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Abstract       The present paper uses bibliographic research and field 
experience to study assessment and annual methods for damaged trees, soil 
and seedlings in logging yards. The accurate assessment of tree damage and 
the possibility of annual reassessment were made through circular sample 
surfaces inside the logging yards and rectangular sample surfaces, along the 
main collection. Soil damage can be accurately assessed in sections arranged 
in rectangular sample areas disposed on downstream, in the middle and 
upstream of the collection path. Damages of the seedling can be assessed and 
reassessed annually with accuracy and expeditiousness if the assessments are 
made in small circular plots arranged at a short distance in each cardinal 
direction from the center of the main sample surface from the inside of the 
logging yard. In conclusion, research methods for damages of forest 
ecosystems through logging are the basis for knowing the impact of these works 
on the main components of the forest ecosystem (standing trees, soil, 
seedlings) and can be used to reduce it and avoid many other damages to the 
soil, standing trees or seedlings during specific technological processes. At the 
same time, it can be the basis for establishing the affordability thresholds of the 
main components of the forest ecosystem during logging.   
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In order to satisfy interests towards harvesting 

wood material and the conditions necessary for the 
natural regeneration and creation of healthy, valuable, 
technologies and work methods must be synchronized 
with proper treatments (adequate to the stand’s 
essential characteristics) and with major characteristics 
of conserving the protection purpose of forests.  

Silvicultural and functional needs require 
damage thresholds for the remaining trees, seedling 
and soil that can be supported by the forest. In addition, 
these must avoid harming the production and 
protection functions of forest ecosystems that can cause 
damages to the forest ecosystem [7]. 

A damage can be defined as a change in the 
soil’s, seedling and tree natural state, caused by 
exploitation, affecting negatively the further 
development of forest ecosystems. As such, it is 
important to note that a damage is not caused by every 
negative influence during the exploitation process of 
the forest soil, of the seedling during its promotion or 
of remaining trees after the wood exploitation works 
[3]. 

In order to analyze and evaluate tree and 
seedling damages, specialty literature from Romania 
and from abroad have used numerous classifications: 

Rotaru (1984), Furnică and Beldeanu (1985), 
Dămăceanu and Gava (1991) Ciubotaru (1998), Laura 
Ionela Carpea et al. (2009), Horodnic (2014), or 
Knežević (20118) [9; 7; 4; 2; 11]. For soil damages, 
where the degradation phenomenon are complex and 
more intense, authors have identified a series of 
classifications: Furnică, Beldeanu (1985), Ciubotaru 
(1998), Dămăceanu and Gava (1991), Horodnic (2014), 
and Cudzik (2017) [9; 4; 7; 11; 6]. 

Establishing a method for researching forest 
ecosystem damages after the exploitation of wood 
mass, allows us to analyze the impact of anthropic 
interventions realized for forest maintenance and 
regeneration on the forest ecosystem’s main parts. This 
holds a particular role for understanding the way in 
which the forest ecosystem is affected by these 
activities [12; 10; 15; 8; 5; 14]. 

The proposed research method allows us to 
establish the tolerance threshold of these components, 
as well as to understand the way in which the forest 
ecosystem supports the anthropic pressure. 
Furthermore, the method offers information necessary 
for adopting an ecoproductive management regarding 
interventions in the lives of trees. 
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Material and Method 
 

The method proposed for researching the 
damages caused to the components of a forest 
ecosystem by wood mass exploitation works must 
ensure:  
- an initial and annual precise evaluation within 

exploitation parcels of the damages caused to 
standing trees; 

- an evaluation and reevaluation of the health of the 
damaged trees as well as of some witness trees; 

- an evaluation and annual reevaluation of damages 
brought to the soil; 

- an evaluation and annual reevaluation within the 
considered parcels of damages brought to seedlings.  

All evaluation and annual reevaluations must 
be realized in order to scientifically underlie the impact 
of the wood mass extraction and harvesting activities 
on the forest ecosystem components. They must also 
underlie their tolerance thresholds by observing the 
damages caused or the ones that can be reversed in a 
certain period of time.   

The method proposed for trees consists in 
evaluating the health state of the damages trees as well 
as of some witness threes in sample surfaces where the 
evaluation can be realized through a methodology 
similar to evaluating the state of forest ecosystems 
from Romania in the pan-European networks [1]. The 
trees tolerance threshold can be established in the cases 
where the magnitude of the damage does not affect 
their health state.  

For seedlings, the evaluation is realized on 
surfaces covered with seedlings or in regeneration eyes. 
The eye’s regeneration radius can be measured, while 
it’s central position can be then determined. Aspects 
such as the regeneration’s eye consistency, the usable 
seedling and the percentage occupied by it can be 
noted. The type of prejudice and the damage 
percentage can be calculated in order to evaluate the 

damages brought to seedlings for each species. The 
tolerance threshold will be established for the 
prejudices that will heal in the research period and will 
not be visible at the seedling’s level.  

In the case of the soil, it can be measured and 
noted if the damage increases or decreases its initial 
dimensional characteristics over time. The tolerance 
threshold will be established for the cases where soil 
damages are healing or enter a regress state during the 
studied period.  

Analyzing the impact of anthropic 
interventions for forest maintenance and regeneration 
can be realized by taking into consideration the 
characteristics for which the studied exploitation 
parcels will be chosen together with other variables 
identified for each ecosystem component.  

The influence on the damage’s height and 
position will be determined for them, and for the 
common characteristics of each exploitation parcel. 
This is followed by shaping the production of damages 
for each parcel under more situations: parcels where 
different work technologies were used, parcels with 
different regeneration works, parcels with different 
relief energy etc.  

The online software www.mentalmodeler.org 
(Steven Grey, United States Department of 
Agriculture) was used to establish the work method 
and for planning the above-mentioned researches. A 
logical scheme of the planned works has resulted 
(figure 1), that takes into account a multitude of 
variables for each component of the studied forest 
ecosystem (tree, soil, seedling).  

Other materials that have contributed to the 
establishment and calibration of the work method were 
represented by: bibliographic material, forest 
management plans, dossiers of wood mass exploitation, 
field measurement instruments (system FieldMap, 
Vertex, rulete etc.). 
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Fig. 1 The logical scheme of the planned research method 

 
Results and Discussions  
  

The identification and evaluation of damages 
brought to forest ecosystems must be realized on the 
collecting tracks from the parcels (focusing on 
damages caused by wood mass extraction) and from 
the inside of the studied parcels (focusing on damages 
caused by harvesting and gathering wood mass).   

Identifying and evaluating damages brought to 
trees and soils as well as evaluating the health state of 
damaged and witness trees can be realized in three 
sample surfaces. These are represented by 100 m 
length sections alongside the most representative 
collecting track of each parcel, disposed in the 
upstream, middle and downstream parts (Fig. 2).  

In addition to the surfaces proposed before, 
identifying and evaluating tree damages can also be 
done in a circular sample surface of 2500 m2 situated in 
the median part of the exploitation parcel (Fig. 2) that 
does not overlap on the collection means. Circular 
borings of 5 mp can be placed on the four cardinal 

directions, at a distance of 10 m from the centre of the 
sample surface in order to evaluate seedling damages 
(Fig. 2). 

As such, the section situated along the 
collecting paths will be used for identifying and 
evaluating damages caused after the collecting works, 
while the circular sample surface from within the 
parcel will be used for identifying and evaluating 
damages caused by the collecting and harvesting 
works.  

The materials necessary for applying these 
methods are represented by specific field instruments 
and equipment such as:  

Vertex, compass, riglet, caliber, field notepad 
tablet PC, FieldMap system etc. These are used for 
determining the position of trees within the sample 
surface, establishing the biometric characteristics of 
trees, measuring and determining the position of 
damages on the tree and for noting and storing all these 
measured characteristics. 

.

 

  
Fig. 2. Location of sample surfaces (alongside the collecting paths – left, inside the exploitation parcel – right) 
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The types of damages for each analysed forest 
ecosystem component (tree, soil, seedlings) is noted in 
the field card, together with other characteristics 
mentioned below. 
Trees with damages will include: 
- Species; 
- Damage type (grazing, peeling, splintering, breaks, 

uprooting), after Knežević et al. (2018); 
- Damage age, based on the previously realized 

works (new/old); 
- The position of the damaged tree (polar coordinates 

or FieldMap system); 
- Tree height (measured with VERTEX); 
- Tree circumference (at 1,3 m); 
- Damage scale (length, width, depth); 
- Position on the tree (trunk, crown, root insertion); 
- Height at which the damage appears; 
- Damage cardinal position (exposition); 
- Phase of the causing technologic process.  
Damages found at the soil level will include: 
- Damages evaluated in fix points alongside sections, 

namely at the middle of three subsections that are 
equal in length and that compose the main section; 

- Damage age (if it applies); 
- Damage type (litter sweeping, harrowing, 

streaming, rifles), after Cudzik et al. (2017) [6]; 
- Damage scale (length, width, depth); 
- Field slope on collecting path, in the damage area; 
- Phase of the causing technologic process.  
Each circular surface of seedling will include: 
- The position of the circular surface centre in which 

the regeneration evaluation is made (polar 
coordinates or FieldMap system); 

- Maximum height of the seedling; 
- Regeneration formula; 
- Number of samples with a height < 0,5 m; 
- Number of samples with a height between 0,5 and 

1,3 m; 
- Number of samples with a height > 1,3 m; 
- Percentage of usable seedling; 
- The species for which the damaged seedlings were 

identified; 
- The percentage of seedlings damaged for each 

species; 
- The type of damages for each species, after 

Knežević et al. (2018) [13]. 
The evaluation of the health state for damaged and 

witness trees has included:  
- Defoliation; 
- Kraft class; 
- Rot presence (yes/no); 
- Observations regarding the presence of 

fructification, diseases and harmful agents or 
different defects.  

Evaluating damages and prejudices cased to 
the forest ecosystem’s main components through forest 
exploitation works can be realized by establishing 
damage indexes for soil, trees and seedlings.  

The damage index for trees is calculated by 

reporting the volume of constant damages to the 
volume of damages trees. 
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, where: 

i – damage index; 
Vv – damage volume [cmc]; 
Vav – harmed tree volume [mc]. 

The damage indexes for soil can be calculated 
by reporting the cumulated area of each damage type to 
the cumulated area of the sample surfaces foe each 
exploitation parcel studied. 
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i – soil damage index; 
SVS – soil damage surface on damage and parcel type 
[mp]; 
SSP – cumulated area of sample surfaces for each parcel 
[mp]. 

The damage indexes for seedlings can be 
calculated by reporting the number of damaged 
samples on damage and parcel types to the total 
number of samples from the sample surface. 
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, where: 

i – seedling damage index; 
NV – number of damaged seedlings in the sample 
surface; 
AS – seedling coverage in samples surfaces, expressed 
in percentages; 

The evaluation of the health state of damaged 
and witness trees is realized during the vegetation 
period (July-August), based on the European forestry 
monitoring methodology. The purpose is to annually 
monitor and emphasize the possible influences of 
damages caused by forest exploitation works on the 
trees’ health state.  

Telemeters and hypsometers will be used for 
field measurement in order to determine tree heights 
and distances alongside collecting paths or for 
measuring the radius of regeneration holes. The 
compass will be used for establishing the orientation of 
collecting paths, tree prejudices, and for determining 
slopes. The GPS will be used in determining the 
position of damages alongside the collecting path, the 
center of the regeneration hole, as well as the position 
of damaged trees. This will be corroborated with the 
establishment of polar coordinates towards a known 
point alongside the collection path (determined 
damage). Terrestrial measurements will also use 
terrestrial scanners. Penetrologgers will be used for 
determining the degree of compression alongside the 
collection pats. As for the software used, ArcGis or 
GoogleEarth can be used for map representation, 
Microsoft Excel for ordering and managing data, R for 
statistical management and modelling, STELLA for 
model creation and Microsoft Office preparing the 
study. 
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Conclusions 
 

The proposed research method will allow to 
evaluate the damages brought to soil, standing trees 
and seedlings in exploitation parcels from plain, hill or 
mountain areas that are transited by thinning works and 
conservation cuttings applied through classical or 
ecoproductive technologies. These, together with 
analysing certain aspects (work conditions in the 
parcel, soil type, relief energy, the time from the 
intervention, and other variables specific to each 
ecosystem component) will allow to analyse and model 
the way in which these components are affected 
together with establishing their tolerance threshold to 
the anthropic action of occasional works for applying 
silvicultural interventions.  

Applying the described research method will 
allow to mark reversible damages from irreversible 
ones and to establish tolerance threshold for each 
ecosystem component.  

The proposed method can lead to 
investigations whose results will create socio-
economical effects such as a better management of 
forests, a better organization of anthropic interventions 
in forests, and minimizing their impact on forest 
ecosystems, local and regional communities. These are 
also the entities that benefit from the ecosystem 
services provided by forests that sustain regeneration 
works applied through these interventions.  

Applying this research method in studies 
concerning forest ecosystem damages, will help to 
apply more efficiently regeneration works, to reduce 
and minimize their impact on the forest ecosystem and 
to know the tolerance thresholds of its main 
components. As a result, the quantification of the 
negative effects of anthropic interventions and 
reclaiming them from the service operator or forest 
manager can be realized more precisely. 
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