
Aggre gation of th e  ligh t m ode l
In th e  sim ulation runs th e  canopy ve rsion of LIGNUM  is use d. LIGNUM -canopy sim ulate s a juve nile  
tre e  and its be h aviour unde r a ligh t re gim e  w h ich  is influe nce d by a gap, using a de taile d radiation 
m ode l. GRO GRA use s a h e m isph e rical cove ring ratio be tw e e n th e  m axim um  num be r of sk y se ctors 
and th e  actual num be r of sk y se ctors w h ich  are  not sh ade d by anoth e r se gm e nt (CR), th us m ak ing 
a m uch  sim ple r and m ore  e fficie nt calculation. Anoth e r ve rsion of th e  function additionally 
w e igh ts th e  sh ade d se ctor w ith  sin(ph i) w h e re  ph i is th e  inclination angle  of th e  incom ing 
radiation (W CR).

Re sults
Th e  aggre gation of th e  ligh t m ode l strongly diffe re d be tw e e n CR and W CR. Both  are  ve ry 
diffe re re nt to th e  original RAD ratio. Com pare d to CR th e  W CR re acte d m ore  se nsitive . Th e  
aggre gation of th e  tre e  grow th  sh ow e d good re lations be tw e e n th e  param e te rs h e igh t, diam e te r 
and crow n e xte nsion and ligh t incom e  re pre se nte d by th e  cove ring ratio. Th e  crow n base  be h ave d 
q uite  diffe re ntly. It jum pe d afte r five  ye ars, h e nce  th e re  did not e xist a corre lation  be tw e e n crow n 
base  and th e  cove ring ratios. 

A gram m ar base d m ode l for juve nile  Scots pine s as an 
aggre gation of LIGNUM

H elge  Dzie rzon1 and W infrie d Kurth 2

1h dzie rz@ gw dg.de , 2w k @ inform atik .tu-cottbus.de

1Unive rsity of Goe ttinge n, Institute  for Fore st Biom e try and Applie d Com pute r Scie nce ,  Bue sge nw e g 4, 37077 Goe ttinge n, Ge rm any

2BTU Cottbus, D e partm e nt of Com pute r Scie nce , Ch air for Practical Com pute r Scie nce  / Graph ics Syste m s,  P.O.Box 101344, 03013 Cottbus, Ge rm any

Introduction
Th e  ide a w as to cre ate  an individual base d m ode l w h ich  sim ulate s th e  grow th  of tre e s in th e  
unde rstore y of a gap as an aggre gation of LIGNUM  (Pe rttune n e t al.19 9 8). Th e  ne w  m ode l is 
im ple m e nte d w ith  an L-syste m . Th e  aggre gation is obtaine d by using individuals w ith  sim plifie d 
crow n structure s as in Pre tzsch  (19 9 2a). Th at m e ans th at th e  tre e  crow n is re pre se nte d by an 
irre gular pyram id w ith  e igh t corne rs. Th is m e th od is ofte n use d in tre e  stand sim ulation tools for 
pre dicting tre e  grow th  (cf. Nage l e t al. 2000 and Pre tzsch  2000). Th e  LIGNUM -canopy ve rsion is 
use d in sim ulation runs for tre e s in th e  unde rstore y of a gap. Th e  re sults of th e  sim ulation of 
juve nile  tre e s are  aggre gate d and inte grate d into th e  ne w  m ode l w h ich  is im ple m e nte d using L-
syste m s sim ilar to th e  approach  of Prusink ie w icz e t al. (2001). For im ple m e nting and inte rpre ting 
th e  L-syste m s th e  softw are  GRO GRA (Kurth  19 9 9 , Kurth  and Sloboda 19 9 9 ) is use d.
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Aggre gation of th e  LIGNUM  tre e
W ith in th e  gap th e  incom ing radiation de pe nds on th e  distance  of th e  tre e  to th e  ce ntre  of th e  gap. 
Th e  close r th e  tre e  is to th e  e dge  th e  sm alle r is th e  incom ing radiation. Th e  param e te rs h e igh t, 
h e igh t of th e  crow n base , diam e te r and m e an crow n e xte nsion are  inve stigate d in re lation to th at 
distance . All param e te rs - e xce pt th e  crow n base  - can be  approxim ate d using line ar re gre ssions 
w ith  age  and distance  as inde pe nde nt variable s.

Fig. 4: Th e  sim ulation re sult. Each  tre e  is grow n unde r 
a diffe re nt ligh t re gim e  cause d by diffe re nt positions in 
a gap (se e  Dzie rzon 2003).

Fig. 5: Th e  param e trization of tre e  grow th  
w h ich  w as use d for aggre gating th e  
re sults of th e  com ple x m ode l. Th e  figure  
sh ow s e xe m plarily th e  gradie nt of tre e  
diam e te r (D) grow th  in re lation to th e  
position w ith in th e  gap unde r th e  canopy 
(se e  Dzie rzon 2003).

Fig. 8: Th e  im ple m e ntation of th e  m ode l as an L-Syste m . 
Th is L-syste m  cre ate s a re pre se ntation of th e  age d stand 
(sym bol palis) w ith  th e  gap and 100 young Scots pine  
tre e s (sym bol tre e ) grow ing in th e  gap. Th e  surface  of 
th e  crow ns is re pre se nte d by triangle s. Th e  ligh t m ode l 
re fe rre d to by th e  se nsitive  function 15 w h ich  is 
im ple m e nte d as a proce dural function (in C) in an e xtra 
file . Th e  re gularly-spacce d obje cts in th e  low e r picture  
m im ick  th e  surrounding age d stand.

Fig. 6: Th e  re sult of th e  aggre gation proce ss. Th e  tre e s 
vary in re lation to th e  position (X0) w ith in th e  gap. 
Th e  picture  sh ow s re sults from  th e  L-Syste m .

Fig. 1: Th e  figure  sh ow s th e  re pre se ntation and 
calculation of th e  ligh t re duction w h ich  is cause d by a 
Scots pine  roof in LIGNUM -canopy. H  = h e igh t, 
H c=crow n base , D=trave l distance  th rough  canopy, 
H h  inte rse ction h e igh t, X0 = distance  from  th e  gap 
ce ntre  (M), D0 = distance  to th e  e dge  of th e  gap.

Fig. 2: Calculation of both  cove ring ratios. 
RAD = radiation incom e , CR = cove ring 
ratio, W CR = w e igh te d cove ring ratio.  Fig. 3: Th e  figure  sh ow s th e  gradie nt of 

RAD, CR and W CR along th e  radius of a 
gap w ith  a radius of 20m . X0 = gap 
radius.

Conclusions
A final asse ssm e nt of th e  q ue stion if th e  sim ulation of juve nile  tre e s w as succe ssful is not possible  
be cause  th e  data for a q uantitative  validation are  m issing. H ow e ve r, th e  com parison be tw e e n th e  
m ode l re sults sh ow e d no diffe re nce s be tw e e n th e  re sults and th e  re sulting value s of th e  
aggre gate d ve rsion. In th e  w h ole  vie w  th e  aggre gation w as succe ssful.

Eve n a corre ction factor could not avoid diffe re nce s be tw e e n th e  cove ring ratios. Th e  gradie nt of 
th e  ve rsion using W CR is ste e pe r. Th is re sults in sm alle r dim e nsions of all param e te rs in th e  

aggre gate d ve rsion of th e  LIGNUM  tre e s. A solution w ould be  th e  inte gration of th e  m ore  de taile d 
ligh t m ode l from  LIGNUM  into th e  L-syste m  spe cification of GRO GRA.

Th e  use  of a rule  base d program m ing language  in th e  form  of  th e  GRO GRA L-syste m s 
spe cification e xtre m e ly incre ase d th e  transpare ncy of th e  im ple m e ntation w ork  of m ode lling tre e  
stands. It provide s a transpare ncy w h ich  cannot be  provide d by proce dural or obje ct orie nte d 
program m ing language s. Th e  L-syste m  contains 16 rule s and 73 program m ing code  line s.

Fig. 7: Th e  re sult afte r 24 tim e  ste ps w h ich  
is e q uivale nt to 11 ye ars. Th e  re sult is 
visualize d by th e  softw are  GRO GRA (Kurth  
19 9 9 ).




