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Identifying models for close-to-nature-management 
is an essential step. 

How do we select these models? 

Where do we get them from?

We can choose between empirical models (i.e., 

statistical) or functional ones (where we need to 

understand the underlying mechanisms)



•Forest structure

•Forest functionality

• (i.e. productivity, potential evapotranspiration,

• energy/matter for herbivors, C sink, C stock, etc)



An example of the empirical approach
Lucio Susmel (1980)  University of Padova

• Study of natural forests (Bosnia, Slovenia - Sardinia)
• Measurement of distribution curves (structure) 
• Interpolation of curves and modeling based on forest

height
• Application of these curves as a structural model for 

similar types of forests
Susmel et al. (1976). Ecologia della lecceta del 
Supramonte di Orgosolo. CEDAM-PD

• we moved from empirical to functional models



Forest structure has been extensively studied 

An excellent descriptor of the structure is the
“tree-size distribution”

Reversed J-shape curve





HOM MANY POSSIBLE SLOPES ARE THERE? Different models?



Is there a general “rule” determining how

trees are arranged in a community?

We would need a general theory about  
trees arrangement within a community 

i.e. a funtional model



Main assumption

The forest can reach a successional status where it 
utilizes all available resources

The biomass does’t change significantly



The concept is easy
• Casual drop of seed on 

the ground (dices)
• Different sizes of trees







What is the distribution obtained from 
the principle of total resource use?



Total area=  N1*D1 = N2*D2.. Is COSTANT!!

-2.0!!

130 x 1
65 x 2       = always 130 resource unit
32 x 4
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Energy equivalence principle/rule
Any size class uses the same amount of enery

We would like to test if forests follow tha same
principle

- We have to find a metric of the metabolic rate of a 
tree (we suggest to use the crown volume)

- We can predict the optimal distribution as Ni
MRi

-1

- This distribution represents our close-to-nature 
model



Crown volume Vcro
good proxy of resource use by tree & for the metabolic rate MR
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• SUMMARY

• The scaling exponent of canopy volume vs. h (b) is 
an indicator of resource utilization at the individual 
level and does not depend on potential 
disturbances

• The structure of maximum complexity has an 
exponent of -b (when using height in x-axis)

• The forest is the tree





Forests in Borneo



Borneo: Vcro h3.14

PREDICTION:  Nmax  h-3.14 or DBH-1.72



Borneo (distance from the edge) CDF

-1.37 -1.51 -1.74

Prediction  b=-1.72



Lecceta di Montes (Sardegna, Italy) 
June 2023









USING BASE DIAMETER
 the exp. is -2.4 





Comparing actual-potential structure

-2.146 vs -2.4
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Conclusions

• The allometric approach allows to predict the 
structure that corresponds to the maximum resource
use (close-to-nature model)

• By comparing the actual structure with the potential
it is possible to define the degree of disturbance (i.e. 
slopes difference)

• The approach is universal, site and species
independent and it is easily applicable to any forest
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