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1. METHODS 

 

According to the Deliverable “Measurements protocol” a series of forest attributes were collected in order 

to describe the forest stand structure condition before silviculture application. Particularly, we want to 

focus on two aspect of forest structure. The first aspect is the structure represented by the most common 

forest variables used by foresters at plot level. The second aspect is the structural heterogeneity as the 

diversification per tree of the forest traditional forest variables at plot level plus other structure index 

spatially or non-spatially explicit.  

Traditional forest variables are commonly used to quantitatively describe at plot or stand level the forest 

condition in terms of mean values. The list of all variable measured or derived are reported in table 1. 

 

Table 1. Description of the indexes used to assess forest structure and its change after silviculture 

assessment 

 

Table 3 - List of the stand structure diversity and inter-tree competition indexes. 

Variable Definition or equation Variables 
Range and reference 

values 

Mean Diameter at 1.3 

m height [mDBH] 

Diameter correspondent to the mean basal 

area 
- 

> 0 (theoretical) 

> 3.5 (in our surveys) 

Mean height 

[mHtot] 
Mean of all total tree heights - > 1.3  

Tree density 

[N] 
Number of measured trees per area unit 

 
> 0 

Basal Area 

[G] 

Sum of all stems horizontal sections at 1.3 

m height per area unit  
> 0 

Aggregation index [CE] 

(Clark and Evans 1954)  

; 

 

HDistij = Euclidean distance 

between i-th tree and its nearest 

neighbour 

A = plot area 

N = plot tree number 

Min value = 0 

Max value = 2.1491 

CE = 1 → completely 

spatially random 

distribution 

CE < 1 → spaBally 

clustered distribution 

CE > 1 → spaBally 

regular distribution 

 

DBH-Differentiation 

[TD] 

(Pommerening 2002)  

n = number of the first 4 

nearest neighbours) 

DBH = diameter at height = 1.3 

m 

Min value = 0 

Max value = 1 

TD = 0 → all neighbors 

have equal DBH 

TD = 1 → all neighbours 

have different DBH 

Height-Differentiation 

[TH] 

(Pommerening 2002)  

n = number of the first 4 

nearest neighbours) 

H = total stem height 

Min value = 0 

Max value = 1 

TD = 0 → all neighbours 

have equal height 

TD = 1 → all neighbours 

CE=
rA

rE

r
A
=

∑
i= 1

n

HDist ij

n

r E=
1

2√A

N

TD=
1

n
∑
j= 1

n

(1−
min(DBH i , DBH j)

max ( DBH i , DBH j))

TH =
1

n
∑
j=1

n

(1−
min( H i , H j)

max (H i , H j))
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have different height 

Diameter diversity 

based on variance 

[STVIdbh] 

(Staudhammer and Le 

May 2001) 

 

Sk is the empirical variance 

(dbh or tree height) 

 

SU is the variance of the 

univariate uniform distribution 

( dbh or tree height) 

 

Smax is the maximum possible 

variance (when the distribution 

is maximally bimodal) 

Min value = 0 

Max value = 1 

STVIdbh = 0 → all trees  

have equal DBH 

STVIdbh = 1 → Uniform 

distribution of DBH 

Height diversity based 

on variance 

[STVIHtot] 

(Staudhammer and Le 

May 2001) 

Min value = 0 

Max value = 1 

STVIHtot = 0 → all trees  

have equal DBH 

STVIHtot = 1 → Uniform 

distribution of tree 

heights 

 

All this variables were calculated for each plot to perform an analysis of variance (ANOVA). A preliminary 

normality test was performed too to select a parametrical or a non parametrical ANOVA test for normal or 

no normal data distribution respectively. 
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2. RESULTS 

 

Structural changes in each forest plot are the direct consequence of the different silvicultural treatments 

summarized below. 

- The traditional thinning (thinning from below). 

During this thinning a tree density reduction is performed independently from any cultural considerations. 

All cut trees belong to the dominated social rank and they will die in any case for competition with bigger 

trees. The understory is not considered and the further cutting is optionally possible only for logistic reason 

(e.g. to reach trees to be cut, to remove cut trees etc.). In this approach released trees are not stimulated 

too much to growth and accumulate C02. 

- The innovative thinning (selective thinning). 

During this thinning best trees in terms of species, health, stability are selected. Thinning is localised in the 

surroundings of this selected trees in order to free them from competition. The selected trees are about 

100 per hectare (about 10 m of interdistance). This number and the practical indication of 10 m between a 

pair of close selected trees aims to enhance replication. This is a cultural treatment because it aims at 

increasing growth of best trees, leading the stand to a better stability and a higher productivity, and 

enhance forest condition for regeneration. In the understory, mainly composed by Fraxinus ornus stools, 

the best shoot for each stool is released. Moreover, where possible, biggest and less decomposed 

deadwood pieces are removed.  

 

The mean effect of thinning on main stand parameter is reported in Tables 1 and 2. 

Traditional thinning resulted to have a moderate intensity. Considering all trees, the traditional thinning 

affected 35.2% of trees corresponding only to the 25.2% of the basal area. 

The innovative thinning resulted to have a higher intensity. It affected 42.5% of trees corresponding to the 

40.3% of the basal area. Even though the innovative thinning affect a slightly and not significantly higher 

number of trees, the difference in terms of basal area impact is much higher and more significant (Fig 1)  

 

Table 1. Basic structural parameter before and after traditional thinning. 
Before thinning  

  

Other 

conifers 

Other 

broadleaves 

Quercus 

cerris 

Cupressus 

sempervirens 

Fraxinus 

ornus 
Pinus brutia Pinus nigra Overall 

 

N trees ha-1  10 85 158 104 726 375 416 1874 
 

G m2 ha-1 0.9 0.2 5.1 3.6 1.9 29.5 30.1 71.4 
 

mDBH cm 34.8 6.1 21.1 22.1 5.8 32.0 30.5 22.3 
 

mHtot m 17.6 7.0 15.4 18.7 6.6 20.1 20.4 13.8 
 

 
After thinning  

  
Other 

conifers 
Other 

broadleaves 
Quercus 

cerris 
Cupressus 

sempervirens 
Fraxinus 

ornus 
Pinus brutia Pinus nigra Overall 

Change 

(%) 

N trees ha-1  6 47 132 28 509 229 264 1215 -35.2 

G m2 ha-1 0.8 0.1 4.9 1.6 1.4 22.2 22.2 53.4 -25.2 

mDBH cm 41.3 6.0 21.8 27.2 6.0 35.1 32.7 23.6 
 

mHtot m 18.5 7.0 15.8 20.5 6.9 20.2 20.5 13.7 
 

 

 

 



DELIVERABLE C.1 

 

FoResMit  project 5 

 

 

Table 2. Basic structural parameter before and after innovative thinning 
Before thinning basic structural parameter 

  
Other 

conifers 
Other 

broadleaves 
Quercus 

cerris 
Cupressus 

sempervirens 
Fraxinus 

ornus 
Pinus brutia Pinus nigra Overall 

 

N trees ha-1 19 179 82 173 882 166 270 1770 
 

G m2 ha-1 0.4 3.9 3.8 6.9 3.5 17.6 20.6 56.7 
 

mDBH cm 17.1 16.0 22.4 22.0 6.2 35.7 30.7 19.5 
 

mHtot m 16.0 12.2 16.7 18.1 6.9 19.3 20.0 12.2 
 

 
After thinning basic structural parameter 

  

Other 

conifers 

Other 

broadleaves 

Quercus 

cerris 

Cupressus 

sempervirens 

Fraxinus 

ornus 
Pinus brutia Pinus nigra Overall 

Change 

(%) 

N trees ha-1  13  148  57  91  483  91  144  1027  -42.0  

G m2 ha-1 0.4  3.3  2.4  4.0  1.7  10.5  11.5  33.7  -40.3 

mDBH cm 19.0  16.9  23.4  23.6  6.8  38.2  31.8  20.5  

mHtot m 15.2  12.8  17.3  19.1  7.3  18.6  19.8  12.6  

 

 

 
Figure 1. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on density 

considering all surveyed living trees (I = Innovative, T = Traditional, C = Control). 

 

Hereafter we will discuss each parameter independently considering also the impact of each thinning on 

different size classes (DBH classes). In this perspective we performed the analysis on the following classes: 

1) all trees, 2) small trees (3 cm < DBH < 20 cm)and 3) crop trees (DBH > 20 cm) to hide the thinning effect 

on the understory. 

 

Differences in basal area between thinning types are always significant. They are significant both for all 

trees and for the crop trees Figures 2 and 3. That happens why during the innovative thinning largest trees 

directly competing with selected trees are cut. This is demonstrated by the non significant difference in 

removing small trees (Fig 4).  
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Figure 2. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on basal 

area considering all surveyed living trees (I = Innovative, T = Traditional, C = Control). 

 

 
Figure 3. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on basal 

area considering only crop trees (I = Innovative, T = Traditional, C = Control). 

 

 



DELIVERABLE C.1 

 

FoResMit  project 7 

 

 

 
Figure 4. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on basal 

area considering only small trees (I = Innovative, T = Traditional, C = Control). 

 

 

Considering all the trees the mean diameter changes are significantly different only between the control 

and the traditional thinning (Fig 5). This is due to the significant removal of small trees (Fig 6)  during the 

traditional thinning which causes an increasing of mean DBH. At the same time it is demonstrated that 

innovative thinning does not cause the same effect due to the . This aspect has also repercussion on 

diameter variability as you can see further. 

 

 
Figure 5. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on mean 

diameter considering all trees (I = Innovative, T = Traditional, C = Control). 
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Figure 5. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on mean 

diameter considering only small trees (I = Innovative, T = Traditional, C = Control). 

 

Regarding the mean height, the results confirm what happens in terms of mean diameter. Particularly the 

traditional thinning reduce significantly the mean height of small trees and increase the mean heath of crop 

trees (Figures 6 and 7). Nonetheless it results in an overall non significant change considering all trees 

(Figure 8). 

 

 
Figure 6. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on mean 

height considering only small trees (I = Innovative, T = Traditional, C = Control). 
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Figure 7. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on mean 

height considering only crop trees (I = Innovative, T = Traditional, C = Control). 

 

 
Figure 8. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on mean 

height considering all trees (I = Innovative, T = Traditional, C = Control). 

 

Considering the structure heterogeneity results demonstrated that in terms of both diameter and height 

the innovative thinning increased these variables variability significantly. The traditional thinning did not 

instead (Figures 9 and 10).  
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Figure 9. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on diameter 

variance considering all trees (I = Innovative, T = Traditional, C = Control). 

 

 
Figure 10. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on height 

variance considering all trees (I = Innovative, T = Traditional, C = Control). 

 

Nonetheless the significant and positive effect of innovative thinning on structural diversity compared to 

traditional one is higher on diameters diversity than in heights diversity. This is confirmed by the calculation 

of two other diversity indexes STVId/STVIHtot (based on diameter or height variance), TD/TH (diameter and 

height differentiation respectively). The first index is non spatially explicit (i.e. it does not require tree 

position to be calculated), the second index is spatially explicit and represent the diameter (or the height) 

variability of all trees relatively to their nearest 4 trees. 
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STVId confirmed that diameter diversity increasing is significantly higher in plot where the innovative 

thinning was applied (Figures 11). Nonetheless STVIHtot, TD and TH showed not statistically significant 

differences (Figures 12, 13 and 14). Maybe also the sensitivity of the used index can play an important role. 

 

 
Figure 11. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on STVId 

considering all trees (I = Innovative, T = Traditional, C = Control). 

 

 
Figure 11. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on STVIHtot 

considering all trees (I = Innovative, T = Traditional, C = Control). 
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Figure 13. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on TD 

considering all trees (I = Innovative, T = Traditional, C = Control). 

 

 
Figure 14. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on TH 

considering all trees (I = Innovative, T = Traditional, C = Control). 

 

The last consideration is about spatial distribution heterogeneity described by the Clark-Evans index. The 

Table 4 reports the before/after values for each thinning and for the control. 

This values and the ANOVA (Figure 15) demonstrated that both thinning approaches cause a non significant 

change of the index.  
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Table 4. Before and after thinning operations Clark-Evans distribution index. 

Thinning Before After 

Control 1.250 1.250 

Innovative 1.034 1.018 

Traditional 1.163 1.143 

 

 

 
Figure 15. Normality test, ANOVA, Boxplot and post-hoc test for the effect of thinning approach on Clark-

Evans distribution index considering all trees (I = Innovative, T = Traditional, C = Control). 

 

 


