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1. I n t r o d u c t i o n

Because o f  economic reasons severa l  " s e l e c t i v e  th inning" - 
schedules are recommended by European s i l v i c u l t u r i s t s ,  and due 
to growing conservation consciousness c lea r  cutt ing  seems to 
become something dishonourable or at l e as t  something l ik e  
barbarism, therefore distance dependent tree growth models wil l  be 

more and more needed fo r  European stands and tree  species.  
Theories on s ing le  tr ee  growth as they r e la t e  to distance 
dependent ca lcu la ted  competit ion indices have been developed 
by l o ts  o f  authors as NEWNHAM (1964),  MITCHEIL (1969),
MONSERUD (1976) and many others.  Parameters o f  these models 
however have been estimated f o r  t ree  species and s i t e s  out­
side o f  Europe only.  Data bases f o r  eva luat ion o f  these 
parameters as a rule  are repeated ly  observed p lots  with stem 
charts ,  to get distance-  and time re la t ed  informations on 
tree  growth.

These data bases lack f o r  a wide range o f  European tree  
spec ies ,  growth regions and poss ib le  stand treatments.  Instead 
o f  that we have a we l l  developed stand growth theory,  based 
on thinning experiments,  where whole stand data have been 
observed during nearly  100 years by our f o r e s t  research
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s ta t ions .  These stand growth models have been mathematically- 
described f i r s t  by ASSMANN and FRANZ (1965) f o r  Norway spruce, 
and by LEMBCKE et al  (1975) f o r  Scotch pine.

I want to show, that i t  could be poss ib le  to get an 
est imate o f  the parameters o f  a distance dependent model f o r  
our tree  species by using ASSMANN's and FRANZ's stand growth 
models and data from temporary p lo ts  from inventor ies  and 
other p lo ts  that have been observed only once.

2. S t a n d  g r o w t h  t h e o r y :

From ASSMANN's stand growth theory (ASSMANN, 1961) we 
know t h a t :

1. S i te  qua l i t y  can be est imated best from s i t e  index 
systems, which descr ibe dominant height growth de­
pending on age and s i t e  c lass .  I f  we def ine dominant 
height as the height o f  the hundred la rges t  stems per 
hectar ,  f o r  most o f  our species th e i r  height growth is 
more or less  independent from stand treatment without 
regard to ea r ly  youth development. From FRANZ's (1974) 
Norway spruce simulator we can get an idea o f  the 
inf luence o f  ea r ly  youth stem number on dominant 
height growth. I t  seems that there is  an optimum
stem number o f  about 2500 stems/ha where ear ly  youth 
dominant height growth can be acce lerated by 0.5 to 
1.5 m. Such s i t e  index systems are one o f  the basic 
constituents o f  our y i e l d  tab les .

2. Concerning basal area growth, there is a maximum 
basal area, that is  that one, which w i l l  be derived 
by natural m or ta l i t y .

3. Tota l  volume increment w i l l  depend on stocking degree,  
that is rea l  basal area d iv ided  by maximum basal 
area. Rela t ion  between stocking degree and volume 
increment is not l in ea r .  There ex is ts  an optimum 
stocking degree,  where volume increment is  maximum, 
and ASSMANN def ined a " c r i t i c a l  stocking degree" where 
loss o f  increment is  5 5 o f  maximum increment.

2.1 Estimating parameters o f  stand growth models

2.11 Dominant height growth, or a s i t e  index system can be
taken from y i e l d  tab les ,  or from growth ser ies  (a number 

o f  p lo t s  o f  d i f f e r e n t  age and dominant heights on the same
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s i t e ,  depending on s i t e  c l a s s i f i c a t i o n  procedures) .  I f  one 
uses the appropriate y i e l d  tab le ,  or i f  the p lo ts  o f  the 
growth s er ie s  r e a l l y  come from the same s i t e  ( e s p e c i a l l y  i f  
there is  no in te rac t ion  between s i t e  qua l i t y  and age) can 

be tes ted  by stem analyses.  (See f i g .  1).

Figure 1

Dominant height growth of 
Scotch pine on two different 

sites from stem analyses and plots 
from growth series

dominant height Cm]

Age

Roughly spoken the height growth determined by stem analysis 
must l i e  wi th in  the range o f  the p lo t t e d  values o f  dominant 
height versus age from growth s e r i e s .  From a number o f  such 
growth s er ie s  an appropriate s i t e  index system fo r  a cer ta in  
species with in  a given region can be developed.

2.12 Estimation o f  maximum basal area development has f i r s t  

been reported by ASSMANN and FRANZ (1965) in the i r  
y i e l d  tab le  f o r  Norway spruce in Bavaria. Usually basal area
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reported in European y i e l d  tables  is  not maximum basal area 
but that basal area that resu l ts  from cer ta in  thinning 
schedules.  ASSMANN (1961) showed that maximum basal area 
development depends s trong ly  on the " y i e l d  l e v e l " ,  a s i t e  
property which is only weakly co r re la ted  with s i t e  index.
From stands that have been untreated since th e i r  establ ishment,  
that one, which has the higher basal area ( th is  would be the 
maximum basal area o f  the s i t e  because i t  developed na tura l ly )  
would be assigned to the higher y i e l d  l e v e l .  So to est imate 
maximum basal area even with ASSMANN's y i e l d  tab le ,  one 
has to est imate y i e l d  l e v e l  in advance. From GOULDING's (1972) 
gen era l i za t ion  o f  KIRA's (1954) competit ion densi ty rule  
STERBA (1975) could show,that maximum basal area can be 
est imated by ext rapo la t ion  o f  th is  re la t ionsh ip  (C-D- Rule)

dg 1 / (aQ ha1 N + bQ h^1 ) ,  where dg is

the diameter for  mean basal area, h is the dominant height 
and N the stem number per hectar .  C o e f f i c i en ts  aQ through b̂  
can be est imated from nonlinear regress ion  with temporary 
p lo t  data from growth se r i e s .  With c o e f f i c i e n t s  known f o r  a 
ce r ta in  region basal area / ha can be ca lcu la ted  from the 
above formula. Putt ing the p a r t i a l  der iva te  o f  basal area by 
stem number to zero,  one can ge t the r e la t ionsh ip  between 
maximum basal area and dominant height .

From f i g .  2 one can see development o f  maximum basal 
area as derived from the above procedure with growth ser ies  
data from the Bohemian Massi f ,  compared with maximum and 
optimum basal area development o f  the Bavarian y i e l d  table  
f o r  Norway spruce. Estimation from growth ser ies  seems to be 
appropriate because from other inves t iga t ions  (MARSCHALL,
1975) we know that the y i e l d  l e v e l  o f  Spruce at the Bohemian 
Massif  l i e s  beneath the lowest y i e l d  l e v e l  (UEN) o f  ASSMANNS 
and FRANZ's y i e l d  tab le .
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Figure 2

BASAL AREA FROM YIELD TABLE ( F i-B ayern  UEN ) 
and MAXIMUM BASAL AREA fro m  C -D -R u le

Yield table Yield table C-D-Rule
B.A. max B.A. opt B.A.max

Basal Area [sqm/ha]

ASSMANN,FRANZ, 1 963 and STERBA.1 974

2.13 Estimation o f  current volume increment can use the 
dens i ty  increment re la t ionsh ip  as stated by ASSMANN 

(1961). Fig.  3 shows the in te r r e la t ion sh ip  between r e l a t i v e  
volume increment ( i  / i  ) and natural stocking degree

V  »ITlcl 3C
(basal area / maximum basal area)  as i t  is  given fo r  Norway 
spruce by ASSMANN and FRANZ (1963) and fo r  Scotch pine by 
LEMBCKE et a l  (1975). Knowing maximum volume increment from 
an appropriate y i e l d  tab le ,  and maximum basal area from
2.12 one can ca lcu la te  volume increment est imates f o r  every
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©Bundesforschungszentrum für Wald, Wien, download unter www.zobodat.at



given natural stocking degree from th is  f i gu re .

Figure 3

INCREMENT -  DENSITY INTERRELATIONSHIPS

Spruce Scotch pine
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Figure 4 shows a s im p l i f i ed  vers ion o f  th is  model f o r  
est imating diameter increment o f  a c er ta in  stem in a stand. 
In th is  model rea l  diameter increment (DIN) is ca lcu lated

occ. to ASSMANN & FRANZ, 1963 and LEMBCKE et al (1975)
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from potential ,  diameter increment (PDIN) which is  reduced 
by two m u l t ip l ie rs .  The po t en t ia l  diameter increment should 
be that diameter increment which an open grown t ree  with 
the same height as the tr ee  in question would have.

Figure 4

MONSERUD's COMPETITION MODEL
( simplified )

DIN
PDIN
DMGO
DMOS
DCIA
CIUCUT....
DRELESE...

CIUDIFF....

diameter increment
potential diameter increment
factor to adjust for crown ratio ( CR )
factor to adjust for competition
competition index, adjusted by DRELESE
competition before removal of competitors
factor to adjust competition for ability
to react to changing competition
change of competition by removing
competitors

The m u l t ip l i e r  DMGO would reduce th is  increment depending 
upon the crown ra t i o .  This takes into account, that a t ree  
that has been re leased s trong ly  f o r  example 30 years ago, 
w i l l  seem to be an "open grown t r e e "  today, but has a lower 
crown ra t i o  and lower increment, than a r e a l l y  open grown 
t ree  would have. The second m u l t ip l i e r  DMOS reduces diameter
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increment depending upon competit ion, where competit ion is 
evaluated as an index o f  overlap (CIUCUT) o f  the zones o f  
in f luence.  This zone o f  in f luence is def ined as a c i r c l e  
around the tree  with a radius equal to that o f  an open grown 
t ree  o f  the same height.  This competit ion index is  modif ied,  
when i t  changes (CIUDIFF) wi th in  the growing period.  This 
takes into  account, that a t r ee  can ' t  u t i l i z e  a l l  the f r e e  
space which i t  gets, immediately a f t e r  thinning.

3.1 Estimating parameters o f  MONSERUD's competit ion model

MONSERUD (1975) est imates the parameters o f  his model 
by means o f  a program (FORFIT) f o r  nonlinear regress ion 
with data from repeated ly  observed p lo ts  with stem charts.  
Since such data are not a va i lab le  f o r  us we would have to 
use another way. FILLA (1981) described that way in d e t a i l .
The f o l low ing  w i l l  be an ext rac t  from th is  work.

3.11 Parameters f o r  p o t en t ia l  growth:

Parameters f o r  p o t en t ia l  height growth we can get from 
a s i t e  index system, as MONSERUD did. Parameters f o r  po t en t ia l  
diameter growth we can get from ext rapo la t ion  o f  the modif ied 
C-D-Rule or from trees from the stem charts that seem to be 
"growing in the open". Fig.  5 shows how both ways lead t o ­
wards equations o f  the same form. Because o f  the d i f f e r e n t  
data (open grown trees f o r  the one, and extrapolated re la t i on s  
from p lo t  data f o r  the other )  we ge t d i f f e r e n t  parameters . 
Comparison o f  the r e su l t ing  "open grown diameter" seems to 
g ive  b e t te r  resu lts  from the extrapolated C-D-Rule, because 
the h/d ra t i o  seems to be rather constant in that case,  
whereas the rather high h/d ra t i o  f o r  small (young) t rees  
from the s ing le  open grown trees  could be a hint,  that these 
young trees  were not r e a l l y  open grown, though they were 
used in regress ion only when th e i r  crown ra t i o  was 1.

9 4
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Figure 5

D.B.H of "OPEN GROWN TREES" and from  
EXTRAPOLATING C -D -RULE ( Scotch pine )

1. DATA = open grown trees, Regression: d=a*h**b

2. DATA = plots, where dominant height, diameter of mean basal
area stem and number of stems/ho is determined 
Regression: dg=1 /(a'*hdom**b'*N/ha+c'*hdom**d')

for extrapolated "open grown tree" N/ha=0 
and dg=1/(c'*hdom+*d')

Comparing 1. with 2. d is dg,h is hdom and a=1/c' and b=-d '

Example for Scotch pine with data from a forest inventory

open grown diameter estimated from
dominant height open grown trees extrapolated C -D -

h d h/d d h/d

5 6.4 78 7.7 65
10 14.1 71 15.2 66
15 22.1 68 22.5 67
20 30.5 66 29.8 67
25 39.1 64 37.0 68

3.12 Parameters f o r  DMGO

I f  competit ion is  nearly zero ,  one can show that DMOS 
is  near ly  1 (See f i g .  4 ) .  So i f  we f ind  stem charts o f  stands 
with a very  low stocking degree,  we could est imate DMGO and 
the parameter P1 from these p lo t s .  Giving P1 a s ta r t ing  
va lue ,  we can ca lcu la te  p o t en t ia l  diameter increment, and 
from crown ra t io  and the s ta r t in g  value o f  P1 diameter in ­
crement o f  every tree  o f  the stand. Adding up these increments 

we get the stand's increment and i t s  basal area a f t e r  the 
growing per iod.  Comparing with the increment stocking 
degree re la t ionsh ip  from f i g .  3 and rede f in ing  P1 we can 
f ind  the appropriate value f o r  P1 .

9 5
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3.13 Estimating parameters P2 and P3 fo r  ca lcu la t ing  DMOS

I f  there are stands with no thinning and no m or ta l i t y  
with in  the growing per iod ,  CIUDIFF w i l l  be zero (see f i g .  4 ) .  
With CIUDIFF 0, DRELESE is  1 and so DCIA, the adjusted 
competit ion index equals CIUCUT, the computed competit ion 
index without removal o f  any t r ee .  Taking stem charts o f  
stands which have stocking degrees so, that there is some 
competit ion but probably no m or ta l i t y  within the next ten 
years ,  we can again f ind  P2 and P3 by approximating th e i r  
values so, that simulated increment o f  the stand f i t s  to the 
increment from y i e ld  tab les ,  using increment reduction from 
f i g .  3.

3.14 Estimating parameters P4 and P5 fo r  adjusting competit ion
index to al low f o r  response to sudden crown re lease .

Using stem charts where thinning is  simulated by r e ­
moving d i f f e r e n t  numbers o f  t r ee s ,  one can simulate increment 
depending on approximate values f o r  P4 and P5. From ABETZ 
(1977) we know, that,  when young Norway spruce stands are 
thinned geometr ica l ly  down to h a l f  o f  th e i r  stem numbers, 
basal area increment is  reduced to 80 with in  5 years ,  and 
height increment is  reduced to 50 with in  the same time. So 
P4 and P5 have to be est imated by the fo l low ing  i t e r a t i o n  

procedure. With meanwhile known parameters P1 to P3, and good 
guesses f o r  P4 and P5, geometrical  thinning is  done on stem 
charts ,  and growth is  simulated. Guesses f o r  P4 and P5 are 
then improved u n t i l  the above mentioned r e l a t i v e  reduction 
o f  increment is  got by simulation.

4. P l a n n e d  v a l i d a t i o n  o f  t h e  m o d e l

In 1977 th is  p ro je c t  was s tar ted  with funding from the 
"Fonds zur lorderung der Wissenschaft l ichen Forschung in 
Österre ich"  (P ro j ec t  numbers 3304 and 4357). In that year 

we estab l ished 23 p lo ts  in stands o f  Norway spruce and Scotch 
pine. For these p lo ts  stem charts,  dbh, top height and c lea r
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bole  lenghth o f  a l l  t rees  were recorded. These p lo ts  we did 
not thin at a l l ,  to get information on m or ta l i t y ,  which we 
can ' t  get from inventory.  Parameters o f  MONSERUD's compe­
t i t i o n  model were est imated from inventory data (p o t en t ia l  
growth, crown radius f o r  competit ion index, development o f  
crown ra t i o  as depending upon dbh, top height ,  s i t e  c lass ,  
age and stand density )  using stem charts o f  the 23 p lo ts  
only f o r  simulation. Va l idat ion  o f  th is  model is impossible 
with these data. We can only say, that compared with stand 
growth theory and y i e l d  tables  the simulated resu l ts  seem 
to be p laus ib le .  But th is  i s ,  because the idea o f  est imating 
parameters o f  the s ing le  stem model was to ask: how must 
s ing le  stenB grow, that the whole stand where they grow be­
haves l i k e  stand growth theory and y i e l d  tables say. To get 
th is  r e su l t  i t  was nessesary to sta te  some m or ta l i t y  model, 
which we def ined as a to lerance value f o r  diameter increment 
where a tree  was to d ie .  This to lerance value was found in 
that way, that on these u n t i l  now untreated p lo t s ,  s imulation 
with est imated parameters gave maximum basal area development.

F i r s t  r ev is ion  o f  the 23 p lo ts  is done just now and 
treatments with re fe rence  to JOHANN's (1982) proposal w i l l  
be applied  th is  winter,  so that rea l  v a l id a t io n  and im­
provement o f  the model w i l l  not be poss ib le  before 1987. But 
i f  we w i l l  be able by then to show, that the model gives 
not only p laus ib le  r e su l t s ,  but is  also accurate with in  an 
acceptable range, i t  is  not only th is  model which is v a l i ­
dated but also the method to est imate parameters f o r  s ing le  
stem simulators from theory and from only one observation of  
p l o t s .

5. S u m m a r y

On the one hand distance dependend tree  growth models 
have th e i r  own theory.  The simulator FOREST by EK and 
MONSERUD fo r  example includes a competit ion model where

9 7
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"p o t e n t ia l  growth" o f  a cer ta in  tree  is  said to be the growth 
o f  an open grown tree  with the same height.  This p o t en t ia l  
growth is reduced by some m u l t ip l i e r s  which are functions o f  
crown r a t i o ,  competit ion index, change o f  competit ion index 
(by cutt ings  or m or ta l i t y )  and tolerance o f  the spec ies .  The 
parameters o f  th is  model have been estimated from a great  
number o f  p lo ts  from which data ( including stem charts)  have 
been observed through at l eas t  two growth periods.

On the other hand fo r  the most important t ree  species 
in Central Europe we have a w e l l  developed theory on growth- 

density in te r re la t ionsh ips  f o r  whole stands. For Norway 
spruce in Bavaria and fo r  Scotch pine in Eastern Germany 
these in te r re la t ionsh ips  had been parameterized f o r  c a l c u la t ­
ing y i e l d  tables  including tables  f o r  growth at d i f f e r e n t  
stocking degrees.

In th is  paper an attempt i s  reported to determine 
parameters o f  FOREST f o r  Norway spruce and Scotch pine with 
data from p lo t s ,  that have been observed only once ( tempor­
ary p lo ts  from a f o r e s t  i n v e n to r y ) , so that d i f f e r e n t  simu­
la ted  stand treatments f u l f i l l  growth theory o f  the approp­
r i a t e  y i e l d  tables .

I t  is  shown that parameter izat ion in that way is 
f e a s ib l e  and simulation runs o f  th is  vers ion  o f  FOREST 
g ive  p laus ib le  resu l ts .

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

Einzelstammwachstumsmodelle aus Inventurdaten mit temporären 
Probe f lächen:

Distanzabhängige Einzelbaummodelle haben eine eigene The 
o r i e .  So enthäl t  der Simulator FOREST von EK und MONSERUD ein 

Konkurrenzmodell, in dem das " p o t e n t i e l l e  Wachstum" eines Bau 
mes dem Wachstum eines S o l i tä r s  g le iche r  Höhe g l e i ch g e s e t z t
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wird. Dieses p o t e n t i e l l e  Wachstum wird durch Mult ip l ika toren ,  
d ie  ih r e r s e i t s  vom aktuel len Kronenprozent und vom Konkur­
renzindex und von dessen Änderung abhängen, auf das ta tsäch­
l i che  Wachstum reduz ie r t .  Die Parameter dieses Modells wur­
den von MONSERUD aus e iner großen Anzahl mehrmals beobachte­
t e r  Probeflächen mit Baumverteilungskarten geschätzt.

Dagegen g ib t  es in Mit te leuropa für die w icht igs ten  Baum­
arten eine we i tentw icke l te  Bestandeswachstumstheorie, die den 
Zuwachs des Gesamtbestandes und der Mittelstämme in Abhängig­
k e i t  von der Bestandesdichte (Bestockungsgrad) zu erklären 
vermag. Für Fichte in Bayern und für K ie f e r  in der DDR sind 
diese Beziehungen als mathematische Wachstumsmodelle formu­

l i e r t  und pa ra m e te r i s i e r t .

Dieser Be it rag  b er ich te t  von dem Versuch, die Parameter 

des Simulators FOREST für d ie  Baumarten Fichte und K ie f e r  mit 
Daten nur einmal beobachteter Probeflächen so zu schätzen, 
daß die  Simulationsergebnisse der Bestandeswachstumstheorie 
und den absoluten Angaben der j ew e i l s  gü l t igen  E r t ra gs ta f e l  
entsprechen.

Adress o f  the author:
O .Un iv .P ro f . D ip l . In g .Dr.Hubert Sterba 
In s t i tu t  für Fors t l iche  Ertrags lehre  
Un ivers i tä t  für Bodenkultur,
Peter Jordan-Straße 82 
A-1190 W i e n .
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