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Abstract

Forest harvesting operations represent the operational stage through which silvicultural planning is implemented in the
field, and their efficiency is strongly influenced by the quality of technical planning and work organization. This study
analyzes the current state of harvesting planning and operational organization in state forests administered by the Bihor
Forest Administration (Romania), using data from the timber sales catalogue for the year 2026. A total of 216 timber
valuation documents with volumes exceeding 100 m?> were examined across seven forest districts. The analysis focused
on the distribution of harvesting volumes, harvesting methods (standing sale, harvesting through contractors, and
harvesting performed by in-house crews), as well as the technical quality of harvesting sketches and the organization of
primary landings and extraction infrastructure.

Results indicate a highly fragmented harvesting structure, with more than 80% of felling areas having volumes below
500 m’. Although harvesting by in-house crews accounts for the largest number of blocks, larger volumes are
predominantly allocated to standing sales. The technical evaluation of harvesting sketches revealed significant variability
in planning quality, including missing scale references and suboptimal positioning of primary landings. The study
highlights the need for standardized technical documentation, improved spatial planning using GIS tools, and optimized
scheduling of harvesting operations to reduce relocation time and increase operational efficiency.
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INTRODUCTION management plans are implemented in the field,
ensuring the utilization of timber resources
In many European forest regions, the structure = under conditions of economic efficiency, occu-
of timber harvesting operations is characterized  pational safety, and environmental protection. In
by a high degree of fragmentation of felling  the international literature, the performance of
areas, mainly due to the relatively small size of ~ forest operations is considered to be strongly
operational units and the diversity of  dependent on the quality of planning and
silvicultural interventions applied in forest  harvesting design, as these stages influence the
stands. Such fragmentation requires increased  technological workflow, harvesting costs, and
mobility of harvesting equipment and crews  the environmental impact of operations
between felling areas and may generate (Heinimann, 2007; Marchi et al., 2018).
additional operational costs associated with In  Romania, the  organization  and
equipment relocation, the organization of log  implementation of timber harvesting activities
landings, and the planning of extraction are regulated by forestry legislation, particularly
infrastructure. ~ Under  these  conditions, by the Forest Code of Romania (Law 331/2024),
optimizing the design and operational = which establishes the general framework for
organization of timber harvesting becomes akey  timber utilization, harvesting organization, and
factor in improving operational efficiency and  the responsibilities of forest administrators. In
reducing harvesting costs. this context, the technical documentation asso-
Timber harvesting represents the operational ciated with harvesting permits represents an
stage through which the prescriptions of forest essential instrument for the planning and opera-
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tional organization of timber
activities.

In Romanian forestry practice, the term “timber
valuation document” (APV) refers to the
operational unit defined through the timber
valuation document, where timber harvesting
activities are carried out.

The design of timber harvesting operations
involves the integration of silvicultural infor-
mation, site conditions, accessibility, and ope-
rational parameters into a coherent framework
that enables the efficient organization of acti-
vities within the felling area. In the specialized
literature, harvesting design is considered an
essential stage for organizing the technological
workflow and for properly dimensioning human
and mechanized resources (Ciubotaru, 1996;
Timofte & Budau, 2008). Studies addressing the
optimization of forest operations emphasize the
decisive role of planning in reducing harvesting
costs and increasing productivity, particularly
through the appropriate organization of
extraction infrastructure and the sequencing of
harvesting operations (Oprea & Sbera, 2004;
Ionascu, 2002; Horodnic, 2003; Cavalli &
Grigolato, 2010; Spinelli et al., 2015). At the
same time, recent research highlights the need to
align harvesting design with sustainability
objectives, by minimizing soil disturbance and
protecting natural regeneration (Picchio et al.,
2020; Horodnic, 2014).

In recent decades, the digitalization of forest
planning processes has become a major
development trend. The integration of
Geographic Information Systems (GIS) into the
design of forest operations enables spatial
analysis of extraction distances, the simulation
of operational scenarios, and the support of
technical decision-making based on quantitative
data (Talbot et al., 2017). These approaches
contribute to improving the accuracy of
technical documentation and strengthening the
consistency between planning and field
implementation.

Within the state forest fund administered by the
National Forest Administration - Romsilva, the
harvesting design process is reflected in the
technical documentation associated with timber
valuation document, which establish the main
operational parameters for each felling area. The
quality of these documents directly affects the
organization of harvesting activities, the

harvesting
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allocation of human and mechanized resources,
and compliance with legally established
harvesting periods.

Bihor County provides a relevant framework for
analyzing the design and operational
organization of timber harvesting due to the
diversity of site conditions and terrain
configuration, which range from lowland forests
to hilly and mountainous areas. This diversity
leads to significant differences in accessibility,
stand structure, and the operational organization
of harvesting activities among forest districts.
Although numerous studies have examined the
productivity of forest machinery and the
optimization of harvesting technologies, less
attention has been paid to the integrated analysis
of felling area design and the operational
organization of timber harvesting at the level of
forest administrative units. This is particularly
relevant in the state forests of Central and
Eastern  Europe, where harvesting is
characterized by a large number of small felling
areas and by the simultaneous use of several
timber marketing and harvesting arrangements.
Consequently, there is still a need for applied
studies that analyze the relationship between
harvesting design, operational organization, and
operational efficiency.

The present study analyzes the technical
documentation and operational structure of
felling areas scheduled for exploitation in 2026
within the Bihor Forest Administration, using
publicly available data from the Timber Sales
Catalogue. The analysis focuses on the
distribution of felling areas by volume classes,
the modalities of timber commercialization, the
quality of technical harvesting sketches, and the
operational  implications of  harvesting
fragmentation. Based on these results, directions
for improving harvesting design, standardizing
technical documentation, and optimizing the
operational organization of timber harvesting in
state forests are proposed.

MATERIALS AND METHODS

The research was conducted in the state forest
fund administered by the Bihor Forest
Administration, a territorial unit of the National
Forest Administration Romsilva, which
includes seven forest districts: Alesd, Beius,
Dobresti, Marghita, Oradea, Sacueni, and Tinca



(two additional districts were not included as
they are currently undergoing forest manage-
ment planning updates). These administrative
units manage forests located under diverse site
conditions, ranging from lowland areas to hilly
and mountainous regions, which generate
significant differences in terms of accessibility,
stand structure, and the operational organization
of timber harvesting activities.

The analyzed material consisted of the technical
documentation associated with timber valuation
documents scheduled for exploitation in 2026,
available in the Timber Sales Catalogue
published by the National Forest Administration
- Romsilva. At the level of the Bihor Forest
Administration, a total of 216 felling areas with
an authorized gross volume greater than 100 m?
were identified and considered representative
for analyzing the design and operational
organization of timber harvesting. Felling areas
with volumes below this threshold were
excluded from the analysis, as their influence on
harvesting organization and on the allocation of
mechanized and human resources is limited.
For each harvesting permit, the technical
information  available in  the  public
documentation was extracted and systematized.
The collected variables included the authorized
gross harvesting volume, felling area, type of
silvicultural intervention, accessibility class,
geographic coordinates of the log landing and
the felling area center, the maximum allowed
harvesting period (according to Order no.
1540/2011, updated), as well as the technical
sketch attached to the documentation.

The modalities of timber utilization were
analyzed separately, with three main operational
arrangements identified in practice: standing
timber sales, timber harvested through
contracted harvesting services (FPS), and timber
harvested by in-house crews of the forest district
(FEP). The distribution of these modalities was
analyzed both numerically (number of
harvesting permits) and volumetrically.

Within the study, a detailed analysis was carried
out for the Alesd Forest District, which
represents the case study used to develop and
illustrate the applied analytical methodology. At
the level of this district, a total of 60 harvesting
permits are scheduled for exploitation in 2026.
Among these, 23 felling areas have a gross
volume greater than 100 m* and were included

144

in the detailed analysis of harvesting design and
organization. The methodology applied in the
Alesd Forest District case study was
subsequently applied in an identical manner to
the other forest districts within the Bihor Forest
Administration.

A central element of the research consisted of
analyzing the technical sketches of the felling
areas, as they represent the main planning
instrument for timber harvesting operations. For
each sketch, several technical aspects relevant to
harvesting organization were evaluated, inclu-
ding the presence and accuracy of the graphical
scale, the completeness of the documentation,
the positioning of the log landing, the existence
and adequacy of the extraction trail network, as
well as the consistency between the recorded
geographic coordinates and the planimetric
representation of the elements shown in the
sketch.

Based on the coordinates available in the
documentation, the spatial relationships
between the logistical elements of harvesting
operations were analyzed, particularly the
positioning of log landings relative to the felling
area and the theoretical distances between the
geometric center of the felling area and the log
landing. These analyses made it possible to
evaluate how the harvesting design reflects the
spatial organization of timber extraction
activities.

In parallel, the distribution of silvicultural inter-
ventions recorded in the documentation was
analyzed. Considering the regulatory framework
governing harvesting periods, the interventions
were grouped into two main categories:
operations without major seasonal restrictions
(thinnings, cleanings, progressive regeneration
cuts - seeding cuts, and clear cuts) and
operations subject to seasonal restrictions,
which are carried out outside the vegetation
period (progressive regeneration cuts - light
release and final removal cuts). This
classification enabled the estimation of
harvestable volumes during the warm and cold
seasons and the assessment of the operational
pressure on harvesting crews.

To analyze the operational organization of
harvesting activities, relationships between
felling area volume, the number of log landings,
and the maximum allowed harvesting period
were evaluated, in order to identify potential



correlations between the size of felling areas and
the design of harvesting organization.

In the final stage of the analysis, a preliminary
simulation of harvesting operations was
conducted in order to estimate the operational
workload and the theoretical resource
requirements. The simulation model was based
on the scheduled harvesting volume, the
maximum allowed execution period, and an
average number of working days per month.
This approach allowed the estimation of the
required harvesting rate and the evaluation of the
operational capacity of harvesting crews.

Figure 1. Methodological workflow of the study on
timber harvesting planning and operational organization
in the Bihor Forest Administration

The data were processed using descriptive and
comparative statistical methods, and the results
were synthesized in tables and graphical
representations that highlight the structure of
timber harvesting operations and the specific
characteristics of harvesting organization at the
level of the Bihor Forest Administration. The
adopted methodology allows both the evaluation
of the current state of felling area design and the
formulation of recommendations for improving
the operational organization of timber
harvesting and the allocation of necessary
resources.
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To extend the initial analysis, the database used
in the study was expanded to include all felling
areas scheduled for exploitation within the
Alesd Forest District, including those with small
volumes (below 100 m?), typically associated
with tending operations and small-scale
silvicultural interventions. In total, 60 felling
areas were analyzed, for which technical and
organizational information regarding the
harvesting operations was collected.

For each felling area, the following variables
were analyzed: harvesting timber valuation
document, type of proposed silvicultural
intervention, type of resulting products (main
products or secondary products), timber
harvesting arrangement (harvested through
contracted services, harvested by in-house
crews, or standing timber sale), estimated timber
volume, accessibility class determined by the
average extraction distance, the presence and
adequacy of the harvesting sketch, the number
of log landings, and the required network of skid
trails for forest tractor extraction.

The accessibility class of the felling areas (Gi)
was determined based on the average extraction
distance, using the standard classification applied
in timber harvesting operations, as follows:

G1 - up to 250 m;

G2 -251-500 m;

G3 - 501-1000 m;

G4 - 1001-1500 m;

G5 - over 1500 m.

To assess the operational capacity required for
felling areas assigned to in-house operations, a
techno-organizational ~ analysis  of  the
technological workflow specific to stump-to-
length harvesting systems was conducted. For
this purpose, average technological productivity
values reported in the specialized literature and
confirmed by forestry practice in Romania were
used. The average productivity considered for
felling and processing operations performed
with chainsaws was approximately 40-50 m?® per
worker per day. For timber extraction using
forest tractors (TAF type), productivity was
estimated according to extraction distance, with
average values of 35-50 m? per tractor per day
for extraction distances up to 1000 m.

Based on these values, a theoretical dimensio-
ning of harvesting crews for operations carried
out by in-house teams was performed by



correlating the capacity of the technological
links of harvesting and extraction. The analysis
aimed to determine the minimum and optimal
equipment and workforce requirements
necessary for harvesting the planned volume, as
well as to estimate the duration of harvesting
operations under the seasonal conditions typical
for the vegetation period.

Data processing was carried out using Microsoft
Excel by calculating synthetic indicators
regarding the number of felling areas by
harvesting arrangement, the total and average
felling area volume, the distribution of volume
across accessibility classes, and the estimated
operational capacity of harvesting crews.
Analysis of felling area structure and
accessibility

In order to evaluate the organizational structure
of timber harvesting operations, the felling areas
were analyzed from the perspective of volume
distribution and accessibility conditions.
Harvesting fragmentation was assessed by
calculating the average volume per felling area,
an indicator reflecting both the average size of
operational units and the spatial dispersion of
harvesting activities. A low average volume per
felling area indicates a high level of operational
fragmentation, which is particularly
characteristic of tending operations and small-
scale silvicultural interventions.

In addition, felling areas were analyzed accor-
ding to volume classes and accessibility levels
determined by average extraction distances.
This analysis allows the evaluation of techno-
logical conditions for timber harvesting and
supports the dimensioning of harvesting crews,
particularly in cases where operations are
carried out by in-house teams. The obtained
indicators were subsequently used to interpret
the operational organization of timber harves-
ting and to estimate the required machinery and
workforce.

RESULTS AND DISCUSSIONS

The analysis of felling areas scheduled for
exploitation in 2026 within the Bihor Forest
Administration reveals a heterogeneous
structure of harvesting operations, both in terms
of felling area size and timber utilization
arrangements. From the total number of
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harvesting  permits  identified at the
Administration level, 216 timber valuation
documents with an authorized gross volume
exceeding 100 m® were selected for analysis, as
they were considered representative for
evaluating the harvesting design process and the
operational organization of timber harvesting.
The distribution of felling areas by volume
classes indicates a predominance of small and
medium-sized harvesting units, with the
majority falling within the volume class below
500 m?. Felling areas with large volumes are
relatively few, suggesting a fragmented
structure of harvesting activities and an
increased need for mobility of crews and
machinery between operational sites.

The distribution of felling areas across volume
classes (Table 1) highlights a clear
predominance of small-volume felling areas,
most of them being included in the class below
500 m? (173 blocks, representing over 80% of
the total). Higher volume classes are poorly
represented, with only 11 felling areas falling
within the 1000-1999 m? interval and a single
felling area in the 2000-2999 m?® class. This
indicates a harvesting structure characterized by
relatively small and spatially dispersed
operational units.

Table 1. Distribution of felling areas by volume classes
within the Bihor Forest Administration
(Moga et al., 2025)

Number of harvest blocks with a volume of Total

Forest ... m? harvest

District <500 500- 1000- | 2000- > blocks,
999 1999 2999 3000 m?
Alesd 49 9 2 - - 60
Beius 14 4 4 - - 22
Dobresti 18 4 5 - - 27
Marghita 19 4 - - - 23
Oradea 12 2 - - 14
Sacueni 44 5 - - 49
Tinca 17 2 - 1 - 20
Total 173 30 11 1 0 215

Timber utilization arrangements
The analysis of timber utilization arrangements
highlights the use of three main operational
models for organizing timber harvesting:

e standing timber sales;
timber harvesting through contracted
services (FPS);
timber harvesting performed by in-house
crews of the forest districts (FEP).
The numerical distribution of felling areas
shows a relatively high share of harvesting



operations involving timber processing (cut-to-
length systems). However, the analysis of
harvested volumes indicates that large-volume
felling areas are predominantly allocated to
standing timber sales.

N

= Contract harvesting = In-house harvesting = Standing timber sales

Figure 2. Distribution of felling areas by harvesting
arrangement and timber utilization method

The analysis of the number of felling areas
according to the timber utilization arrangement
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(Figure 2) indicates a predominance of in-house
harvesting operations, carried out by the forest
district crews, which account for 47% of the
total number of analyzed felling areas. The other
two arrangements show a relatively balanced
distribution, with contracted harvesting services
representing 26%, while standing timber sales
account for approximately 27% of the total.

The distribution of harvested volume (Figure 3)
highlights differences among timber utilization
arrangements at the level of forest districts.
Some units record higher shares of standing
timber sales, while others predominantly rely on
in-house harvesting operations or contracted
harvesting services. This variability reflects the
adaptation of timber utilization strategies to the
technical characteristics of the felling areas,
accessibility conditions, and the operational
capacity available within each forest district.

Marghita

Oradea Sacueni Tinca

m Standing timber sales

Figure 3. Distribution of harvested volume by timber utilization arrangements

This  difference
distribution and the volume distribution
indicates that large felling areas are
predominantly allocated to standing timber
sales, while smaller felling areas are more
frequently harvested through contracted services
or in-house crews.

Following the presentation of the general
situation at the level of the Forest
Administration (Table 1, Figure 2 and Figure 3),
the analysis is further developed at the level of

between the numerical
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the Alesd Forest District, which is used as a case
study for evaluating the felling area design
process and the organization of timber
harvesting operations.

Within the Alesd Forest District, a total of 60
timber valuation documents are scheduled for
exploitation in 2026. Among these, 23 felling
areas have a gross volume greater than 100 m?
and were included in the detailed analysis. The
total volume associated with this sample is
approximately 12,958 m?, resulting in an



average volume of about 563 m? per felling area
and a median value of approximately 497 m?® per
felling area. This structure confirms the
predominance of small and medium-sized
felling areas, a characteristic frequently
encountered in forest harvesting operations in
hilly and sub-mountain forest areas.

The distribution of the volumes of the analyzed
felling areas is presented in Figure 4, which
illustrates the frequency of harvesting permits
across volume classes. The histogram shows a
pronounced concentration of felling areas in the
lower volume ranges, with only a small number
of blocks exceeding 1000 m? From an
operational  perspective, this  distribution
indicates a relatively high level of harvesting
fragmentation, implying increased mobility of
crews and machinery between felling areas and
a greater need for coordination of harvesting
activities at the forest district level.

10

Number of harvest blocks

0-250

250-500 500-1000

Volume class (m3)

1000-1500 1500-2000

Figure 4. Distribution of harvest block volumes in Alesd
Forest District

Regarding the timber utilization arrangements,
the analysis of harvested volumes reveals
significant differences among the three main
operational models: standing timber sales,
harvesting through contracted services, and
harvesting performed by in-house crews of the
forest district. The distribution of harvested
volume across these categories is presented in
Figure 5.

The results indicate a strong concentration of
volumes in the standing timber sales category,
while harvesting operations carried out by in-
house crews account for a relatively small share
within the Alesd Forest District. This situation
reflects a predominant orientation toward the
outsourcing of harvesting activities, particularly
for felling areas with larger volumes.
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Figure 5. Volume by timber marketing/harvesting mode
in Alesd Forest District

The types of silvicultural operations identified
within the analyzed harvesting permits mainly
include progressive cuttings for canopy opening
(light cutting), progressive regeneration cuttings
(seeding cuttings), thinnings, progressive
cuttings for canopy removal (final cutting),
clearcuts, and cleanings. The distribution of
volumes corresponding to these types of
operations is presented in Figure 6.

The analysis shows a significant share of
progressive cutting operations, which is
characteristic of forest stands in advanced stages
of regeneration. From an organizational
perspective,  this  structure has  direct
implications for the timing of harvesting
operations and for the scheduling of field
activities.

Progressive cuttings (light release)

Progressive cuttings (seeding)

Thinning

Progressive cuttings (final removal)

Clear-cutting, afforestation

Work types = 6
Largest category:
Progressive cuttings (light release)

Cleaning il 137 m*

0 1000 2000 3000

Volume (m?)

4000 5000 6000

Figure 6. Volume by silvicultural work type in Alesd
Forest District

Considering the provisions of the regulatory
framework regarding harvesting periods, the
silvicultural operations can be grouped into two
main categories: operations without major



seasonal restrictions (thinnings, cleanings,
progressive regeneration cuttings, and clearcuts)
and operations with seasonal restrictions, which
must be carried out outside the vegetation period
(progressive cuttings for canopy opening and
final canopy removal cuttings).

Based on this classification, the distribution of
harvested volume by seasons was estimated, the
results being presented in Figure 7. The analysis
indicates a significant share of the volume that
must be harvested during the cold season,
implying a high operational workload during the
autumn-winter-spring period.

Volume (m*)

Cold season

Warm season

Figure 7. Seasonal distribution of harvestable volume in
Alesd Forest District

An important aspect of the analysis concerns the
evaluation of the technical sketches of the felling
areas, which represent the main tool used in the
design of timber harvesting operations. For each
sketch, three main elements were examined: the
presence of a scale representation, the
correctness of log landing positioning, and the
adequacy of the skid trail network. The results
of this assessment are summarized in Figure 8.

The analysis indicates that approximately 43.5%
of the sketches are drawn to scale, while the
remaining ones consist of approximate
representations or hand-drawn sketches without
an explicit scale. Regarding the positioning of
the log landing, about two-thirds of the sketches
indicate a placement considered correct from a
logistical perspective, whereas in the other cases
the positioning may lead to longer internal
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extraction  distances or less efficient
organization of the technological workflow. The
skid trail network is considered sufficient in
approximately 78% of the cases, although there
are also situations in which it is incomplete or
insufficiently represented in the technical
documentation.

78.3%

Skid trail network sufficient

Primary landing correctly positioned

Drawn to scale

Sample size = 23 APVs

80

40
Share of APVs (%)

60 100

Figure 8. Key sketch quality indicators in Alesd Forest
District

To evaluate the extent to which the spatial
organization of felling areas is correlated with
their size, the relationship between the volume
of the felling areas and the number of log
landings identified in the documentation was
analyzed. The results are presented in Figure 9
in the form of a scatter plot. The analysis
indicates a weak correlation between these two
variables (correlation coefficient of
approximately 0.09), suggesting that the
dimensioning of the logistical infrastructure is
not always directly adapted to the size of the
felling area.

This observation may have important
implications for operational efficiency, as
felling areas with relatively large volumes are
sometimes designed with a limited number of
log landings, which can lead to increased
extraction distances and an uneven workload
distribution within the technological workflow.
In contrast, the analysis of the relationship
between felling area volume and the maximum
allowed harvesting period indicates a moderate
correlation, suggesting that the duration of
operations is partially adjusted to the scale of the
harvesting activity.



Pearson r = 0.093
Mean no. of landings = 1.35
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Figure 8. Relationship between APV volume and number
of primary landings

Harvesting Fragmentation, Volume
Distribution, and Accessibility in the Alesd
Forest District

Extending the analysis to all 60 felling areas
identified within the Alesd Forest District
allowed a more realistic characterization of the
harvesting structure and of the distribution of
volumes among timber utilization arrangements.
The total analyzed volume amounts to
approximately 9,735 m?, corresponding to an
average of 162 m? per felling area, indicating a
relatively  high  level of  harvesting
fragmentation. This pattern becomes even more
evident when the distribution of volumes is
analyzed according to harvesting arrangements.
Among the analyzed felling areas, 25 blocks
(41.7%) are harvested by in-house crews,
totaling approximately 1,246 m?, while 24
blocks (40.0%) are harvested through contracted
services (4,987 m?), and 11 blocks (18.3%) are
allocated to standing timber sales (3,502 m?).
For harvesting operations performed by in-
house crews, the average block volume is
approximately 50 m?®, confirming that this
arrangement is mainly used for small felling

areas typically associated with tending
operations or low-intensity  silvicultural
interventions.

The accessibility analysis of felling areas
exploited by in-house crews shows that most of
the volume is located within favorable
extraction distance classes. Approximately 292
m? (23%) fall within G1 (0-250 m) and 416 m?
(33%) within G2 (251-500 m), meaning that
more than 56% of the volume is located at
extraction distances below 500 m. Another 259
m? (21%) are located in G3 (501-1000 m), while
the less accessible classes G4 and G5 account
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for only 176 m? (14%). These conditions justify
the use of skidders as the primary extraction
equipment.

To evaluate the operational capacity required for
harvesting the volume assigned to in-house
crews, the analysis used technological
productivity values typical for chainsaw felling
and processing combined with skidder
extraction. Under thinning and low-intensity
harvesting conditions, average productivity for
felling and processing can be estimated at 40-50
m® per worker per day, while extraction
productivity using skidders for distances below
1000 m is approximately 35-45 m?* per skidder
per day.

Under these conditions, the minimum harvesting
crew configuration consists of one skidder, two
workers for felling and processing, one skidder
operator, and one worker responsible for timber
handling at the log landing. In this scenario,
daily production is limited by extraction
capacity to approximately 40-45 m?3/day,
resulting in an estimated duration of 27-30
working days for harvesting the total volume of
1,246 m®.

In an optimal operational scenario, a harvesting
crew equipped with two skidders and 6-7
workers allows a better balance between felling
and extraction operations. Under such
conditions, daily production may reach 80-90
m?/day, reducing the estimated harvesting
duration to approximately 14-16 working days.

These results confirm that in-house harvesting

operations primarily address small and
dispersed felling areas, typical for tending
operations. Consequently, operational

efficiency largely depends on the organizational
flexibility of harvesting crews and the
adaptation of technical equipment to the
fragmented harvesting structure, particularly
during the vegetation period.

Structure of in-house harvesting operations -
Sacueni Forest District

The analysis of harvesting data for the Sacueni
Forest District shows that this district ranks first
within the forest Administration both in terms of
volume harvested through in-house operations
and the number of felling areas assigned to this
arrangement. The harvested volume through in-
house operations amounts to 5,466 m?,
significantly higher than in other districts (e.g.,



1,824 m? in Alesd Forest District). At the same
time, harvesting through contracted services
remains limited (931 m?), confirming the
dominant role of in-house harvesting in this
district.

The structure of felling areas indicates strong
fragmentation, with a large number of small
blocks. Many felling areas exploited by in-house
crews have volumes below 100 m?3, and several
fall below 50 m?, typically associated with
tending operations or salvage logging. However,
the dataset also includes medium-sized blocks
(200-400 m?®) and several larger blocks (700-900
m?) corresponding to progressive regeneration
cuttings.

From an operational perspective, this structure
results in sequential harvesting operations, as
the available harvesting crew cannot operate
simultaneously in multiple felling areas.
Moreover, the spatial dispersion of felling areas
introduces additional organizational delays.
Between the completion of one felling area and
the start of another, approximately 2-3 days are
required for machinery relocation, log landing
preparation, and access organization.
Consequently, the theoretical productivity of the
harvesting crew (approximately 70-90 m?*/day)
cannot be fully achieved. In practice, actual
productivity ranges between 40 and 60 m*/day,
depending on relocation frequency and felling
area dispersion. For the total in-house harvested
volume (5,466 m?), this productivity level
corresponds to approximately 90-130 effective
working days, requiring careful planning of
harvesting sequences.

Under these conditions, operational
optimization requires establishing a rational
harvesting sequence to minimize relocation
distances and machinery transfer time. Grouping
felling areas into operational zones or
production units may significantly reduce
logistical costs and improve harvesting
efficiency, particularly in lowland forest
districts where harvesting is characterized by
numerous small felling areas.

CONCLUSIONS

The analysis of felling areas scheduled for
exploitation in 2026 within the Bihor Forest
Administration reveals a harvesting structure
characterized by high fragmentation and a
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predominance of small felling areas. Among the
216 felling areas analyzed, more than 80% have
volumes below 500 m?, which results in high
mobility requirements for harvesting crews and
increased operational complexity.

Although in-house harvesting operations
account for 47% of the total number of felling
areas, most of the timber volume is allocated to
standing timber sales, particularly in large
felling areas. This difference between numerical
and volumetric distribution reflects a structural
allocation pattern: small and dispersed felling
areas are typically assigned to in-house
operations, while large felling areas are directed
toward standing timber sales or contracted
harvesting services.

The analysis of technical documentation
revealed considerable variability in felling area
design. Only 43% of the analyzed sketches were
drawn to scale, while the remaining ones
consisted of approximate representations or
sketches without an explicit graphical scale. In
some cases, inconsistencies were observed
between planimetric representations and
geographic coordinates, and the positioning of
log landings was not always optimally
correlated with felling area size and extraction
distances.

The weak correlation between felling area
volume and the number of log landings suggests
that logistical infrastructure is not always
dimensioned according to the scale of the
harvesting operation. This may lead to longer
internal extraction distances, reduced machinery
productivity, and increased operational costs.
The case study conducted in the Alesd Forest
District confirms the fragmented nature of
harvesting operations, with an average felling
area volume of 162 m?, and approximately 50 m?
per block for in-house harvesting operations.
Under these conditions, harvesting efficiency
largely depends on the ability to manage a large
number of small felling areas.

A different operational model is observed in the
Sacueni Forest District, where in-house
harvesting operations account for the largest
share within the Administration (5,466 m?). The
harvesting structure is highly fragmented, with
numerous blocks below 100 m? and even 50 m3,
resulting in sequential harvesting operations and
additional time required for machinery
relocation.



Under these conditions, the theoretical
productivity of harvesting crews (70-90 m?/day)
cannot be fully achieved, with actual
productivity often ranging between 40-60
m?/day.

Based on these findings, several directions for
improving the organization of timber harvesting
operations can be identified:

* standardization of technical documentation
and mandatory scale representation in
harvesting sketches;

* improved correlation between log landing
placement, skid trail networks, and felling area
size;

* integration of GIS tools in felling area planning
to optimize logistical infrastructure;
« grouping felling areas into operational zones to
reduce  machinery relocation  distances;
adapting harvesting crew structure to
harvesting fragmentation, with flexible teams
equipped with 1-2 skidders and 4-7 workers.
Overall, the results highlight the need for an
integrated approach to harvesting planning and
operational organization, in which technical
design, operational scheduling, and resource
allocation are coordinated within a coherent
forest operations management framework.

L]
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