobs (1938), Severe g reen  p ru n in g  

o f  r a d ia ta  p in e  in  A u s t r a l ia  in c re a se d  th e  s iz e  and acu teness o f  

b ranches j u s t  above th e  p runed zone.

P ru n in g  has been c lo s e ly  s tu d ie d  fo r  i t s  e f f e c t  on b a s a l  a re a  

increm en t, and hence f o r  i t s  e f f e c t  on f i n a l  lo g  c h a r a c te r i s t i c s .

Brown (1962) summarised the  e f f e c t s  o f  p run ing  on th e  grow th o f

c o n ife rs  as fo llo w s:
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( i )  Removal o f 25 p e r  c en t o f  th e  g reen  crown has l i t t l e  o r 

no e f f e c t  on e i th e r  d iam eter o r  h e ig h t increm ent*

( i i )  Removal o f 75 p e r  c en t o f  th e  l i v e  crown cau ses  a  severe  

dep ress in g  e f f e c t  on d iam eter increm en t, and th e re  i s  

l ik e ly  to  b e  perm anent lo s s  o f t o t a l  volume p ro d u c tio n .

( i i i )  The e f f e c t  o f  in te rm e d ia te  d eg rees o f  p run ing  i s  v a r ia b le . 

Removal o f  50 p e r  c en t o f th e  crown may reduce increm ent 

f o r  s e v e ra l  y e a rs  a f te r  p ru n in g  and th e re  may b e  perm anent 

lo s s  o f d iam eter grow th, b u t  th e re  i s  l i t t l e  ev idence i f  

any th a t  volume lo s s  i s  econom ically  im p o rtan t.

( iv )  The e f f e c t  on h e ig h t increm ent fo llow s somewhat s im ila r  

l i n e s ,  b u t th e  r e l a t i v e  m agnitude o f  th e  e f f e c t  i s  much 

l e s s .

(v ) Where on ly  a  s e l e c t  p ro p o r tio n  o f  th e  t re e s  a re  p runed , 

unpruned neighbours may su pp ress pruned steins.

I n  c o n tra s t  to  much o f th e  e a r l i e r  work on which th e  above 

co n c lu s io n s  a re  b a se d , p ru n in g  may have q u ite  severe  d ep re ss in g  

e f f e c t s  on h e ig h t in crem en t in  the  case  o f  r a d ia ta  p in e  i n  New 

Zealand (S u tto n  e t  a l . 1970, 1972).

The s e v e r i ty  o f  a  p ru n in g  tre a tm e n t should  be expressed  as the  

p ro p o r t io n  o f g reen  crown removed (Brown, 1962). Removing the  

shade crown (B eekhuis, 19^5) may n o t d e p re ss  increm ent because 

moribund b ranches have b een  shown to b e  p a r a s i t i c  on th e  g reen  

crown i n  some sp ec ie s  (S m ith , 1962). I n  the  p a s t ,  p ru n in g  s e v e r i ty  

has o f te n  been  expressed  as the  h e ig h t to  which p run ing  was 

c a r r ie d  o u t .  A l te r n a t iv e ly ,  th e  h e ig h t o f  p ru n irg  as a  p ro p o r tio n  

o f t r e e  h e ig h t has b een  used  to  exp ress p rim ing  s e v e r i ty .  F o r 

th i s  re a so n , most o f th e  r e s u l t s  o f  th e  e f f e c t  o f p ru n in g  s e v e r i ty

on d iam eter increm ent
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reviewed by Mar; M öller ( i 960) rare open to c r it ic ism .

Brown (1962) in  d iscu ssin g  the s e v e r ity  o f pruning treatm ents, 

defined  'p o ten tia l green crown depth* as the length  o f  the crown from 

the crown tip  to the crown base (a  p o in t  midway between the low est 

green branch and the lo w est green whorl) which would e x is t  in  an 

unpmined rad iata  p in e  stand a t a g iven  stand d en sity . A number o f  

workers (W hiteside, 1962; Brown, 1962; Beekhuis, 1965) have 

in v e stig a te d  the r i s e  in  the base o f the green crown as a stand ages. 

The trend fo r  the base o f  the green crown to r i s e  once a c r i t i c a l  

stand h e igh t has been reached i s  w e ll e sta b lish ed . This c r i t i c a l  

h eigh t i s  dependent upon stock in g , w ith  wider spacings m aintaining  

deeper green crowns a t  a g iven  stand h e ig h t. S it e  may a lso  

in flu en ce  the re la tio n sh ip  between green crown depth and stock in g , 

and the r a te  a t  which the base o f  the green crown r is e s  may be 

in flu en ced  by age independently o f s to ck in g . In  younger stand s, 

the base o f  the green crown r is e s  a t a more rapid ra te  over time 

than i t  does in  o lder stands (Beekhuis, 1965)*

Brown (1962) developed the data in  Table 2 from data  

presented  by Mar:Moller ( i9 6 0 ) . These data r e la te  the proportion  

o f p o te n t ia l  green crown removed by pruning to the proportion  of 

annual b a sa l area increment l o s t .  Brown suggested th at the data  

would be app licab le  to ra d ia ta  p ine in  New Zealand.



28

TABLE 2: THE RELATIONSHIP BETWEEN THE PROPORTION OP ANNUAL

BASAL AREA INCREMENT LOST AND THE PROPORTION OF POTENTIAL 

GREEN CROWN REMOVED BY PRUNING

P r o p o r t io n  o f  P o t e n t i a l  

g re e n  crown removed

P r o p o r t io n  o f  an n u a l 

b a s a l  a r e a  in c re m en t l o s t

0 .2 0 0.01

0 .3 0 0 .0 8

0.2^0 0 .2 0

0 .3 0 0 .3 7

0 .6 0 0 .3 7

0 .7 0 0 .7  6

E x p ress in g  p ru n in g  s e v e r i t y  as th e  p r o p o r t io n  o f  p o t e n t i a l  

g re e n  crown removed im p lie s  t h a t  th e  s e v e r i t y  o f  p ru n in g  d ep en is  

upon age and s to c k in g ,  and th a t  th e  e f f e c t  o f  p ru n in g  on  b a s a l  a r e a  

in c re m e n t w i l l  b e  tem p o rary . The d a t a  i n  T ab le  2 ap p ea r to  

c o n firm  th is *  P ru n in g  w i l l  have l e s s  e f f e c t  on  in c re m e n t i f  

s ta n d s  a re  c lo s e ly  sp a c e d , and th e  e f f e c t  w i l l  b e  reduced  as th e  

s ta n d  ages and th e  b a se  o f  th e  g re e n  crown r i s e s ,  re d u c in g  th e  

p r o p o r t io n  o f  g re e n  crown removed b y  p ru n in g  to  a  g iv e n  h e ig h t .
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The E f fe c t  o f I n i t i a l  S tocking on Log C h a r a c te r is t ic s

I n i t i a l  s to ck in g  w i l l  in f lu e n c e  th e  c h a r a c te r i s t i c s  o f  the  

log  and th e  y ie ld  o f  clearw ood p r im a r i ly  through i t s  e f f e c t  on the 

d iam eter o f  th e  stem a t  th e  tim e o f  p ru n in g . Wide i n i t i a l  spacing 

would in c re a s e  stem d iam eter b u t in c re a s e  ta p e r  a t  a  g iv en  age, 

and c e t e r i s  p a r ib u s , may in c re a se  th e  d iam eter o f  th e  d e fe c t  c o re .

L arger b ranches a t  the  tim e o f  p ru n in g  a sso c ia te d  w ith  w ider 

spacings w i l l  in c re a se  th e  r a d i a l  growth re q u ire d  to occ lu d e  c u t 

s tu b s . However, b ranch  developm ent i s  no g re a te r  betw een than  

along rows (S u tto n , 1968) and th e  advantages co n fe rred  b y  wide 

i n i t i a l  spac ings i n  r e s p e c t  o f  e s tab lish m en t and th in n in g  c o s ts  w i l l  

be r e a l i s e d  by  u sin g  re c ta n g u la r  sp ac in g . R ec tangu lar spac ings 

have b een  recomnended f o r  most o f  the  r e c e n t ly  p u b lish e d  sawlog 

regim es in v o lv in g  p ru n in g  ( e .g .  F en ton , 1972 a ) .

The E f f e c t  o f  G enetic  In f lu e n c e s  on Log C h a r a c te r is t ic s

Shelbourne (1970) p rov ided  a  com prehensive rev iew  o f p ro g ress  

w ith  b reed in g  r a d ia ta  p in e  in  New Z ealand .

The r a t e  o f  grow th determ ines th e  r o t a t io n  le n g th  re q u ire d  

to  p roduce  a  t r e e  o f  a  g iv en  s iz e .  Growth r a t e  i s  g e n e t ic a l ly  

c o n tro l le d  and m odera te ly  h e r i t a b le .  Improvements o f  grow th r a te s  

o f  th e  o rd e r  o f  16 % a re  p o s s ib le  i f  th e  most v igorous c lo n es  a re  

s e le c te d .

B ole s t r a ig h tn e s s  i s  o f p a r t i c u l a r  im portance to  th e  y ie ld  

o f  clearw ood. S in u o u s ity  i n  the  k n o tty  co re  in c re a se s  i t s  

e f f e c t iv e  d iam eter and red u ces  th e  p ro p o r t io n  o f  d e fe c t  f r e e  

boards produced . The h e r i t a b i l i t y  o f  b o le  s t r a ig h tn e s s  i s  h ig h ,
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b u t f e r t i l e  s i t e s  g e n e ra lly  p roduce more b o le  s in u o u s ity  th an  

i n f e r t i l e  s i t e s .

There i s  a  wide range in  th e  number o f  w horls produced 

each y e a r i n  r a d ia ta  p in e ,  and u n i nodal and m ultinod  a l  extrem es 

a re  d is t in g u is h a b le .  T h is  c h a r a c te r i s t i c  i s  h ig h ly  h e r i t a b le ,  

b u t  th e  c h a r a c te r i s t i c s  o f  branches w ith in  each t r e e  type  a re  on ly  

m odera tely  h e r i t a b le .

Branch s iz e  i s  c o r r e la te d  w ith  n o d a l i ty ,  u n i nodal t r e e s  

having few er la rg e r  b ranches than  m u ltin o d a l t r e e s .  B ranch angle 

and th e  in c id en ce  o f  stem  cone h o le s  i s  im p o rtan t f o r  board  

p ro d u c tio n . S te e p ly  angled  branches tend  to  b e  o f  l a r g e r  d iam e ter, 

and c lu s t e r s  o f  s te e p ly  angled b ranches form  weak p o in ts  i n  th e  

stem th a t  a re  l i a b le  to  wind b reak ag e . T h is  c h a r a c t e r i s t i c  i s  n o t 

h ig h ly  h e r i t a b le .  The occu rrence  o f  stem  cones i s  a lso  n o t h ig h ly  

h e r i ta b le  b u t  un inodal t r e e s  a re  much le s s  l i k e ly  to  p roduce  stem 

cones i n  th e  second and h ig h e r lo g s .

The d e s i r a b i l i t y  o f  uninodal o r  m u ltin o d a l b ran ch in g  h a b it  

i n  t r e e s  where b u t t  lo g s  w i l l  be  p runed r e s t s  la rg e ly  on th e  

c h a r a c te r i s t i c s  o f  th e  lo g s  above th e  b u t t ,  a p a r t  from th e  e f f e c t  

o f  b ran ch in g  h a b it  on p ru n in g  c o s ts  and th e  r a d ia l  grow th re q u ire d  

f o r  o c c lu s io n . Where p ro d u c tio n  o f b o a rd s  i s  th e  o b je c t iv e ,  

un inodal t r e e s  a re  d e s i r a b le  because b o a rd s  w ith  a  la rg e  p ro p o r tio n  

o f s h o r t  c le a r s  ( f a c to r y  g rade) can  b e  produced from betw een the  

nodes. M ultinoda l t r e e s  grown a t  sp ac in g s  re q u ire d  to  maximise 

increm ent on pruned b u t t s  w i l l  r e s u l t  i n  la rg e  p ro p o r tio n s  o f  the  

low er tim ber grades b e in g  produced from  th e  second lo g  (5*3 — 11.0  m)* 

U n fo rtu n a te ly , t r u ly  u n in o d a l t r e e s  a re  n o t common, and t h i s  has le d
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to  th e  p ro p o sa l by  F en ton  (1972 a) to  p rune the  second lo g , in  o rd e r 

to  m a in ta in  grade y ie ld s .

Shelbourne (1970) ranked gen etica lly  controlled characteristics, 

in  order of decreasing importance for the production of boards, 

short clear grades, and clear veneers as follows:

( i )  s t r a ig h tn e s s ,  f a s t  grow th, and freedom from m alform ation

( i i )  uninodality

( i i i )  long lived branches

( iv )  sm all b ranch  diam eter

(v ) f l a t  b ran ch  angle

( v i )  freedom from stem cones i n  th e  second and h igher lo g s .

He concluded, however, th a t  f u r th e r  p ro g re s s  in  tr e e

improvement in  New Z ealand i s  l im ite d  more by the  la c k  o f 

q u a n t i ta t iv e  knoY<rledge concerning th e  economic s ig n if ic a n c e  o f 

t r e e  c h a r a c te r i s t ic s  i n  the  p ro d u c tio n  o f p a r t i c u la r  end p ro d u c ts , 

th an  by  any o th e r  f a c to r .

Conclusions

Sawing pattern influences the y ield  of clearwood from a 

pruned log , but the volume of clearwood in  the log and the physical 

characteristics of the log are more important than the sawing 

pattern.

Research has shown that the diameter of the knotty core, and 

the diameter of the log at rotation age are important characteristics 

amenable to manipulation by appropriate s ilv icu ltu ra l practices.

S ite  is  also an important determinant in  clearwood 

production through i t s  influence on growth.
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Thus p run ing  tre a tm e n t, th in n in g  tre a tm e n t, s i t e  index , 

i n i t i a l  s to ck in g  and r o t a t i o n  le n g th  i n t e r a c t  to  de term ine  the 

clearw ood y ie ld .  No a t te n p t  has y e t  been  made to  in te g r a te  

th e se  f a c to r s  to  enab le  th e  e f fe c ts  o f  d i f f e r e n t  management 

s t r a t e g i e s  on clearwood y ie ld  to  be  te s te d  p r i o r  to  p r a c t i c a l  

imp la m en ta tio n .

A lthough th e re  a re  many d e f ic ie n c ie s  i n  th e  p re s e n t  

knowledge o f f a c to r s  a f f e c t in g  clearw ood y ie ld s ,  th e  r e s u l t s  o f 

th e  re s e a rc h  d e sc rib e d  above suggested  th a t  the  c o n s tru c tio n  o f 

a  model to  p r e d ic t  clearw ood y ie ld s  f o r  v a rio u s  a l t e r n a t iv e  

management s t r a te g i e s  would be  ex trem ely  u s e fu l .



CHAPTER FOUR

A SIMULATION MODEL TO PREDICT THE YIELD OF 

CLEARWDOD FROM RADIATA PINE

Introduction

Clearwood production in radiata pine depends mainly upon 

the diameter of the pruned log, and the diameter of its knotty core. 

The first stq? in predicting clearwood yields is thus prediction of 

these characteristics of pruned logs.

The Prediction of Increment and Yield

A growth model to predict the yield and increment of radiata 

pine in New Zealand has been constructed by Beekhuis (1966). The 

predominant mean height of the stand is used as an independent 

variable, instead of age, from which to predict basal area and 

volume increment. Predominant mean height is defined as the mean 

height of the ^0 tallest trees per acre selected one in each 1/4O  th 

of an acre.

In the model, gross basal area increment is given by the 

equation:

where: I,

B

= Ih x ( (B + 62.0) / (H + 15.2) ) (5)

- gross basal area increment (m /ha) during the growth 

period,

~ increment in predominant mean height (m) during the 

growth period,
- stand basal area (m /ha) at the commencement of the

growth period
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H = p redom inan t mean h e ig h t (m) a t  th e  commencement o f  the 

grow th p e r io d .

I n  th e  B eekhuis y ie ld  model, m o r ta l i ty  i n  term s o f  s tock ing  

i s  determ ined from r e l a t i v e  spacing* R e la tiv e  spac ing  r e f e r s  to  

th e  average d is ta n c e  betw een t r e e s  exp ressed  as a  p e rc en ta g e  o f  th e  

p redom inant mean h e ig h t o f  the  s ta n d . M o r ta li ty  f i r s t  occurs a t  

a  r e l a t i v e  sp ac in g  o f  JO As p redom inant mean h e ig h t in c re a se s  

over tim e , m o r ta l i ty  g ra d u a lly  reduces r e l a t i v e  spac ing  u n t i l  a  

minimum v a lu e  o f  r e l a t i v e  spacing i s  re ach ed . T h e re a f te r  r e l a t i v e  

spacing  tends to  rem ain  c o n s ta n t, w ith  f u r th e r  in c re a s e s  i n  

p redom inant mean h e ig h t o f f s e t  by  re d u c tio n s  in  s to c k in g .

M o r ta l i ty  tre n d s  i n  term s o f  th e  number o f  stems which d ie ,  a re  

p re s e n te d  g ra p h ic a l ly  i n  Beekhuis (1 9 6 6 ), b u t G ran t (1970) p rov ided  

a  method o f  c a lc u la t in g  m o r ta l i ty  a lg e b r a ic a l ly  u s in g  s to ck in g  and 

h e ig h t as independent v a r ia b le s .  G ra n t 's  method was used 

th roughou t th i s  s tu d y . The m o r ta l i ty  tre n d s  were d e riv e d  i n  th e  

absence o f  abnormal d rough t o r in s e c t  o r  fu n g a l a t ta c k .

M o rta li ty  i n  term s o f  lo s s  o f  b a s a l  a re a  increm ent over th e  

grow th p e rio d  i s  g iv en  by  th e  fo llo w in g  eq u a tio n  (B eekhuis, 1966) : 

M = 0.000268 x  D .B.H.2 x N  (6 )

where: M -  b a s a l  a re a  lo s s  (m /h e )  due to  m o r ta l i ty ,

D.B.H. -  d iam eter b r e a s t  h e ig h t o v er b a rk  (cm) o f  th e  t r e e  

o f mean b a s a l  a re a  a t  th e  commencement o f  the  

growth p e r io d ,

N = lo s se s  i n  stem s p e r  h e c ta re  during  th e  grow th

p e r io d .

H encefo rth  s ta n d  mean d iam eter r e f e r s  to  th e  d iam eter b r e a s t  h e ig h t 

over b a rk  o f  th e  t r e e  o f  mean b a s a l  a re a .
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N et b a s a l  a re a  increm ent during  th e  grow th p e r io d  i s  g iv e n  by  

th e  fo llo w in g  eq u a tio n  (B eekhu is, 1966) :

h  -  h ~ M (?)
2

where 1^ eq u a ls  n e t  b a s a l  a re a  increm ent (m /h a )  and 1^ and M a re  

as d e fin ed  above*

T o ta l s ta n d  volume p e r  u n i t  o f b a s a l  a re a  i s  g iv en  by  th e

fo llow ing  eq u a tio n  (B eekhuis, 1966) :

V/fe = 0 .914 + 0 .3  x  H (8)

where: V -  t o t a l  s ta n d  volume (w? /ha ) ,

2B -  s ta n d  b a s a l  a re a  (m / h a ) ,

H -  predom inan t mean h e ig h t (m).

E quations 6, 7 & 8 have been  w idely  used to  p r e d ic t  the  

grow th and y ie ld  o f  r a d i a t a  p in e  in  New Zealand ( e .g .  F en ton  and 

S u tto n , 1968; F en ton  and T u a tin , 1972; F en to n , 1972 a ) ,  b u t  th e  

model has some l im i ta t io n s  f o r  p re d ic t in g  clearw ood y ie ld s  on 

v a rio u s  s i t e s ,  as fo llo w s:

( i )  th e  model i s  a  p ro d u c t o f averaged tre n d s , and may be 

b ia se d  i f  used to  p r e d ic t  growth on s p e c if ic  s i t e s

(W hyte, 1970),

( i i )  th e  e f f e c t  o f  p ru n in g  on b a s a l  a re a  increm ent i s  n o t 

s p e c i f i c a l ly  in c o rp o ra te d  i n  th e  m odel. The b u lk  o f 

th e  d a ta  on w hich th e  model was b ased  was tak en  from 

s tan d s  aged 11 y ea rs  o r  more (B eekhuis, 1966) and i t  

i s  u n lik e ly  t h a t  th e se  s tan d s  would have re c e iv e d  

much p ru n in g ,

( i i i )  h e ig h t-a g e  cu rv es  f o r  s i t e  in d ic e s  o th e r  th an  29 m 

were n o t g iv e n  i n  th e  o r ig in a l  p u b l ic a t io n ,
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( iv )  th e  model may be u n re l ia b le  i f  used to  p r e d ic t  growth 

i n  s tan d s  where s ta n d  b a s a l  a re a  ( i n  f t i s  le s s  

th an  predom inant mean h e ig h t ( i n  f t . )  (B eekhuis, 1966),

(v ) i n  th e  m odel, th in n in g  i s  r e s t r i c t e d  to  o ccu r a t  a  

predom inant mean h e ig h t g r e a te r  th an  7» 9 m (2 6 .0  f t ) ,

( v i )  th e  e f f e c t  o f  i n i t i a l  s to ck in g  on b a s a l  a re a  increm ent 

i s  n o t in c o rp o ra te d  in  th e  m odel.

I n  th i s  s tu d y  th e  model was used to  examine b road  grow th 

tre n d s  so th e  f a c t  th a t  th e  model i s  th e  p ro d u c t o f  averaged tren d s  

was co n sid e red  to  be  o f  no s ig n if ic a n c e .  However, th e  e f f e c t s  o f 

i n i t i a l  s to ck in g  and p ru n in g  on b a s a l  a re a  increm ent a re  im p o rtan t 

i n  t h i s  s tu d y , because b a s a l  a re a  in c ro n e n t a f f e c t s  th e  d iam eter o f  

the  k n o tty  co re  and th e  lo g  s iz e  a t  r o t a t i o n  age, which a re  

im p o rtan t d e te rm in an ts  o f  clearwood y ie ld .  F urtherm ore , i t  

appeared th a t  th e  th in n in g s  which would y ie ld  m ost clearw ood would 

occur b e fo re  predom inant mean h e ig h t reach ed  7*9 m, and th e  

r e s u l t a n t  b a s a l  a reas ( i n  f t .  / a c . )  would th e re fo re  p ro b a b ly  be 

le s s  th a n  predom inant mean h e ig h t ( i n  f t . )  f o r  a  p o r t io n  o f  th e  

l i f e  o f  th e  s ta n d s . I t  was a lso  co n sid e red  d e s ir a b le  t h a t  the  

e f f e c t  o f  s i t e  index on clearw ood y ie ld  b e  in co rp o ra ted  i n  th e  model.

F u r th e r  re s e a rc h  and developm ent was th e re fo re  u n d ertaken  to  

enab le  th e  Beekhuis model to  be  used to  p r e d ic t  clearw ood y ie ld s  in  

s tan d s  which covered a  range  o f  i n i t i a l  s to c k in g , p ru n in g  and 

th in n in g  trea tm en t and s i t e  index .
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Height-Age Curves fo r  O ther S i t e  In d ic e s

S i t e  in d ex  i s  expressed  as mean top h e ig h t  a t  age 20 y e a rs , 

Beekhuis (1966) considered  mean top h e ig h t to  be  synonymous -with 

predom inant mean h e ig h t fo r  a l l  p r a c t i c a l  p u rp o ses  and th i s  

assum ption was adopted fo r  th i s  s tu d y ,

A s e t  o f  anamorphic h e ig h t-a g e  cu rves (C arron , 1968) was 

c o n s tru c te d  f o r  s i t e  in d ic e s  rang ing  from 24*38 m (80 ,0  f t , )  to  

33*53 m (1 1 0 ,0  f t . )  u sing  the h e ig h t-ag e  curve f o r  a  s i t e  in d ex  o f 

29 m p u b lish e d  by  Beekhuis ( 1966) as the  g u id in g  curve* This 

allow ed the e f f e c t  o f s i t e  index  on growth to  b e  in co rp o ra ted  

i n  the model.

The E f fe c t  o f I n i t i a l  S tock ing  on B asa l A rea Increm ent

B oth  s ta n d  h e ig h t and s to ck in g  appear l i k e l y  to  a f f e c t  

e a r ly  b a s a l  a re a  grow th. D ata  from Beekhuis (1966), W right, G-. 

(1970), F en ton  and T u s tin  (1 9 7 2 ), Fenton  (1972 a) and from 

tem porary p lo t s  e s ta b lis h e d  a t  K aingaroa F o re s t  were used to  

e s ta b l is h  a  r e la t io n s h ip  betw een s tan d  b a s a l  a re a , s tan d  

predom inant mean h e ig h t and s ta n d  s to ck in g . The d e f in i t io n s  o f 

s tan d  h e ig h t d i f f e r e d  among th e  v a rio u s  s e ts  o f d a ta  and th i s  

n e c e s s i ta te d  th e  ad justm ent o f  s tan d  h e ig h t to  predom inant mean 

h e ig h t ,  on th e  b a s is  o f the v j r i t e r ’ s ex p erien ce . Predom inant 

mean h e ig h t i s  h e re a f te r  r e f e r r e d  to  as s tan d  h e ig h t.

A number o f  re g re ss io n s  in v o lv in g  s tan d  h e ig h t and s to ck in g  

were te s te d  and the  fo llow ing  re g re s s io n  p roved  most s a t i s f a c to r y :
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where:

In BA £ -  4 .8 7  + 1 .85  ln  H + 0 .48  ln  S

BA £ stand b asa l area (m /h a ) ,

H £ stand h e ig h t (m),

S £ stand stock in g  (stem s per h ec ta re ),

In £ logarithm  to  the base e .

( 9)

F igure 2 i l lu s t r a t e s  th is  r eg ress io n  and the range o f the data.

The an a lysis  o f variance i s  g iven  in  Table 1 .Appendix A. Both 

independent v a r ia b les  are s ig n if ic a n t  a t the 95 % p ro b a b ility  l e v e l .

P r e d ic tio n  o f  B asal Area Remaining A fter Thinning

Data from Kaingaroa F orest wehe used to estim ate a 

re la tio n sh ip  between the proportion  o f  to ta l  stock ing remaining a fter  

a thinning and the proportion  o f  to ta l  b a sa l area remaining a fter  the 

thinning* The data i l lu s t r a te d  in  Figure 5 were obtained from 

stands esta b lish ed  a t i n i t i a l  stock ings ranging from 1 500 to 5 000 

stems per h ectare on s i t e  in d ices  ranging from 24 m to 36 m. F ir s t  

and second th innings from below had been ca rr ied  out a t stand h eigh ts  

ranging from 5*5 ni to 13 m. The estim ated re la tio n sh ip  was :

ln  Y = 0.179 4  0 .818  ln  X (10)

where: Y = the proportion o f  the o r ig in a l b a sa l area

remaining a fter  th inning,

X s  the proportion  o f  the o r ig in a l stocking remaining 

a fter  th inning.

The reg ression  s a t i s f i e s  the necessary con d ition  o f  passing  through 

the o r ig in  but does not pass through the p o in t (1*0 , 1*0). Thus i f  

a thinning reiaoved le s s  than about 20 °/o o f  the o r ig in a l stock in g , the 

r esu lt in g  b asa l area would be s l ig h t l y  b ia sed . This b ia s  however
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was o f  no p r a c t i c a l  s ig n if ic a n c e  as a l l  th e  th in n in g s  examined in  

subsequent re se a rc h  removed more than  20 % o f th e  o r ig in a l  s to ck in g . 

The a n a ly s is  o f  v a rian ce  fo r  eq u a tio n  10 i s  g iv e n  in  Table 2 

.Appendix A, The re g re s s io n  i s  s ig n i f ic a n t  a t  th e  95 % p ro b a b i l i ty  

lev e l*

P r e d ic t io n  o f  B asa l Area Increm ent when S tand H eight exceeded Stand 

B asa l A rea

A p r e r e q u is i t e  f o r  th e  use  o f  the  B eekhuis y ie ld  model in  the  

p a s t  was an e s tim a te  o f s tan d  b a s a l  a re a  and h e ig h t taken  from a 

s tan d  i n  which b a s a l  a re a  ( i n  f t*  / a c . )  exceeded s tan d  h e ig h t ( i n  f t * )  

These d a ta  were re q u ire d  to  p r e d ic t  b a s a l  a re a  increm ent from the  

commencement o f  the  f i r s t  grow th p e r io d .

I n  th i s  s tu d y , e q u a tio n  9 was used to  c a lc u la te  th e  b a s a l  

a re a  increm ent b e fo re  f i r s t  th inning* B asa l a re a  increm ent i n  a  

th inned  s tan d  was assumed to  b e  eq u iv a len t to  th a t  o b ta in ed  i n  an 

unth inned s ta n d  o f  e q u iv a le n t h e ig h t and s to ck in g  d e riv ed  from 

eq u atio n  9» u n t i l  s tan d  h e ig h t  ( i n  f t . )  reached  the  num erical va lue  

o f  s tan d  b a s a l  a re a  ( i n  f t .  / a c . ) .  Prom t h i s  p o in t  onw ards, the  

b a s a l  a re a  increm ent p re d ic te d  by  th e  B eekhuis model was used*

An ex cep tio n  to  th i s  p ro ced u re  o ccu rred  where b a s a l  a re a  

( i n  f t . ^ / a c . )  reached th e  num erical v a lu e  o f  s tan d  h e ig h t ( i n  f t . )  

b e fo re  p ru n in g  had been  completed* I n  th i s  ca se  eq u a tio n  9 was 

used to  c a lc u la te  increm ent u n t i l  p run ing  was com pleted.

Follow ing p ru n in g  the  B eekhuis model was u sed .



I n  c a lc u la t in g  b a s a l  a re a  increm ent i t  was assumed th a t  

m o r ta l i ty  i n  s to ck in g , and hence b a s a l  a re a  increm ent lo s s  

a s so c ia te d  w ith  m o r ta l i ty ,  would n o t occur u n t i l  p run ing  was 

com pleted and s tan d  h e ig h t ( i n  f t* )  reached  th e  num erical v a lu e  o f  

b a s a l  a re a  ( i n  f t*  / a c . ) .  I n m o s t  c a s e s , a l l  p ru n in g  o p e ra tio n s  and

th in n in g  to  about 250 stem s p e r  h e c ta re  had occu rred  by  th e  tim e 

s ta n d  h e ig h t reached 12 m, and th is  assum ption was p ro b ab ly  valid*

Ure e t  a l  (l9& f) showed th a t  the  p e r io d ic  annual b a s a l  a re a  

in c ra n e n t f o r  the  6 to  7 y e a rs  fo llow ing  th in n in g  in  r a d ia ta  p in e  

s tan d s  betw een s tan d  h e ig h ts  o f  7*3 m to  12 .8  m was a  fu n c tio n  o f the 

s tan d  h e ig h t a t  th in n in g , r e s id u a l  s to ck in g  and r e s id u a l  b a s a l  a re a . 

The use o f  eq u a tio n  9 to  c a lc u la te  b a s a l  a re a  increm ent a lso  im plies  

th a t  increm ent i s  dependent upon th ese  th re e  v a r ia b le s .  Thus, 

a lthough  th e  method used i n  t h i s  s tudy  to  c a lc u la te  b a s a l  a re a  

increm ent i s  somewhat unorthodox, i t  does n o t appear to  be 

un reaso n ab le .

The E f f e c t  o f P ru n ing  on B asa l A rea Increm ent 

( i )  th e  s e v e r i ty  o f  p ru n in g

D ata on g reen  crown d ep th s  a t  v a rio u s  s to ck in g s  were 

c o l le c te d  from s tan d s  in  K aingaroa  F o re s t  by Brown (1962). D e ta i l s  

o f  the ages and h i s to r i e s  o f  th e se  s tan d s  a re  unknown, b u t th e  d a ta  

would be p redom inan tly  from s ta n d s  occupying a  s i t e  index  o f  29 m.

A number o f  re g re s s io n s  r e l a t i n g  g reen  crown dep th  to  s to ck in g  were 

f i t t e d  to  the d a ta  b u t  the  fo llo w in g  re la t io n s h ip  proved most

s a t i s f a c to r y  i



43

D = 1 .13  + 367 .6  X 7 J - ( 11)

where: D s  p o t e n t i a l  g reen  crown dep th  (m),

S s to c k in g  in  stem s p e r  h e c ta re  #

The d a ta  a re  i l l u s t r a t e d  i n  F ig u re  4 . Each p o in t  i s  th e  mean o f 

s e v e ra l  o b se rv a tio n s  made by  Brown (1962). The r e g re s s io n  i s  

s ig n i f i c a n t  a t  th e  95 $  p r o b a b i l i ty  l e v e l .  The a n a ly s is  o f 

v a r ia n c e  i s  g iv en  i n  T able  3 .Appendix A. E q u a tio n  11 g ives 

r e s u l t s  s im ila r  to  th o se  g iv en  b y  an eq uation  d e riv e d  th e o r e t ic a l ly  

by  Brown (1962) b y  co n sid e rin g  th e  amount o f  growing space a v a i la b le  

to  an  in d iv id u a l  t r e e  i n  a  s ta n d  a t  v a rio u s  le v e ls  o f s to ck in g .

By knowing th e  p o te n t i a l  g reen  crown d ep th  e x is t in g  a t  a  

g iv en  s tan d  d e n s i ty ,  the s ta n d  h e ig h t  and th e  h e ig h t o f  p ru n in g , 

th e  p ro p o r tio n  o f  g reen  crown removed by  p run ing  to  a  p a r t i c u l a r  

h e ig h t can  be  determ ined . The p ro p o r tio n  o f  g reen  crown removed 

was used as an index  o f  th e  s e v e r i ty  o f  p ru n in g ,

( i i )  th e  r e la t io n s h ip  betw een th e  s e v e r i ty  o f  p run ing  and 

increm ent lo s s

An eq u a tio n  r e l a t in g  th e  p ro p o r tio n  o f  annual b a s a l  a re a  

increm ent l o s t  through p run ing  to  th e  p ro p o r t io n  o f  th e  g reen  

crown removed i n  p run ing  to  a  s p e c i f ic  h e ig h t was estim ated  from  

th e  d a ta  p ro v id ed  by  Brown (1 9 6 2 ). (See T able  2 i n  the  p re v io u s  

c h a p te r ) .  T h is eq u a tio n  was :

l n  Y = 1 .23  + 3 .4  l n  X ( 12)

w here: Y = p ro p o r t io n  o f  annual b a s a l  a re a  increm ent l o s t ,

X s  p ro p o r t io n  o f  g reen  crown removed,

In lo g a rith m  to  th e  b a se  e .

The e q u a tio n  i s  i l l u s t r a t e d  i n  F ig u re  5
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E qu a tio n  12 im p lie s  th a t  no increm ent i n  b a s a l  a re a  'w ill occur 

i n  th e  growth p e r io d  fo llow ing  p ru n in g  i f  more th a n  70 % o f  th e  g reen  

crown i s  ranoved . There appears to  be g e n e ra l su p p o rt i n  th e  

l i t e r a t u r e  review ed by  Brown (1962) f o r  th i s  r e s u l t ,  a lthough  th e  

e q u a tio n  may o v e r s ta te  the  increm ent lo s s  under a  sev e re  p run ing  

tre a tm e n t. N e v e rth e le s s , com m ercial p run ing  i s  n o t l i k e ly  to  a t t a i n  

such  le v e ls  o f  s e v e r i ty  and th e  e s tim a te d  fu n c tio n  appears q u ite  

s e n s ib le  f o r  use i n  t h i s  s tu d y .

Shepherd (1961) p ro v id ed  d a ta  from an A u s tra l ia n  p run ing  t r i a l  

w hich enabled an e q u a tio n  analagous to  eq u a tio n  12 to  be d e riv e d .

T h is  eq u a tio n  was :

ln  I  = 0.83 + 2.147 ln  X (13)

where X and Y a re  as defin ed  i n  eq u a tio n  12. The a n a ly s is  o f  

v a r ia n c e  i s  g iv en  in  T able 4  Appendix A. The r e g re s s io n  i s  

s ig n i f ic a n t  a t  th e  95 % p r o b a b i l i ty  l e v e l ,  and i s  i l l u s t r a t e d  i n  

F ig u re  5*

The d a ta  on which e q u a tio n  15 i s  based  w ere taken  from s tan d s  

p runed  to  a  h e ig h t o f  about 3 .4  m a t  s ta n d  h e ig h ts  rang ing  from 6 m 

to  13 betw een ages o f  6 to  9 y e a r s .  I n i t i a l  s to ck in g  i n  th e  

25 p lo t s  was about 1600 stem s p e r  h e c ta re .  I n  d e r iv in g  eq u a tio n  13 

th e  assum ption was made th a t  th e  g reen  crown extended to  ground le v e l ,  

and thus th e  increm ent lo s s  p r e d ic te d  by  th e  eq u a tio n  may be  

c o n se rv a tiv e . However e q u a tio n  13 im p lies  th a t  p ru n in g  has a  more 

sev e re  e f f e c t  on increm ent th a n  does eq u a tio n  12.

Evidence from r a d ia ta  p in e  i n  New Z ealand  (S u tto n  e t  a l ,  1972) 

suggested  th a t  p ru n in g  to  6.1 m b y  a  s tan d  h e ig h t  o f  about 11m  

would cause a  38 % to 57 % r e d u c t io n  i n  s tan d  b a s a l  a re a  by  age
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7 to  10 years*  T his assumes th a t  p run ing  ta k es  p la n e  in  th ree  

approx im ate ly  equal evenly  spaced l i f t s  commencing when s tan d  

h e ig h t i s  about 5 Such a p ru n in g  treaianent would in v o lv e  a

maximum g reen  crown ro ooval o f  about 55 % co rrespond ing  to  a 

maximum annual increm ent lo s s  o f  about 45 fo and 65 % p re d ic te d  by  

equations 12 and 13 re sp e c tiv e ly *  Thus the  ev idence , s l i g h t  as i t  

i s ,  suggests  th a t  eq uation  12 may be more a p p ro p r ia te  under New 

Zealand c o n d itio n s .

P r e d ic t io n  o f th e  K notty  Core D iam eter

K notty  co re  d iam eter was d e fin ed  as th e  maximum d iam eter over 

th e  pruned s tu b s  o f the  l a r g e s t  whorl p lu s  th e  growth in  stem  diam eter 

re q u ire d  fo r  th e  b o le  to  occlude  around the  b ranch  stubs*

F ollow ing co n v en tional New Zealand F o r e s t  S erv ice  p r a c t i c e ,  

p run ing  was assumed to  occur i n  th re e  l i f t s  as fo llo w s:

( i )  low p run ing  -  0 ,0  m -  2 .4  m

( i i )  medium p ru n in g  -  2 .4  m -  4 .3  m

( i i i )  h igh  p ru n in g  -  4 ,3  m -  6.1 m

P ru n in g  to  produce clearw ood in  the  2nd log  (6.1 m to  12 .2  m) 

was n o t co n sid e red . Stems pruned were a lso  assumed to  be  p e r f e c t ly  

s t r a ig h t  and d e v ia tio n s  from stem  s t r a ig h tn e s s  were n o t co n sidered  

i n  c a lc u la t in g  k n o tty  co re  d iam e te r .

These assum ptions were made because d a ta  were n o t a v a i la b le  

to  enable k n o tty  cores to  b e  c a lc u la te d  f o r  p ru n in g  o th e r  th an  to  

6.1 m, nor f o r  p run ing  th e  low er 6.1 m i n  o th e r  than  the  th re e  l i f t s .  

F u rtherm ore , no d a ta  were a v a i la b le  to  enab le  th e  e f f e c ts  o f 

d e v ia tio n s  from stem  s t r a ig h tn e s s  o f  k n o tty  co re  d iam eter to  be
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in c o rp o ra te d .

None o f  the  assu n p tio n s  i s  l ik e ly  to  b e  c r i t i c a l .  P ru n in g  

reaso n ab ly  s t r a ig h t  stems to  6.1 m has been  normal New Z ealand 

F o re s t  S e rv ic e  p r a c t ic e  (New Zealand F o re s t  S e rv ic e , 1972), and 

p ru n in g  th e  second log  i s  more a p p ro p r ia te ly  examined as a  s e p a ra te  

and subsequent is s u e .

C a lc u la tio n  o f k n o tty  co re  d iam eter proceeded in  f iv e  

s e p a ra te  s te p s .  F i r s t l y  th e  d iam eter o f  th e  pruned stem o f  mean 

b a s a l  a re a  a t  th e  tim e o f p ru n in g  was c a lc u la te d  fo r  use as an 

independent v a r ia b le  from which to  p r e d ic t  th e  d iam eter o f  th e  

l a r g e s t  p runed  whorl in  each l i f t .  The d iam eter b r e a s t  h e ig h t  was 

a lso  used as an independent v a r ia b le  to  p r e d ic t  the  d iam eter o f  the  

l a r g e s t  b ran ch  i n  each l i f t .  The d iam eter o f the  l a r g e s t  b ranch  

was su b seq u en tly  used as an independent v a r ia b le  from -which to 

p r e d ic t  th e  growth in  th e  d iam eter o f th e  b o le  re q u ire d  to  occlude 

over th e  b ran ch  s tu b s . The d iam eter o f  th e  k n o tty  co re  was then  

formed by th e  a d d itio n  o f th e  d iam eter o f th e  l a r g e s t  w horl, and 

the  d iam eter growth re q u ire d  f o r  o c c lu s io n . A t  th e  com pletion  o f 

th e  th ree  p ru n in g  l i f t s ,  th e  l a r g e s t  k n o tty  co re  d iam eter was 

s e le c te d  as an independent v a r ia b le  to  p r e d ic t  clearwood y ie ld  i n  a  

subsequen t c a lc u la t io n .

C a lc u la t io n  of the  Mean D iam eter o f P runed  Stems

When the  p runed s to ck in g  d i f f e r e d  from t o t a l  s ta n d  s to ck in g , 

i t  was assumed th a t  th e  basal, a re a  o f  th e  pruned stem s would equal 

th e  r e s id u a l  s tan d  b a s a l  a re a  r e s u l t in g  i f  th e  s tan d  was 

s im u ltan eo u s ly  th inned  to  th e  p runed  s to c k in g .
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W ith the  b a s a l  a re a  and s to ck in g  o f pruned stem s known, the 

d iam eter o f  the  t r e e  o f average p runed b a s a l  a re a  was g iv en  by the 

eq u a tio n :

where: D.B.H. -  d iam eter b r e a s t  h e ig h t over b a rk  (cm) o f  the

P r e d ic t io n  o f th e  D iam eter o f  th e  L a rg e s t Pruned Whorl i n  each 

P ru n in g  L i f t

D ata fo r  r a d ia ta  p in e  in  New Z ealand were a v a i la b le  from 

S u tto n  e t  a l  (1968, 1970) c o n s is t in g  o f a  ran g e  o f  s tan d  mean 

d iam eters and the  co rresponding  s tan d  mean d iam eters  o f  th e  l a r g e s t  

pruned w horl i n  each o f th re e  s e c tio n s  o f  th e  b o le  ( i . e .  O.Qn -  2,13 m,

2.13 m -  4*3 m, 4 .3  m -  6.1 m).

Three re g re s s io n s , one fo r  each p ru n in g  l i f t ,  r e l a t i n g  s tan d  

mean d iam eter to  the  d iam eter over s tu b s  o f  th e  la r g e s t  pruned whorl 

were e s tim a ted  from th e  d a ta .  The eq u a tio n s  fo r  the  0 .0  m -  2 .13 ni 

and 2 .13 m -  4 .3  m l i f t s  w ere a d ju s ted  s l i g h t l y  to correspond  to  

l i f t s  o f  0 .0  m -  2 .4  m and 2 .4  m -  4 .3  m r e s p e c t iv e ly .  The 

r e s u l t in g  s e t  o f  equations was:

( i )  low p ru n in g  (0 .0  m -  2 .4  m) :

0 4 )

t r e e  o f mean p runed  b a s a l  a re a ,
2

B.A. -  b a s a l  a re a  (m /h a )  o f th e  p runed  stem s, 

S = prim ed s to ck in g  (stem s p e r h e c ta r e ) .

D0S(1) = 3.43 + 1 .0 9  x  D.B.H. 15 (a)

( i i )  medium p run ing  ( 2 .4  m -  4 .3  m) : 

D0S(2) = - 0 . 2 5  4 1.1 x  D.B.H. 15 (b)
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( i i i )

■where:

h igh  p run ing  (4 .3  m -  6.1 m):

D0S(3) = -  0 .0 8  + 0.95 I  D.B.H. 1 5 ( c )

£ 0 S (l)  d iam eter over pruned s tu b s  o f  the
l a r g e s t  -whorl,

I  = 1 ,2 ,3 ,

D.B.H. = mean d iam eter o f  the  p runed stem s. 

The e q u a tio n s , showing the  approxim ate range o f  the  d a ta , a re  

i l l u s t r a t e d  i n  F ig u re  6.

P r e d ic t io n  o f th e  D iam eter o f  th e  L a rg e s t Branch in  Each P run ing  L i f t

D ata r e l a t in g  th e  mean d iam eter o f pruned stem s to  the  

d iam eter o f  th e  l a r g e s t  b ranch  i n  each p run ing  l i f t  came from th e  

fo llo w in g  so u rces;

( i )  low pruning  (0 .0  m -  2 .4  m) :

S u tto n  e t  a l  (1970) p rov ided  d a ta  en ab ling  the fo llo w in g  

re la t io n s h ip  to  be  e s ta b lis h e d :

DLB(l) = 1 .88 + 0 .1 4  x D.B.H. 16 (a )

where: DI23(l) -  th e  d iam eter o f th e  l a r g e s t  b ran ch ,

D.B.H. = mean d iam eter o f  th e  pruned stem s.

The re g re s s io n  i s  i l l u s t r a t e d  i n  F ig u re  7*

( i i )  medium p ru n in g  (2 .4  m -  4 .3  m) and h igh  

pruning  (4 .3  m -  6.1 m) :

D ata  from S u tto n  (1970 b ) ,  V a len tin e  (1970), P u r n e l l  (1970) 

and TiVhiteside (1962) were used  to  e s ta b l is h  r e la t io n s h ip s  betw een the  

d iam eter o f  pruned stems and th e  d iam eter o f  th e  l a r g e s t  b ran ch  in  

the 2 .4  m -  4 .3  m and 4 .3  m -  6.1 m s e c t io n s .  I n  b o th  c a se s  the  

re g re s s io n  was s ig n i f ic a n t  a t  the  93 % p r o b a b i l i ty  l e v e l .  The
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i o ________________________________________________________________
8 8 10 12 14 16 18 20  22

Stem d.b h. - c m

F i g u r e  6 The r e l a t i o n s h i p  b e t w e e n  s t a n d  mean d i a m e t e r  
and  t h e  d i a m e t e r  o f  t h e  l a r g e s t  p r u n e d  w h o r l  
i n  e a c h  p r u n i n g  l i f t

F i g u r e  7 The r e l a t i o n s h i p  b e t w e e n  s t a n d  mean d i a m e t e r
a nd  t h e  d i a m e t e r  o f  t h e  l a r g e s t  b r a n c h  i n  
e a c h  p r u n i n g  l i f t .
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an a lyses o f  v a rian ce  a re  g iv en  i n  T ables 5 and 6 .Appendix A* The 

d a ta  a re  i l l u s t r a t e d  i n  F ig u re  7» The re g re s s io n s  were : 

i i  (a )  medium p ru n in g  (2*4 m -  4 3  m) :

DIB (2 ) = -  1 .22 + 0.33 x  D.B.H. 16 (b )

i i  (b ) h igh  p ru n in g  (4 .3  m -  6.1 m) :

DIB (3) = -  1.80 + 0 .3 2  x  D.B.H. 16 (c )

where DIB (2 ) and DIB (3 ) a re  th e  d iam eters  o f  th e  l a r g e s t  b ranches 

i n  th e  medium and h ig h  pruned s e c t io n s  r e s p e c t iv e ly .

P red ic tio n  o f  Clearwood Y ie ld  from D iam eter B re a s t  H eight and 

K n o tty  Core D iam eter

The sawing t r i a l s  re p o r te d  by  Brown (1965» 1969) and Fen ton  

e t  a l  (1971) a re  o f  p a r t i c u l a r  re lev an ce  i n  p re d ic t in g  th e  y ie ld  o f 

clearw ood which would be  expected  from a  p ru n in g  designed  to

ach ieve a  k n o tty  co re  d iam eter o f  25 cm o r  l e s s .  Clearxrood y ie ld s

from th e se  t r i a l s  were graphed a g a in s t t r e e  b a s a l  a re a  i n  F ig u re  8. 

The sawing p a t te r n s  and s i l v i c u l t u r a l  tre a tm e n ts  d if f e r e d  among 

th e se  t r i a l s .  An a n a ly s is  o f  covariance  (T ab le  7» Appendix A) 

showed th a t  th e re  were s ig n i f i c a n t  d if f e r e n c e s  i n  clearvrood y ie ld s  

among th e  th re e  t r i a l s  a t  th e  95 % p r o b a b i l i ty  l e v e l .  In s p e c tio n  

o f  th e  d a ta  i n  F ig u re  8 su g g es ted  th i s  was p ro b ab ly  due to  th e  d a ta  

from Brown ( 1965) which was p e rh ap s l e s s  r e p re s e n ta t iv e  o f  the  

c o n d itio n s  examined i n  t h i s  s tu d y . T h e re fo re  th e  d a ta  from 

F enton  e t  a l  (1971) and Brown ( 1965) were p o o led  and a  s in g le  

r e la t io n s h ip  betw een clearw ood y ie ld  and b a s a l  a re a  was determ ined .
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Basal area per tree - m

Figure 8 The relationship between tree size and the
sawn yield of clearwood
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T h is  re g re s s io n  was s

Y = -  0.1157 + 1.989 X (17)

where: Y = clearw ood y ie ld  p e r  t r e e  (m ) ,

X -  b a s a l  a re a  p e r  t r e e  (m ) .

The a n a ly s is  o f  v a r ia n c e  i s  g iv en  i n  T ab le  8 , .Appendix A* The 

r e g re s s io n  was s ig n i f ic a n t  a t  th e  95 % p r o b a b i l i ty  l e v e l .  The 

w eighted  average k n o tty  core  d iam eter o f  the  lo g s  p ro v id in g  the  d a ta  

f o r  e q u a tio n  17 was 24 cm.

The p ro p o r tio n  o f  clearwood volume which cou ld  b e  sawn from 

b u t t  lo g s  w ith  a  k n o tty  co re  o f  24 cm i n  d iam eter was determ ined  as 

fo llo w s :

( i )  th e  volume o f  b u t t  lo g s  5#5 m i n  le n g th  i n  t r e e s  ranging  

from 30 cm to  76 cm in  D.B.H. and 35 m i n  h e ig h t were 

e x tra c te d  from ta p e r  ta b le s  f o r  unth inned  r a d i a t a  p in e  

s ta rd s  (D uff 1954)» These volumes were in c re a se d  by 10 % 

s in c e  b u t t  lo g  volumes from p runed  and th in n ed  s tan d s  

exceed the  volumes o f  b u t t  lo g s  o f  eq u iv a len t D.B.H. i n  

th e  ta p e r  ta b le s  b y  1 0 ^  to  12 % (F en ton  e t  a l  1971)

( i i )  th e  volumes determ ined  above were converted  to  sawn 

volumes u sin g  a  r e la t io n s h ip  betw een S.E.D. and 

conversion  f a c to r  d e riv ed  from d a ta  p re se n te d  b y  

F enton  e t  a l  (1971)

( i i i )  sawn clearw ood y ie ld s  from t r e e s  ranging  from 30  cm to  

76 cm in  D.B.H. were c a lc u la te d  from eq u a tio n  17 

r e la t in g  clearw ood y ie ld  to  t r e e  b a s a l  a re a , and 

expressed  as a  p ro p o r t io n  o f  th e  t o t a l  sawn volume o f  

t r e e s  o f e q u iv a le n t D.B.H. de term ined  i n  s te p  ( i i )  above.



The p ro p o r tio n s  determ ined in  s te p  ( i i i )  above were then  

graphed a g a in s t D.B.H. i n  F ig u re  9 (lo w er d o tte d  l i n e ) .

The e f f e c t  o f k n o tty  co re  d iam eter on clearwood y ie ld  was 

in c o rp o ra te d  in  th e  model as fo llo w s:

( i )  the  m ost o p tim is t ic  clearw ood y ie ld s  p re d ic te d  by 

S u tto n  (1970 c ) from th e  th e o r e t ic a l  s tu d ie s  

d iscu ssed  in  the  p re v io u s  ch ap te r were added to  

F ig u re  9 (upper d o tte d  l i n e ) ,

( i i )  th e  p ro p o r t io n  o f  clearw ood sawn from lo g s  o f  

v a ry in g  D.B.H. and k n o tty  co re  d iam eter were then  

in te r p o la te d  betw een th e  upper and low er d o tte d  

l in e s  ro u g h ly  fo llo w in g  th e  g u id e lin e s  e s ta b lish e d  

by  S u tto n  (1970 c ) ,  ( i . e .  a  2 .5  cm in c re a s e  i n  

k n o tty  co re  d iam eter re q u ire d  a  6 .4  cm in c re a se  i n  

D.B.H. i f  clearw ood y ie ld  was n o t to  be red u ced ),

( i i i )  th e  cu rv es  o b ta in ed  i n  s te p  ( i i )  above were then  

smoothed to  o b ta in  th e  cu rves i l l u s t r a t e d  in  

F ig u re  9 .

7/hen expressed  i n  a b so lu te  te rm s, th e  d a ta  o f  F ig u re  9 

y ie ld e d  th e  fo llow ing  e q u a tio n , r e l a t i n g  clearwood y ie ld  to  

k n o tty  co re  d iam eter and D.B.H. :

Y -  -  0.0/447 -  0.0045 x K  + 2.5882 x  B.A. + 0 .052 x K x B. 

-  0.0028 x B.A. x  K2 (18)

where: Y ~ clearw ood y ie ld  p e r  t r e e  (m ^),

K s  k n o tty  co re  d iam e te r (cm),

B.A. = t r e e  b a s a l  a re a  (m ) .

Thu3 by  p re d ic t in g  th e  t r e e  D.B.H. a t  r o ta t io n  age and th e  

k n o tty  core  d iam e te r, the  y ie ld  o f  clearwood co u ld  be  determ ined .
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k . c . d . =  k n o t t y  core diameter  -  cm

102

45
S t e m D.B.H.

Figure 9 The effect of log size and knotty core diameter 
on clearwood yield
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Summary o f the Model

A flow  chart describing the structure of the model i s  

illu stra ted  in  Figures 10 a to j ,  I t  i s  assumed that:

( i )  no more than three pruning treatments and two 

thinning treatments w il l  be imposed 15»on the stand,

( i i )  f i r s t  thinning and low pruning i f  prescribed w ill  

occur simultaneously,

( i i i )  second thinning and high pruning i f  prescribed w ill  

occur simultaneously.

However, any or a l l  of the pruning and/or thinning treatments 

may be omitted independently by settin g  the input variables for the 

operation equal to zero.

The variables required as input to the model are :
Svnbol

1 . in i t ia l  stocking in  stems per hectare SO

2. stems per hectare remaining after f i r s t  thinning S1

3* stems per hectare pruned at low pruning S2

4. stems per hectare pruned at medium pruning S3

3. stems per hectare pruned at high pruning S4

6. stems per hectare remaining after second thinning S5

7. height (m) of low pruning P 1

8. height (m) of medium pruning P2

9. height (m) of high pruning P3

10* stand height (m) at f i r s t  thinning and/or pruning H1

11, stand height (m) at medium pruning H2

12. stand height (m) at high pruning and/or second thinning H3

13« stand height (m) at rotation age HF
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The o u tp u t from  th e  model c o n s is ts  o f :
Symbol

X
1 • clearwood y ie ld  a t  r o ta t io n  age (nr /ha.) CWYID

2. s tan d  mean d iam eter (cm) a t  r o ta t io n  age EBH

3* k n o tty  co re  d iam eter (cm) AK

4 . stems p e r  h e c ta re  a t  r o t a t i o n  age S
x

5* t o t a l  s tan d  volume (nr /ha.) a t  r o t a t io n  age VOL

O th e r v a r ia b le s  used in  th e  model a re  de fin ed  i n  Appendix B.

The programme c o n s is ts  o f a  m ain programme and su b ro u tin e s  

HföRT, PRUNE, MORTAL, KCD, MAXA K and THIN. The main programme 

c o n tro ls  th e  in p u t and o u ip u t ,  o rd e rs  th e  sequence o f 

s i l v i c u l t u r a l  o p e ra tio n s  and c a lc u la te s  clearw ood y ie ld ,  s ta n d  

s to c k in g , t o t a l  volume and s ta n d  mean d iam eter a t  r o ta t io n  age.

The fu n c tio n s  o f the  su b ro u tin e s  a re  as fo llo w s :

1 • S u b ro u tin e  INCRT

T his c a lc u la te s  th e  b a s a l  a re a  increm ent (INC) a s s o c ia te d  

w ith  each u n i t  in c re a se  i n  s tan d  h e ig h t (h ) .  E quation  9 i s  used 

to  c a lc u la te  increm ent u n t i l  h ig h  p ru n in g  ( i f  p re sc r ib e d )  has been 

co n p le ted  an d /o r s tan d  b a s a l  a re a  ( i n  f t .  / a c . )  exceeds th e  

num erical v a lu e  a t  s tan d  h e ig h t ( in  f t . ) .  (The m e tric  eq u iv a len t 

o f  the  l a t t e r  c o n d itio n  i s  th a t  s tan d  b a s a l  a re a  (m /ha.) 

m u lt ip l ie d  by 1 .33 must exceed the  num erical v a lu e  o f s ta n d  

h e ig h t (m) ) .  A fte r  th e se  c o n d itio n s  have been  met the  B eekhuis 

y ie ld  ta b le  i s  used to  c a lc u la te  b a s a l  a re a  increm ent u n t i l  

r o ta t io n  age i s  reached and the  lo s s  o f  b a s a l  a re a  (M) due to  

m o r ta l i ty  i n  s to ck in g  (N) i s  taken  in to  c o n s id e ra tio n .
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2 . Sub ro u tin e  M)RTAL

th is  su b ro u tin e  i s  c a l l e d  from su b ro u tin e  INCRT. I t  

c a lc u la te s  m o r ta l i ty  i n  s to ck in g  (kl) a s s o c ia te d  w ith  a  u n i t  

in c re a s e  i n  s tan d  h e ig h t.

3 . S u b ro u tin e  PRUNE

T his su b ro u tin e  i s  c a l l e d  from su b ro u tin e  INCRT. I t  

c a lc u la te s  the  p o te n t ia l  g reen  crown dep th  (D) fo r  a  g iv en  s tan d  

s to ck in g  (S) and then  c a lc u la te s  the  p ro p o r tio n  o f  g reen  crown 

removed (PCJR) by p ru n in g  to  a  g iv en  h e ig h t (P ) . The p ro p o r tio n  

o f  g reen  crcv/n removed i s  th en  used to  c a lc u la te  the  f a c to r  (LOSS) 

by which th e  b a s a l  a re a  increm ent must be  m u lt ip l ie d  on r e tu r n  to  

su b ro u tin e  INCRT to  a lio?/ f o r  th e  e f f e c t  o f  p ru n in g  on in crem en t.

4 . S u b ro u tin e  KCD

T his c a lc u la te s  th e  mean d iam eter o f  th e  pruned stem s, 

su b seq u en tly  used to  c a lc u la te  th e  d iam eter o f  th e  la r g e s t  pruned 

w horl (D O S(l), I  = 1 , 2 , 3 ) ,  and the  d iam eter o f  th e  l a r g e s t  

b ranch  (DLB(i ) ,  I  e  1 , 2 , 3) i n  each p ru n in g  l i f t .  The d iam eter o f 

th e  l a r g e s t  b ranch  in  each l i f t  i s  used to  c a lc u la te  th e  r a d i a l  

grovrth o f  th e  b o le  re q u ire d  f o r  o c c lu s io n  ( O D (l), I  a  1 , 2 , 3 ) in  

each l i f t .  The k n o tty  co re  d iam eter i n  each l i f t  

( Â KCDCi ) ,  I  s  1 , 2, 3 ) i s  formed by th e  a d d it io n  o f  th e  d iam eter 

o f  th e  l a r g e s t  pruned w horl and the  d iam eter growth re q u ire d  to  

o cc lu d e . On r e tu r n  to  th e  m ain programme, th e  a p p ro p r ia te  va lue  

o f  th e  k n o tty  core ( K (l)  , 1 = 1 , 2 ,  3 )  i s  s e le c te d .
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5. Subroutine MAXÄK

This calculates the diameter of the largest knotty core (AK) 

to use in calculating the clear-wood yield*

6. Subroutine THIN

This calculates the basal area (B1) of a nominated 
stocking (S4) and returns the value of B1.
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H > Hl

D ELTAB = 0

DELTAB =BA-B

CALL THI N

B A = B l

^  S TA R T  ^

H = Hi

B = E X P ( - 4 - 8 7  + l* 8 5 InH + 0 - 4 8 l n S )

BA = E X P ( - 4  8 7  + 1*8 5 InH + 0 - 4 8 l n S )

F i g u r e  1C a S i m u l a t i o n  model  f l o w  c h a r t



1

Figure 10 b



S 5 = 0

S 4  = 0 - 0

H > HF

H > o o

K 3 = A K C D 3

CALL KCD

CALL THI N

C A L L  I N C R T

BA =Bi
DELTA B = BA -B

H = H 3

P = P 3

E X r C - 4 - 8 7  + 1-8 5 InH + 0 - 4 8 l n S )

F i g u r e  10 c



64

AK = 0

CWYLD, ,  
DBH,  /

VOL.

E N D

C A L L  MAXAK

CWYLD = 0

VOL =(0*914 + 0*3 * H ) * BA

DBH = SQRT(BA/S(l*0/0*0 0 0 0 7 8 5 ) )

CWYLD =(-0*0447-0*0045 x AK + 2*3882 x BA 
+0*032*BA *AK-0*028 xBA x AK2 ) * S

F i g u r e  10 d



Subrout ' . 'o  f7. . I • C U»

1 13 +367-6  •O-0 /SQßTC S»

D < H

PCR = P /H

LOSS a 1-0-EXP(1-23 + 3-24 In PCR)

RETURN

END

LOSS = l-o

F i g u r e  10 e
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S u b r o u t i n e  I NCRT

BA x l* 33

H > H 3BA > H

CALL P RUNE

BA = BA - M

RETURN

EN D

CALL MORTAL

0 - 0 0 0 2 6 8  x DBH

BA = BA+((BA + 62-0)/ (H + 15-2))

B = E X P ( - 4 - 8 7  + 1- 85 InH + 0-48 I n S )
BTEMP = B + D E L T A B
I NC = ( BTEMP -  B A )  * L O S S
BA = BA + INC
D E L T A B  = B A - B

F i g u r e  10 f



Subroutine MORTAL

i l  0< RS

RETURN

END

DBH = SQRTCBA/  S * 1 0 /0 0 0 0 0 7 8 5 ) )

N = ( S - S +) x 2-471  
S = S + X 2-471  
H = H /  3 2 8

S = S / 2 -471  

H = H x 3 - 2 8
RS -  ( 2 2 4  2 7 / S Q R T ( S ) ) x 100/ H

A l  = 0 - 8 9 7 4 6  3 

A 2  = 0 -6 1 9 6 6  1 
A 3  = 1-1 1 2 2 4 7  

A4 = 2 6 - 1 1 8 4 6  
A 5 = 0 - 1 1 4 7 4 1  

A 6 = 12-9 6  

A 7 = 2 - 3 0 1 5 2 9  
A 8  = 1 - 5 8 2 8 6 4  

A 9 = 0 - 6 6 6 6 6 7  
A 10 = 4 1 5 6 7 7 9 - 5

F i g u r e  10 g
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Zi  = ( A 2 + A i /RS+SQRT(A5 + A 3 / R S - A 4/ R S 2)) 
*( 22 4 27/SQRT(S))

Z 2 = ( H + l ) / A 6

Z3 = Z 2 x A 7 
Z4 = A8 X Z l 2
Z 5 = ( H+ 1 /10 0)x (A9 X Z i )  - ( H  +1)2/ 100) 
S* = ( 2 2 4  27  / C Z 3 -  SQRT(Z5  + Z4 ) ) ) 2

Firm  re  10 h
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RETURN

END

B l  = BA

CALL THIN

DBH = SQRTCBi /S x 10/0 0 0 0 0 7 8 5 ) )

AKCDl = DOS 1 + ODl - 2 

AKCD2 = DOS2 + 0 D 2  * 2 
AKCD3 =  DOS3 +  O D 3 * 2

DOSi = 3 -4 5  + 1 0 9  X DBH
D 0 S 2  = -  0 -2 5  + 1 1 0  x DBH 
DO S 3  = -  0 0 8  + 0  9 5  X DBH

D L B l  = 1-88 + 0 1 4  x D B H

D L B 2  = - 1 - 2 2  + 0 - 3 3  X D B H  
D L B 3  = -  1-80 + 0 - 3 2  x D B H

ODl = 0 8 4 +  0  3 6  X D L B l  
0 D 2 =  0 -8 4  + 0 - 3 6  X D L B 2  

0 D 3 =  0 -8 4  + 0 - 3 6  x D L B 3

F i g u r e  10 i
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8 o b ro u •; i n 3 • K

y

Sub rou t in e  THIN •

END

RETURN

Bi = BA x EXP(o 818 l n C S */ S ) + 0179 )

F i g u r e  10 j



CHAPTER FIVE

VERIFICATION OF THE MODEL

P u r n e l l  * s  P lo t s  a t  K aingaroa F o re s t

I n  o rd e r  to  t e s t  th e  model and th e  e f f e c t s  o f eq u a tio n  12 

compared w ith  eq u a tio n  1 3 , th re e  s i l v i c u l t u r a l  regim es d e sc rib ed  

by  Bunn (1970) were s im u la ted . The d a ta  from Bunn were d e riv ed  

from  P u r n e l l ’s  (1970) work and c o n s is te d  o f  the  b a s a l  a re a  a t  a  

s ta n d  h e ig h t o f  12 .2  m o f  s e le c te d  p o r t io n s  o f  th re e  r a d i a t a  p in e  

s ta n d s  a t  K aingaroa F o re s t  which had undergone d i f f e r e n t  th in n in g  

tre a tm e n ts . The i n i t i a l  s to ck in g  i n  each s tan d  was 4  324 stems 

p e r  h e c ta r e ,  and th e  p ru n in g  tre a tm e n ts  common to  a l l  th re e  s tan d s  

were as fo llo w s (P u rn e ll  1970) :

( i ) low p ru n in g : 741 stems p e r  h e c ta re  pruned to 

a t  s ta n d  h e ig h t 7*6 m,

2 .4  m

( i i ) medium p ru n in g ; 371 stem s p e r  h e c ta re  p runed  to  4*3 m 

a t  s ta n d  h e ig h t 1 0 .4  m,

( i i i ) h ig h  p ru n in g : 371 stem s p a r  h e c ta re  p runed to  

a t  s tan d  h e ig h t 12.2  m

6.1 m

The com parisons o f b a s a l  a re a  grow th summarised i n  T ab le  3 were 

made i n  two s im u la tio n s , one u sin g  e q u a tio n  12 to  c a lc u la te  the  

increm en t lo s s  from p ru n in g , and th e  o th e r  u sing  e q u a tio n  13* The 

o r ig i n a l  d a ta  from Bunn (1970) were exp ressed  i n  im p e r ia l  u n i t s .

They have been  co n v erted  to  m e tr ic  u n i t s  to  f a c i l i t a t e  th e  comparison 

u s in g  s tan d a rd  co n v ersion  f a c to r s .
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T ab le  3 shows th a t  eq u a tio n  12 r e s u l t s  i n  a h ig h e r p re d ic te d  

b a s a l  a r e a  than  does e q u a tio n  13 ,

TABUS 3; COMPARISON OP ESTIMATED AND ACTUAL BASAL AREAS 
2

(m /h a )  AT STAND HEIGHT 12 .2  m.

Treatm ent
E q u a tio n

12
E q u a tio n

13
Bunn

(1970)

( i ) th inned  to  741 s .p .h .  a t  

s tan d  h e ig h t 7*6 m 

(a )  b e s t  198 s .p .h . 6 .2 5 .6 5 .3

(b ) b e s t  371 s .p .h . 1 0 .4 9.43 9 .8

(c )  b e s t  741 s . p .h . 15 .3 13.9 16.9

( Ü ) th inned  to  1 482 s .p .h .  

a t  s tan d  h e ig h t 7 .6  m 

(a )  b e s t  198 s . p .h . 5 .4 5 .0 4*4

(b ) b e s t  371 s .p .h . 9.1 8 .4 7 .6

(c )  b e s t  741 s .p .h . 1 6 .0 14.8 13 .8

( i i i ) unth inned  (4  324 s .p .h . )  

(a )  b e s t  198 s . p .h . 4 .2 4 .2 4 .2

(b ) b e s t  371 s .p .h . 7.1 7.1 7 .8

(c )  b e s t  741 s .p .h . 12 .3 12.5 13 .5

^  (o -  E )2 
N 1 .4 7 1.41

0 s- observed  b a s a l  a re a , E - e s tim a te d  b a s a l  a re a , N = 9

The mean squared  d e v ia t io n  o f  observed b a s a l  a re a  from p re d ic te d  

b a s a l  a re a  i s  s l i g h t ly  l e s s  when eq u a tio n  13 i s  used . E q u a tio n  13 

th e re fo re  appears to  be  s u p e r io r  to  e q u a tio n  12 i n  p r e d ic t in g  the
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e f f e c t  o f  p ru n in g  on b a s a l  a re a  increm ent, b u t  th e  d if fe re n c e  

may no t be s ig n i f ic a n t .

The mean d iam eters over s tu b s  o f  th e  l a r g e s t  pruned v/horl 

i n  each o f  th e  th re e  p run ing  l i f t s  a re  compared i n  T able  4  'with 

the  r e le v a n t  d a ta  o b ta in ed  from th e  san p le  p lo t s  e s ta b lis h e d  

by P u rn e ll  (1970) j
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TABLE 4 : COMPARISON OP THE DIAMETERS OP THE LARGEST PRUNED

WHORLS PREDICTED BY THE MODEL WITH DATA PUBLISHED BY PURNELL (1970)

T re a tm e n t
E q u a t io n

12
E q u a t io n

13
P u r n e l l
( 1 9 7 0 )

U ) th in n e d  to  741 s . p . h .  a t

s ta n d  h e ig h t  7 .6  m

( a )  low  p r u n in g
( 0 .0  m -  2 .4  m) 1 3 .7 7 1 3 .7 7 1 3 .7 2

(b )  medium p ru n in g
( 2 .4  m -  4 .3  m) 17.41 16.91 1 7 .7 8

( c )  h ig h  p r u n in g
( 4 .3  m -  6.1 m) 1 7 .8 8 1 7 .0 3 1 7 .7 8

( i i ) th in n e d  to  1 482 s . p . h .  a t  

s ta n d  h e ig h t  7 . 6  m

( a )  low  p ru n in g
(O.O m -  2 .4  m) 1 3 .7 7 1 3 .7 7 1 3 .7 2

(b )  medium p r u n in g
( 2 . 4  m -  4 .3  m) 1 6 .4 0 1 6 .0 0 1 3 .2 4

( c )  h ig h  p ru n in g
( 4 .3  m -  6 .1  m) 1 6 .6 9 1 6 .0 7 1 4 .4 8

( i i i ) u n th in n e d  ( 4  324 s . p . h . )

( a )  low  p r u n in g
(O .O  m -  2 .4  m) 1 3 .7 7 1 3 .7 7 1 3 .7 2

( b )  medium p ru n in g
( 2 .4  m -  4 .3  m) 1 4 .5 0 1 4 .3 0 1 6 .0 0

( c )  h ig h  p ru n in g
( 4 .3  m -  6.1  m) 1 4 .7 4 1 4 .7 4 1 3 .2 4

£  (0 -  E ) 2 

N 0 .9 9 0 .7 7

0 = o b s e rv e d  d ia m e te r ,  E ~ e s t im a te d  d ia m e te r ,  N = 9
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E qu a tio n  13 appears to  g ive  a  s l i g h t l y  b e t t e r  f i t  to  the p u b lish e d  

d a ta  than  th a t  u sing  E q u a tio n  12 b u t  th e  d if f e r e n c e s  in  th e  

p re d ic te d  v a lu es  a re  p ro b ab ly  n o t s ig n i f i c a n t ly  d i f f e r e n t .

As T able  4  shows, th e  model p r e d ic ts  th a t  the  l a r g e s t  

d iam eter o v er s tu b s  w i l l  occu r i n  th e  h ig h  p ru n in g  l i f t ,  

i r r e s p e c t iv e  o f  the  th in n in g  tre a tm e n t, whereas the sample p l o t  

d a ta  in d ic a te s  th a t  the  l a r g e s t  d iam eter w i l l  occur in  th e  medium 

prun ing  l i f t .  More in fo rm a tio n  i s  needed to  c l a r i f y  th i s  a sp ec t 

o f k n o tty  co re  fo rm ation .

Table 4  a lso  shows, as expected , th a t  the  d iam eter o f  the  

l a r g e s t  pruned  whorl i n  th e  medium and h ig h  pruned s e c t io n s  

in c re a se s  as the th in n in g  becomes more s e v e re .

The d iam eter o f  th e  l a r g e s t  b ranch  i n  each p run ing  l i f t  

cannot b e  compared w ith  th e  r e le v a n t  d a ta  p u b lish e d  by P u r n e l l  

(1970), because  the  d a ta  were used i n  c o n s tru c tio n  o f th e  model. 

However, th e  v a lu es  o f  the  d iam eter o f  the  l a r g e s t  b ranch  

p re d ic te d  b y  th e  model a re  summarised in  T ab le  3 fo r  i l l u s t r a t i v e

purposes:
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TABLE 5: ESTIMATES OP THE DIAMETER (cm) OP THE LARGEST

BRANCH IN EJ£JH PRUNING LEFT

E q u a tio n  E quation
T reatm ent 12 13

U ) th inned  to 741 s .p .h .  a t  s tan d  h e ig h t 

7 .6  m

(a )  low p ru n in g  ( 0 .0  m -  2 .4  m) 3 .20 3.20

(b) medium p run ing  ( 2 .4  m -  4 .3  m) 4 .0 8 3 .9 4

(c ) h ig h  p ru n in g  (4 .3  m -  6.1 m) 4 .2 4 3.96

U i ) th inned  to  1 482 s .p .h .  a t  s tan d  h e ig h t 

7 .6  m

(a )  low p ru n in g  (0 .0  m -  2 .4  m) 3 .20 3 .20

( b ) medium p ru n in g  ( 2 .4  m ■ 4 .3  m) 3.78 3.66

(c )  h ig h  p run ing  ( 4 .3  m -  6.1 m) 3 .8 4 3.63

( i i i ) unth inned  ( 4  324 s .p .h . )

(a )  low p ru n in g  (0 .0  m -  2 .4  m) 3.20 3.20

(b ) medium p run ing  ( 2 .4  m -  4 .3  m) 3.20 3 .20

(c ) h ig h  p ru n in g  (4 .3  m -  6.1 m) 3.18 3 .1 8

T able  5 shows th a t  e q u a tio n  12 p r e d ic ts  l a r g e r  b ranches i n  

th e  medium and h ig h  pruned l i f t s ,  i n  the  th inned  s ta n d s , b u t th e  

d iam eters a re  l i t t l e  d i f f e r e n t  i n  the  un th inned  s ta n d s . As 

expected , h e a v ie r  th in n in g  in c re a s e s  the  b ranch  d iam eters  in  th e  

medium and h ig h  pruning  l i f t s .

The clearw ood y ie ld s ,  s ta n d  b a sa l a re a s ,  k n o tty  co re  d iam eters 

and s tan d  mean d iam eters  g iv e n  i n  T able 6 were c a lc u la te d  assuming
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that a thinning to 247 stems per hectare would occur at a stand 

height of 23 m. Rotation age was assumed to be 30 years.



TABLE 6 : ESTIMATES OP CLEARYIDOD Y IE L D , STAND MEAN DIAMETER,

78

KNOTTY CORE DIAMETER AND STAND BASAL AREA AT oo5»

A SITE INDEX OP 29 m. 

T reatm ent
E q u a tio n

12
E q u a tio n

13

( i )  th inned to  741 s .p .h .  a t  s tan d

h e ig h t 7 .8  m 

(a )  D.B.H. (cm) 54.0 63.3

(b ) k n o tty  co re  d iam eter (cm) 22.6 21.5

(c )  b a s a l  a re a  (m /h a ) 54 .5 63.2

(d) clearw ood y ie ld  (m^/ha) 57 .6 61.6

( i i )  th inned  to  1 482 s .p .h .  a t  s tan d

h e ig h t 7 .8  m 

(a )  D.B.H. (cm) 5 3 .7 52 .6

(b) k n o tty  co re  d iam e te r (cm) 21.1 20.3

(c )  b a s a l  a re a  (m /h a ) 53.2 51 .8

(d) clearw ood y ie ld  (m^/ha) 65.1 65.8

( i i i )  unthinned (432 s .p .h . )  

(a )  D.B.H. (cm) 51 .7 5 0 .8

(b ) k n o tty  core  d iam eter (cm) 18.7 18 .7

(c )  b a s a l  a re a  (m /h a ) 49.9 48 .2
X

(d ) clearwood y ie ld  ( in /h a ) 70.2 66.6

Table 6 shows th a t  clearw ood y ie ld  d ec rea se s  as the  th in n in g

i s  made more sev e re , because even a lthough the  s tan d  mean d iam e te r 

a t  r o ta t io n  age i s  in c re a se d  by  h eav ie r th in n in g , the k n o tty  co re  

d iam eter i s  a lso  in c re a se d , and the l a t t e r  e f f e c t  outw eighs the  

form er, th u s  reducing  clearw ood y ie ld .
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I n  th e  unth inned s ta n d , eq u a tio n  13 r e s u l t s  i n  a  s ta n d  mean 

d iam eter a t  r o ta t io n  age o f  about 1 cm l e s s  th an  th a t  using
*

eq u a tio n  12 and the clearw ood y ie ld  i s  reduced  by about 4  n r /t ia . 

However, as th in n in g  in c re a s e s  i n  s e v e r i ty ,  eq u a tio n  13 p r e d ic ts  

in c re a s in g ly  la r g e r  clearw ood y ie ld s  compared w ith  e q u a tio n  12. 

T h is  i s  because  the r e d u c tio n  in  k n o tty  c o re  d iam eter p re d ic te d  

using  e q u a tio n  13 more th an  compensates th e  re d u c tio n  in  s tan d  

mean d iam e te r a t  r o ta t io n  age.

The r e s u l t s  p re se n te d  i n  Tables 3 , 4 ,  3 and 6 in d ic a te  th a t  

the  model p roduces re a so n a b le  and lo g ic a l  r e s u l t s .  They su g g est 

th a t  th e  clearw ood y ie ld s  p re d ic te d  by  eq u a tio n  12 may be  s l i g h t ly  

c o n se rv a tiv e .

F en to n ’s (1972) S h o rt R o ta tio n  Sawlog Regime

I n  an  attem pt to  p ro v id e  more ev idence  on which to  choose 

betw een e q u a tio n  12 o r  13, a  s i l v i c u l t u r a l  regim e proposed by  

Fenton  (1972 a) was s im u la ted  and the  r e s u l t in g  y ie ld s  examined. 

The s im u la tio n  was made i n  th re e  ru n s , once w ith  no p ru n in g , once 

u s irg  e q u a tio n  12 and once u sing  eq u a tio n  13* The s i l v i c u l t u r a l  

regime was:

( i )  e s ta b l i s h  1 332  stem s p e r  h e c ta re ,

( i i )  p ru n e  741 stem s p e r  h e c ta re  to  2.1 m a t  s tan d  h e ig h t 4*9 m,

( i i i )  th in  to  741 stem s p e r  h e c ta re  a t  s tan d  h e ig h t 4 .9  m,

( iv )  p rune  371 stems p e r  h e c ta re  to  4*3 m a t  s tan d  h e ig h t 7*9 m,

(v) p ru n e  198 stems p e r  h e c ta re  to  6.1 m a t  s ta n d  h e ig h t  10 .7  m

( v i)  th in  to  198 stem s p e r  h e c ta re  a t  s ta n d  h e ig h t 1 0 .7  m,

( v i i )  c l e a r f a l l  a t  age 26 yea rs  a t  s tan d  h e ig h t 35» 1 m on  a  s i t e
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index of 29 m.

Fenton (1972 a) used the Beekhuis yield model (Beekhuis 1966)
to calculate the yields. As a starting point he accepted a basal 

2
area of 4*67 m /ha on 198 steins per hectare at stand height 10*7 m. 

Basal area increment for the next 3.1 m increase in stand height was 

assumed to be 3.9 m /ha, as this was the increment found in practice 

(Fenton 1972 a), and thereafter the full basal area increment 
predicted by the Beekhuis model was used to rotation age.

The basal area growth predicted by the model between 

establishment and stand height 20 m under conditions of no pruning, 

and of using equations 12 and 13 to calculate the increment loss due 

to pruning, is compared with the data published by Fenton (1972 a) in 
Figure 11.

Equation 13 predicts a basal area increment loss of about 
27 $  by stand height 10.7 m compared with the unpruned stand.

Equation 12 predicts a basal area loss of about 13 % by stand height 
10.7 m.

After thinning at stand height 10.7 m, the residual basal area 
estimated by equation 12 is closer to that estimated by Fenton 
(1972 a) from plot measurements than is that estimated with equation 

13* Between stand heights 10,7 m and 13*7 m the basal area 
increment predicted with equation 12 is closer to that assumed by 

Fenton (1972 a) on the basis of plot measurements than is that 
predicted with equation 13*

Table 7 summarises predictions and the original data for 

stand mean diameter, basal area and total stand volume at age 26 years. 

The increment loss from pruning predicted by equation 13 has a much 

greater effect on total volume production than does that predicted



8 1 -

•  •  •  Fenton e t  al  1 9 7 2

-  unpruned  

o  Brown 1 9 8 2  ( ,27 

•  Shepherd 1961  ( 1

« 14

» O

Stand  height  -  met re s

Figure 11 Comparison of basal area g r o w t h  predicted by 
the model with that published by Fenton (1972 a)
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w ith  e q u a tio n  12, b u t b o th  equations p r e d ic t  a  sm alle r t o t a l  s ta n d  

volume a t  age 26 years  th an  th a t  p u b lish e d  by  F enton  (1972 a ) .

TABLE 7; COMPARISON OF THE STAND MEAN DIAMETER, TOTAL STAND 

VOLUME, AND STAND BASAL AREA PREDICTED BY THE MODEL WITH DATA

PUBLISHED BY FENTON (1972 a)

S im u la tio n  Model

Fen ton  
1972 a

E q u a tio n
12

E q u a tio n
13 No prun ing

D.B.H. (cm) 61.7 39.5 56.0 64.1
2

B asa l a re a  (m /ha.) 59.1 56.0 49 .5 65.0

T o ta l s tan d
■z

volume (m /h a ) 676.0 639.0 656.3 742.9

The evidence sum narised in  T ab les  3, 4 , 6 and 7 to g e th e r

w ith  th e  evidence from the  p ru n in g  t r i a l  d e sc rib ed  b y  S u tto n  e t  a l  

(1972), d iscu ssed  i n  C hapter 4  su ggested  th a t  th e  use  o f  eq u a tio n  12 

to  c a lc u la te  the  increm ent lo s s  due to  prim ing would be  m a rg in a lly  

more a p p ro p ria te  th an  the  use o f  e q u a tio n  13* E xcep t where s ta t e d  

th e re fo re  eq u a tio n  12 was used in  t h i s  s tudy .

I t  has been  c le a r ly  shown th a t  th e  e f f e c t  o f p ru n in g  on b a s a l  

a re a  increm ent i s  c r i t i c a l  to  b o th  clearw ood and t o t a l  volume 

y ie ld s .  A lthough th e  e f f e c t  o f p ru n in g  on growth has been  

w idely  s tu d ie d , i t s  e f f e c t s  a re  s t i l l  n o t a c c u ra te ly  known.

R esearch o f  a  more d is c r im in a tin g  n a tu re  i s  re q u ire d  to  d e f in e  

p re c is e ly  th e  consequerces o f p ru n in g  f o r  y ie ld  p ro d u c tio n .
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D e fic ie n c ie s  o f th e  Model

The model i s  n e c e s s a r i ly  r a th e r  u n so p h is tic a te d  because i t  i s  

based  on th e  a v a ila b le  d a ta  ■which come from a wide v a r ie ty  o f 

sou rces  and which has been  c o lle c te d  fo r  a  v a r ie ty  o f  p u rp o ses .

The experim ents w ith  th e  model d e sc rib e d  i n  th is  c h ap te r h ig h lig h te d  

a number o f d e f ic ie n c ie s  i n  th e  model:

( i )  Most o f the  p u b lish e d  d a ta  d e a lin g  w ith  the grow th and y ie ld  

o f r a d ia ta  p in e  i n  Newr Zealand r e l a t e  to  s tan d  ag g reg a tes  

r a th e r  than  to  in d iv id u a l stem s. Clearwood p ro d u c tio n  i s  

e s s e n t ia l ly  a c h a r a c te r i s t i c  o f  each in d iv id u a l lo g  in  a 

s ta n d , and thus a  model based on th e  growth o f  in d iv id u a l 

t r e e s ,  r a th e r  th an  a s tan d  model as has been  c o n s tru c te d  

would be p r e f e r a b le .  However, th e  com plete la c k  o f 

s u i ta b le  d a ta  o b v ia ted  any a ttem p t to  c o n s tru c t a  t re e  

based  s im u la tio n  m odel.

( i i )  A s tan d  model ig n o re s  th e  e f f e c t s  o f  s e le c t iv e  p ru n in g  on the  

grow th o f  in d iv id u a l  stem s. Where a  p run ing  i s  imposed

th e  model assumes th a t  a l l  stem s in  the s tan d  re c e iv e  the  

seme trea tm en t and th a t  th e  b a s a l  a re a  growth o f  pruned 

steams i s  no d i f f e r e n t  from th e  average .

( i i i )  The e f f e c ts  of p ru n in g  and th in n in g  on t r e e  form a re  no t 

in c luded  in  th e  m odel.

( iv )  E qu a tio n  18 i s  q u a d ra tic  in  k n o tty  co re  d iam e te r. However, 

i n  th e  model i t  i s  used to  p r e d ic t  the  clearwood y ie ld

f o r  the s tan d  as a  whole. T his w i l l  cause a  b ia s  in  

th e  y ie ld s  o f clearw ood p re d ic te d ,  the e x te n t depending

th e  d i s t r i b u t io n  o f d iam eters  about the  mean and theupon
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association of knotty core sizes -with particular final 
tree diameters.

(v) The model is deterministic. It assumes that the probability 

of occurrence of the estimated outcome is unity. This is 

obviously a gross over sinplification since any one regime

of treahnent on a given site index -will produce a variety 

of outcomes in practice.

(vi) The model assumes that height growth is unaffected by
pruning: an assumption supported by research with species
other than radiata pine. However there are indications 
that the assumption may be less valid for radiata pine in 

New Zealand, but there was no alternative other than to 
accept the assumption in the absence of conclusive 
quantitative data. If height growth is appreciably 
affected by pruning, the yields predicted by the model 
will be biased upwards, and the extent of the bias will 
increase as pruning becomes more severe.

However, in spite of these deficiencies, the tests 

described in this chapter indicated that the model could be used 

for predictive purposes with some degree of confidence.

Certainly the model makes best use of the data available, and it 

was therefore used to predict clearwood yields and total volume 

yields throughout the remainder of the study.



CHAPTER SIX

A DETERMINISTIC ANALISIS OF CIEARYOOD YIELDS FROM RADIAIA PINE 

I n tr o d u c t io n

Once a  p a r t i c u l a r  s i l v i c u l t u r a l  s t r a te g y  has b een  s e le c te d , a  

knowledge o f  the s e n s i t i v i t y  o f  clearw ood y ie ld  to  th e  v a r ia b le s  under 

th e  c o n tro l  o f  management i s  in p o r t  a n t to  ensure  th a t  management 

o b je c t iv e s  a re  met m ost e f f ic ie n t ly *  I f  clearw ood y ie ld  i s  e sp e c ia l ly  

s e n s i t iv e  to  a  p a r t i c u l a r  v a r ia b le ,  then  management must ensure th a t  

s i l v i c u l t u r a l  o p e ra tio n s  in v o lv in g  the  v a r ia b le  a re  c o n tro lle d  most 

c lo se ly *  C onverse ly , i f  clearw ood y ie ld  i s  in s e n s i t iv e  to  a 

p a r t i c u l a r  v a r ia b le ,  the  c o n tro l  fu n c tio n  can be  tra n s fe r re d  to  more 

c r i t i c a l  o p e ra t io n s .

A s i l v i c u l t u r a l  s t r a te g y  s im ila r  to  one co n sidered  r e c e n t ly  f o r  

u se  a t  K aingaroa  F o re s t  (K. C handler pers.com m .) was s e le c te d , and the  

clearw ood y ie ld s  r e s u l t in g  from th i s  regime and v a r ia n ts  o f  i t  ware 

examined. The regime was;

( i )  e s ta b l i s h  1 482 stem s p e r  h e c ta re ,

( i i )  p rune  194  stem s p e r  h e c ta re  to  2 .4  m a t  s tan d  h e ig h t 6.1 m,

( i i i )  th in  to  494 stems p e r  h e c ta re  a t  s tan d  h e ig h t 6.1 m,

( iv )  p rune  370  stem s p e r  h e c ta re  to  4 .3  m a t  s tan d  h e ig h t 122 m,

(v ) p rune  247 stem s p e r  h e c ta re  to  6.1 m a t  s tan d  h e ig h t 12.2 m,

( v i )  th in  to  247 stem s p e r h e c ta re  a t  s tand  h e ig h t 12.2 m ,

The E f f e c t  o f  Thinning on Clearwood Y ie ld  

(a )  th in n in g  a t  12.2 m

Most f o r e s t r y  o rg a n is a tio n s  i n  New Zealand i n  which prun ing  i s
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a  s tan d a rd  s i l v i c u l t u r a l  o p e ra tio n  p re s c r ib e  com pletion  o f  p run ing  and 

th in n in g  by s ta n d  h e ig h t  9 .0  m to  15*0 m. P re s c r ib e d  re s id u a l  

s to ck in g s  range fro n  240 to  750 stem s p e r  h e c ta re  (Bunn 1970),

Thinnings to  s to ck in g s  rang ing  from 247 to  998 stem s p e r  

h e c ta re  were s im u la ted  a t  a  s tan d  h e ig h t o f  12,2 m in  a  s tan d  

e s ta b lis h e d  a t  1 482 stem s p e r  h e c ta re  and pruned by  the  schedule  

d e sc rib e d  above* Clearwood y ie ld s  were c a lc u la te d  a t  r o ta t io n  ages 

ran g in g  from 20 to  30  y ears  on a  s i t e  o f index 29 m.

F ig u re  12 shows th a t  clearw ood y ie ld  in c re ase d  as the th in n in g  

was made more sev e re  because s ta n d  mean diam eter a t  r o t a t io n  age 

increased*  The e f f e c t  o f r o t a t io n  le n g th  on clearw ood y ie ld  became 

more marked as th e  th in n in g  became more severe*

D elaying the  th in n in g  to  247 stem s p e r  h e c ta re  u n t i l  s tan d  

h e ig h t  reached 13 .7  m, o r advancing the  tim ing o f  th e  th in n in g  

p ro g re s s iv e ly  to  s tan d  h e ig h t 6.1 m decreased  clearwood y ie ld .  The 

y ie ld s  a re  i l l u s t r a t e d  in  F ig u re  13 and th e  e f f e c t  o f the tim ing o f the  

th in n in g  on b a s a l  a re a  grow th i n  F ig u re  14. Advancing the  tim ing  o f  

th e  th in n in g  d id  n o t cause a  lo s s  o f  t o t a l  b a s a l  a re a  p ro d u c tio n , b u t 

increm ent was c o n ce n tra te d  e a r l i e r  on pruned stem s, and s tan d  mean 

d iam eter a t  r o ta t io n  age in c re a se d .

In c re a s in g  th e  in te n s i ty  o f  th in n in g  a f t e r  p ru n in g  had been  

com pleted in c re a se d  clearw ood y ie ld s  because f i n a l  lo g  s iz e  was 

in c re a se d . However, advancing the tim ing  o f the  th in n in g  in c re a se d  

f i n a l  log  s iz e  b u t d ecreased  clearw ood y ie ld  because o f th e  in c re a se  

in  k n o tty  co re  d iam e te r .

These r e s u l t s  in d ic a te  th a t  w ith  the g iv en  p ru n ing tre a tm e n t, 

th in n in g  a t  a  s tan d  h e ig h t o th e r  th an  12 .2  m to  a  s to ck in g  exceeding 

247 stem s p e r h e c ta re  w i l l  reduce  clearw ood y ie ld .

(b) th in n in g  a t  6.1 m
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p e r  h e c t a r e  on b a s a l  a r e a  g r o w t h



90
A number o f  s tu d ie s  (Arm itage 1970, S u tto n  1970 c ,  1973) have 

e s ta b lis h e d  than  an in d iv id u a l t r e e  may change i t s  crown s ta tu s  as 

th e  s tan d  ages. T r i a l s  by the New Zealand F o re s t  R esearch  I n s t i t u t e  

have shown th a t  s e v e re ly  pruned t r e e s  are capab le  o f immediate 

response  to  r e le a s e  by  heavy th in n in g . With sev e re  p run ing  b u t 

w ith o u t heavy th in n in g  to  fo llo w , 15) to  84 % o f  pruned stem s may lo se  

dom inance, compared w ith  kA ^  in  l i g h t l y  pruned o r  unpruned c o n tro ls  

(James e t  a l  1970). Most f o r e s t r y  o rg a n is a tio n s  th e re fo re  p re s c r ib e  

a  th in n in g  a f t e r  th e  f i r s t  p runing  tre a b n e n t, which g e n e ra lly  tak es  

p la c e  when the  f i r s t  6.1 m o f stem upon which f u r th e r  pruning  w i l l  be 

co n cen tra ted  has form ed. The o b je c t iv e  i s  increm ent on pruned stem s.

The e f f e c t  o f  le av in g  v a ry in g  numbers o f  stem s a f t e r  the  f i r s t  

th in n in g  was in v e s t ig a te d  by  s im u la tin g  th in n in g s  to  s tock in g s  

rang ing  from 247 to  988 stem s p e r  h e c ta re  a t  s tan d  h e ig h t 6.1 m. 

Second th in n in g  was to  247 stem s p e r  h e c ta re  a t  s tan d  h e ig h t 12 .2  m* 

The prun ing  schedu le  and i n i t i a l  s to ck ing  were as p re s c r ib e d  above, 

and r o ta t io n  le n g th s  ranged from 20 to  30 y e a rs .

The e f f e c t  o f  the s e v e r i ty  o f  the  f i r s t  th in n in g  on c le a r  wood 

y ie ld  i s  i l l u s t r a t e d  in  F ig u re  15« Reducing the  s e v e r i ty  o f  th e  

th in n in g  r e s t r i c t e d  k n o tty  co re  d iam eter and s tan d  mean d iam eter a t  

r o ta t io n  age. The decrease  in  k n o tty  co re  d iam e te r more than  

outweighed the d ecrease  in  f i n a l  log  d iam eter, and clearwood y ie ld s  

in c reased  as the  th inn ing  became le s s  sev e re .

The model does n o t a llow  the  e f f e c t  of s e le c t iv e  prim ing on 

th e  growth o f  in d iv id u a l stem s to  be  examined. I f  pruned t r e e s  

become suppressed  in  le s s  sev e re  th in n in g s , th en  the  in c re a se s  in  

clearw ood y ie ld s  shown in  F ig u re  15 may be  le s s  m arked.
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There appears to  he  more l a t i t u d e  in  c o n tro l l in g  the f i r s t  

th in n in g  compared w ith  the second th in n in g . Clearwood y ie ld  in  

f i r s t  th in n in g  was n o t much a f fe c te d  hy v ary in g  the  r e s id u a l  s to ck in g  

betw een 200 and 600 stem s p e r  h e c ta re .

Heavy e a r ly  th inn ing  reduced  clearwood y ie ld .  A lthough the  

s ta n d  mean d iam eter a t  r o ta t io n  age was in c reased  by th in n in g  h e a v ily  

and e a r ly ,  the in c re a se d  k n o tty  c o re  d iam eter more than  outweighed the  

form er e f f e c t  and clearwood y ie ld  was reduced as a  r e s u l t .

The E f fe c t  o f  I n i t i a l  S tocking  on Clearwood Y ie ld

To in v e s t ig a te  the  e f f e c t  o f  i n i t i a l  s to ck in g  on clearwood 

y ie ld ,  the b a s ic  regim e was s im u la ted  w ith  i n i t i a l  s tock ings from 

500 to  2 500 stem s p e r  h e c ta re .

The e f f e c t s  o f  i n i t i a l  s to ck in g  on clearw ood y ie ld  and k n o tty  

co re  d iam eter a re  i l l u s t r a t e d  in  F ig u re  16. D ecreasing  the  i n i t i a l  

s to ck in g  from 2 500 to  1 500 stem s p e r  h e c ta re  g ra d u a lly  decreased  

clearw ood y ie ld  and k n o tty  co re  d iam eter in c re a se d  q u ite  r a p id ly .  

D ecreasing  i n i t i a l  s to ck in g  f u r th e r  below 1 500 stem s p e r  h e c ta re  had 

a much g re a te r  e f f e c t  on clearw ood y ie ld ,  b u t  th e  e f f e c t  on k n o tty  co re  

d iam eter d id  n o t change much.

These r e s u l t s  i n i i c a t e  t h a t  above an i n i t i a l  s tock ing  o f 

1 500 stems p e r  h e c ta re  th e re  i s  a co n sid e rab le  degree o f  f l e x i b i l i t y  

i n  d ec id ing  upon an i n i t i a l  s to ck in g  and th e  ch o ice  w i l l  be  d ic ta te d  

by  the expected s u rv iv a l r a t e  r a th e r  than  any c o n s id e ra tio n s  o f 

expected  clearw ood y ie ld .  However i f  i n i t i a l  s to ck in g  f a l l s  below  

1 500 stem s p e r  h e c ta re  clearw ood y ie ld s  w i l l  be  d ecreased .
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The Effect of Site Index on Clearwood Yield

To investigate the effect of site index on clearwood yield, 

the basic regime was simulated on site indices ranging from 23 m 

to 33 ni for rotation ages ranging from 20 to 30 years.

The clearwood yields obtained are illustrated in Figure 17#

Site index had a marked effect on clearwood yield because of the 

effect on growth rate and hence stand mean diameter at rotation age. 

Over the range of site index investigated, clearwood yields on the 

highest site index were between two and four times greater than 

those on the lowest site index, depending upon the rotation length.

These results have significance in allocating land to 

forestry, and upon the allocation of land to produce different types 

of wood products within forests. Clearly a greater economic return 

from pruning can be expected on higher site indices.

The Effect of the Timing of Thinning and Pruning Treatments on 

Clearwood Yield

The diameter of the knotty core is an important determinant of 

clearwood yield. The timing of the pruning and thinning treatments 

would thus be expected to influence clearwood yield through an 

effect on stand mean diameter at the time of pruning and hence 

knotty core diameter.
The effect of the timing of pruning and thinning treatments 

on clearwood yield was investigated by scheduling the commencement of 

treatment at stani heights ranging from 4*0 m to 7*6 m. The 

treatments however were still imposed in the same relationship to 

each other as defined in the basic regime.
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Clearwood y ie ld s  and k n o tty  co re  d iam eters are i l l u s t r a t e d  in  

F ig u re  1 8. D elaying th e  o n se t o f tre a tm en t p ro g re s s iv e ly  from 

s ta n d  h e ig h t 4*0 m to  7»6 m m arkedly decreased  clearw ood y ie ld ,  

b ecause  s tan d  diesneter a t  prun ing  and hence k n o tty  co re  d iam eter 

was inc reased *  The tren d s  in  F ig u re  18 in d ic a te  th a t  advancing 

th e  commencement o f  tre a tm e n t b e fo re  s ta n d  h e ig h t 4»0 m w i l l  f u r th e r  

in c re a s e  clearw ood y ie ld ,  and f u r th e r  d e c rea se  the k n o tty  core 

d iam eter*  This anomalous r e s u l t  i s  due to  the  f a c t  th a t  th e  model 

does n o t in c o rp o ra te  th e  e f f e c t s  o f  p ru n in g  on h e ig h t grow th. The 

clearw ood y ie ld s  in d ic a te d  i n  F ig u re  18 v / i l l  be  a t ta in e d  b u t  a t  

p ro g r e s s iv e ly  g re a te r  ages as the tim ing  o f  the th in n in g  i s  

advanced.

F ig u re  19 shows th a t  e a r ly  p ru n in g  causes s u b s ta n t ia l  

r e d u c tio n  i n  b a s a l  a re a  grow th, and th e  increm ent l o s t  i s  never 

re g a in e d , r e s u l t in g  in  reduced  f i n a l  log  d iam eter.

The tim ing o f p ru n in g  and th in n in g  trea tm en ts  i s  a  c r i t i c a l  

d e te rm in an t o f  clearw ood y ie ld .  Management must ensure  th a t  

o p e ra tio n s  a re  c a r r ie d  o u t a t  the  p re s c r ib e d  s tan d  ages*

D iscu ss io n

A ll th e  f a c to r s  in v e s t ig a te d  a f fe c te d  the  y ie ld  o f clearw ood. 

S i t e  in d e x , the  tim ing and s e v e r i ty  o f the  second th in n in g , and the  

s tan d  h e ig h ts  a t  which th e  trea tm en ts  a re  c a r r ie d  o u t were most 

im p o rtan t i n  de term in ing  clearw ood y ie ld .  The number o f  stem s l e f t  

a f t e r  f i r s t  th in n in g  and i n i t i a l  s to ck in g  were le s s  c r i t i c a l *  

C o n tra ry  to  e x p e c ta tio n , heavy e a r ly  th in n in g  reduced  clearwood 

y ie ld  i f  the  p runing  tre a tm e n t d id  n o t commence u n t i l  s ta n d  h e ig h t
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6.1 m. However, advancing th e  commencement o f  b o th  p run ing  and 

th inn ing  tre a tm e n ts  to  s tan d  h e ig h t 4 ,6  m y ie ld e d  in c reased  amounts 

o f clearw ood.

I t  i s  suggested  th a t  th e  fo llo w in g  schedu le  would n o t be 

unreasonab le  i f  th e  o b je c t  o f management i s  to  produce s u b s ta n t ia l  

volumes o f  clearw ood:

( i )  e s ta b l i s h  1 $00 stem s p e r  h e c ta re ,

( i i )  p rim e 490 stem s p e r  h e c ta re  to  2 .4  m a t  s tan d  h e ig h t 4 .6  m,

( i i i )  th in  to  490 stems p e r  h e c ta re  a t  s tan d  h e ig h t 4 .6  m,

( iv )  prim e 370 stems p e r  h e c ta re  to  4*3 o  a t  s tan d  h e ig h t 7 .6  m,

(v) p rune  250 stems p e r  h e c ta re  to  6.1 m a t  s tan d  h e ig h t 10 .7  m,

(v i)  th in  to  250 stem s p e r  h e c ta re  a t  s tan d  h e ig h t 10 .7  m.

T his schedu le  i s  s im ila r  to  th a t  advocated  by Fenton (1972 a ) .  

I t  i s  u n l ik e ly  to  y ie ld  th e  maximum p o s s ib le  amount o f  clearwood 

because heavy e a r ly  th in n in g  in c re a se s  k n o tty  co re  d iam eter and 

reduces clearw ood y ie ld .  P rocedu res do e x i s t  to  enable the  

d e te rm in a tio n  o f  the  s i l v i c u l t u r a l  s t r a te g y  which w i l l  maximise 

clearwood y ie ld  using  the  model d esc rib ed  in  C hapter 4 . Dynamic 

prograciming h as been  used by  Schreuder (1971) to  determ ine 

s im u ltan eo u sly  th e  op tim al th in n in g  schedu les and r o ta t io n  le n g th s  

f o r  even aged s ta n d s , and W att (1968) has d e sc r ib e d  s im u la tio n  

techn iques to  f in d  th e  s e t  o f  independent v a r ia b le s  which w i l l  

o p tim ise  an o b je c t iv e  fu n c tio n . However, th e re  was in s u f f ic ie n t  

tim e a v a ila b le  to  enable th e  w r i te r  to  a ttem p t to  use one o r
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o th e r  o f th e se  techn iques



CHAPTER SEVEN

A STOCHASTIC ANALISIS OP THE YIELD OF CIEARIOOD 

I n t r o d u c t i o n

The a n a ly s e s  c a r r i e d  o u t  i n  C h a p te r  6 assum ed c o n d i t io n s  o f  

c e r t a i n t y :  th e y  assum ed t h a t  th e  outcom e p r e d i c t e d  b y  ■the m odel

o c c u r r e d  w ith  a  p r o b a b i l i t y  o f  u n i ty *  M ost d e c is io n -m a k in g  

te c h n iq u e s  i n  f o r e s t r y  h a v e  i m p l i c i t l y  assum ed c o n d i t io n s  o f  c o m p le te  

c e r t a i n t y  ( F l o r a  1 9 6 8 ). H ow ever, m o st d e c i s i o n s  a r e  i n  f a c t  made 

u n d e r  c o n d i t io n s  o f  u n c e r t a in ty *

M a rty  ( 1964) t r e a t e d  th e  d e c i s i o n  to  p ru n e  a s  e s s e n t i a l l y  a  

d e c i s i o n  u n d e r  u n c e r t a i n t y .  H is  a p p ro a c h  c o n s i s t e d  o f  s p e c i f y in g  

th e  r a n g e  o v e r  w hich th e  d e te r m in a n ts  o f  th e  p r o f i t a b i l i t y  o f  p ru n in g  

su c h  a s  g ro w th  r a t e s ,  i n t e r e s t  r a t e s ,  p r u n in g  c o s t s  and c l e a r  wood 

p r i c e s  w ere  l i k e l y  to  v a r y ,  and a n a ly s in g  th e  p r o f i t  f u n c t i o n  w i th in  

th e s e  r a n g e s .  T h is  a p p ro a c h  h a s  th e  d is a d v a n ta g e  t h a t  i t  i m p l i c i t l y  

assum es u n ifo rm  p r o b a b i l i t y  d i s t r i b u t i o n s  f o r  th e  d e te r m in a n ts  o f  

p ru n in g  p r o f i t a b i l i t y .  T hus th e  b e s t  and  th e  w o rs t  o u tcom es w ere 

assum ed to  o c c u r  w i th  a  p r o b a b i l i t y  e q u a l  to  t h a t  o f  th e  m o s t l i k e l y  

ou tcom e. T h is  a ssu m p tio n  i s  c l e a r l y  in v a l id *

Thom pson (1968 ) a l s o  c o n s id e r e d  th e  d e c i s i o n  to  p ru n e  as a  

d e c i s io n  u n d e r  u n c e r t a i n t y .  As s o u rc e s  o f  u n c e r t a i n t y  h e  re c o g n is e d  

f u t u r e  y i e l d s ,  f u tu r e  p r i c e s  and th e  d i s c o u n t  r a t e .  He d e f in e d  

d i s c r e t e  f u t u r e  s t a t e s  o f  n a tu r e  f o r  th e s e  v a r i a b l e s ,  a l l o c a t e d  

s u b je c t iv e  p r o b a b i l i t i e s  o f  occurrence to  e a c h  s t a t e  and th e n  a p p lie d  

B a y e s ia n  d e c i s i o n  -theory  to  c a l c u l a t e  th e  p r o f i t a b i l i t y  o f  p r u n in g .
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T h is  method i s  th e o r e t ic a l ly  sound b u t  becomes cumbersome i f  a  la rg e  

number o f  v a r ia b le s  encompassing a wide range o f  fu tu re  s t a t e s  o f 

n a tu re  a re  in v o lv ed ,

A method which has been  w idely  used to  a s s i s t  d e c is io n  making 

under u n c e r ta in ty  i s  th e  Monte C arlo  m ethod. B a s ic a l ly  th e  use o f 

th e  method in v o lv es  s p e c i f ic a t io n  o f the p r o b a b i l i ty  d i s t r ib u t io n s  o f 

the v a r ia b le s  de term in ing  the  outcome o f a  p ro c e ss . F or each such 

v a r ia b le ,  a  random value  from th e  d i s t r ib u t io n  i s  s e le c te d  and used 

in  subsequent c a lc u la t io n s ,  in s te a d  o f  the  mean o r  median v a lu e  used 

in  the  d e te r m in is t ic  model. By re p e a tin g  the  s im u la tio n  many tim es , 

th e  p r o b a b i l i ty  d i s t r ib u t io n  o f th e  outcome can be b u i l t  up and used 

to  gu ide a  d e c is io n ,

A good in tro d u c tio n  to  the Monte C arlo  method i s  g iv en  by 

Jones (1972) and more advanced trea tm en ts  have been  w r i t te n  by  

N aylor e t  a l  (1966) and Churchman e t  a l  (1957)* Monte C arlo  

s im u la tio n  has been  w idely  ap p lied  to  problem s in v o lv in g  s to c h a s t ic  

p ro c e sse s  whose a n a ly tic a l, s o lu t io n  would be in t r a c ta b le ,  i n  f i e ld s  

as d iv e rs e  as c r i t i c a l  p a th  network a n a ly s is  (King 1953), queuing 

a n a ly s is  f o r  the  d e s ig n  o f p ro d u c tio n  f a c i l i t i e s  (Tocher 1963), 

r is k - in v e s tm e n t a n a ly s is  (Jones 1972) and n u c lea r p h y s ic s  (Meyer 1956), 

The method has been  used i n  f o r e s t r y  d e c is io n  making, D avis (1968) 

m entioned use o f  Monte C arlo  methods i n  network a n a ly s is  o f 

c o n tro l le d  b u rn ing  sch ed u lin g  problem s, R udra (1970)> Newnham e t  a l  

(1970) and 0*Regan e t  a l  (1966, 1967) have used Monte C arlo  methods 

to  s im u la te  the  s t r u c tu r e  o f  even aged s ta n d s .
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The Y ie ld  o f ClearwDod as a  S to c h a s t ic  P ro cess

The re g re s s io n s  upon which the s im u la tio n  model d e sc rib e d  in  

C hapter 4  i s  b ased  d e sc r ib e  s to c h a s t ic  p rocesses«  On these  grounds 

alone the  d e c is io n  to  p rune to  produce clearw ood embodies a  degree  o f 

u n c e r ta in ty . U n ce rta in ty  i s  a lso  in tro d u ced  in to  the  model because  a 

s i l v i c u l t u r a l  t r e a tn e n t  i s  u n l ik e ly  to be  a p p lie d  e x a c tly  as p re s c r ib e d . 

The so u rces  o f  u n c e r ta in ty  i n  the  clearw ood y ie ld  r e s u l t in g  from 

th e  regim e advocated in  C hapter 6 a re :

( i )  th e  c o n d itio n  o f th e  s ta n d , 

i . e .  (a )  the  i n i t i a l  s to c k in g ,

(b) th e  ages a t  which th e  p run ing  tre a tm e n ts  are  c a r r ie d  o u t,

(c )  th e  number o f  stem s pruned a t  each l i f t ,

(d ) th e  ages a t  whbh th e  th in n in g  tre a tm e n ts  are c a r r ie d  o u t ,

(e )  th e  r e s id u a l  s to c k in g s  l e f t  a f t e r  th e  th in n in g s ,

( f )  th e  s tan d  h e ig h t a t  r o ta t io n  age,

( i i )  th e  v a lu es  o f the  dependent v a r ia b le s  p re d ic te d  by the  

re g re s s io n s  on which th e  model i s  b a se d .

P r o b a b i l i ty  d is t r ib u t io n s  fo r  the v a r ia b le s  d e f in in g  th e  

s i l v i c u l t u r a l  schedu le  were s p e c if ie d  by  means o f  the  B e ta  p r o b a b i l i ty  

d i s t r ib u t io n .  The shape and p o s i t io n  o f  th e  B e ta  d i s t r ib u t io n  i s  

s p e c if ie d  by th e  mode (M), an upper l im i t  (P) and a  lower l im i t  (Q) 

(Richmond 1968). The v a lu es  o f M, P and Q f o r  each v a r ia b le  

d e fin in g  the  s i l v i c u l t u r a l  sch ed u le  were b ased  s u b je c t iv e ly  upon the  

w rite r* s  ex p erience  and were g iv e n  the v a lu es  in d ic a te d  in  Table 8.



TABLE 8: VALUES OP M, P AND Q FOR THE BETA DISTRIBUTICNS OP

VARIA BLES DEPIRUnG- THE SILVICULTURAL SCHEDULE
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V a ria b le Q M P

1 . I n i t i a l  s to ck in g  ( s . p . h . ) 1 376 1 500 1 6 2 4

2 . F i r s t  th in n in g

(a ) s tan d  h e ig h t (m) 4-3 4 .6 6.1

(b) r e s id u a l  s to ck in g  ( s .p .h . ) 441 490 339

3. Low p run ing

(a )  s tan d  h e ig h t (m) 4 .3 4 .6 6.1

(b ) pruned s to ck in g  ( s .p .h . ) 441 490 339

4-* Medium p run ing

(a )  s tan d  h e ig h t (m) 7 .3 7 .6 9.1

(b) pruned s to ck in g  ( s .p .h . ) 333 370 407

5 . High p run ing

(a ) s ta n d  h e ig h t (m) 10 .4 10 .7 12.7

(b ) pruned  s to ck in g  ( s .p .h . ) 225 250 273

6. Second th in n in g

(a ) s tan d  h e ig h t (m) 10 .4 10 .7 12.7

(b) r e s id u a l  s to ck in g  ( s .p .h . ) 225 250 273

7. S tand h e ig h t (m) a t  r o ta t io n  age (25  y ea rs)

on s i t e  index 29 m 32.6 34.1 33 .7

The d i s t r ib u t io n s  d e fin ed  by th e se  v a r ia b le s  were thus 

s u b je c tiv e  p r o b a b i l i ty  d i s t r ib u t io n s .  V a r ia te s  were gen era ted  

s to c h a s t ic a l ly  from the  B e ta  d is t r ib u t io n s  u s in g  F o r tra n  

su b ro u tin e s  ABSEL and RANBET w r i t t e n  by  D r. A . B . Rudra o f the  

U n iv e rs ity  o f M elbourne.
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For the regressions upon which the model is based, the 

probability distributions for each was specified by the expected 

value of the dependent variable and the standard deviation of the 

regression, A random variate (x) from a Normal probability 

distribution with expected value (EX) and stand deviation (s) 
is given by the following relation:

X ~ EX +S x GRAND (19)
where GRAND is a normally distributed random number with zero 
mean and unit variance.

The requirements for statistical inference in linear 

regression analysis, that the dependent variable is normally 

distributed with homogeneous variance, and that successive error 

terms (X^ - Y^) are independent are implicit in the use of

equation 19,

The standard deviations of most of the regressions used in 

the model could be determined objectively, and these are given in 

Table 1 Appendix C, The standard deviations for equation set 15 

relating diameter over stubs in each pruning lift to the stand 

mean D.B,H. at the time of pruning, and for equation 16 (a) 

relating the diameter of the largest branch on the low pruned 

section to the stand mean diameter at pruning could not be 

determined objectively. Normal probability distributions with 

expected values given by the appropriate equations, and standard 

deviations of 1,27 cm (0,5 in) were assumed, based on the writer*s 

experience and appraisal of the data.

Mortality in stocking was assumed to be a deterministic 

process. The expected value of mortality over the period between
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second th in n in g  and r o ta t io n  age i s  about 2 fa and th e  use o f  a 

d e te rm in is t ic  e s tim a te  f o r  m o r ta l i ty  i s  u n lik e ly  to  in f lu e n c e  the  

v a ria n ce  o f  th e  outcomes appreciab ly*  C lu t te r  a t  a l  (1973) 

s ta t e d  th a t  under c e r ta in  c o n d itio n s  r a d ia ta  p in e  s tan d s  may show 

l i t t l e  m o r ta l i ty  f o r  a  number o f  y e a r s , u n t i l  d e n s i ty  reach es  a  

p o in t  where v e ry  in te n s e  m o r ta l i ty  occurs in  a  co n ce n tra te d  time 

p e r io d  a f t e r  which m o r ta l i ty  i s  a g a in  n e g lig ib le *  P a i l l e  e t  a l  

(1971) have d e sc r ib e d  p ro b a b i l i ty  d is t r ib u t io n s  f o r  m o r ta l i ty  o f  

in d iv id u a l  Douglas f i r  stem s, u s in g  r e l a t i v e  t r e e  s iz e  and p o s i t io n  

i n  the  canopy as independent v a r ia b le s*  Sm ith e t  a l  (1965) have 

d e sc rib e d  th e  use  o f  P o is so n , B inom ial and N egative  B inom ial 

d i s t r ib u t io n s  to  s im u la te  in d iv id u a l  t r e e  m o r ta l i ty  o f Douglas f i r .

Any a t te irp t  to  s im u la te  m o r ta l i ty  i n  a  s to c h a s t ic  fa sh io n  

sho u ld  co n sid e r th e  s p a t i a l  d i s t r i b u t io n  o f m o r ta l i ty  as w e ll as 

i t s  expected v a lu e  over tim e and th e re  i s  a com plete la ck  o f  d a ta  

on th e  form er a sp e c t o f r a d ia ta  p in e  s tan d  dynam ics.

F o r e q u a tio n  18 r e la t i n g  clearwood y ie ld  to  t r e e  b a s a l  a re a

and k n o tty  co re  d iam e te r , a  Normal p r o b a b i l i ty  d i s t r ib u t io n  w ith  a
x

s tan d a rd  d e v ia t io n  o f  0 .07  m / t r e e  d e riv ed  from  th e  a n a ly s is  o f 

the  sawing t r i a l  d a ta  i n  C hapter 4  was used .

E q u a tio n  13, r e l a t in g  th e  p ro p o r tio n  o f  increm ent l o s t  to  

th e  p ro p o r tio n  o f  g reen  crown removed was used to  c a lc u la te  the  

increm ent l o s t  from  prun ing  b ecau se  an o b je c t iv e  e s tim a te  o f  th e  

s tan d a rd  d e v ia t io n  from re g re s s io n  was a v a i la b le .

These m o d if ic a tio n s  w ere in c o rp o ra te d  in to  the  s im u la tio n  

model and th e  y ie ld s  s im u la ted  u s in g  the  U n iv e rs ity  Uni vac 1108 

co n p u ter.
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P r o b a b i l i ty  d i s t r ib u t io n s  were c o n s tru c te d  f o r  mean k n o tty  

co re  d iam eter and f o r  s tan d  mean d ia m e te r , t o t a l  s tan d  volume 

clearwood y ie ld ,  and s to ck in g  a t  r o ta t io n  age. The d i s t r ib u t io n s  

o f  c le a r  wood y ie ld ,  k n o tty  co re  d iam e te r , s tan d  mean d iam e te r and 

t o t a l  volume a re  i l l u s t r a t e d  in  F ig u res  20, 21, 22 and 23 

r e s p e c t iv e ly .  The d i s t r ib u t io n  o f  s ta n d  s to ck in g  a t  r o ta t io n  age 

i s  g iv en  in  Table 1 Appendix D. The p r o b a b i l i ty  d i s t r ib u t io n s  fo r  

clearw ood y ie ld s  from r o t a t i o n  le n g th s  o f  20 y e a rs , 25 y e a rs  and 

32 y ears  a re  compared i n  T able  9* One thousand i t e r a t i o n s  were 

re q u ire d  to  produce re a so n a b ly  smooth d i s t r ib u t io n s .
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Figure 20 The d is t r ib u t io n of clearwood yield
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TABLE 9 : PROBABILITY' DISTRIBUTIONS FOR CLEARTOOD YIELD AT AGES

20, 25 AND 32 YEARS ON A SITE INDEX OP 29 m.

ClearwDod Y ie ld  
x

m /ha.

5

13

23

35

45

55

65

75

85

95

105

115

125

135

145

155

Expected value  

V ariance

P r o b a b i l i ty  o f  O ccurrence a t  age:

20 25 32

0.005 0.001 0.001

0.015 0.005 0.001

0.055 0.001 0.005

0.127 0.013 0.002

0 .248 0.050 0.005

0.254 0.112 0.013

0.185 0.168 0.038

0 .084 0.209 0.078

0.022 0.205 0.109

0.005 0.126 0 .164

- 0.080 0.221

- 0 .024 0.159

- 0.004 0 .127

- 0.001 O.O56

- 0.001 0.017

- - 0 .004

51.87 76.90 102.33

231.70 348.99 448 .57

29.35 24.29 20.70C o e f f ic ie n t  o f V a r ia tio n
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The d e t e r m in i s t i c  e s t im a te s  o f th e  mean k n o t ty  c o re  d ia m e te r , 

s ta n d  mean d ia m e te r ,  t o t a l  s ta n d  volum e, clearvrood y ie ld  and 

s to c k in g  f o r  th e  25 y e a r  r o t a t i o n  a re  com pared -with th e  s to c h a s t i c  

e s t im a te s  o f  th e  means and modes o f  th e  c o rre sp o n d in g  p r o b a b i l i t y  

d i s t r i b u t i o n s  i n  T ab le  10.

TABLE 10. COMPARISON OP DETERMINISTIC AND STOCHASTIC ESTIMATES 

OF KNOTTY CORE DIAMETER, STAND MEAN DIAMETER, TOTAL STAND VOLUME, 

CLEARTOD Y3EID AND STOCKING- AT AGE 25 YEARS.

D e te rm in is t ic  S to c h a s t ic
V a r ia b le Mean Mean Mode

K n o tty  c o re  d ia m ete r (cm) 1 9 .6 20.9 2 0 .0

S tan d  mean d ia m e te r  (cm) 50 .9 5 6 .2 5 8 .0

T o ta l  s ta n d  volume (m^/1ia) 572 .0 675.5 6 5 0 .0
■Z

C learw ood y i e l d  (n r /h a ) 6 3 .7 76.9 7 5 .0

S to c k in g  ( s . p . h . ) 242 .0 241 .2 2 45 .0

D is c u s s io n

T a b le  9 shows t h a t  th e  exp ec ted  v a lu e  o f  th e  clearw ood  y ie ld  

in c re a s e d  a s  th e  r o t a t i o n  le n g th e n s . The v a r ia n c e  o f  th e  outcome 

a lso  in c re a s e d  w ith  r o t a t i o n  le n g th ,  b u t  th e  c o e f f i c i e n t  o f  

v a r i a t i o n  d e c re a se d . Thus w h ile  th e  a b s o lu te  r i s k  o f  n o t  o b ta in in g  

a  p a r t i c u l a r  outcome in c r e a s e s  w ith  r o t a t i o n  le n g th ,  th e  r e l a t i v e  

r i s k  d e c re a s e s .  The f o r e s t  manager m ust f i r s t l y  d e c id e  upon th e  

y ie ld  o f  clearw ood he r e q u i r e s ,  and s e c o n d ly  upon th e  d e g re e  o f  

c e r t a i n t y  w ith  which he w an ts  to  o b ta in  th e  r e q u ire d  q u a n t i ty .  

D epending upon h i s  a t t i t u d e  to  r i s k  ta k in g ,  he co u ld  th e n  s p e c i f y
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the  r o t a t i o n  le n g th  "which would maximise h is  u t i l i t y  u s in g  

p rocedu res such as the  s tan d a rd  gamble techn ique d e sc rib e d  by 

H a lte r  e t  a l ( l 9 7 l ) .

The d if fe re n c e s  betw een th e  d e te rm in is t ic  means o f  the  

v a r ia b le s  i n  T able 10 and th e i r  co rrespond ing  s to c h a s t ic  es tim ates  

i s  due to  the  com bination  o f  p r o b a b i l i ty  d is t r ib u t io n s #  I n  

e q u a tio n  9> r e la t in g  s ta n d  b a s a l  a re a  to  s tan d  h e ig h t and s to ck in g , 

and e q u a tio n  13 r e la t in g  the  p ro p o r tio n  o f increm ent l o s t  due to  

p run ing  to  the  p ro p o r t io n  o f g reen  crown removed, the  lo g a rith m  o f 

the dependent v a r ia b le  was assumed to  be  norm ally d i s t r ib u te d  about 

the  r e g re s s io n  plane# I f  the lo g a rith m  o f  a v a r ia b le  i s  norm ally 

d i s t r ib u te d ,  then  the d i s t r ib u t io n  o f  th e  a n tilo g  fo llo w s a  

p o s i t iv e ly  skewed log  normal d i s t r ib u t io n ,  and the mean exceeds the 

mode# Combining th ese  d i s t r ib u t io n s  w ith  sym m etrical d is t r ib u t io n s  

w i l l  in c re a s e  the expected  value o f  th e  outcome#

The r e s u l t s  p re se n te d  f o r  the Monte C arlo  a n a ly s is  i n  th is  

c h ap te r were derived  under th e  assum ption th a t  the  p r o b a b i l i ty  

d i s t r ib u t io n s  employed i n  the  model a re  independent o f  one another# 

S i l v i c u l t u r a l  tre a tm e n ts  were s im u la ted  over a  p e r io d  o f about 

f iv e  years  and i n  p r a c t ic e  they  a re  u s u a lly  implemented by  d i f f e r e n t  

p e rso n n e l s k i l l e d  a t  each p a r t i c u l a r  o p e ra tio n . The assum ption 

th a t  th e  p r o b a b i l i ty  d is t r ib u t io n s  o f th e  v a r ia b le s  d e fin in g  the  

schedu le  a re  independent i s  p ro b ab ly  valid#  The assum ption th a t  

th e  p ro b a b i l i ty  d is t r ib u t io n s  o f  th e  re g re s s io n s  com prising th e  

model a re  independen t i s  a lso  p ro b ab ly  v a l id .  W hile b a s a l  a re a  

increm ent i s  c o r r e la te d  w ith  h e ig h t  increm ent, h e ig h t r a th e r  th a n  

age has been  used as an independen t v a r ia b le  to  p r e d ic t  b a s a l  a re a  

increm ent and th e re fo re  th e  d i s t r ib u t io n s  o f h e ig h t increm ent and
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b a sa l a re a  increm ent a re  independen t.

A d d itio n a l sources o f u n c e r ta in ty  -which -were n o t in c o rp o ra te d  

in  th e  model were the  o ccu rrence  o f  f i r e ,  windthrow and in s e c t  and 

fu n g a l a t ta c k ,  Windthrow and in s e c t  and fu n g a l a tta c k  a re  u n c e r ta in  

causes o f lo s s  o f  y ie ld ,  b u t  t h e i r  p r o b a b i l i t i e s  o f  occurrence  over 

tim e, and th e i r  s e v e r i ty  should  n o t be d i f f i c u l t  to  e s tim a te  from 

h i s t o r i c a l  re c o rd s . The y ie ld  sa lv ag ed  should  a lso  be  co n sid e red . 

C handler (1970) su ggested  th a t  w indthrow was c o r r e la te d  w ith  

s i l v i c u l t u r a l  tre a tm e n t and s tan d  h e ig h t .  S o i l  type i s  a lso  

im p o rtan t (Wendelken 1966), Fen ton  and Dick (1972 a) have 

c a lc u la te d  the  p r o b a b i l i ty  o f f i r e  lo s s  in  New Z ealand fo r  th e  

p e r io d s  1952 -  72, 1962 -  72 and 1967 -  72 as 0 ,0 8 9 , 0,032 and 0.019 

r e s p e c t iv e ly .  F i r e ,  w indthrow, and in s e c t  and fu n g a l a t ta c k  w i l l  

a c t  to  reduce the expected  v a lu e  o f clearwood y ie ld .

On th e  b a s i s  o f the  w r i t e r 's  ex p erien ce , and th e  in fo rm a tio n  

a v a i la b le ,  the  r e s u l t s  re p re s e n t  the  b e s t  e s tim a te s  th a t  can  be  made 

o f clearw ood y ie ld  under the  d e fin e d  c o n d itio n s . The v a r i a b i l i t y  

i n  the  clearwood y ie ld  has in p o r ta n t  im p lic a tio n s  fo r  the  

p r o f i t a b i l i t y  o f  prunijqg. T his a sp e c t i s  co n sid e red  in  more d e t a i l  

i n  th e  n ex t c h a p te r .



CHAPTER EIGHT

THE PROFITABILITY OF PRUNING RADIATA PINE 

Introduc tion

The difficulty in analysis of the profitability of pruning is 
that clearrood is Jointly produced -with other forms of wood. There 

is thus no rationale upon which to allocate a proportion of the 

costs of afforestation to clearwood production. Similarly, the 

definition of the returns to pruning simply as the value added to 
otherwise knotty lumber ignores other benefits of pruning, such as 
improved access and visibility, fire protection, reduction in 

trimming costs at clearfelling (Whiteley 1971), or the 
inter-relationships that pruning has with the production of good 
quality logs on short rotations.

The difficulty of allocating the costs and benefits of 

pruning led Fenton (1972 b, 1973) to state that the profitability of 

pruning is not found by conparing pruned and unpruned logs of the 
same age and size, but by comparing a pruned regime with its most 

profitable alternative. This approach to the calculation of 

pruning profitability involves the conparison of the profitability 

of a pruned regime with all possible alternative management 

strategies.

Most studies of the profitability of priming (Brown, 1965,

19^9; Marty, 1964; James, 1968; Thompson, 1968; Lewis, 1964;

Horton, 1966) have adopted a simple marginal approach. They have 
assumed that the only benefit achieved by pruning is the marginal value
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added to  o th e rw ise  k n o tty  lum ber, and th a t  th e  on ly  c o s ts  a sso c ia ted  

w ith  th e  p ro d u c tio n  o f  clearw ood are  the  m arg inal c o s ts  d i r e c t ly  

a sso c ia te d  w ith  pruning*

B oth approaches to  th e  e v a lu a tio n  o f  the  p r o f i t a b i l i t y  o f  

pruning  were co n sid ered  i n  th i s  study* F i r s t l y  using  the  m arg inal 

approach, th e  d isco u n ted  n e t  w orth (D.N.W.) o f the  p run ing  trea tm en t 

was analy sed  over a range o f  s i t e  index  tak in g  in to  account on ly  the 

d i r e c t  c o s ts  and b e n e f i t s  o f  pruning* Secondly the management 

s t r a te g y  which in c o rp o ra te s  th e  p run ing  trea tm en t was analysed  

d e te r m in is t ic a l ly  fo r  one s i t e  index as a  b a s is  fo r  the  com parison 

of th i s  s t r a te g y  w ith  o th e r  a l t e r n a t iv e s .

The C o sts  o f  P run ing

P run ing  c o s ts  a re  b a s ic  to  the a n a ly s is  o f  th e  p r o f i t a b i l i t y  o f 

pruning*

The K aingaroa F o r e s t  Wor£ Study U n it has c a r r ie d  o u t tim e 

s tu d ie s  o f  p run ing  o p e ra tio n s  in  K aingaroa F o res t*  These have 

involved  in te n s iv e  s tudy  o f  low , medium and h ig h  pruning  o p e ra tio n s  

in  r a d i a t a  p in e  s tan d s  occupying a  wide range  o f  s i t e  index  and have 

inc luded  extrem es o f undergrow th and to p o g rap h ica l c o n d itio n s .

These s tu d ie s  have e s ta b lis h e d  th a t  th e  c o s ts  o f p run ing  depend upon: 

( i )  The time tak en  to  prune a  s p e c if ie d  le n g th  o f  stem , using  

s p e c if ie d  p ru n in g  to o ls  and a  d e fin e d  work method* Under 

th ese  c o n d itio n s  th e  D.B.H* o f  th e  stem a t  th e  time o f 

prim ing i s  a  re a so n a b ly  good and e a s i ly  m easurable 

v a r ia b le  from w hich to  p r e d ic t  th e  p runing  tim e ,
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( i i )  The time tak en  to  walk betw een pruned t r e e s  w hile  

s e le c t in g  the  n ex t t re e  to  be  pruned* The walk and 

s e le c t  tim e depends upon ground c o n d itio n s  such  as the  

amount o f  s la s h  and undergrow th, the  degree o f  s lo p e , 

and th e  number o f  stem s p runed  p e r  u n i t  a re a .

( i i i )  O ther m isce llan eo u s  tim e elem ents such as th e  time 

taken  to  p re p a re  equipm ent, r e s t  and r e la x a t io n  tim e, 

and access tim e from th e  p o in t  o f  s e t  down to  th e  work 

s i t e .

( iv )  The r a te  a t  which the worker i s  p a id  c o n s is t in g  o f  the  

b a s ic  wage r a t e ,  p lu s  i n s t i t u t i o n a l  payments such as 

wet p ay , s ic k  p ay , h o lid ay  p ay , in su ra n ce , t r a v e l  e tc .

These elem ents have been  combined to  produce s e t s  o f  time 

s tan d a rd s  f o r  a l l  p run ing  o p e ra tio n s  which enable th e  c o s ts  o f  

p run ing  to  a  p a r t i c u la r  p r e s c r ip t io n  to  be  c a lc u la te d  i f  th e  

independent v a r ia b le s  p e r ta in in g  to  a  p a r t i c u l a r  s tan d  a re  known.

The K aingaroa  F o re s t  Time S tandards fo r  prim ing  were used to  

c a lc u la te  a l l  p run ing  c o s ts  in  th i s  s tu d y . An example o f  t h e i r  

a p p lic a t io n  to  low p ru n in g  i s  g iv en  in  Appendix E to g e th e r  w ith  the  

assum ptions made to  enab le  t h e i r  u se .

A S to c h a s t ic  A nalysis o f  th e  P r o f i t a b i l i t y  o f  the P ru n in g  O p era tio n .

The b a s ic  assum ptions made in  the  m arg in a l approach to  the  

a n a ly s is  o f  th e  p r o f i t a b i l i t y  o f  p run ing  were th a t:

( i )  th e  m arg in a l c o s ts  a s so c ia te d  w ith  the  p ro d u c tio n  o f  

clearwood w ere th e  d i r e c t  c o s ts  o f  p run ing  o n ly ,

( i i )  the  m arg in a l b e n e f i ts  o f p ru n in g  c o n s is te d  o n ly  o f the
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value  added to  o th e rw ise  k n o tty  lumber by upgrading from a lower 

grade to  c le a r  g rade .

The p r o b a b i l i ty  d i s t r ib u t io n s  fo r  the c o s ts  o f pruning  were 

s p e c if ie d  by means o f the B e ta  d i s t r ib u t io n  d e sc rib e d  in  C hap ter 7« 

The values o f  the  modes o f the  d is t r ib u t io n s  were c a lc u la te d  from 

the  K aingaroa F o re s t  Time S tan d a rd s  fo r  p ru n in g . The upper ( p )  

and low er (q ) l im i t s  fo r  the  p r o b a b i l i ty  d is t r ib u t io n s  were based  

on the w r i t e r ’s experience o f  p runing  c o s ts .  The re le v a n t  va lu es  

a re  g iven  in  Table 1 1 ,

TABLE 1 1 :  VALUES (# /h a ) FOR THE MOLE ( m )  UPPER ( p )  AND

ID  WER (Q )  L U S T S  FOR THE D IS T R IB U T IO N  OF PRUNING- COSTS

O p eration C ost (ß/4ia)

Q M P

Low p run ing 37.60 47 .0 56.33

Medium pruning 28.40 35.50 42.60

High p run ing 22.08 27.60 33.12

in c lu d e s  d i r e c t  overheads

The p r o b a b i l i ty  d is t r ib u t io n s  were assumed n o t to  be s ig n i f ic a n t ly  

d i f f e r e n t  over the range o f  s i t e  index (2 4 ,4  ni ~ 33.5 hi) co n sid ered . 

The value  added by pruning  to  lumber sawn from a pruned log  

i s  p ro b le m a tic a l as th e re  i s  no in fo rm a tio n  concerning th e  fu tu re  

s lo p e  and p o s i t io n  o f the  demand curve f o r  c learvood  r e l a t i v e  to  

the demand curves fo r  o th e r  tim ber g ra d e s . The p re s e n t  (May 1973) 

d i f f e r e n t i a l  between d re s s in g  and box g rades i s  about ^1.40/m^ 

(^6 .00 /100  b d . f t .  ) .
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In considering the differential between timber sawn from 

pruned and unpruned logs a detailed knowledge of grade yields by 

widths is required for both log types and the differential should 

relate to the timber sawn from equivalent portions of pruned and 

unpruned logs. New Zealand studies (Brown 1 9 6 5, 1969, Fenton and 

Brown 1963) have assumed a differential between dressing and clear 

grades. If it is assumed that clearwDod will be preferred over 

lower grades, then these differentials may be conservative because 

an unpruned log grown at the wide spacings envisaged in the regime 

under consideration is likely to produce substantial quantities of 

timber below dressing grade in quality.

The price differentials for clear grade timber shown in 

Table 12 have been used in calculations of the profitability of 

pruning in the past.

TABLE 12; PRICE DIFFERENTIALS FOR CLEARTNDOD

Source
Differential 
$f/m? - sawn Comments

Brown (1 9 6 5) 4.24 - 8.47 N.Z. P.radiata - above dressing 
grade

Brown (1 9 6 9) 8.47 N.Z. P.radiata - above dressing 
grade

Marty (1 9 6 4) 21.19 - 63.56 U.S.A. P.strobus

Thompson (1968) 21.19 - 42.37 U.S.A. Species not given

Jones (1 9 6 8) 8.47 - 16.95 U.S.A. P.elliottii

Fenton (1972 a) 16.95 N.Z. P.radiata - approximate 
above dressing grade

Fenton & Brown
(1 9 6 3) 8.47 N.Z. P.radiata - above dressing 

grade

Horton (1 9 6 6) 21.19 U.S.A. P.strobus

Reilly (1970) 23.7 - 29.63 U.S.A.. Southern Pines - pers.comn.
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On th e  b a s is  o f th e se  f ig u r e s  a  p r o b a b i l i ty  d i s t r ib u t io n  fo r
3 3p r ic e  d i f f e r e n t i a l  w ith  a  mode o f  ^8.47/m  a  low er l im i t  o f  2fo.0/m

and an upper l im i t  o f  ^16.95/ni was s p e c if ie d  f o r  the a n a ly s is  using

th e  B e ta  d i s t r ib u t io n .  The d i f f e r e n t i a l s  g iv en  by th is

d i s t r ib u t io n  were assumed to  app ly  on the  dom estic m arket re g a rd le s s

o f  fu tu re  tre n d s  in  the r e a l  p r ic e  o f  sawn tim b er,

A th i r d  cource o f  u n c e r ta in ty  in  the  a n a ly s is  of p run ing

p r o f i t a b i l i t y  was the  cho ice  o f  th e  d isco u n t r a t e .  The i n t e r e s t

r a t e  to  use f o r  p u b lic  investm en t has long been  the  s u b je c t o f debate

(Baumöl 1968), However th e  c o r r e c t  r a t e  to  use  l i e s  betw een the

s o c ia l  r a t e  o f tim e p re fe re n c e , and the s o c ia l  o p p o rtu n ity  c o s t  r a t e

occasioned by th e  t r a n s f e r  o f  funds from the  p r iv a te  to  the  p u b lic

s e c to r ,  D asgupta e t  a l  (1972) suggested  th a t  th e  form er r a t e  would

be  about 4*5 % i n  a. developed economy, w hile  th e  l a t t e r  should  be  in

the range 8 -  12 % (Seagraves 1970), A 1971 New Zealand T reasu ry

d i r e c t iv e  s ta te d  th a t  the  c o r r e c t  r a t e  to  use f o r  p ro je c ts  in  the

p u b lic  s e c to r  o f  f o r e s t r y  i s  10 %, b u t  th is  may in c lu d e  an allow ance

f o r  in f l a t io n  (F en ton  and Dick 1972 a ) .

For th is  a n a ly s is  th e  approach advocated by  Fen ton  and T u s tin

(1972) was adopted , and a range o f i n t e r e s t  r a t e s  was s p e c if ie d .

A p ro b a b i l i ty  d i s t r i b u t io n  f o r  i n t e r e s t  r a te  7/as d e fin ed  by means o f

th e  B eta  d i s t r i b u t io n  w ith  a  mode o f  7 % and upper and lower l im i t s

o f 1 0 #  and k.% r e s p e c t iv e ly .

The f i n a l  sou rce  o f  u n c e r ta in ty  was the  s ta n d  h e ig h t a t

r o ta t io n  age. A r o ta t io n  age o f  25 years  was assumed s in ce  i t  i s

d i f f i c u l t  to  s p e c ify  a  p r o b a b i l i ty  d i s t r ib u t io n  f o r  r o ta t io n  le n g th

o u ts id e  the  c o n tex t o f a  p a r t i c u l a r  management s i tu a t io n .  Stand

h e ig h t a t  r o ta t io n  age was s p e c if ie d  by  the  B e ta  d i s t r ib u t io n  w ith  a
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mode on each s i t e  index  g iv en  by th e  expected v a lu e  of h e ig h t 

on the a p p ro p ria te  h e ig h t age curve and upper and lower l im i t s  

s e t  a t  * 5 % o f  the mode.

The p r o b a b i l i ty  d is t r ib u t io n s  s p e c if ie d  above were 

in te g ra te d  in to  the  clearwood s im u la tio n  model and the  D,N,W, 

o f the  p ru n in g  o p e ra tio n  s im u la ted  fo r  a  s in g le  r o ta t io n  on 

s i t e  in d ic e s  o f  24*4 m, 29 m and 33*5 nu

The p r o b a b i l i ty  d i s t r ib u t io n  f o r  the  D.N.W. o f  p run ing  

on a s i t e  index  o f  29 m i s  i l l u s t r a t e d  in  F ig u re  24 and 

compared v d th  th e  d i s t r ib u t io n s  f o r  o th e r  s i t e  in d ic e s  in  

Table 13.
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TABLE 13: PROBABILITY DISTRIBUTIONS FOR THE D.N.W. OF PRUNING ON

SITE INDICES OF 24*4 m, 29 m AND 33.5 m (AGE 25 YEARS)

D.N.W.
( 2/h a )

P r o b a b i l i ty  o f O ccurrence on s i t e  index: 
2 4 .4  m 29 m 33.5 m

-  15 0 .0 2 6 0.021 0 .015

-  5 0.433 0.283 0.194

5 0.371 0.359 0.269

15 0 .1 2 8 0.214 0.233

25 0 .0 3 2 0 .068 0.143

35 0 .008 0 .044 0.079

45 0.001 0.007 0.037

55 0.001 0 .004 0 .022

65 - - 0 .005

75 - - 0.001

85 - - 0.001

95 - - 0.001

E xpected  va lue 2 .4 7.05 13 .44

V ariance 83. 84 141.9 257.37

C o e f f ic ie n t
o f  v a r ia t io n 381.5 168.94 119.36

D iscu ssio n

T ab le  13 shows th a t  th e  expected v a lu e  o f  th e  D.N.W. 

in c re ase d  as s i t e  index  in c re a s e d , as ex p ec ted . However th e  

v a rian ce  o f  th e  outcome a lso  in c re ase d  as s i t e  index  in c re a se d . 

T h is means t h a t  th e  a b so lu te  r i s k  o f  n o t o b ta in in g  the  expected  

v a lu e  o f  th e  outcome in c re a se d  w ith  s i t e  in d e x , a lthough th e  r i s k
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t h a t  th e  outcome w i l l  be negative  d e c rea se d .

The p ro b a b i l i ty  t h a t  the c o s t  o f  p run ing  w i l l  be  recouped by 

th e  v a lu e  added to  o th e rw ise  k n o tty  lum ber i s  0 ,541 , 0 ,6 5 6  and 

0,791 f o r  s i t e  in d ic e s  24*4 29 m and 33*5 ni r e s p e c t iv e ly .  The

v a lu e  added to  c le a r  lumber by p run ing  i s  most u n l ik e ly  to  cover the  

c o s ts  o f  p run ing  on s i t e  in d ic e s  below  25 m.

The u n c e r ta in  elem ents o f  f i r e ,  wind throw and in s e c t  and 

fu n g a l a t ta c k  have been  ig n o red . These w i l l  reduce th e  expected 

v a lu e  o f  the  D,N,W.

The P r o f i t a b i l i t y  o f  a  S h o rt R o ta tio n  Sawlog Regime,

Very d e ta i le d  p r o f i t a b i l i t y  s tu d ie s  o f  s h o r t  r o t a t io n  sawlog 

regim es w ith  p run ing  have been  c a r r ie d  o u t by Fen ton  and S u tto n  (1968) 

and Fen ton  (1972 a ) ,  and compared w ith  o th e r  management a l te r n a t iv e s  

i n  F en ton  1972 b ,  c and d . These d e te rm in is t ic  s tu d ie s  in d ic a te d  

th a t  pruned s h o r t  r o ta t io n  sawlog regim es are  l i k e l y  to  be more 

p r o f i t a b le  th a n  unpruned * export*  log  regim es and v ery  much more 

p r o f i t a b le  th an  pruned long  r o t a t i o n  sawlog regim es in c o rp o ra tin g  

p ro d u c tio n  th in n in g .

The p u rpose  o f  the a n a ly s is  c a r r ie d  o u t h e re  was to determ ine 

th e  p r o f i t a b i l i t y  o f  a  s h o r t  r o t a t i o n  sawlog regim e w ith  p ru n in g , 

u s in g  the y ie ld s  p re d ic te d  by th e  s im u la tio n  m odel, and to t e s t  i t s  

s e n s i t i v i t y  to  the  p r ic e  o f  clearvrood. The c a lc u la t io n s  were 

c a r r ie d  o u t d e te r m in is t ic a l ly  as the lack  o f  d a ta  p rec luded  a

s to c h a s t ic  study,
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( i )  C a lc u la t io n  o f  r e tu rn s

T o ta l volume y ie ld s  were p re d ic te d  f o r  r o ta t io n  le n g th s  

ran g in g  from 20 to  30 y ea rs  u s in g  the  d e te rm in is t ic  model 

d esc rib ed  i n  C hapter 4* D u ff’s (1954) ta p e r  ta b le s  were used 

to  seg reg a te  volume in to  5 .5  m (1 8 .0  f t . )  lo g  len g th s  and th e se  

were assumed to  b e  sawn to  lumber u sing  co n v ersio n  f a c to r s  d e riv ed  

from a  r e la t io n s h ip  betw een S.E .D . and D.B.H. e s ta b lish e d  from 

d a ta  p re s e n te d  b y  Fenton e t  a l  (1971).

Sawn tim ber g rades were a l lo c a te d  in  lo g  h e ig h t c la s s e s  

u sing  th e  r e s u l t s  o f sawing t r i a l s  from Fen ton  e t  a l  (1971) w ith  

the  e x cep tio n  th a t  clearw ood y ie ld s  were p re d ic te d  from th e  

s im u la tio n  m odel.

The c u r re n t  (May 1973) 'wholesale dom estic  p r ic e  l i s t  f o r  

Waipa S ta te  Sawmill (New Z ealand) was used to va lue  the  sawn 

o u ttu rn  u s in g  the average p r ic e s  f o r  a l l  w id ths w ith in  g ra d e s , and 

o th erw ise  ig n o rin g  the  e f f e c t  o f  p ie c e  w id th  on p r i c e .  Clearwood 

p r ic e s  were assumed to  b e  ^4«24, ^ 8 .4 7 , ^ 12.71  and ^16.95 p e r  

cubic m etre  above d re ss in g  g ra d e , g iv in g  a  t o t a l  p r ic e  o f ^5-4-. 87, 

$^59.11, ^63.35 and ^67.58 p e r  cub ic  m etre r e s p e c t iv e ly  fo r  

clearw ood, i n  each o f fo u r  a n a ly se s .

( i i )  C a lc u la t io n  o f c o s ts

E s ta b lish m en t, r e le a s in g ,  Do th is  troma p i n i  H ulbary a e r i a l  

sp ray in g  c o s ts  and log lo a d in g  and t r a n s p o r t  c o s ts  were e s ta b l is h e d  

in  communication w ith  S . J .  McPherson (F o re s te r  N .Z .F .S .) .  The 

s i l v i c u l t u r a l  c o s ts  o f  th e  th re e  p rim ings and two th in n in g s  were 

c a lc u la te d  u sin g  th e  K aingaroa F o re s t  Time S tandards fo r  p ru n in g  

and th in n in g . Sawing, f e l l i n g  and sn ig g in g  c o s ts  were those  

d e sc rib ed  i n  P a rk e s  (1972) f o r  A u s tra l ia n  c o n d itio n s , r e la t in g
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c o s t  to  lo g  dimension* The c o s ts  d e riv ed  appeared  to  be s im ila r  

to  c u rre n t average c o s ts  i n  New Z ealand (S . J* McPherson, pers*coram., 

Brown 1973) b u t d e ta i l e d  New Zealand d a ta  concerning th e se  c o s ts  

were n o t a v a ila b le  in  the  l i t e r a tu r e *  A ll c o s ts  a re  g iv en  in  

Appendix F .

( i i i )  D e riv a tio n  o f Stumpage P r ic e

The t o t a l  v a lu e  o f  the  sawn tim ber in  each lo g  was expressed  

on a p e r  u n i t  g ro ss  log  volume b a s i s ,  and saw ing, h a u lin g , loading, 

f e l l i n g  and sn igg ing  c o s ts  were deducted  to  d e r iv e  a  r e s id u a l  

stumpage p r ic e  fo r  s tan d in g  timber*

The stumpage p r ic e s  f o r  v a ry in g  clearwood p r i c e s ,  and the  

s ta n d  d iam eter, h e ig h t  and m erchan tab le  volume fo r  r o ta t io n  len g th s  

ran g in g  from 20 to 30 years  a re  g iv en  i n  Table 14*

TABLE 14: STUMPAGE PRICES (g'/m’5) FOR VARYING CLEARVDOD PRICES

AND ROTATION LENGTHS (SITE INDEX 29 m)

Age
(y rs

DBH
(cm)

H eight
(m)

M erchantable
Volume (m3/ha)

Clearwood p r ic e  (^/m^ 
54 .87  59.11 63.35

')
67.58

20 4 8 .8 29.0 395.1 7.27 7.75 8.23 8.72

22 51.9 31.3 467.5 8.55 9 .0 6 9 .5 6 10.07

24 5 4 .2 33.3 527.2 9 .72 10.25 10.77 11.29

26 56 .3 35.0 584.3 1 0 .6 0 11.13 11.66 12.21

28 58 .2 36*6 636.9 11.29 11.70 12.23 12.76

30 59 .8 38.1 685.2 11.68 12.31 12 .74 13.28

( iv )  The P r o f i t a b i l i t y  C a lc u la tio n

P r o f i t a b i l i t y  c a lc u la t io n s  i n  f o r e s t r y  a re  u s u a lly  based  i^>on 

the  Faustm ann Form ula, o r  a  m o d if ic a tio n  of i t*  The t r a d i t io n a l



fo rm ula i s  (H iley  1956) : b -  n  -  1
L.E.V.

■where :

= Yn - C  (1 + i ) n  - Z p  (1 + i ) n  " ' b 
b °  1

(1 + I ) “  -  1

L.E.V. =r lan d  e x p e c ta tio n  v a lu e ,

Yn = n e t  revenue a t  r o ta t io n  age,

C s c o s t  o f e s ta b lish m e n t,

P £ s i l v i c u l t u r a l  c o s ts  i n  year b ,

e = annual m aintenance costs ,,

i rr i n t e r e s t  r a t e  j

n s r o ta t io n  le n g th .

( 20 )

The Faustmann form ula has a  number o f  l im i ta t io n s .  I t  assumes th a t  

a  s in g le  r e p re s e n ta t iv e  a re a  o f  f o r e s t  lan d  can  be e f f e c t iv e ly  

id e n t i f i e d  and th a t  a l l  c o s ts  and r e tu rn s  a sso c ia te d  w ith  the  a re a  can  

be s a t i s f a c t o r i l y  i s o la te d .  C onstan t i n t e r e s t  r a t e s ,  p r ic e s  and 

s i t e  p r o d u c t iv i ty  over tim e a re  a lso  assumed. A more s e r io u s  

l im i t a t i o n  i s  th a t  th e  model assumes th a t  the  m arginal c o s ts  and the 

m arg inal p ro d u c ts  o f  the  p ro d u c tiv e  f a c to r s  a re  c o n s ta n t ,  and th a t  

the f a c to r s  o f p ro d u c tio n  a re  in  p e r f e c t ly  e l a s t i c  su p p ly . I n  f a c t  

the  supply  o f p ro d u c tiv e  f a c to r s  w i l l  n o t be p e r f e c t ly  e l a s t i c  and 

th e i r  m arg inal p ro d u c t iv i ty  w i l l  d ec rea se  due to  the  law o f 

d im in ish in g  r e tu rn s .  A part from th e se  l im i ta t io n s ,  the form ula has 

a tendency to  exaggerate  the  v a lu e  o f la n d  fo r  f o r e s t r y  because the  

time stream  of c a p i t a l  ex p en d itu re  on f o r e s t  overheads i s  n o t 

ad eq u a te ly  in co rp o ra ted  (G ra in g er 1968). N e v e rth e le ss , the  

Faustmann model can  be s a f e ly  used to  make in fe re n c es  abou t the 

r e l a t i v e  p r o f i t a b i l i t y  o f d i f f e r e n t  management s t r a te g i e s  

(G ra inger 1968) and the  Faustmann lan d  e x p e c ta tio n  v a lu e  (L .E .V .)



127

was used in this sense as a criterion of relative profitability in 

this study.

The cost data of .Appendix E and the return data of Table 14 

were used in equation 20 to calculate the L.E.V. for various 

clearwood prices and rotation lengths on site index 29 m.

The effect of clearwood price and rotation length on L.E.V. at 

interest rates of 7 ̂  and 10 % is illustrated in Figures 25 and 26 

respectively. The effect of interest rate on the L.E.V. for a 

25 year rotation, assuming a premium for clearwood of ^8.47/in is 

illustrated in Figure 27. The internal rate of return is 13

Discussion

Figure 27 shows that interest rate is the most important 

determinant of relative profitability. This has been a feature of 

all profitability calculations for sawlog silviculture in New 

Zealand (e.g. Fenton 1972 a, d, Fenton and Tustin 1972, Fenton and 

Dick 1972 a, b, c). Interest rate had a much greater effect than 

rotation length on relative profitability over the range of interest 

rates and rotation lengths evaluated.

Interest rate was more important than clearwood price in 

determining relative profitability, over the range of clearwood 

prices ard interest rates evaluated.

The effect of clearwood price on profitability over the 

range of prices evaluated may not be significant in view of the 

variation in clearwood ard total volume yields established in 

Chapter 7. A t 1 % interest rate a 19 % increase in clearwood 

price caused a 19 $ increase in L.E.V. At 10 % interest rate,
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the  same in c re a se  i n  clearwood p r ic e  caused  a  27 % in c re a s e  in  

L.E.V. The e f f e c t  o f clearwood p r ic e  on r e l a t iv e  p r o f i t a b i l i t y  

becomes more im p o rtan t a t  h ig h e r i n t e r e s t  r a t e s .

The s l i g h t  d if f e re n c e  betw een i n t e r e s t  r a t e s  7 $  and 10 % 

i n  the  r o ta t io n  le n g th  maximising L.E.V. i s  o f no s ig n if ic a n c e  to  

f o r e s t  management.

S h o rt r o ta t io n  sawlog regim es in c lu d in g  p ru n in g  a re  l ik e ly  

to  be p r o f i t a b le  on s i t e  index  29 m a t  i n t e r e s t  r a t e s  o f to  13 

The r e s u l t s  o f  th is  d e te rm in is t ic  s tu d y , when co n sid ered  in  

c o n ju n c tio n  w ith  th e  s to c h a s t ic  a n a ly s is  o f th e  p r o f i t a b i l i t y  of 

p ru n in g  show th a t  p ru n in g  th e  b u t t  lo g  o f  r a d ia ta  p in e  i s  most 

l i k e l y  to  be a  p r o f i t a b l e  investm en t on s i t e  in d ic e s  o f  29 m and 

above.



CHAPTER nine

CONCLUSIONS

The decision to prune radiata pine in New Zealand's State 

Forests was initially the result of the comparison of its wood 

properties with those of the high quality clear timber of 

indigenous species. The outbreak of mortality associated with 

Sirex noctilio in the late 1940's led to the practice of thinning 

to waste at an early age, and this reinforced the decision to 

prune to control branch induced defects.

The future demand and price of radiata pine clearwood was 

not explicitly considered in the decision to prune. It was 

implicitly assumed that the superior qualities of radiata pine 

clearwood would ensure that it could be sold at a profit sufficient 

to justify the allocation of resources to pruning.

A deductive analysis of the nature of demand for clearwood 

suggested that demand will be highly price elastic. Thus the 

cost of supplying clearwood to the market relative to the price 

of substitutes will be an important determinant of future clearwood 

consumption. Potential clearwood producers should examine how to 

supply the future quantities demanded by the market most 

efficiently.

The yield of clearwood from a pruned log is essentially a 

function of the diameter of the log, the diameter of the knotty 

core, and the sawing pattern used to convert the log to lumber. 

Unfortunately the growth of radiata pine in New Zealand is 

insufficiently well understood to enable the characteristics of
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each in d iv id u a l log  in  a s tan d  to  be p re d ic te d . A y ie ld  model 

c o n s tru c te d  to  p r e d ic t  the  y ie ld  o f  clearwood was thus based  upon 

s tan d  av erag es , r a th e r  than  th e  c h a r a c te r i s t i c s  o f in d iv id u a l t r e e s .  

F u tu re  re s e a rc h  should be  o r ie n te d  to  the c o l le c t io n  o f d a ta  

d e sc r ib in g  th e  growth o f  in d iv id u a l  stem s.

The y ie ld  o f  clearwood i s  a lso  dependent upon the  management

s t r a te g y  adop ted . The th in n in g  and pruning  tre a tm e n t imposed upon

the s ta n d , and the s i t e  index  and r o ta t io n  le n g th  were im p o rtan t

de term inan ts  o f  clearwood y ie ld .  Clearwood p ro d u c tio n  was le s s

s e n s i t iv e  to  the  i n i t i a l  s to c k in g . A 25 y ear sawlog r o ta t io n  w ith

heavy th in n in g  and sev ere  g reen  pruning  can  be expected to y ie ld

about 75 m' /ha. o f clearwood on a  s i t e  index  o f  29 m. However

co n sid e ra b le  v a r ia t io n  about th e  expected va lu e  o f  the clearw ood

p r o b a b i l i ty  d i s t r ib u t io n  can  be  a n tic ip a te d  and clearwood y ie ld s  may
3 3range from 5 m /ha. to  145 m /h a .

P rev io u s  y ie ld  p r e d ic t io n  system s i n  New Zealand have n o t 

considered  th e  p ro d u c tio n  o f  y ie ld  as a s to c h a s t ic  p ro c e ss , and 

the  p r o b a b i l i ty  o f  o b ta in in g  the  expected va lu e  o f  the outcome has 

b een  v i r t u a l l y  ig n o red . The an a ly ses  c a r r ie d  o u t in  th i s  s tudy  

a lso  showed th a t  t o t a l  volume p ro d u c tio n , which i s  an im portan t 

d e term inan t o f  th e  p r o f i t a b i l i t y  o f  a f f o r e s ta t io n  may a lso  vary  

w idely . Most c a lc u la t io n s  o f  th e  p r o f i t a b i l i t y  o f p run ing  and o f 

a f f o r e s ta t io n  i n  New Zealand may be  c r i t i c i s e d  on the  grounds th a t  

they  have f a i l e d  adeq u a te ly  to  c o n sid e r u n c e r ta in t ie s .

The p r o f i t a b i l i t y  o f  a  p ru n in g  trea tm en t i s  d i f f i c u l t  to  

an aly se  because clearwood p ro d u c tio n  jo in t ly  u ses  the  f a c to r s  o f  

p ro d u c tio n  re q u ire d  to  s im u ltan eo u s ly  produce o th e r  forms o f  wood.
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The c o s ts  and b e n e f i ts  o f p run ing  cannot be a l lo c a te d  o b je c t iv e ly .

A m arg ina l a n a ly s is  o f the p r o f i t a b i l i t y  o f p ru n in g  which 

in c o rp o ra te d  u n c e r ta in t ie s  in  y ie ld s ,  c o s ts  and p r ic e s  and the 

d is c o u n t r a t e  in d ic a te d  th a t  the  c o s ts  o f p ru n in g  a re  u n lik e ly  to  

be  recouped by th e  va lu e  added to  sawn tim ber by  p run ing  on s i t e  

in d ic e s  below 24 m to  29 m, The expected v a lu e  o f the D.N.W of 

p ru n in g  in c reased  as s i t e  index in c re a se d , b u t  the  r i s k  o f n o t 

o b ta in in g  the expected  value  a lso  in c re a se d .

The la ck  o f  d a ta  p rec lu d ed  a s to c h a s t ic  a n a ly s is  of a  sawlog 

regim e which in c lu d ed  p ru n in g , b u t  a  d e te rm in is t ic  a n a ly s is  

in d ic a te d  an in t e r n a l  r a t e  o f r e tu r n  o f  13 % f o r  a  25 y ear 

r o t a t i o n  len g th  on a  s i t e  index o f m. The p r o f i t a b i l i t y  o f 

th e  regim e i s  r e l a t i v e l y  in s e n s i t iv e  to  clearwood p r i c e .  I n t e r e s t  

r a t e  i s  the most im p o rtan t v a r ia b le .

I t  seems p ro b a b le , on a  m arg in a l p r o f i t a b i l i t y  b a s i s ,  th a t  

p ru n in g  on low s i t e  in d ic e s  i s  n o t j u s t i f i e d .  W hile the New 

Z ealand  F o re s t S e rv ic e  i s  committed by  p a s t  p ru n in g  to  supply  

in c re a s in g  q u a n t i t ie s  o f clearwood f o r  the  nex t 30  y e a r s ,  i t  

shou ld  a ttem p t to  de term ine  le v e ls  o f  clearwood consum ption and 

p r i c e  a f t e r  the  y ea r 2000. Clearwood p ro d u c tio n  g o a ls  can  then  

be  s e t  which w i l l  ensure  e f f i c i e n t  a l lo c a t io n  o f re s o u rc e s . The 

clearw ood p ro d u c tio n  goads p r e s e n t ly  im p l ic i t  i n  th e  New Zealand 

F o r e s t  S e rv ice  p ru n in g  p o l ic y  re q u ire  re v is io n .
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APPENDIX A . ANALYSES OF VARIANCE.

Table 1

I n  BA = -  4 .8 7  = 1.85 l n  H + 0 .48  l n  S

BA
2

s  s tan d  b a s a l  a re a  (m /h a ) ,

H = s tan d  h e ig h t (m) ,

S = s to ck in g  (stem s p e r  h e c ta r e ) .

Source D .F . M.S. F .

R eg ress io n 2 0.5876 326.47***

R es id u a l § i 0.0018

T o ta l 65

r  = 0 .92

T able  2

l n  Y = 0.179 + 0 .818 x l n  X

Y s  p re p o r t io n  o f  o r ig in a l  b a s a l  a re a  rem aining

a f t e r  th in n in g s ,

X -  p re p o r t io n  o f  o r ig in a l  s to ck in g  rem aining

a f t e r th in n in g .

Source D.F. M.S. F.

R egression 1 0.883 213.44***

R esid u a l 4 .1 4  x 10*"^

T o ta l 43

r  *  0.91



T able  3
1

D 1.13 + 367.6  x / s '
D p o te n t ia l  g re e n crow i dep th  ( m ) f

s stock ing  (stem s p e r  h e c ta r e ) .

Source D.F. M.S. F .

R eg ress io n 1 217.21 69.62***

R e s id u a l 22 3.12

T o ta l 30

r  = 0 .8 4

T ab le  4

l n  Y = 0 .83 x 2 .147 x l n  X

X = p ro p o r t io n  o f annual b a s a l  increm ent lo s t ,

X -  p ro p o r t io n  o f  g reen  crow i removed.

Source D .F. M.S. F.

R eg ress io n 1 3.71 23.2***

R esid u a l 16 0.16

T o ta l 17

r  = 0 .7 7

Table 3

DLB2 -  -  1.22 + 0 .3 3  X DBH

DLB 2 = th e  d iam eter (cm) o f the  l a r g e s t  b ranch  in  the 

medium pruned s e c t io n ,

DBH -  d iam eter b r e a s t  h e ig h t (cm).

Source D.F. M.S. F .

R egression 1 4 .1 4 31.83***

R esid u a l 12 0 .1 3

T o ta l 13 r  = O.85



13 6

Table  6

DIB 3 = -1 *80 + 0 .32  xDBH

DIB 3 = d iam eter o f the  l a r g e s t  b ranch  in  the h ig h
pruned s e c t io n  (cm),

DBH -  d iam eter b r e a s t  h e ig h t (cm ).

Source D,F. M.S. f .

R eg ress io n 1 4.55 20.68***

R esid u a l 2 0.22

T o ta l 10

r  = 0 .8 4

Table 7

A nalysis  o f  covari8n.ee -  Sawing t r i a l  d a ta  ( im p e r ia l u n i ts )

Source DjF. S .S . M.S.

S ep a ra te  re g re s s io n s 5 54501.6

S in g le  re g re s s io n 1 56242.7

G ain 4 8258.8 2064 .71

R esid u a l 107 32751.0 324.07

Table 8

Y

Y 

X

Source

R eg ress io n

R esid u a l

-  0.1157 4 1*1989 X
•5

clearwood y ie ld  (m"j,

t r e e  b a s a l a re a  (m^).

D.F. M.S.

1 86.19

m 0.979

38

P.
88.04***

T o ta l

r  = 0 .8 4
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AFPEIDIX B

VARIABLES USED IN THE FIOW CHART.

1 AK s  l a r g e s t  k n o tty  core  d iam eter (cm ).

2 AKCD(l) = th e  d iam eter (cm) o f th e  k n o tty  co re  i n  the I  th  
p rim ing  s e c t io n  ( I  a 1 ,2 ,3  f o r  low , medium and 
h ig h  p run ing  r e s p e c t iv e ly ) .

3 B
2

a "basal a re a  (m /h a )  o f  an un th in n ed  and unpruned 
s tan d  o f  s to ck in g  S and h e ig h t  H.

4 BA
2

= c u r re n t  b a s a l  a re a  (m /h a )  o f  th e  s tan d  a t  
h e ig h t H and s to ck in g  S.

5 BTEMP = tem porary v a r ia b le  name f o r  s ta n d  b a s a l  a re a .

6 B1
2

= b a s a l  a re a  (m /h a )  o f a  s p e c i f ie d  number o f 
stem s (S + ) a t  s tan d  h e ig h t H.

7 CWILD
■2

a clearwDod y ie ld  (nr /h a ) .

8 D = g reen  crown dep th  (m).

9 DBH a mean d iam eter (cm ).

10 BELT AB
2

a th e  d if fe re n c e  i n  b a s a l  a re a  (m /h a )  betw een a 
th inned  an d /o r pruned s tan d  and an unth inned  and 
unpruned s ta n d  o f e q u iv a len t h e ig h t and s to c k in g .

11 D IB(I) a the  d iam eter (can) o f th e  l a r g e s t  b ranch  i n  th e  
I  th  prun ing  s e c t io n  ( I  = 1 ,2 ,3 )*

12 DOS(I) a th e  d iam eter over s tu b s  (an ) o f th e  l a r g e s t  p runed  
w horl in  th e  I  th  p run ing  s e c t io n  ( i  a 1 ,2 ,3 ;*

13 H a s tan d  h e ig h t (m).

14 INC a b a s a l  a re a  increm ent betw een s ta n d  h e ig h t H 
and s tan d  h e ig h t (H 4-1).

13 K (I) a th e  k n o tty  co re  d iam eter (cm) i n  th e  I  th  p ru n in g  
s e c t io n  ( l  = 1 ,2 ,3 )*

16 M
2

a b a s a l  a re a  lo s s  (m /h a )  a s s o c ia te d  w ith  m o r ta l i ty  
i n  s to ck in g .

17 N = m o r ta l i ty  ( s . p .h . )  i n  s to ck in g  a s s o c ia te d  w ith  a  
u n i t  in c re a se  i n  s tan d  h e ig h t.
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18 0D (I) = th e  r a d ia l  grovrth re q u ire d  to  occlude in  the  
I  th  p ru n in g  s e c t io n  ( I  -  1 ,2 ,3 )

19 PGR s  th e  p ro p o r t io n  o f p o te n t ia l  g reen  crown removed 
i n  p run ing  to  h e ig h t P

20 IDSS

21 RS

22 S

23 S +

24 VOL

25 Z (I)

= th e  f a c to r  by which the b a s a l  a re a  increm ent in  a 
p runed  s tan d  m ust be m u lt ip l ie d  to  a llow  f o r  the  
e f f e c t  o f  p ru n in g  on increm ent

= r e l a t i v e  spacing  p e r  c en t

s  s tan d  s to c k in g  ( s . p . h . )

= tem porary v a r ia b le  name f o r  a  p a r t i c u la r  
v a lu e  o f  S

7.
= t o t a l  s ta n d  volume (in /h a )

s  in te rm e d ia te  v a lues used to  c a lc u la te  m o r ta l i ty  
i n  s to ck in g  ( i  -  1 ,2  •• 5)



APPENDIX G

STANDARD DEVIATIONS OP REGRESSIONS

TABLE 1: STANDARD DEVIATIONS OF REGRESSIONS

E q u a tio n S ta n d a rd
Number D e v ia t io n Source

5
2

0 .1 0 3  m /4ia J .  B eekhu is  ( p e r s .  comm,

6 0.000323  m^/ha. J .  B eekhuis ( p e r s .  comm

8 2 8 .6  m ^/ha J .  B eek h u is  ( p e r s .  comm

9
2

0 .8 0  m /h a T ab le  1 A ppendix A

10 0 .0 2 T ab le  2 "

11 0 .3 4  m T a b le  3 "

13 0 .4 0 T a b le  4  "

16 (b ) 0 .9 2  cm T ab le  5 "

16  ( c ) 1 .1 9  cm T a b le  6 n
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APPENDIX D

PROBABILITY DISTRIBUTION OP STOCKING AT AGE 25 YEARS

ON A SITE INDEX OP 29 m

TABLE 1 j PROBABILITY DISTRIBUTION AT AGE 25 YEARS ON SITE 

INDEX 29 m

Stocking 
( s . p .h . j

215

225

235

245

255

265

Expected value 

V ariance

P r o b a b i l i ty  
o f  occurrence

0 .0 0 3

0 .1 5 3

0 .3 0 9

0 .3 1 9

0 .1 9 7

0.019

C o e f f ic ie n t  o f v a r ia t io n

241 .11  

1 0 6 .9 7  

4 .3  54
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APPENDIX E

CALCULATION OP PRUNING COSTS

The assu m p tio n s made in  c a l c u l a t i n g  p ru n in g  c o s ts  were :

1» C o n tra c t  la b o u r  would b e  u sed ,

2 . The b a s i c  wage r a t e  in c lu d in g  i n s t i t u t i o n a l  paym ents and 

equipm ent allow ance would b e  $ ( 5 5 4 0  p e r  annum, e q u iv a le n t  to  

^ 2 3 .0 8 /d a y .

3 , Equipm ent used  would b e :

( i )  low  p ru n in g  -  No, 2 P o r t e r  P r u n e r ,  w ith  hand h e ld  

jacksaw  fo r  b ra n c h e s  l a r g e r  th a n  5 .0  cm i n  d ia m e te r ,

( i i )  medium and h ig h  p ru n in g  -  la d d e r  and ja c k s  ay/.

4* U ndergrow th c o n d it io n s  would be  medium ( s e e  T ab le  1 ) ,

5 . Ten p e r  c e n t  o f  t r e e s  a t  low  p ru n in g  w ould have b ran ch es  

g r e a t e r  th a n  5»0 cm i n  d ia m e te r  r e q u i r in g  th e  u se  o f  a  

ja ck s  aw,

6. TiVhere p rim in g  and th in n in g  o ccu r to g e th e r ,  p ru n in g  would b e  

c a r r i e d  o u t  f i r s t ,  a s  i s  norm al p r a c t i c e .

7 . A verage s lo p e  would b e  10 d e g re e s ,

8 . P ru n in g  tre a tm e n ts  would b e  as p r e s c r ib e d  i n  th e  t e x t .

The a p p l ic a t io n  o f  th e  K a in g aro a  F o r e s t  Time S ta n d a rd s  f o r  

low  p ru n in g  u s in g  th e se  a ssu m p tio n s i s  d e s c r ib e d  below :

1 . B a s ic  P ru n e  Time

B a s ic  p rim e  tim e (BPT) i s  g iv e n  b y  th e  e q u a t io n :-  

EPT ( m i n . / t r e e )  B 0 ,8 0 4  4  0 .0 3  x  DBH

2 . Time f o r  b ra n c h e s  g r e a t e r  th a n  5»0 cm i n  d ia m e te r :

S ta n d a rd  0 .0 6  m i n . / t r e e  p e r  10 % o c c u rre n c e



Walk: and s e l e c t  tim e:

The s ta n d a rd  tim e i s  b ased  upon the  walk and s e le c t  tim e 

f o r  741 s .p .h .  (300 s . p . a . ) .  The walk and s e le c t  tim es 

f o r  undergrow th c o n d itio n s  ranging  from ‘clean* to  

* extreme* a re  g iv en  i n  T able 1.

Crop d e n s i ty  and s lo p e  allow ance:

T his i s  a  p e rc en ta g e  allow ance a p p lie d  to  the  walk and 

s e l e c t  tim e to  com pensate f o r  vary ing  s lo p e  c o n d itio n s  and 

numbers o f  stem s pruned# The allow ances a re  g iv en  in  

T ab le  1 .

C ontingency allow ance:

T h is  i s  a  p e rc en ta g e  allow ance to  the  T o ta l B asic  Time 

(see  c a lc u la t io n  below ) which has been  c a lc u la te d  to  a llo w  

f o r  r e s t  and r e la x a t io n  tim e, tim e to  p re p a re  equipm ent, 

a cc e ss  tim e etc# The s tan d a rd  i s  19 % p lu s  10 % f o r  

heavy s la s h ,  heavy undergrow th and s lo p es  over 20 d e g re es . 

Example:

S tand  d a ta
Steins p runed : 490 s .p .h *

Average EBH : 9#0 cm

No# o f  t r e e s  w ith  b ran ch es  g re a te r
th a n  3 cm d iam eter ; 50 s .p .h .

Undergrowth : medium

Slope j 10 degrees

( i )  B asic  P rune  Time (B PI):
BPT = 0.809 + 0 .038 x  9 -0  = 1.146 m in s . / t r e e

( i i )  Time fo r  b ranches g r e a te r  than  3 cm d iam eter (BT) 

BT -  10 x  3O/49O x 0 .06 * 0 .0 6  m in s . / t r e e
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( i i i ) Walk and s e l e c t  time (W + S ) :

(a) B asic W & S = 0.29 m in ./ t r e e

00 Crop d e n s ity  and s lo p e  allow ance = 0 .07  + 1 .0 9

= 1.16

th e re fo re  W & S -  0 .29  x 1.16 = 0.336 m in s . / t r e e

( iv )  T o ta l B asic  Time (T3T):

TBT -  BPT + BT + W & S

-  1.14.6 + 0 .0 6  + 0.336 = 1.542 m in s . / t r e e

(v ) T o ta l Time (TT):

TT -  TBT + allow ances (29 %)

~  1 .542 x 1.29 -  1.989 m in s . / t r e e

th e re fo re  Tai'get (T rees  p e r  day (T JP .D .) )

= 480 m in s ./d ay

1.989 m in s ./ t r e e  

= 241 T .P.D .

th e re fo re  P r ic e  p e r  t r e e  = ^23.08/day

241 T.P.D .

^0.095 8 / t r e e



TABLE 1 

A

B

1V*.

IDW PRUNING- STANDARDS

.  Walk and s e l e c t  tim e  ( m in s « / t r e e )

C le a n  c o n d i t io n s 0*16

L ig h t  u n d e rg ro w th 0 .2 3

Medium u n d e rg ro w th 0«29

H eavy u n d e rg ro w th 0 .3 9

E x tre m e  u n d e rg ro w th 0 .7 5

C rop d e n s i t y  a llo w a n c e

S tem s p e r  h e c t a r e A llow ance

670 -  790 0

570 = 669 5

490  -  569 9

25 0  -  489 10

S lo p e  a llo w a n c e

D e g re e s A llo w a n c e  %

0 0

5 2

10 7

15 13

20 23

25 37

30 60
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A PPEND IX  F

COST DATA

1« S i l v i c u l t u r a l  C osts

O p e ra tio n Y ea r (C o st/h a )

E stab lish m en t 1 160.62

R e lea se  (hand) 2 42.00
2A e r ia l  Spray 3 11.12

Low prune 4 47.00

T hin  to  w aste 4 24 .14

Medium prune 6 35.50

High prune 7 27.60

T hin  to  w aste 7 8.65

1 s in c lu d es  s i t e s  p re p a ra t io n , ro ad in g , t re e  s to ck s
and p la n t in g

2 : in c lu d es  chem ical and f ly in g  c o s ts

3 : in c lu d es  d i r e c t  overheads

2* Sawing C osts

Log c e n tr e  d iam eter C o s t,
______ (cm)__________ ( d / m  ‘>)

2 5 .4  26.69

38.1 23.52

5 0 .8  22.46

63.5 22 .2 4



F e ll in g  and sn ig g in g

Log D.B.H. C ost
(cm) (^/m3)

2 5 .4 3.53

38.1 2 .38

5 0 .8 1.98

63.5 1.85

76.2 1.77

Annual m aintenance -  5̂ 8 . 65/h a

Loading and t r a n s p o r t  (25 m ile s )
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