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Abstr a c t

T h e  pe r i o d i c a l  radial incre m e n t  on  cores is m e a s u r e d  b e s i d e  the d i a 
m e t e r  bre a s t  h i g h  and the hei g h t  fro m  eve r y  tree on a sample plot 

w i t h i n  a sample w h i c h  is us e d  for the p u r p o s e  of forest regulation. 
M o r e  ove r  an e s t i m a t e  of the h e i g h t  g r o w t h  is n e e d e d  to c a l c u l a t e  the 
p e r i o d i c a l  v o l u m e  incre m e n t  of the resi d u a l  stand. A  m e t h o d  is us e d  
p e r m i t t i n g  to c a l c u l a t e  an e s t i m a t e  for the h e i g h t  g r o w t h  f r o m  the d a 

ta of the sample. The incre m e n t  of the t hinned trees is e s t i m a t e d  by 

m e a n s  of change of d i a m e t e r  d i s t r i b u t i o n s  of the r e s i d u a l  stand f r o m  

ag e  class to age class and b y  c o n s i d e r i n g  the rad i a l  i n c r e m e n t  curves. 
Th e  increment of the r e s i d u a l  stand and of the thinned trees are 

e s s e n t i a l  by c a l c u l a t i n g  the increment of the total stand of single 

age classes an d  the total p r o d u c t i o n  of a time serie w h i c h  is c o m 
b i n e d  b y  the plots of a sample.
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1 . Introduc t ion

In A u s t r i a  2o years ago the n e c e s s i t y  to red u c e  the e x p e n d i t u r e  of 
w o r k  and the requi r e m e n t  to i n c r e a s e  the informations and the a c c u r a c y  of 
surveys led to the i n t r o d u c t i o n  of sample plot inven t o r i e s  in the survey of 

forest conditions. In s u r v e y i n g  the forest condi t i o n s  for forest m a n a g e m e n t  

as well as in the nati o n a l  forest inventory of Austria, along w i t h  an in
v e n t o r y  of the growing stock, an inve n t o r y  of the i n crement is c a r r i e d  out. 
T o g e t h e r  w i t h  statistics of the v o l u m e  felled or, in the A u s t r i a n  F o r e s t  In

ventory, together w i t h  the i n v e n t o r y  of the felled q u a n t i t y  these three 

sources of informations are the basis of the a s s e s s m e n t  of the effects of 
the w a y  in w h i c h  (mainly in the last decade) the stands w e r e  t r e a t e d  and the 

c o n n e c t e d  exploitation.

2. I n d i r e c t  e s t i m a t i o n  of  t h e  c u r r e n t  i n c r e m e n t  o f  t h e  t o t a l

s t a n d .

If in surveys, b e s i d e s  c h a r a c t e r i s t i c s  of y i e l d  als o  c h a r a c t e r i s t i c s  

of site are comprised, the p o s s i b i l i t y  exists - if there is a s u fficient 

num b e r  of sample plots - of the e s t i m a t i o n  of the actual and p o t e n t i a l  to
tal g r o w t h  p r o d u c t i o n  (GWL) for c e r t a i n  site uni t s  and stand types by a n a 

lyses of the g r o w t h  p r o d u c t i o n  as a bas i s  for a gene r a l  m i d d l e -  and 

l o n g - t e r m  r e g u l a t i o n  of p r o d u c t i o n  and yield. If there is a su f f i c i e n t  n u m 
ber of sample plots for eac h  unit of sur v e y  and site - b e s i d e s  the e x e c u t i o n  
of simple gro w t h  p r o d u c t i o n  a n a l y s e s  - it is also p o s s i b l e  to c o n s t r u c t  lo

cal g r o w t h  p r o d u c t i o n  tables, resp. s i t e - y i e l d - t a b l e s  or the e x e c u t i o n  of 

g r o w t h  simulations, resp. p r e d i c t i o n s  of g r o w t h  p r o d u c t i o n  ( F j ^ N Z _ 1 9 7 2 )  

for d i f f e r e n t  v a r i a n t s  of treatment.
Ma_g_in (1965) showed a p o s s i b i l i t y  to esti m a t e  the total g r o w t h  p r o 

d u c t i o n  in an i n ventory by  u s i n g  the k - v a l u e s  dedu c e d  from p e r m a n e n t  e x 

p e r i m e n t s
/a b • 1 n  (N / AN)'

and s u b s e q u e n t l y  also the cur r e n t  incr e m e n t  for c e r t a i n  survey u n i t s  as a 

bas i s  for simple g r o w t h  p r o d u c t i o n  analyses. His f o r m u l a  for the G W L - i n -  

t e g r a t i o n  is
t t

GWL = V L A V „  + E  V.a a V  a A
Th e  d i s a d v a n t a g e  of this m e t h o d  is that the effect of d i f f e r e n t  d e v e l o p m e n t s  

of the numb e r  of trees or d i f f e r e n t  degr e e s  of t hinning on the curr e n t  in-
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crement of stand uni t s  c o m b i n e d  to a g r o w t h  series, m a y  be e s t i m a t e d  for the 
single p eriods o n l y  w i t h  a r o u g h  a p p r o x i m a t i o n  by a s s u m i n g  d i f f e r e n t  values 
for k by  using an a s s u m e d  initial number of stems and also e s t i m a t i o n  of the 

remo v e d  and r e m a i n i n g  n u m b e r  of trees.
W i t h  the v a l u e  for k a v a l u e  is intro d u c e d  in the c a l c u l a t i o n s  w h i c h  

corre s p o n d s  to a c e r t a i n  c o n c e p t i o n  of the mod e l  in r e s p e c t  to thinning 

w h i c h  corres p o n d s  w i t h  the w a y  a c t u a l l y  used and the t hinning gra d e  only ap 

proximately. As wel l  as for each specific thinning p r o g r a m  a sepa r a t e  yield 
table should be c o n s tructed, also the c o r r e s p o n d i n g  s pecific v a l u e s  for k 

should be a v a i l a b l e  if the G W L - c a l c u l a t i o n s  should r e s u l t  in v a l u e s  for the 
i n crement a p p l i c a b l e  for all age classes.

3. D i r e c t  e s t i m a t i o n  o f  t h e  c u r r e n t  i n c r e m e n t  o f  t h e  t o t a l

s t a n d .

It was o b v i o u s  to l o o k  for a m e t h o d  to d e t e r m i n e  the c u r r e n t  (resp. 

periodic) i n crement of the d i f f e r e n t  stands and their indiv i d u a l  trees 
that is of the leading and, b y  treatment, in f l u e n ç a b l e  b e a r e r s  of the incre
m e n t  directly, in o r d e r  to get a b e t t e r  and m o r e  o b j e c t i v e  e s t i m a t i o n  

of the effects of d i f f e r e n t  stand treatments (thinning, fer t i l i z a t i o n ,  etc.) 
T h e r e f o r e  it wa s  p r o p o s e d  by  P o l l a n s c h i i t z  (1968) to i nclude in i n v e s t i 
gations of g r o w t h  p r o d u c t i o n  and the c o n n e c t e d  G W L - e s t i m a t i o n s  b e s i d e s  the 

res u l t s  of an i n v e n t o r y  of the g r o w i n g  stock also the r e s u l t s  of an in

c r e m e n t  i n ventory in the calculations. This w a y  of G W L - e s t i m a t i o n  and the 

e s t i m a t i o n  of the total i n crement of c e r t a i n  age c lasses ca n  be  w r i t t e n  in 
form u l a s  as follows:

G W L V a
t
E p Z ,K G e s  a

p Z
v G e s (a) Pz i  + PZA

Pz v p Z I / P I P Z „  
v G e s (k) P z v  + PZA

n 7 PZV T* 7 n a p Z V / m • c
V / m N TT p Z A

2

V  initial v o l u m ea G W L  = 1G e s a m t w u c h s l e i s t u n g ' = total 
g r o w t h  p r o d u c t i o n

Vy  v o l u m e n  of the 
remai i.ing stand

N = a

p Z y  p e r i o d i c  incr e m e n t  of the remai n i n g  
stand, c a l c u l a t e d  for a v e r a g e  c l i 
m a t i c  c o n d i t i o n s  ( c orrected pZ)
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p Z ^  half of the p e r i o d i c  i n crement 
of the remo v e d  stand ^ G e s  (a) total p e r i o d i c  i n c r e 

m e n t  (actual)

r e l a t i o n  b e t w e e n  pZ of the v o 
lum e - m e a n - t r e e  of the r e m o v e d  
stand and pZ of the v o l u m e  - 
m e a n - t r e e  of the r e m a i n i n g  
stand

N y  numb e r  of stems of the r e m a i 
ning stand

PI clim a t i c  index of the p e r i o d i c  
increment

pZ , = total p e r i o d i c  incre-
e s  ̂ ' m e n t  (corrected)

pZ^ = p e r i o d i c  incre m e n t  of the 
r e m a i n i n g  stand c a l c u l a 
ted fr o m  the d a t a  of the 
i n v e n t o r y  (actual pZ)

pZ , = p e r i o d i c  incr e m e n t  of
the v o l u m e - m e a n - t r e e  of 
the r e m a i n i n g  stand

F o r m  the i n ventory the v a l u e s  for V  , V TT, N , pZ , are needed; if not on l y  

the " actual" but also the for aver a g e  clima t i c  co n d i t i o n s  - e x p e c t e d  
incr e m e n t  is to b e  c a l c u l a t e d  also the v a l u e  for PI (resp. a n  e s t i m a t e d  v a l u e  

for the p e r i o d i c  year ri n g  index, see c h a p t e r  6 ). C o m p a r e d  w i t h  the m e t h o d  
of Magin, b e s i d e s  the v a l u e s  for N  and V fr o m  the v o l u m e  inventory, instead 

of the k  - values, the v a l u e s  for the c urrent i n crement d i r e c t l y  f r o m  the 
i n c r e m e n t  inven t o r y  of the p r e c e d i n g  p e r i o d  pZ^. and, in r e s p e c t  to the in

c r e m e n t  of the removed stems, the not so e f f e c t i v e  and t h e r e f o r e  n o t  so 
c r i t i c a l  corre c t e d  v a l u e  c is used. This corre c t e d  v a l u e  c can be a p p r o x i 
m a t e l y  d e d u c e d  from the cha n g e  - caused by age - of the d i a m e t e r  d i s t r i 

b u t i o n  and by usi n g  the c a l c u l a t e d  d i a m e t e r  increment curve for the r e 

s p e c t i v e  p e r i o d  and f i n a l l y  b y  u s i n g  a suited c u b i n g - f u n c t i o n  w i t h  the 
r e q u i r e d  v a l u e s  for d(iameter) and h(eight). In this p r o c e s s  all n e e d e d  

v a l u e s  are d e d u c e d  d i r e c t l y  from the v o l u m e  and i n crement inventory. The 
i n c l u s i o n  of values, e. g. the v a l u e s  for k, fro m  other i n v e s t i g a t i o n s  is 

n ot necessary. The o n l y  'outside elements' are the general funct i o n s  of the 

f o r m  and b a r k  factor u s e d  in the d e t e r m i n a t i o n s  of v o l u m e  and increment.

4. E s t i m a t i o n  o f  t h e  i n c r e m e n t  o f  t h e  r e m a i n i n g  i n d i v i d u a l  

t r e e s

The m o s t  e f f e c t i v e  and m o s t  impor t a n t  c o mponent of the G W L - c a l c u l a t i o n  

and of the c a l c u l a t i o n  of the total cur r e n t  increment (pZ ) fo r  the single( j S S
age c lasses is the p e r i o d i c  i n crement of the r e m a i n i n g  stand, d e d u c e d  from 
the inventory, that is the actu a l  i n c r e m e n t  of the pas t  peri o d  of the r e 
m a i n i n g  trees (pZ .̂) or the p e r i o d i c  i ncrement c o r r e c t e d  w i t h  the c l imatic  

index ( p Z ^ ) .
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In sample plot in v e n t o r i e s  for forest m a n a g e m e n t  p u r p o s e s  in Austria, 
it is usual to m e a s u r e  the d i a m e t e r  (d) in brea s t  height, tree h e i g h t  (h) 

and the p e r i o d i c  radial i n c r e m e n t  (z^_) of eac h  tree of a sample plot.

In the course of c a l c u l a t i o n  the v o l u m e  at the end of the p e r i o d  (v ) 
and the v o l u m e  increment of the past period (z^) of each tree is de t e r m i n e d  

as the d i f f e r e n c e  b e t w e e n  v o l u m e  at the end and v o l u m e  at the b e g i n n i n g  of 
the period,

z = v  — V V E A

In v o l u m e  c a l c u l a t i o n s  f u n c t i o n s  of the f o r m  factor (with the v a l u e s
. . . Ad i a m e t e r  in brea s t  h e i g h t  and tree height) are used, f = F (d,h). For all

i m p o r t a n t  tree species the c o e f f i c i e n t s  of the follo w i n g  f o r m  factor f u n c 

tions are n o w  at our d i s p o s a l  for the e s t i m a t i o n  of the stem, w o o d  over bark:

A 2 1 1 1 1  1 f c *  -  a + a . ’In d + a *- + a„'-j + a, • —  + a * — - + a , ’ —z—  S m R  o 1 2 h 3 d  4 ,2 5 d- h  6 ,2,d d * h

T he v o l u m e  of the stem w o o d  is c a l c u l a t e d  w i t h  the g eneral f o r m u l a

n ,2 , 6
SmR 'SmR

In o r d e r  to d e t e r m i n e  the v o l u m e  of the single tree at the b e g i n n i n g  of the 
p e r i o d  (v ) w e  need - u n d e r  c o n s i d e r a t i o n  of the a v a i l a b l e  e q u a t i o n s  of the

f o r m  fact o r s  - only the v a l u e s  for d ^  and h^. T he d i a m e t e r  in b r e a s t  heig h t
at the b e g i n n i n g  of the per i o d

dA  (dE "  2 zr

is to b e  d e t e r m i n e d  f r o m  the m e a s u r e d  d a t a  of the inventory. Sin c e  the radial 

i n c r e m e n t  is m e a s u r e d  u n d e r  bark, g e n e r a l  for all m a i n  s pecies avai-

lai b l e  - f u nctions of the b a r k  factor Rf = F ( d  ) are u s e d  as is s h o w n  in
fi A

the formula. (General f o r m  of the m u l t i p l e  r e g r e s s i o n  e q u a t i o n  Rf = c +

V »  - 2  ¿>-
The h e i g h t  at the b e g i n n i n g  of the p e r i o d  (h^) is d e t e r m i n e d  by  s u b t r a c 

ting the e s t i m a t e d  v a l u e  of the h e i g h t  incre m e n t  (z ) - d e t e r m i n e d  in aH
s pecial c a l c u l a t i o n  p r o c e s s  f r o m  the h e i g h t  m e a s u r e d  at the end of the 
p e r i o d  hA  - - zh .
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For the special c a l c u l a t i o n  proc e s s  for the d e t e r m i n a t i o n  of the e s t i 

m a t e  of the height increment (z ) it is p r e s u m e d  that of each sample plot 
not only the age (t) but also the d o m i n a n t - h e i g h t - q u a l i t y - c l a s s  of the m a i n  

species (B) is known. Age is d e t e r m i n e d  in the course of the sur v e y  by  b o 
ring. The d o m i n a n t - h e i g h t - q u a l i t y - c l a s s  could be d e t e r m i n e d  w i t h  the aid of 

y i e l d  tables. Since the basis of eac h  y i e l d  table are cert a i n  g r o w i n g  p r o 
cesses an d  mode l s  of treatment, th e y  can not be appl i e d  to each growth 

series of certain site units. It seems there f o r e  to be a p p r o p r i a t e  to calcu-
A

late the e q u a t i o n  H q  = F ( t , B )  for each m a i n  species of c ertain site units 
and stand types from the data surv e y e d  in the course of a v o l u m e  inventory.

The d ominant height d e t e r m i n e d  d u r i n g  the survey an d  " i n v e n t o r y  s p e c i 

f i c ” for each sample plot is - for e x a m p l e  w h e n  chosing the B i t t e r l i c h  angle 
count bas a l  area factor 4 - d e f i n e d  as the m e a n  hei g h t  of the three trees 

w i t h  the b i g g e s t  diameter. As site class (B) the d ominant hei g h t  at the age

of loo (H ,. s) is used. If n ot o n l y  the e s t i m a t i o n  of the p Z T but also an o(loo) J I
i n t e n s i v e  and e stended p r o c e s s i n g  of a sample i n ventory is planned, e.g. 

g r o w t h  p r o d u c t i o n  analysis, then for s e c u r i n g  the - fro m  time series de-
A

duced - r e l a t i o n  H Q = F ( t , B )  also some s t e m  anal y s e s  are required. For the 

a p p r o x i m a t e  d e s c r i p t i o n  of the d e v e l o p m e n t  of the d ominant h e i g h t  (see 

fig. 1 ) up to n o w  m o s t l y  the f o l l o w i n g  b a s i c  m o d e l l  has prov e d  its usef u l l -  

n e s s :

a  2 2In H = a + a.* l n  t + a 0 •In t + a „ •In B + a.' l n  t ’ln B + a - ’ln t-ln B o o 1 2 3 4 5

2 . 3or a b a s i c  m o d e l l  m  w h i c h  the v a l u e s  for In t w e r e  s u b s t i t u t e d  by  In t
(this second b a s i c  modell is m o s t l y  then of a d v a n t a g e  w h e n  - e s p e c i a l l y  for
po o r  site classes in the first life peri o d s  - a r e l a t i v e l y  stro u g h  d elayed
h e i g h t  g r o w t h  is to be found (for e x a m p l e  h i g h  up in the m o u ntains). W h i c h

has as a co n s e q u e n c e  a clea r l y  s i g n i f i c a n t  turning p o i n t  in the curves of
the .development of the d o m i n a n t  heights). F r o m  t r a n s f o r m a t i o n  of the f unction 
a  . . A
H F ( t , B )  the m u l t i p l e  r e g r e s s i o n  e q u a t i o n  B F ( H  ,t) r esults foro o
the spec i f i c  m a i n  species. This e q u a t i o n  permits n o w  the d e t e r m i n a t i o n  of 
the site class of each sample p l o t  by computer.

As the f o l l o w i n g  step for e a c h  c a l c u l a t i o n  unit (that are groups of 

site units or stand types) and for each tree species the e s t i m a t e d  m u l t i p l e  

r e g r e s s i o n  equa t i o n s  h  F ( d , t , B )  are determined. In looking for a sui

ted m a t h e m a t i c a l  m o d e l l  we  can start f r o m  the foll o w i n g  b a s i c  c o n c e p t i o n

5. Calculation process for etsimating the height increment
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DEVELOPMENT OF THE DOMINANT HEIGHT 
Norwoy spruce , District Ottenstein

In H0 = a0+ <v In t + a2 ■ In3 t + a3- In B + a4- In t • In B + a5- In31 - In B

10 50 100 150 t (age)

f ig 'l
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HEIGHT IN DEPENDENCE OF BREAST HEIGHT 
DIAMETER, AGE, AND SITE CLASS

Norway spruce, pure stands, District Ottenstein

h

( he ig h t)
In (h -13) bo + b i- —  +• bz' In t + b3‘ In t * b4 B

site class 35

site class'^

10 20 30 4 0 50 60 d (d ia m ete r
in breast height 
in c m )

f ig 2
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r e s p .h o d e r  lnh = ( a  + a  +b . • lnt+b„ • In2 t ) * ( c + c , - B)0 1 d o 1 2 o l
a  a  2  1h oder l n h  = (a + a . , l n d  + a ‘ ln  d) • (b +b. •-) ' (c +c ,  ’B)0 1  2 o l t  o l

and by a s s u m i n g  d i f f e r e n t  co m b i n a t i o n s  of varia b l e s  we can find the most  
suited r e g r e s s i o n  e q u a t i o n  for each tree species and c a l c u l a t i o n  unit. Also 
anot h e r  c o n c e p t i o n  than the above menti o n e d ,  m a y  be the f o u n d a t i o n  for a 

p l a u s i b l e  and suited r e g r e s s i o n  equation. As e xample of oft e n  used specific 
(for a cert a i n  case) m u l t i p l e  r e g r e s s i o n  equations are m e n tioned:

a) In h b +0 b ,
1 2 

+ b „ •In t + b •In t d / j

b) In h +oX b ,•In d + b2 ‘ln2d + b ^

c) In h +oX b l
. 1 , 1  . 
d + V ï  + V B

(Under c o n s i d e r a t i o n  of the d e t e r m i n a t i o n  of the d i a m e t e r  in 1.3 m  it is of 
a d v a n t a g e  to use the tree h e i g h t  n o t  m e a s u r e d  fr o m  the g r o u n d  but from 

b r e a s t  h e i g h t ) .
In fig. 2 the res u l t  of the e s t i m a t i o n  is p r e s e n t e d  for the - in case

a) m e n t i o n e d  - m u l t i p l e  r e g r e s s i o n  e q u a t i o n  for d o m i n a n t - h e i g h t - s i t e - c l a s s 
35 and 15.

A
W h e n  the c o e f f i c i e n t s  of the r e g r e s s i o n  e q u a t i o n  h = F ( d , t , B )  for

ea c h  c a l c u l a t i o n  unit (site units and stand types) and for each tree species

are available, w i t h  the v a l u e s  B, d , t , d , t the esti m a t e s  for the 
A B E A a  A

h e i g h t  at the end (h^) and at the b e g i n n i n g  (h^)of the p e r i o d  are determined. 

The estimate for the h e i g h t  incre m e n t  is the d i f f e r e n c e  of these values,
A A

Zh ‘  hE ' V
In the c a l c u l a t i o n  of z^ not the m e a s u r e d  v a l u e  f r o m  the surv e y  (h^)

unct:

Z1
wa s  started out fro m  the m e a s u r e d  v a l u e  (h^) 6

but the d e d u c e d  e s t i m a t e  (h ) fro m  the funct i o n  h = F ( d , t , B )  is used. InCj

the following c a l c u l a t i o n  of v^, h ^  = h^ - is used, that m e a n s  that it

6 . D e t e r m i n a t i o n  o f  t h e  a c t u a l  a n d  f o r  a v e r a g e  c l i m a t i c  c o n 

d i t i o n s  e x p e c t e d  g r o w t h  p r o d u c t i o n  o f  t h e  r e m a i n i n g  s t a n d

Since all the n e e d e d  m e a s u r e d  v a l u e s  and e s timates are a v a i l a b l e  the v o 

lume v and the p e r i o d i c  incre m e n t  zy = v g “ can be  determined. The de~ 
t e r m i n a t i o n  of the g r o w i n g  sto c k  of the remai n i n g  stand (V^) and of the p e r i 

od i c  i ncrement (pZ^.) of each sample plot (resp. c a l c u l a t i o n  unit, w h e r e b y  a
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c o n v e r s i o n  to dat a  pe r  h e c t a r e  takes place) can be c a r r i e d  out, b e c a u s e
V  = E v  and p Z T = Ez . In the d e t e r m i n a t i o n  of the GWL for a m a n a g e m e n t  v hi i v
class (or district) and in the e s t i m a t i o n  of the total c u r r e n t  i n crement for 
the single age classes, the pZ^. val u e s  are used, if the " actual" g r o w t h  pro
d u c t i o n  is wanted.

If the - for a v e r a g e  c l i m a t i c  condi t i o n s  val i d  - incre m e n t  p r o d u c t i o n  

is to be estimated, then also the expected, resp. c o r r e c t e d  v a l u e s  d ... and£i \\£ )
h . have to be determined. The c a l c u l a t i o n  E (k)

dE(k) dA + (2-^-RF/l),
is to be c arried out in w h i c h  the y e a r - r i n g  index (I) of the d i f f e r e n t  spe

cies is d educed fr o m  an a d d i t i o n a l  i n v e s t i g a t i o n  (see P o  11  a n s  chiit z , 1967
A

P . 2 84-286). By u s i n g  the r e g r e s s i o n  e q u a t i o n  h  = F ( d , t , B ) a t  first the
e s t i m a t e  h^ ,, . will be d e t e r m i n e d  under c o n s i d e r a t i o n  of d„ ,. . . The cor- E (k) _ _ E (k)
r e c t e d  val u e  of the h e i g h t  i ncrement is c a l c u l a t e d  w i t h  the for m u l a  

A
z, . = h -h. and the " c o r r e c t e d "  v a l u e  for the hei g h t  at the end of the h(k) E(k) A  6

period, us e d  for the v o l u m e  calculation, is

h E ( k )  h A  + Z h ( k )

Th e  - for a v e r a g e  c l i m a t i c  condi t i o n s  - e xpected val u e  at the end of the

p e r i o d  and the expec t e d  p e r i o d i c  v o l u m e  i n c r e m e n t  for the s i n g l e  age classes

result from the sums of the " c o r r e c t e d "  val u e s  of the i n dividual trees,
V TT/1 . = E v  , . and p Z  = E z  . . The climatic index (PI) of  the peri- V(k) E ( k )  V v ( k )  . r
odic i ncrement of the s i n g l e  age classes, m e n t i o n e d  in part 3, is the re l a 
tion b e t w e e n  pZ^ and p Z ^  a nd is c o n s i d e r e d  indir e c t l y  in the abo v e  m e n t i 
one d  calculations.

7. C o m p a r i s o n s  o f  g r o w t h  p r o d u c t i o n  a n d  g r o w t h  p r o d u c t i o n  t a 

b l e s

If the sample plots of a c e r t a i n  stand type of a site unit are 
a r r a n g e d  a c c o r d i n g  to d ensity, resp. a c c o r d i n g  to c e r t a i n  series of st e m  

n u m b e r  d e v e l o p m e n t  (or series of bas a l  ar e a  d e v elopment) the n  - b y  GWL- c a l -  

c u l a t i o n s  - the effects of d i f f e r e n t  t r eatment p r o g r a m s  ca n  be e s t i m a t e d  
w i t h  good results. Als o  c o m p a r i s o n s  b e t w e e n  ferti l i z e d  and not f e r t i l i z e d  

m a n a g e m e n t  classes are possible, if sample plots from f e r t i l i z e d  and not 

f e r t i l i z e d  forest areas can be  u n i t e d  to two grow t h  series of c o m p a r a b l e 

s t e m  n u m b e r s  and ana l o g  stand types of a site unit.
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If only sample plots w i t h  a great n u m b e r  of stems per h e c t a r e  (sample 
plots f r o m  the densest parts of a stand) are used and also the - b y  the cli
m a t i c  index - c o rrected v a l u e  pZ^, then the a p p r o x i m a t i v e  e s t i m a t i o n  of the 
"p o t e n t i a l "  p r o d u c t i v i t y  of a c e r t a i n  stand type of a cert a i n  site uni t  and 
also the c o n s t r u c t i o n  of a s pecific gro w t h  p r o d u c t i o n  table (site q u a l i t y  
table) is possible. By u s i n g  a sample plot of fairly dense and loose parts 
of stands also an increment r e d u c t i o n  table can be deduced, similar to those 

e n c l o s e d  to the yield tables for spruce by A S  S M A N N - F R A N Z  (1963).

If we make, in res p e c t  to species m i x t u r e  and its changes w i t h  time, 
c e r t a i n  assumptions, a c c o r d i n g  to the above m e n t i o n e d  course of c a l c u l a t i o n s  

also for mixed stands grow t h  p r o d u c t i o n  tables m a y  be c o n s t r u c t e d  and c o m p a 

risons of p r o d u c t i v i t y  of d i f f e r e n t  stand types m a y  be carried out.

As an example, for the e s t i m a t i o n  of the current total increment of 
single age classes p r e s e n t e d  in part 3, dat a  of the sample plo t  i n v e n t o r y  

of 1971 of the forest distr i c t  of O t t e n s t e i n  in Low e r  A u s t r i a  are used. The 
" actual" increment of the single age classes is to be estimated. C a l c u 

lations are ma d e  for pure stands of spruce on fre s h  or v e r y  fresh sites wit h  
good n u t r i t i o n  conditions. The d o m i n a n t - h e i g h t - s i t e - c l a s s  of the g r o w t h 
series is b e t w e e n  B=36 and B=39. A v a i l a b l e  are 315 sample plo t s  (angle count, 

bas a l  ar e a  factor 4) b e t w e e n  age 2 o and lo5.

Th e  single steps of the c a l c u l a t i o n  are r o u g h l y  p r e s e n t e d  b e l o w  (see
table 1 ):

a) D e t e r m i n a t i o n  of the d e v e l o p m e n t  of the stem n u m b e r s  by f i t t i n g  the 

N y - v a l u e s  per hectare, found in the course of the inve n t o r y  in d e p e n d e n c e  

of age (In N  in depence of t).The fit t i n g  is carried out only for sample 
p l o t s  w i t h  an age of m o r e  th a n  35 yrs, since in this g r o w t h  series only 

fro m  this age upwa r d  no i n g r o w t h  is to be e x p e c t e d ; o n l y  d i a m e t e r s  g r e a t e r  

than lo cm w e r e  used. The e x t r a p o l a t i o n  of the fitted curve showed an 

initial n u m b e r  of stems (age 3 yrs) of 6 .0 0 0 , c o r r e s p o n d i n g  v e r y  well 

w i t h  the n u m b e r  of pla n t s  cho s e n  b y  the m a n a g e m e n t  of the district.

b) F i t t i n g  the d i a m e t e r s  of the basal area m e a n  tree (D ) in d e p e n d e n c e  of(j
age, w h e r e  the e arliest ingro w t h  o v e r  the step in d i a m e t e r  m e a s u r i n g  

(in 1.3 m  bre a s t  heig h t  was a s s u m e d  for age 7.

c) F i t t i n g  the stand fo r m  h e i g h t s  (HF) in d e p e n d a n c e  of age.
2

d) F i t t i n g  the quot i e n t  Q = pZ /1 m  G (periodic increment of the r e m a i n i n g  

stand p er 1 sqm basal area) found f r o m  the results of the inventory.

7 9
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e) W i t h  these fitted v a l u e s  (N , D , HF and Q) it is n o w  p o s s i b l e  to calcu-
V (j

late the other need e d  an " fitted" stand data G = (N x D ), V  =( G  x HF)
V V (j V V

and pZj (Gy x Q) for alle age classes.

f) If a complete g r o w t h  p r o d u c t i o n  table is to be m a d e  also the d o m i n a n t  

h e i g h t s  (H ) and the m e a n  h e i g h t s  w e i g h t e d  b y  basal area (H ) have to beO (j
f i t t e d .

g) The foll o w i n g  c a l c u l a t i o n  of the total p e r i o d i c  i n crement (pZge g ) °f the 

single age classes is p r e s e n t e d  in table 2. The columns for the G WL (to
tal g r o w t h  p r o d u c t i o n ) , the a v e r a g e  total increment ( d G Z ) , and the re 
m o v e d  stand (V^) are c o m p l e t e d  o n l y  for the example. Since the "actual" 
i n crement of the r e m a i n i n g  stand (pZ^.) was us e d  for the c a l c ulations,

the v a l u e s  have a s y s t e m a t i c  p o s i t i v e  or n e g a t i v e  error b e c a u s e  of the c l i 
m a t i c  influence of the p r e c e d i n g  period. (In this case these v a l u e s  are 

o v e r e s t i m a t e d  since the clim a t i c  index was m o r e  than 1). U s a b l e  valu e s 
for general g r o w t h  p r o d u c t i o n  comparisons, v a l i d  for a local g r o w t h  p r o 
d u c t i o n  table of the r e m o v e d  stand (V^) are o b t a i n d e d  onl y  if not the 

d i r e c t l y  - fr o m  the d a t a  of the i n v e n t o r y  - calcu l a t e d  v a l u e s  of the 
p e r i o d i c  increment (pZ^.), bu t  the - for average clim a t i c  c o n d i t i o n s  - e x 

p e c t e d  v a l u e s  of the p e r i o d i c  i ncrement of the r e m a i n i n g  stand (pZy) are 
u s e d  for the cal c u l a t i o n s  p r e s e n t e d  in d) - g ) .

F r o m  the d e v e l o p m e n t  series of the single s i g nificant v a l u e s  of the 

stands it is obvious that in the stands of spruce of v e r y  good site class 
up to n o w  in the young g r o w t h  b e t w e e n  age 15 and 25 only slight m e a s u r e s  

(cleaning, resp. re d u c t i o n s  of stem n u m b e r s ,p r e c o m m e r c i a l  thinnings) were  

c a r r i e d  out b y  m a n agement. P r e s e n t l y  comme r c i a l  thinnings are to be e x p e c 
ted o n l y  f r o m  age 3o upwards. Slight to m o d e r a t e  thinnings have been 

carr i e d  out in short intervals unt i l  the final cut of the stands at age 
9o - 11o . As a co n s e q u e n c e  of the slow, but in the final result r e l a t i v e l y  
strong, o p e n i n g  up of the stands - b e s i d e s  n a t u r a l  r e g e n e r a t i o n  oca l l y  

h e a v y  o v e r g r o w i n g  w i t h  grass can be found.

8 . E s t i m a t i o n  o f  t h e  i n c r e m e n t  i n  t h e  A u s t r i a n  F o r e s t  I n v e n 

t o r y

F i n a l l y  the di f f e r e n c e  of the i n crement e s t i m a t i o n s  b e t w e e n  sample 
plot invent o r i e s  of forest m a n a g e m e n t  and of the n a t i o n a l  forest i n ventory 

should be indicated. In the 'Austrian Fore s t  I n v e n t o r y  1961— 197o' as well
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as in the 'Austrian F o r e s t  I n v e n t o r y  1971— 19 8 o ' - u n d e r  c o n s i d e r a t i o n  of the 
hig h  r e q u i r e m e n t s  of a c c u r a c y  - b e s i d e s  d, h, and z^ al s o  the dQ ^  (diame
ter in o,3 of the total h e i g h t  of each tree) and are meas u r e d .  Ther e f o r e
in the course of p r o c e s s i n g  of v o l u m e  i n v entories for m  fac t o r  f u nctions of 

A
the general for m  f = F(d, h Q h) are in u s e * In  this resp e c t  the papers 
'Methodik de r  A u s w e r t u n g  und S t a n d a r d f e h l e r - B e r e c h n u n g  der Ö s t e r r e i c h i s c h e n 
F o r s t i n v e n t u r ' (Technique of E v a l u a t i o n  and C a l c u l a t i o n  of the S t a n d a r d - E r 

ror in the A u s t r i a n  F o r e s t  Inventory) b y  R . B R A U N  (1969) and 'Eine neu e  M e 
thode der F o r m z a h l -  u nd M a s s e n s b e S t i m m u n g  s t ehender Bäume' (A N e w  M e t h o d  of 

D e t e r m i n i n g  F o r m - F a c t o r  and V o l u m e  of S tanding Trees) b y  J. P O L L A N S C H Ü T Z  

(1965) should be menti o n e d .
Since in the A u s t r i a n  F o r e s t  I n v e n t o r y  c o n t r a r y  to forest manag e m e n t ,  

b e s i d e s  the radial incre m e n t  u n d e r  b a r k  (z^) also the h e i g h t  i ncrement (z^) 
is de t e r m i n e d  in field work, o n l y  an addit i o n a l  e s t i m a t e  for the change of 

the 'upper diameter' (dQ ov e r  b a r k  is n e c e s s a r y  in the cou r s e  of incre
m e n t  inve n t o r y  processing. In a special inv e s t i g a t i o n  m u l t i p l e  r e g r e s s i o n  
equat i o n s  for the m a i n  species ha v e  b e e n  d e t e r m i n e d  w h i c h  p e r m i t  the e s t i m a 
tion of the 'upper diameter' (d^ °f 5 years ago, i.e. for the b e g i n n i n g  
of the increment p e r i o d  (see B R A U N )  . The general r e g r e s s i o n  e q u a t i o n  is

a  ,d l ,3 o R  .
d o , 3 h  m R  a o + a l ' d   ̂ ° o , 3 H m R1 ) J  OK

D is used for the d i a m e t e r  at the end and d for the d i a m e t e r  at the beg i n  
of the period. The 'upper d i a m e t e r  ov e r  b a r k  at the end of the period' is 

d e t e r m i n d e d  w i t h  the S p i e g e l r e l a s k o p  b y  B I T T E R L I C H  the 'breast hei g h t  
d i a m e t e r  und e r  b a r k  at the end of the period' by  c a l i p e r s  and m e a s u r e m e n t  

of the b a r k  thickness, and the 'breast hei g h t  d i a m e t e r  u n d e r  b a r k  at the b e 
gin of the period' by  increment boring. A n a l o g  to the d e t e r m i n a t i o n  of the 
p e r i o d i c  v o l u m e  increment in the course of the above m e n t i o n e d ' p r o c e s s i n g  

and e v a l u a t i o n  of sample plo t  invent o r i e s  of forest m a n a g e m e n t ,  the annual 
curr e n t  increment in the A u s t r i a n  F o r e s t  I n v e n t o r y  is d e t e r m i n e d  for each 

sample tree by the f o r m u l a

LZ actual V 5 years before

8 2
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The intensive p r o c e s s i n g  and a n alysis of a sample plot i n v e n t o r y  for 
forest m a n a g e m e n t  as well as for a nati o n a l  i nventory in w h i c h  for each 

ele m e n t  of survey the c o n n e c t i o n  to a cer t a i n  site uni t  and c e r t a i n  stand 

type ist determined, gives the p o s s i b i l i t y  of grow t h  s i m u l a t i o n s  and in

v e s t i g a t i o n s  of production. The results of such i n v e s t i g a t i o n s  are bas i c  
f eatures for example in the course of general 'Development plans for 

f o r e s t r y  and timber economy' for m i d d l e  and long term studies of timber 
supply. In natio n a l  inven t o r i e s  the result of an intensive p r o c e s s i n g  and 
analysis, resp. f i n a l l y  the result of i n t e r p r e t a t i o n  is the basis for 

forest p o l i c y  and for gene r a l  d e c i s i o n s  in forestry.

The m o d e r n  m e a n s  of e l e c t r o n i c  dat a  p r o c e s s i n g  (EDP) gives us the 
p o s s i b i l i t y  to w o r k  out f r o m  an enor m o u s  q u a n t i t y  of da t a  an e a s i l y  p e r 
c e p t i b l e  n u m b e r  of stand c h a r a c t e r i s t i c s .  F u r t h e r  on to w i n  in the course 

of a n alyses of g r o w t h  produ c t i o n ,  g r o w t h  simulations, and p r o d u c t i o n  st u 

dies f r o m  a m i n i m u m  of d a t a  a m a x i m u m  of information. If suited sample 
plot i n v entories are e x i s t i n g  this o c c a s i o n  a v e r y  m u c h  i mproved p r o d u c 
tion e s t i m a t i o n  should no t  be m i s s e d  in the interest of an a p p r o p r i a t e  and 

p r o m i s i n g  r e g u l a t i o n  of p r o d u c t i o n  and yield and w i t h  this an improv e m e n t  
of the p l a n n i n g  of e x p l o i t a t i o n  and m a n a g e m e n t  of the forest stands.

lo. S u m m a r y

D e p e n d i n g  on e n v i r o n m e n t  f actors the e s t i m a t i o n  of the act u a l  and 

p o t e n t i a l  y i e l d  of stands in c e r t a i n  sites assumes the d e t e r m i n a t i o n  of 

the total p e r i o d i c a l  v o l u m e  incre m e n t  of single age-classes.
W i t h i n  a sample for p u r p o s e  of forest r e g u l a t i o n  d i a m e t e r  b r e a s t  

h i g h  (d ) , h e i g h t  (h) and the p e r i o d i c a l  radial i n crement (zf ) are m e a s u 

red on eve r y  tree of the sample-plot. M o r e  over an e s t i m a t e  for the 
h e i g h t  is n e e d e d  for the c a l c u l a t i o n  of the v o l u m e  increment. Th e  e s t i 

m a t i o n  of this v a l u e  assu m e s  the d e t e r m i n a t i o n  of the site-class of every 

s a m p l e - p l o t  b y  m e a n s  of the r e g r e s s i o n  e q u a t i o n  B = F (Hq , t ) . H q  stands 
for the h e i g h t  of d o m i n a n t  trees and t for the age. B m e a n s  the s i te-class 

d e f i n e d  as h e i g h t  of d o m i n a n t  trees in the age of loo, - H q ^ j .The height 
i n c r e m e n t  r esults in the d i f f e r e n c e  b e t w e e n  the heig h t  at the end (h^) and 

the h e i g h t  at the b e g i n n i n g  (h^) of the period. The hei g h t  is e s t i m a t e d  by 

m e a n s  of the r e g r e s s i o n  e q u a t i o n  d e d u c e d  f r o m  the data of the survey, 

h = F (d, t, B ) . The p e r i o d i c a l  v o l u m e  incre m e n t  results a c c o r d i n g
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z = v„ - v. for the c a l c u l a t i n g  the v o l u m e  the f o r m - f a c t o r - f u n c t i o n s  ^ v  E A
f = F (d, h) w i t h  i n d e p e n d e n t  v a r i a b l e s  d and h are used.

A d d i t i o n a l  to the d e t e r m i n a t i o n  of the p e r i o d i c a l  v o l u m e  increment 
of the resid u a l  stand the i n crement of the thinned stand is esti m a t e d  by 

m e a n s  of the fact o r  c to r e a c h  the total pe r i o d i c a l  v o l u m e  increment. The 

factor c stands for the r e l a t i o n  of the v o l u m e  increment of the m e a n  tree 
of the r e m a i n i n g  stand to that of the r emoved stand.

The a nalysis of g r o w t h  p r o d u c t i o n  and the c o n s t r u c t i o n  of specific 
y i e l d - t a b l e s  a ssumes the inte n s i v  anal y s i s  of the d a t a  of a sample for 

p u r p o s e  of forest r e g u l a t i o n  as d i s c u s s e d  in the paper. T h e y  are the basis 
of the s i g nificant and s u c c e s s f u l  yie l d  regulation, the treat m e n t  of 

stands and the p r e p a r a t i o n  of w o r k i n g  plans.

1 1 . Z u s a m m e n f a s s u n g

Ei n e  den t a t s ä c h l i c h e n  ö r t l i c h e n  V e r h ä l t n i s s e n  e n t s p r e c h e n d e 

Schä t z u n g  der a k t u e l l e n  u nd de r  p o t e n t i e l l e n  L e i s t u n g s f ä h i g k e i t  b e s t i m m t e r  

B e s t a n d e s t y p e n  auf b e s t i m m t e n  S t a n d o r t s e i n h e i t e n  setz t e n  eine o b j e k t i v e 
E r m i t t l u n g  des g e s a m t e n  p e r i o d i s c h e n  Zuwachses in d en e i n z e l n e n  A l t e r s s t u 
fen voraus.

Im R a h m e n  v o n  S t i c h p r o b e - I n v e n t u r e n  der F o r s t e i n r i c h t u n g  w e r d e n  v o n  

j e d e m  B a u m  einer P r o b e f l ä c h e  di e  M e ß w e r t e  B r u s t h ö h e n d u r c h m e s s e r  (d) und 

die B a u m h ö h e  (h) und der p e r i o d i s c h e  R a d i a l z u w a c h s  (z ) gemessen. A u ß e r 

d e m  wir d  u m  de n  V o l u m e n z u w a c h s  b e r e c h n e n  zu k ö n n e n  ein S c h ä t z w e r t  für den 
H ö h e n z u w a c h s  benötigt. Die B e r e c h n u n g  dieses Schät z w e r t e s  setzt eine B o n i 

tierung mi t  Hil f e  einer B e z i e h u n g s g l e i c h u n g  B = F (Hq , t) jeder P r o b e 

flä c h e  voraus. H i e b e i  b e d e u t e n  H q die O b e r h ö h e  der H a u p t b a u m a r t ,  t das
A l t e r  un d  B die O b e r h ö h e n b o n i t ä t  i m  A l t e r  loo, - H  N . De r  H ö h e n z u -o(loo)
w a c h s  w i r d  als D i f f e r e n z  der Höh e  am  En d e  (h^,) un d  der H ö h e  am  A n f a n g  (h^) 

der P e r i o d e  berechnet, w o b e i  eine aus d e n  M e ß w e r t e n  der V o r r a t s i n v e n t u r  
a b g e l e i t e t e  B e z i e h u n g s g l e i c h u n g  zur Schät z u n g  der H ö h e  V e r w e n d u n g  findet 
h = F (d, t, B ) . D e r  p e r i o d i s c h e  Zuwachs des E i n z e l b a u m e s  ergi b t  sich g e 

m ä ß  z = v  - v., w o b e i  zur V o l u m e n s c h ä t z u n g  F o r m z a h l f u n k t i o n e n  m i t  de nV L A ^
E i n g a n g s g r ö ß e n  d un d  h V e r w e n d u n g  finden, f = F (d, h ) .

A b g e s e h e n  v o n  der E r m i t t l u n g  des p e r i o d i s c h e n  Zuwa c h s e s  des v e r b l e i 

b e n d e n  B e s t a n d e s  wird, u m  zu m  g e s a m t e n  p e r i o d i s c h e n  Z uwachs zu gelangen, 

u n t e r  E i n f ü h r u n g  eines K o r r e k t u r w e r t e s  c der Zuwachs des a u s s c h e i d e n d e n  B e 

standes im Zuge der B e r e c h n u n g  der G e s a m t w u c h s l e i s t u n g  (GWL) ermittelt.
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De r  K o r r e k t u r w e r t  c b e d e u t e t  das V e r h ä l t n i s  des V o l u m e n z u w a c h s e s  de s  Zu

wachsm itte ls tam m es des v e r b l e i b e n d e n  Bestandes zu de m  des a u s s c h e i d e n d e n  
B e s t a n d e s .

Die in der A b h a n d l u n g  skizz i e r t e  i n tensive A u f b e r e i t u n g  und A n a l y s e  
der Dat e n  einer S t i c h p r o b e - I n v e n t u r  der F o r s t e i n r i c h t u n g  stellt die Basis 

für die W u c h s l e i s t u n g s a n a l y s e n  und die sp e z i f i s c h e n  W u c h s l e i s t u n g s t a b e l 
len dar. Die s e  bil d e n  w i e d e r u m  die Grund l a g e  für eine v e r b e s s e r t e  L e i 

s t u n g s e i n s c h ä t z u n g  im Inter e s s e  einer s i nnvollen und e r f o l g v e r s p r e c h e n 
den E r t r a g s r e g e l u n g  und somit einer V e r b e s s e r u n g  der N u t z u n g s p l a n u n g  und 

der B e w i r t s c h a f t u n g  der W a l d bestände.
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