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AbStrAct

One of the essential elements of work technology assessment is task performance time. In the working day struc-
ture, production times are crucial; however, under certain conditions, complementary work times can have a share 
of up to 30%. Accurate determination of the time structure of a work shift is very time consuming and requires 
time measurements using the methods of cumulative timing or snapshot observations. For this reason, the overall 
share of complementary work times in a work shift is usually estimated roughly, equally for all timber harvesting 
conditions. The aim of this study was to determine the impact of selected working environment factors on the share 
of complementary work times in a work shift, in technologies on the manual-machine and the machine levels. The 
analyses were carried out in 33 forest districts of the Regional Directorate of State Forests in Wrocław. Among forest 
contractors, surveys were carried out to analyse the time structure of a working day. For each forest district, analyses 
of environmental factors potentially relevant to the share of complementary work times in a work shift were car-
ried out; these included field features, dispersion of stands, features of timber, area accessibility. The total share of 
complementary work times in the machine-level technology variant amounted to approx. 40% and was higher than 
the manual-machine technological variant, where this share amounted to approx. 35%. The models developed for 
standardization of the share of variability of complementary work times, in the case of the manual-machine tech-
nology level, took into account the share of timber assortments with the length of over 2.5 m as well as the share 
of upland and mountain sites. In the case of timber harvesting at the machine technology level, the standardization 
model included as significant the factors such as the share of coniferous forest sites, the number of forest complexes 
with an area of over 100 hectares, and the total length of roads. Therefore, the above features could be selected as 
decisive for the share of the complementary work time category out of the full set of environmental variables taken 
into consideration in the estimation of the time-consumption of timber harvesting processes.
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IntrODUctIOn

Highly efficient technological systems used in global 
forestry have been a standard since the beginning of 
the 1990s. In Scandinavia, over 90% of the total tim-
ber volume is harvested in this way (Nordfjeld et al. 
2010). In countries with forest management similar to 
that in Poland, such as Germany or the Czech Repub-
lic, the share of harvesters in overall timber harvesting 
already amounts to over 40%. In Poland, approx. 35% 
of merchantable timber is currently being harvested in 
this way (Moskalik et al. 2017), the number of har-
vesters has increased over tenfold since the 1990s and 
currently amounts to approx. 530 units (Mederski et 
al. 2016). The semi-automatic and the machine levels 
of technology, assuming the use of harvesters and for-
warders, is used not only in single-storey and single-
species lowland stands. Technical capabilities are such 
that adequate profitability of machine timber harvest-
ing is also obtained under mountain conditions, in 
structurally diverse stands (including deciduous ones) 
and in post-disaster stands (Moskalik and Stampfer 
2003; Mederski 2006, 2013; Frutig et al. 2007; Dvořak 
2011; Szewczyk 2011b; Fulvio et al. 2012; Yoshioka 
et al. 2012). The high economic effectiveness of such 
technological systems is associated with their high ef-
ficiency (Moskalik 2004; Spinelli et al. 2009; Szew-
czyk and Kulak 2013).

Even in highly developed countries, such as Ger-
many, Italy or Austria, machine-level technologies are 
complementary to classical manual-machine systems 
(Sowa et al. 2007; Sauter and Siemens 2008; Savelli et 
al. 2010; Stankić et al. 2012; Proto et al. 2013). Tree fell-
ing and bucking are done with the use of chainsaws, 
while timber extraction is performed by farm or spe-
cialist tractors (Gil 2007; Findeisen et al. 2008; Szew-
czyk 2010; Magagnotti and Spinelli 2011). Inconven-
iences of using such solutions have been noticed for 
years, for example, non-ecological cable skidding from 
the stand or the non-ergonomic worksite of the chain-
saw operator. However, due to the often difficult work-
ing conditions, the common use of machines and the 
relatively low costs of their purchase, such solutions are 
often implemented.

In the foreseeable time span, therefore, the comple-
mentary model of timber harvesting and extraction will 
continue to operate in forest management. Apart from 

machine technologies, such a model assumes the appli-
cation of technologies at the manual-machine level.

A key element of work efficiency analysis consists 
of determination of task performance time. In forestry, 
the construction of time standards is difficult due to 
high variability resulting both from the personality 
features of employees and from many factors that in-
fluence task performance. There are numerous studies 
that document the influence of environmental factors 
on the time-consumption of production processes ob-
served in operating areas (Więsik and Nurek 2002; 
Moskalik 2004; Więsik et al. 2005; Szewczyk 2011 b; 
Visser and Spinelli 2012; Jourgholami et al. 2013; Tsio-
ras et al. 2013). However, there are few studies devoted 
to the share of non-production times (complementary 
work times) and factors that influence them (Morat et 
al. 1998; Nurek 2007). Their importance in the over-
all economic calculation is evident in the machine ex-
ploitation efficiency achieved by harvesters, which is 
lower by up to several hundred percent as compared to 
operational efficiency (Więsik et al. 2005; Jabłoński 
2006).

Precise determination of the share of complemen-
tary work times in a work shift is very labour-intensive 
and requires time measurement by the working day 
picture method or the snapshot observation method 
(Szewczyk 2014a, b, 2017; Pszenny et al. 2019). Less 
frequent analyses based on surveys yield good results 
but require specific sociological research tools (Szew-
czyk et al. 2015; Kamiński and Wajda 2015; Kamiński 
et al. 2016; 2018). For this reason, the total share of 
productive work time PW in a work shift is estimated 
roughly, equally for all timber harvesting conditions. 
The remaining time in a shift is complementary work 
time CW, which includes: supportive work time SW, 
non-work time NT, travel time TR. In such proceed-
ings, it is assumed that the structure of time of entire 
work shifts is very stable and does not depend on the 
influence of work environment factors, which seems to 
be a simplification.

The aim of this study was to determine the influ-
ence of work environment factors on the share of com-
plementary work times in a work shift in the case of the 
manual-machine and the machine level technologies. It 
was assumed that the work environment factors affect-
ing the share of complementary work times in the work 
shift for technologies at the manual-machine and the 
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machine level are the features of timber being bucked 
as well as selected parameters of stands, their structure 
and level of accessibility.

MAterIAl AnD MetHODS

The research was carried out in the southern part of 
Poland, in the Regional Directorate of State Forests in 
Wrocław, in all 33 forest districts which belong there. 
That area, with the size of over 550 thousand ha, is very 
diverse geographically. Mountains constitute its larg-
est part; while in the north and north-east, there are 
uplands and lowlands. Large diversity is also charac-
teristic of environmental factors associated with forest 
management. Forest districts with a network of roads 
with a high density index offer favourable conditions 
for forest machines. Better terrain accessibility reduces 
the distance between operating areas. This translates 
into a smaller share of activities in the field of machine 
transport time and into breaks in a work shift. The ana-
lysed variable was presented as an indicator of the ratio 
of forest road length to the forest area of a forest district. 
Extreme values   of road network density in the investi-
gated forest districts reach values   from 0.52 km/100 ha 
in the Henryków Forest District to 6.05 km/100 ha in the 
Świdnica Forest District. The age structure of stands is 
shaped by biotic, abiotic and historical factors, for ex-
ample, forest districts affected by natural disasters of-
ten have an increased share of even-aged stands. Cul-
tivation treatments carried out in the stands of the 2nd 
age class show higher time consumption as compared 
to the stands of older age classes. The time consump-
tion of timber harvesting and extraction, including the 
share of complementary work times, decreases with 
stand age. The share of forest stands in the 2nd age class 
reaches extreme values   in the Świętoszów Forest Dis-
trict: 29.63% and the Świdnica Forest District: 9.52%. 
The Forest Site Type as a sum of natural environment 
elements defines work environment factors in forestry. 
Work carried out among low vegetation of the forest 
floor, in uniform pine stands formed on permeable soils 
(e.g., dry coniferous forest or fresh coniferous forest), 
requires less time spent on removing obstacles, getting 
to know the operating area and so on. Reduced visibil-
ity or locally high soil irrigation may result in greater 
frequency of technological breaks related to the perfor-

mance of unproductive work activities, such as search-
ing for previously selected trees, extracting a disabled 
machine and so on. This feature was presented as the 
area percentage of mountain and upland site types (po-
tentially less favourable for harvesting work) in relation 
to the total area of   forest stands in a forest district. The 
dominant share of upland and mountain forest site types 
occurs in the following forest districts: Jugów, Bystrzy-
ca Kłodzka, Szklarska Poręba, Lądek Zdrój, Zdroje and 
Świeradów Zdrój: 100%. Few forest districts function 
in forest complexes that are compact in terms of area. 
The number of complexes and the forestage of a dis-
trict determine the necessity of frequent, unproductive 
movement of machines to operating areas that are far 
from one another. Stands smaller than 100 ha were not 
included in the model construction due to the fact that 
their area usually amounts to several hectares and the 
use of machine timber harvesting in such stands is un-
profitable. The degree of forest dispersion, measured 
by the number of forest complexes with an area of over 
100 ha, varies in the investigated forest districts be-
tween 2 in the Ruszów and Świętoszów Forest Districts, 
and 32 in the Lwówek Śląski Forest District.

Field and laboratory research carried out in the 
years 2016–2020 was performed in two ways:
 – Within the entire Directorate, surveys were per-

formed concerning analyses of the working day 
structure in the timber harvesting and extraction 
technology at the manual-machine, the machine and 
the semi-automatic levels.

 – For each forest district, analyses were performed 
concerning environmental factors potentially rel-
evant to the share of complementary work times in 
a work shift.
The questionnaire was designed in such a way as 

to enable conducting research on work time in timber 
harvesting and extraction with the use of technologies 
and machines suitable for all levels of technology. The 
survey made it possible to collect information on the 
duration of activities disregarded for various reasons in 
the performance of the classical working day picture. 
The survey examined the respondents’ professional 
experience gained as a result of multiple repetition of 
work. This revealed a broad picture covering the entire 
professional experience of a given worker. In this way, 
to some extent, the study area did not require the collec-
tion of an extensive database.
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WORK TIME STRUCTURE
- - - - - FINAL CHART TO BE FILLED IN - - - -

FILL IN THIS CHART WITH YOUR FIRST TRIAL CALCULATIONS. WHEN YOU 
MAKE SURE THEY ARE CORRECT, COPY THEM TO THE FINAL CHART.

carburetor adjustment
ignition plug replacement
pull rod repaiseal 
replacement
electrical wire repair
machine programming
refueling
oil replenishment
seal replacement
electrical wire repair

machine programming
refueling
oil replenishment
filter cleaning
head calibration
sharpening and replacing 
the cutting chain
putting caterpillars or 
chains on the wheels

tree cutting and felling
delimbing and bucking
driving or walking 
to the next tree
timber loading
timber extraction
unloading

PW –
Productive
work time

Work 
activities  

travel of the machine from 
the downtime point to the 
operating area
return of the machine from 
the operating area to the 
downtime point
travel from one operating 
area to another

TT – Total Time

TR –
Travel 
time

NT –
Nonwork 
time

designation of skid trails 
and worksite borders
determination of the 
work technology 
and timber assortments
removing obstacles
help in timber collection
preparing a spot for 
timber stacking

SW –
Supportive 
work time

Machine 
service 
and
repairs

SW –
Supportive 
work time

SW –
Supportive 
work time

40 

B C = E + F + G D

E F = H + I G

H I

A = B + C + D

Figure 1. The survey designed to specify the working day structure of chainsaw operators and machine operators (IUFRO 
1995)
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The survey was conducted among operators of 
chainsaws and various other machines. The survey en-
sured anonymity and voluntary participation. In order 
to protect the confidentiality of the collected data, the 
respondents received a questionnaire together with an 
empty envelope. In accordance with the instructions 
included in the survey, the questionnaire was returned 
in a sealed envelope. The questionnaire was based on 
the IUFRO standards regarding forest work study no-
menclature (Björheden 1991; Szewczyk 2014 b; Szewc-
zyk et al. 2014) in the form of a measurement diagram, 
which registered activities within four categories of 
work time (Fig. 1). It was assumed that the estimates 
of the working day structure performed with the use 
of surveys are more objective in a situation when the 
respondents define the share of individual time catego-
ries not in a single day but as a summary of the working 
week, where the total working time nominally amounts 
to 40 hours.

The survey contained a headline with information 
on its purpose, the institution conducting the research 
and the instruction how to fill it in. The questionnaire 
included the trial as well as the final sheet with a meas-
urement chart, and another sheet with questions con-
cerning a respondent’s particulars. Respondents dis-
tributed 40 working hours (a working week) between 
sets and subsets of activities corresponding to the full 
work shift structure. The number of 40 hours enabled 
examination of the work shift structure on the scale of 
a cyclical work fragment that was the largest and at the 
same time easiest to reconstruct from memory by the 
respondent.

Among environmental factors potentially affect-
ing the share of complementary work times, the im-
pact of microfactors (local factors occurring in and 
around the operating area, limited only to the immedi-
ate vicinity of a division) was distinguished in contrast 
to macrofactors, affecting a much larger area (occur-
ring within forest districts). Analysed was the spatial 
structure of stands, road infrastructure, inventory fea-
tures of stands and management solutions adopted in 
the Forest Management Plan: the share of upland and 
mountain sites [%], the share of coniferous forest sites 
[%], the share of timber assortments with the length 
of over 2.5 m [%], the number of forest complexes 
with the area of over 100 ha [each], road network den-
sity [km/100 ha]. The empirical data to construct the 

model were obtained from Forest Management Plans 
in forest districts as well as the State Forests Informa-
tion System (SILP).

The parameter applied in further analyses was the 
share of complementary work times CW (Tab. 1). Test-
ing the conformity of the distribution of this feature with 
the normal distribution for harvesters, forwarders and 
the manual-machine level technologies was performed 
using the Shapiro–Wilk test at a significance level of 
0.05. The significance of differences in the share of CW 
times between the above groups was tested using the 
Student’s t test.

Table 1. Time classification in a work shift (IUFRO 1995)

TT – total time

UN 
– unu-
tilized 
time

CW – complementary work times

NW 
– non-
-work-
place 
time

NT – 
non-work 

time

SW – supportive work 
time PW 

– pro-
ductive 
work 
timeTR – 

travel 
time

RP – 
rest and 
personal 

time

RF – 
refuel 
time

MT 
– main-
tenance 

time

RT – 
repair 
time

The relationship between the share of CW times in 
the machine level technologies and the work environ-
ment features was determined by applying the nonlin-
ear regression (formula 1).

 Y1 = (a + b × x1) + (c × log10(x2)) +   
 + (d × exp(e × x3))  (1)

where:
Y1  –  share of CW complementary work times in the ma-

chine timber harvesting model [%],
x1  –  share of coniferous sites [%],
x2  –  number of forest complexes of over 100 ha [each],
x3  – road length [km/100 ha].

The relationship between the share of CW times in 
technologies at the manual-machine level and the work 
environment features was determined by applying the 
multiple regression (formula 2).

 Y2 = (g + h × x4) + ( j + k × x5)  (2)
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where:
Y2  –  share of CW complementary work times in the 

manual-machine timber harvesting model [%],
x4  – share of upland and mountain sites [%],
x5  –  share of timber assortments with the length of 

over 2.5 m [%].

Statistical calculations were performed using the 
Statistica 12 package.

reSUltS

Each forest enterprise under analysis operated in sev-
eral forest districts. The survey included men aged 
25–40 years with several years of work experience. The 
respondents had secondary and higher education. Work 
in a given job was the respondents’ main task; they did 
not perform any other jobs.

The database consisted of 87 surveys (measurement 
of 522 activities) concerning timber harvesting at the 
manual-machine level of technology and 21 surveys 
concerning the machine level of technology (126 activi-
ties).

The working day structure in the analysed tech-
nologies is presented in Figure 2. The total share of 

productive work time reached around 60% for machine 
technologies and around 65% for manual-machine 
technologies. Travel time had the largest share in the 
complementary work times group: around 9% in man-
ual-machine technologies and around 14% in machine 
technologies. The share of break times amounted to ap-
prox. 8%. The percentage of repair time, proving the 
reliability of machines and devices used, was relatively 
low (about 5%) for the analysed variants.

The distribution of CW time share values for all of 
the analysed variables: harvesters, forwarders and tech-
nologies at the manual-machine level was consistent 
with the normal distribution (Tab. 2).

Table 2. Analysis of the normality of CW time distribution 
in the analysed technologies

Technology level Machine Shapiro–Wilk 
test p

Machine
harvester 0.88 0.06

forwarder 0.86 0.15

Manual-machine chainsaw, farm 
tractor, skidder… 0.99 0.63

The share of CW times was found to be by approx. 
10% higher in a work shift with forwarders as compared 
to harvesters, but these differences were not statistically 
significant (Fig. 3). There were, however, documented 
differences between the share of analysed work time 
categories in the machine-level technologies and the 
manual-machine technologies (Fig. 4).
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Figure 3. Share of complementary work times in a work 
shift with harvesters and forwarders
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times in the manual-machine and the machine model of 
timber harvesting
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Figure 4. Share of complementary work times in a work 
shift in technologies at the manual-machine level and the 
machine level

The influence of the analysed work environment 
features on the share of CW times was presented us-
ing models of dependence of the analysed work time 
categories on the frequency of a given work environ-
ment feature (Tab. 3). Among the examined features 
of the work environment, the largest influence on the 
share of CW times in timber harvesting technologies at 
the machine level was exerted by the share of conifer-
ous sites characteristic of lowland areas with favour-
able orography, the length of roads in kilometres per 
100 ha and the number of forest complexes with an area 
of over 100 ha each, which testified to the dispersion of 
stands. In the case of timber harvesting in technologies 
at the manual-machine level, the share of CW times 
depended on the share of timber assortments with the 
length of over 2.5 m, and on the share of upland and 
mountain sites.

The total influence of the selected factors of the 
work environment on the share of CW time in the ma-
chine model of timber harvesting was determined with 
the use of the following equation (formula 8).

 Y3 = (708.503 – 0.145 × x1) + (–640.531 +  
 – 21 × log10(x2)) + (–0.012 × exp(x3))  (8)

 R = 0.67; p < 0.00

where:
Y3 –  share of CW complementary work times in the ma-

chine model of timber harvesting [%],
other symbols as given in Table 3.

The total influence of selected work environment 
factors on the share of CW time was determined using 
the following equation (formula 9).

 Y4 = 41.2416 + 0.0552 × x4 – 0.1664 × x5  (9)

 R = 0.57; p < 0.00

where:
Y4 –  share of CW complementary work times in the 

manual-machine model of timber harvesting [%],
other symbols as given in Table 3.

For highly variable conditions of timber harvesting, 
the models presented explain complementary work time 
variability quite well (45% and 33%), as indicated by the 
values of the coefficient of determination R2. The ob-
tained values of coefficients of determination in equa-
tion 9 indicate that the share of complementary work 
times in manual-machine level technologies was influ-
enced more by the share of upland and mountain sites 
(β = 0.35) than by the share of timber assortments with 
the length of over 2.5 m (β = -0.29).

Table 3. Parameters of regression equations for CW time dependence on selected features of the working environment

Technology level Model [%]* Correlation coefficient R Significance level p

Machine 
Y11 = 41.0804 + –0.1598 × x1  (3)   0.93 0
Y12 = 32.9369 × log10(x2)  (4)   0.67 0
Y13 = 76.9390 × exp(–0.2411 × x3)  (5)   0.86 0

Manual-machine 
Y21 = 51.8577 + –0.2788 × x4  (6) –0.48 0
Y22 = 29.646 + –0.066 × x5  (7)   0.37 0

* Dependent variable used: Y11 – Y13; Y21 – Y22 – share of complementary work time in machine level technologies.
Independent variables used: x1 – share of coniferous sites [%]; x2 – number of forest complexes with an area of over 100 ha [each]; x3 – road length 
[km/100 ha]; x4 – share of timber assortments with the length of over 2.5 m [%]; x5 – share of upland and mountain sites [%].



Folia Forestalia Polonica, Series A – Forestry, 2020, Vol. 62 (4), 258–269

Standardization of complementary work time in timber harvesting processes 265

DIScUSSIOn

Technical and technological optimization of worksites 
must include the aspect of working time standardization. 
The basic purpose of standardization is to determine the 
real level of time consumption under given conditions. 
Work time standardization at worksites is usually car-
ried out on two levels: of measurement and estimation. 
What is measured is the productive work time. This time 
characterizes the variability of terrain conditions in the 
best way. Complementary work times are connected 
with the execution of steps that enable the performance 
of the main work. Their share in a work shift is estimated 
based on the measured productive work time. The esti-
mation error included in such a performance model has 
so far been undefined. It is assumed that the efficiency of 
the timber harvesting process, as a resultant of numer-
ous variables that stem from stand characteristics, ter-
rain conditions, techniques and technologies applied as 
well as the psychomotor characteristics of the human be-
ing, has a number of interrelations that can be presented 
in the form of mathematical models. However, this also 
applies to the wide spectrum of non-production activi-
ties, including complementary work times. Such an ap-
proach has not been applied so far.

In the present research, the share of productive work 
time amounted to approx. 60% in the machine and semi-
automatic technological systems, while in the manual-
machine technologies, it reached 65%. What was char-
acteristic was its large variability, also described ear-
lier by other authors (Zečić et al. 2005). According to 
Nurek (2007) and Brzózka (2014), its share can reach up 
to 50%. In technologies at the manual-machine level, 
the share of productive work time was slightly lower 
and amounted to around 30% up to approx. 90%. This 
clearly shows the beneficial effect of mechanization of 
tasks, which are characterized by a lower level of en-
ergy expenditure and thus less frequent rest breaks for 
workers (Axelsson and Pontén 1990; Ager 2014). This 
phenomenon is particularly visible in operations char-
acterized by high work intensity, which in the discussed 
technologies occurs especially during timber manipu-
lation (Szewczyk 2011a; Szewczyk and Stańczykiewicz 
2012; Sowa and Szewczyk 2013; Kulak et al. 2019).

The results obtained in the course of the present re-
search are consistent with the results obtained by other 
researchers. According to Nurek (2007), Nurminen et al. 

(2006) and Picchio et al. (2012), the share of ancillary 
work times in the work shift of multi-operational ma-
chines ranges from 40 to 60%. The low work flexibility 
(sensitivity to factors of the work environment in terms of 
complementary work times and preparation-completion 
times) of high-performance multi-operational machines 
was demonstrated during the analyses of work in post-
disaster stands. Stempski (2012) noted that the share of 
effective activities decreased to 50% of the work shift 
time as a result of applying a work technology different 
from the standard one, consisting of the concentration 
of harvesting residue in regular stacks next to medium-
sized timber packets. Brzózko (2009) showed a reduc-
tion in the efficiency of machine operation by 40 to 60% 
in stands damaged by wind. Sadowski et al. (2014) and 
Nurminen et al. (2006), who examined the effective-
ness of machine timber harvesting, noted the decreasing 
work flexibility in stands of younger age classes. In ma-
ture stands, it amounted to 144 m3/day, while in thinning 
stands, it was at the level of 68–90 m3/day. The differ-
ence in efficiency was caused, among other factors, by 
the sometimes longer vehicle maintenance travel times 
and travel between worksites.

The model proposed by Nurek (2007) to assess 
the efficiency of machine timber harvesting, compre-
hensive, and taking into account non-work times, was 
constructed on the basis of four groups of factors: 1) the 
area in which the activities are carried out, 2) the size 
of tasks, 3) timber recipients, 4) machines used. In our 
study, these factors were supplemented with variables 
associated with the type of forest site, the harvested 
timber as well as the dispersion of tasks and their num-
ber in the context of the timber harvesting size. Moreo-
ver, Nurek’s model did not take into account the spatial 
distribution of the studied features and did not use field 
measurements to verify the model.

In the State Forests, there are solutions similar to 
those presented in this study, but they do not take into 
consideration the structure of the work time of forest 
contractors. The method developed by the Forest Re-
search Institute to determine the degree of forest man-
agement difficulty in forest districts presents a method 
of ranking those work environment factors that affect 
task performance by field employees of the Forest Ser-
vice. Comprehensive studies have shown the complex 
nature of the impact of work environment factors on 
the duration of tasks. Ranking the impact of field fea-
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tures was used to determine a synthetic indicator of 
management difficulty of forest districts (Kwiecień and 
Kocel 2006) and forest ranges (Kocel and Kwiecień 
2004, 2012; Kocel et al. 2012). Similar to the present 
research, studies by Kocel and Kwiecień pointed to, 
among others, spatial elements of forests in a forest dis-
trict/forest range (forest district area), the management 
solutions applied (timber harvesting size), demographic 
factors (population density and forest district area) as 
well as stand classification (appraisal) features (area 
of: age classes, forest site types, stands with the main 
forest-forming species) as factors affecting the degree 
of difficulty in the work of employees of forest districts 
and ranges. The ranking of impact of environmental 
features present in the above-mentioned studies, and 
to some extent discretionary, was in our analyses con-
fronted with more objective surveys of the working day 
structure of chainsaw and machine operators. 

The above considerations confirm the assumption 
adopted in our study, according to which the work envi-
ronment factors that affect the share of complementary 
work times CW in a work shift include: terrain, stand 
structure, the type of timber assortments obtained and 
road network density.

cOnclUSIOnS

The total share of complementary work times reached 
approx. 40% for technologies at the machine level and 
approx. 35% for technologies at the manual-machine 
level. 

The dominant impact on the share of complemen-
tary work times in the case of timber harvesting in man-
ual-machine technologies was exerted by the share of 
timber assortments with the length of over 2.5 m and the 
share of upland and mountain sites. On the other hand, in 
the case of timber harvesting at the machine level tech-
nology, it was the share of coniferous forest sites, the 
number of forest complexes with an area of over 100 ha 
and the total length of roads that had a significant impact 
on the share of complementary work times.

The environment factors distinguished in the course 
of the present research have a varied influence on the 
work process. Therefore, in order to indicate homogene-
ous areas in terms of the share of complementary work 
times, the influence of these factors should be ranked.
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