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During professional work, the forestry workforce is exposed to hazardous activities and numer-
ous risks, which may result in everyday occupational accidents or illnesses. Networking and
innovative thinking with the aim of developing new legislative solutions and certification
systems, e.g. chainsaw qualification standard, represents an important link in supporting
accident prevention in the national, European or even global forestry industry. The starting
point for the preceding ideas is systematic recording, analysis and interpretation of basic
indicators of the level of occupational safety in forestry. This study is focused on analysing the
different occupational safety indicators for the period 2015 to 2024, with the aim of a compre-
hensive analysis of occupational accidents in the forestry sector of the Republic of Croatia at
the national and regional level.

Data is gathered from occupational safety service databases of the Croatian Forests (CF) Ltd.,
which manages 2.024 million hectares of forests in the Republic of Croatia. Descriptive and
inferential statistical methods were used in filtering, processing and analysing data. The
inferential methods for data analyses included correlation analysis, Chi-squared test, and the
Kruskal-Wallis H test to analyse the relationships between sampled variables.

In the ten-year period analysed, a total of 2,390 occupational accidents were recorded, of which
9 were fatal accidents. In the same period, 157 cases of occupational illness were recorded, of
which 67.5% were caused by exposure to vibrations. The annual weighted average of the total
number of accidents is 239 according to Croatian Forests Ltd. database (where the company
cuts and processes less than 50% of the annual felling volume), while the same indicator for
Croatia according to the Eurostat report is 264. The highest average number of accidents is
recorded in the process of forest harvesting (58.1%). The riskiest work-related activity is felling
and wood processing where on average 48.5% of the total number of accidents occur annually.
The annual statistics are 0.37 fatalities per mil. m’, one occupational accident per 10,000 m’
of felled and processed wood (1.00/10,000 m*) and 30 accidents per 1000 employees. So,
safety at work in Croatian Forests Ltd. can be assessed as partially satisfactory. Accident
analysis from the perspective of the time curve (month, day, hour) shows the highest proportion
of accidents occurring in the third annual business quarter, on a weekly basis on Tuesdays,
and on a daily basis from 9 to 11 am. The key findings regarding analysis of data at the regional
level indicated that medium-size Forest Administrations (FAs) as organizational components
of the company CF Ltd. had the highest risk of accidents at work (41.60 accidents per 1000

employees). The

indicators of the quantity of felled and processed wood per one accident

(m’laccident) revealed an unsatisfactory result achieved by small-size FAs (19,943 m’/accident),
and a more satisfactory result achieved by large-size FAs (28,335 m’/accident).

The range of numerical values and the weighted average value of occupational safety indicators

for the sampled period did not show a decreasing trend, which indicates a similar or lower
level of occupational safety in the forestry sector of the Republic of Croatia. The results obtained
provide scientists and practitioners with an understanding of the level of occupational safety
in Croatian forestry and form the basis for developing proposals for new measures in line with
technological progress, as well as new educational programs for the development of work skills
and competencies.
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1. Introduction

In the mid-20" century, increased scientific interest
in occupational injuries and occupational diseases of
workers led to the development of an organized form
of occupational safety and the creation of various the-
ories and hypotheses (Hepburn 1953, Heinrich 1959)
about occupational accidents, i.e. root causes and in-
terventions measures. Today, viewed through the
prism of labour law, regulations and directives are the
most important sources of European Union (EU) law,
as they have a binding character and are consistently
addressed to the member states. The EU legislator has
established a system of fundamental principles of
health and safety management that member states
must transpose into national law. The most important,
and at the time revolutionary, legal act is the Euro-
pean Framework Directive (1989/391/EEC), which es-
tablishes general principles for health and safety man-
agement, such as employer’s responsibility, workers'
rights and duties, the use of risk assessments for con-
tinuous improvement of company processes, and ad-
vocacy for health and safety in the workplace. The
individual directives on health and safety at work, the
so-called »daughter directives, set out the principles
and instruments of the Framework Directive with re-
gard to specific occupational hazards, individual
tasks, various workplaces with increased risk, and
consider how these factors affect particularly vulner-
able groups of workers, such as minors, pregnant and
breastfeeding women (Ucur et al. 2022).

Despite the well-established EU legislative frame-
work and the intensive technological progress of the
last three decades — including the development of new
working tools, modern forest machinery, and innova-
tive personal protective equipment — forestry work
processes remain among the most hazardous, both in
the EU and globally, especially when compared to
other industries (Potocnik et al. 2009, Jankovsky et al.
2019, FAO 2020, Grzywinski et al. 2020, Allman et al.
2023). Although there is no systematic data, estimates
suggest that the number of injuries in professional for-
estry work worldwide exceeds 170,000 per year, and
the number of fatalities exceeds 1000 (Garland 2018).
The results of case studies by numerous authors (ILO
1991, Wang et al. 2003, Gejdos et al. 2019, Music et al.
2019, Grzywinski et al. 2020, Landeki¢ et al. 2021, Rob
at all. 2022) have established that the riskiest tasks in
forest harvesting are chainsaw operations during fell-
ing and wood processing. This is clearly confirmed by
records of safety indicators, where 50-80% of all rec-
ognized injuries in forest production are related to
felling and wood processing activities (Potocnik et al.
2009, Music et al. 2019, Landekic et al. 2021). Addition-
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ally, the three most common causes of fatal injuries
during felling and wood processing are the result of
being struck by a tree or branch, slipping and tripping,
and cuts caused by a chainsaw in use (Robb and Cock-
ing 2014). Currently available data for forestry and
logging indicate that the fatality rate in the EU 27 is
15.64 per 100,000 workers (Eurostat 2022). For exam-
ple, the chainsaw as the most hazardous working tool
in the forestry sector has been documented as the
cause of most work-related death cases in Indonesia
(Yovi and Yamada 2019), in the Slovak Republic (All-
man et al. 2023), in Slovenia at non-professional work
especially but also in professional work (Klun and
Medved 2007). On the other hand, the lowest frequen-
cy of work-related death cases was recorded in profes-
sional forest work in Sweden and Finland (Klun and
Medved 2007), where the fully mechanized process of
felling and wood processing dominates.

Regarding this case study, according to the most
recent data, forests and forest land cover 2.759 million
hectares or 49.3% of the total terrestrial area of the Re-
public of Croatia (RC). Of the total forest area, 76% is
owned by the RC and is managed by the company
Croatian Forests Ltd. (CF LTD), while the remaining
24% are owned by private forest owners (Forest Man-
agement Plan 2016-2025). The forestry sector of the RC
and its related production processes are not exempt
from negative trends in the form of a significant an-
nual number of acknowledged occupational accidents
and occupational diseases. The results for the occupa-
tional accidents of the forestry workforce in Croatia,
whose relevant indicators can only be obtained from
CF LTD, point out 1.58 accidents /10,000 m® (Martini¢
et al. 2011). More recently (2014-2020), an improve-
ment has been observed with 0.88 accidents/10,000 m’
(Landeki¢ et al. 2021). A new negative trend that has
been more pronounced in the forestry sector of the
Republic of Croatia over the last 10 years is a great
shortage of forestry workforce, especially regarding
the so-called 3D (dirty, dangerous and demeaning) or
»black collar« jobs like loggers, tractor operators,
choke setters, etc. Younger, the so-called Z generation,
therefore often consider the work in forestry to be hu-
miliating and look on forestry workers as a specific
subculture that is quite marginalized in society
(Spori¢ at al. 2024).

According to the FAO (2020) report, it is already
increasingly difficult to attract new young human
capital to the forestry sector, which is known for its
physically demanding work, modest salaries, and re-
corded negative indicators of occupational safety. In
today's forest management, in addition to ecological
and economic goals, due to labour shortages, increas-
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ing importance is being placed on social goals, espe-
cially in the aspect of health protection and a higher
level of safety in forest operations. Systematic record-
ing, analysis and interpretation of occupational acci-
dents and occupational diseases are basic indicators of
the state of safety at work and health protection of
workers in any industry. On the basis of the aforemen-
tioned, the objective of the paper is to carry out a com-
prehensive analysis of occupational accidents in the
forestry sector of the Republic of Croatia at the na-
tional and regional level for the period 2015 to 2024.
The results of the paper will be the basis for an objec-
tive assessment of the state of safety in Croatian for-
estry sector and provide credible indicators for cross-
national comparison with the aim to improve the
educational and safety competencies of forestry work-
force capital.

2. Material and Methods

Regarding the creation of database, the main sourc-
es of input were the formal documents of CF Ltd.,
specifically the Annual Reports of the Occupational
Safety Service for the period 2015-2024 and the An-
nual Business Reports for the same period (Anon.
2025). Recording, analysis and comparison of occupa-
tional safety indicators were carried out at the level of
the company CF Ltd. and regionally by applying an
in-depth approach in accordance with the organiza-
tional structure of the company, which includes 17
Forest Administrations (FAs). The in-depth approach
used to compare occupational safety indicators be-
tween FAs enabled greater potential to explain the lat-
est injury patterns of forestry workforce in Croatia.
According to the two criteria, sampled organizational
units of the company CF Ltd. were classified into three
strata of equal size: small (S), medium (M) or large (L)
sized FAs. The first criterion used for grouping FAs
was the number of employees: S group <350; 350< M
group <550; L group >550. The second criterion used
for grouping FAs was the annual volume of felled tim-
ber (m’): S group< 120,000 m’; 120,000 m’< M group
<200,000 m* L group >200,000 m”.

The standardized occupational safety indicators
used in the analysis refer to total number of accidents,
total number of fatal accidents, number of accidents
for felled and processed wood, number of accidents
per 10,000 m’® of felled and processed wood, number
of accidents per 1000 employees, annual number of
occupational diseases, quantity of felled and pro-
cessed wood per one accident (m*/accident), etc. For
the selected continuous variables listed above, ordinal
variables were obtained using the classification meth-
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od. The total number of accidents in the CF Ltd. is
divided into three groups (group 1: 0-9 accidents;
group 2: 10-19 accidents; group 3: 220 accidents). The
number of accidents for felled and processed wood is
divided into three groups (group 1: 0-4 accidents;
group 2: 5-9 accidents; group 3: 210 accidents). The
number of accidents per 1000 employees is also di-
vided into three groups (group 1:<24.99; group 2: from
25.00 to 49.99; and group 3: 250.00 accidents per 1000
employees). Fourth variable, the quantity of felled and
processed wood per one accident (m*/accident) is also
divided into three groups (group 1: <14,999 m’; group
2: from 15,000 to 29,999 m* and group 3: >30,000 m’
per accident).

Within the applied scientific research, the follow-
ing basic research methods are used according to
Zugaj et al. (2006). The classification method is used in
the creation of the database, where the selected inter-
val variables are transformed into ordinal variables in
order to enable the application of statistical methods
with the aim of a more detailed scientific explanation
and interpretation of the obtained results. The method
of compilation and description are used in the intro-
duction of the paper to describe the legislative frame-
work and the state of occupational safety in the forest
industry in general. The comparison method is used
to observe common features or differences between
occupational safety indicators. As part of the results,
the aforementioned method is also used to describe
10-year occurrence regarding risk indicators at the
company level and their interrelations at the FA level.
The analysis method is used to find the connections
and causes of the analysed variables, and the synthesis
method is used in the process of combining and con-
necting the same indicators with the aim of explaining
and interpreting the results.

2.1 Statistical Analysis of Data

Analytical, comparative and descriptive tech-
niques were used in the processing and analysis of
research results. Primary processed data was entered
and systematized in the software package Microsoft
Excel®, and further data analysis was performed us-
ing statistical software: Statistica® (TIBCO Software
Inc., version 14, Palo Alto, CA, USA) and SPSS® (IBM-
SPSS Inc., version 28, Armonk, NY, USA). Descriptive
statistical analysis is applied in the primary data pro-
cessing, which includes a set of methods used to cal-
culate, display and describe the basic characteristics
of statistical series. In the research, it is applied to
group and arrange statistical data, and in the process
of numerical and graphical presentation of research
results.
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Table 1 Overview of general safety indicators in forestry industry of the Republic of Croatia

Number of Number of Accidents Felled and . . Number of
Number of . Number of . Accidents per | Fatal accidents .
. accidents . fatal accidents | per 1000 | processed wood 3 - 5 | Occupational
VEET | BB in Croatia el G i in Croatia employees | by employees WEEEng S llinesses
nCFLA | Eostatt) | MOFHY | (Ewostat) | imCFLw. | inCFlg, | MCPME | mCFLE ey
2024 | 256 (117)' - 0 - 31.70 1949814 1.31 0.00 23
2023 | 240 (103)' - 1 - 30.10 2125218 1.13 0.47 17
2022 | 244 (115)' 264 2 4 29.47 2353635 1.04 0.85 16
2021 | 237 (110)' 273 1 4 29.28 2371033 1.00 0.42 23
2020 | 226 (124)' 225 2 4 27.81 2425344 0.93 0.82 4
2019 | 232 (115)' 230 0 0 28.46 2574823 0.90 0.00 23
2018 | 255(122)' 277 1 5 31.26 2729139 0.93 0.37 11
2017 | 210(97)’ 284 0 3 27.49 2460432 0.85 0.00 18
2016 | 253 (129)' 292 1 5 33.93 2497 290 1.01 0.40 13
2015 | 237 (126)' 266 1 2 30.61 2771110 0.86 0.36 9

! data related only to accidents recorded during felling and wood processing activities

With the aim of a clearer understanding of the av-
erage rate of change, the base index is used on a per-
manent basis according to Landekic et al. (2021) to
compare trends in selected occupational safety indica-
tors over the ten-year observation period at the level
of the company CF Ltd. 2015 is taken as the base year,
and the resulting numerical value is not expressed as
a percentage but as a ratio. For each continuous vari-
able, an appropriate test of normality distribution is
made (Shapiro-Wilk's test) as a prerequisite for further
statistical analysis. Correlation analysis is conducted
to determine the relationship between selected occu-
pational safety indicators and the share of FA perfor-
mance in the annual felling volume (FA%) of the com-
pany CF Ltd. The nonparametric Chi-Square test of
independence is used at FA level to determine wheth-
er there is an association between ordinal variables,
which are obtained from occupational safety indica-
tors using the classification method. For analysis of
variance, the nonparametric Kruskal-Wallis test is
used to test the differences between large (L), medium
(M) and small (S) sized FA based on selected occupa-
tional safety indicators.

3. Results

In the analysed ten-year period, a total of 2390 oc-
cupational accidents are recorded at CF Ltd., of which
9 are fatal accidents. The weighted average of the total
number of accidents at CF Ltd. on an annual basis is
239 (where the company cuts and processes less than
50% of the annual felling volume). According to the

*source: Eurostat 2025

Eurostat report, the average annual number of acci-
dents recorded during felling and wood processing
activities in Croatia is 264 (Table 1). According to the
Eurostat report, the weighted average of fatal acci-
dents is 3, whereas CF Ltd. occupational safety records
indicate an average of 1 fatal accident per year (Table
1). Due to work-related accidents, the weighted aver-
age of the number of working days lost at CF Ltd. is
8323 per year. The number of accidents per 1000 em-
ployees indicator has an average value of 30.01 in the
sampled period, the accidents per 10,000 m® indicator
is 1.00, and the fatal accidents per mill. m’ indicator is
0.37 (Table 1). In the sampled period, the range of ac-
cidents in felling and wood processing activities rang-
es from 97 to 129 per year, which places this work-
related activity in the highest risk category where on
average 48.48% of the total number of accidents occur
annually. Adding to the activities of felling and wood
processing an additional 15 to 35 accidents per year
that occur during the operations of wood skidding
and/or forwarding from the stump to the forest road,
it follows that the highest average number of accidents
isrecorded in the process of forest harvesting (58.07%).
In addition to registered occupational accidents in the
CF Ltd., 157 cases of occupational illness were record-
ed in the same period (Table 1), of which 67.52% are
caused by vibrations, 1.27% by noise, 5.10% are related
to overexertion syndrome, and 26.11% are caused by
biological hazards (Table 1).

Analysis of data through the index on a permanent
basis (Table 1, Fig. 1), i.e. compared to 2015, shows a
lower total annual number of accidents registered in

4
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Fig. 1 Trend of occupational accidents on a permanent basis

2017 and in the COVID-19 period of 2019 and 2020.
The total number of accidents in felling and wood pro-
cessing activities recorded a decreasing trend ranging
from 3.00 to 23.00% fewer accidents in the sampled
period (Table 1, Fig. 1). The annual number of acci-
dents registered in operations of wood skidding and/
or forwarding, compared to the base year 2015, shows
only lower values in the COVID-19 period of 2019 and
2020 (Fig. 1). The largest increase in the number of ac-
cidents registered in the sampled period is recorded
in silvicultural activities (Fig. 1).

The analysis of the total number of occupational
illnesses on a permanent basis (Table 1, Fig. 2) shows
a significant trend of growth of the numerical indica-
tor in all sampled years except 2020, where only 4
cases were recorded. The number of cases of occupa-
tional illnesses caused by vibration shows lower val-
ues in the COVID-19 period of 2020 and 2021, and
from 2022 takes on an upward trend again (Fig. 2)
compared to the base year 2015, when a total of 8 ill-
nesses caused by vibration were recorded among pro-
duction forest workers. One case of occupational ill-
ness caused by noise was registered only in the base
year 2015 and one case in 2024 (Fig. 2). Out of the total
of 157 occupational illnesses registered in the ten-year
period, biological hazards account for 26.11%. In the
analysed period, 4 cases of Lyme disease (Latin: Lyme
borreliosis), 2 cases of Tick-borne Encephalitis (Latin:
Encephalitis europae centr.) and 35 cases of Haemor-
rhagic fever with renal syndrome (Latin: Febris haemor-
rhagica) were registered.
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Fig. 2 Trend of occupational illnesses on a permanent basis

The distribution of accidents by month, day of the
week, and time of occurrence during an 8-hour work-
ing day is shown in Fig. 3. The highest number of ac-
cidents at work is recorded during the summer
months, i.e. in the third annual business quarter
(34.31%). The lowest proportion of accidents is record-
ed in the fourth annual business quarter (17.78%).
Within the analysed period, September and October
are the months in which the highest share of accidents
at work is recorded within the business year contrary
to December when the lowest share of accidents is re-
corded (Fig. 3). Within the weekly time curve (Fig. 3),
the highest number of accidents occur in the first half
of the week (63.94% from Monday to Wednesday),
while Tuesday is the day with the highest share of ac-
cidents (22.11%). Analysis of accidents by hour of oc-
currence during the working day (Fig. 3) shows that
73.66% of accidents at work occur in the first half of
the working day (until 12 pm). The most critical time
period with the highest proportion of accidents is from
9 to 11 am (39.41%), followed by the period from 11
am to 1 pm with a proportion of 24.98% of accidents
(Fig. 3).

In the analysed ten-year period, 85.29% were minor
accidents, 14.33% were severe accidents, and 0.38%
were fatal accidents. In terms of the type of injury,
more than 50% of registered accidents were wounds
and superficial injuries, and the smallest relative share
was related to poisoning and infection (Fig. 4). The
second largest proportion of accidents (20.50%) was
related to dislocations, sprains and strains (Fig. 4).
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id 3.1 Analysis of Occupational Accidents at Forest
12 3 4 5 6 7 8 9 10 1 12 Administration Level
Months of the year Since the Shapiro-Wilk test did not proved that all
25 used variables follow normal distribution (p-value
<0.05), Spearman's rank correlation coefficient was
used to determine the relationship between the per-
= centage share of sampled forest administrations (FA%)
. in the realization of the total annual felling volume of
g 5 the CF Ltd. with own internal capacities and selected
S occupational safety indicators (Table 2). The correla-
§ tion coefficient shows a positive moderate to strong
é 10 correlation between the percentage share of sampled
& forest administrations (FA%) in the realization of the
total annual felling volume and three safety indicators
5 (total accidents, felling accidents and m® per accident),
while for the indicator accidents per 1000 employees
. I it indicates a weak correlation (Table 2).
Mon. Tues. Wed. Thur. Fri. Sat. Sun.
Day of the week Table 2 Results of Spearman's correlation
45
Variable AT Corre!a.t 2 p-value
40 N coefficient
%5 FA% in the annual felling volume 170 0.713 0.00*
vs.
S total accidents
‘g FA% in the annual felling volume 170 0.687 0.00*
g 2 VS.
:_f - accidents at felling
® FA% in the annual felling volume | 170 0.309 0.00*
2 15 vS.
accidents per 1000 employees
10 FA% in the annual felling volume | 170 0.554 0.00*
. vS.
felled m® per accident
0 1 L * Correlation is significant at the 0.01 level

Arrival 7-9 9-11 1-13 13-15 After 15

Time of day (hour), h

Fig. 3 Time curve (month, day, hour) accident analysis

The nonparametric Chi-Square test of indepen-
dence is used to determine the association between
the three FA classes and ordinal variables obtained

Croat. j. for. eng. 47(2026)2



Correspondence Analysis on Occupational Accidents of Forestry Workforce in Croatia (xxx—xxx)

from occupational safety indicators using the classi-
fication method. Since the p-value is lower than the
chosen significance level (p=0.01), association is found
between FA classes and three groups regarding the
total annual number of accidents in the CF Ltd.
(X*=46.344, p=0.00). The results of Kruskal-Wallis H
test indicate a statistically significant difference be-
tween the total annual number of accidents and three
FA classes (Table 3). By using the Mann-Whitney U
post-hoc test, it is determined that the total annual
number of accidents in small-size FAs (Md=7.00,
N=70) is significantly different from the annual num-
ber of accidents in medium-size FAs (Md=18.00,
N=46) (U=434.00; z=—6.645; p=0.00) and the annual
number of accidents in large-size FAs (Md=18.00,
N=50) (U=503.50; z=—6.644; p=0.00). For the second
indicator, association is found between FA classes
and three groups regarding the number of accidents
for felled and processed wood (X*=38.574, p=0.00).
The results of the H test presented in Table 3 indicate
a statistically significant difference between the num-
ber of accidents for felled and processed wood and
three FA classes. The results of post-hoc U test also
indicate that the number of accidents for felled and
processed wood in small-size FAs (Md=3.5, N=70) is
significantly different from the number of accidents
for felled and processed wood in medium-size FAs
(Md=8.00, N=46) (LI=602.00; z=-5.709; p=0.00) and the
number of accidents for felled and processed wood
in large-size FAs (Md=9.00, N=50) (U=643.00; z=-5.912;
p=0.00).

Table 3 Results of Kruskal-Wallis H test between three FA classes
and occupational safety indicators

Variable b df p-value
Total accidents 63.238 2 0.01*
Accidents at felling 48.121 2 0.01%
Accidents per 1000 employees 26.442 2 0.01*
Felled m? per accident 11.976 2 0.01*

* The difference is significant at 0.01

During the analysis of the third safety indicator
(Fig. 5), association is found between FA classes and
three groups regarding the number of accidents per
1000 employees (X*=39.095, p=0.00). The results of
Kruskal-Wallis H test indicate a statistically significant
difference between the number of accidents per 1000
employees and three FA classes (Table 3, Fig. 5). The
results of post-hoc U test indicate that the number of
accidents per 1000 employees in medium-size FAs
(Md=42.76, N=46) is significantly different from the
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number of accidents per 1000 employees in small-size
FAs (Md=23.23, N=70) (U=813.00; z=4.498; p=0.00) and
the number of accidents per 1000 employees in large-
size FAs (Md=27.85, N=50) (U=533.00; z=—4.525; p=0.00).
The fourth indicator related to the volume of felled
wood per accident (m’/accident) also indicates a sta-
tistically significant difference between the defined FA
classes (Table 3, Fig. 6). The results of post-hoc U test
indicate that the amount of felled wood per one acci-
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dent in small-size FAs (Md=18,022.40, N=70) is signifi-
cantly different only from the amount of felled wood
per one accident in large-size FAs (Md=25,492.50,
N=50) (U=1116.00; z=-3.377; p=0.00).

4. Discussion and Conclusions

A comparison of occupational safety indicators
from the official website of the Eurostat platform (Eu-
rostat 2025) for the Republic of Croatia and the Oc-
cupational safety service of the company CF Ltd.
(where the company cuts and processes less than 50%
of the annual felling volume with its own forestry
workforce) confirms the assertion of Kronholm et al.
(2023) that the actual number of accidents in all EU
countries is much higher because the statistics only
include the notifications of work accidents that em-
ployers have made to the Social Insurance Agency. A
significant discrepancy in the Eurostat database is par-
ticularly visible during the COVID-19 period of 2019
and 2020 (Table 1), when a lower number of accidents
were recorded at the national level by Eurostat com-
pared to the official indicators of the company CF Ltd.
According to official Eurostat data, private forestry
contractors in Croatia, who cut and process more than
50% of the annual felling volume at CF Ltd. plus fell-
ing volume in private forests, have a weighted average
of only 27 accidents at work per year. The stated num-
ber of officially registered accidents among private
forestry contractors in Croatia most likely refers only
to severe occupational accidents occurring during for-
estry operations, while the total number of accidents
is significantly higher, as also emphasized by Pinzke
and Lundqvist (2016) for a similar situation in Swedish
forestry.

At the level of the company CF Ltd., the results of
previous research show a trend of decreasing acci-
dents at work from 1.58/10,000 m® (Martini¢ et al. 2011)
to 0.88/10,000 m® (Landeki¢ et al. 2021). Within the
sampled ten-year period, an increase in the rate of oc-
cupational accidents to 1.00 per 10,000 m3 is again ob-
served in the company CF Ltd. For comparison, the
value of the same indicator in Slovenia in 2003 was
2.20/10,000 m® (Poje 2003), in the Federation of Bosnia
and Herzegovina for the period from 2006 to 2015 it
was 2.87/10,000 m® (Musi¢ et al. 2019), and in the Slo-
vak Republic for the period from 2007 to 2021 it was
1.28 severe accidents per 1 million m’ (Allman et al.
2023). According to the Eurostat report, the weighted
average of fatal accidents per year is 3, and according
to the records of the occupational safety service at CF
Ltd., it is 1 fatal accident on average per year. In the
sampled ten-year period, the obtained indicator em-
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phasizes that 0.37 fatal accident occurred per 1 million
m’ of harvested timber in CF Ltd. For comparison, the
value of the same indicator in the Slovak Republic for
the period from 2007 to 2021 was 0.75/1 mill. m® of
harvested timber (Allman et al. 2023), and in Slovenia
in 2023 it was 4.8 fatal accidents/1 mill. m’ (Poje and
Pajek 2024). According to Klun and Medved (2007), the
fewest fatal accidents occurred (0.03/million m’) in
professional forestry work in Sweden (2000-2004) and
Finland (1995-1999), where advanced technologies
and mechanized felling and processing dominate over
motor-manual timber harvesting systems. The num-
ber of accidents per 1000 employees indicator in CF
Ltd. (2015-2024) has an average value of 30.01. The
same indicator in the Federation of Bosnia and Herze-
govina (2006-2015) had a value of 51 accidents per
1000 employees (Music et al. 2019), and in the EU 27
for year 2022 it was 21.24 of accidents per 1000 employ-
ees (Eurostat 2025). The trend of accidents and occu-
pational illnesses on a permanent basis (Table 1, Figs.
1 and 2) does not show an improvement in the state of
occupational safety and health at CF Ltd., especially
considering that the share of the annual felling volume
performed by internal forestry workforce decreased
by 29.64% in 2024 compared to 2015.

The analysis of the results at the level of FAs
showed a statistically significant positive correlation
between the percentage share of sampled forest ad-
ministrations (FA%) in the realization of the total an-
nual felling volume and 4 selected occupational safety
indicators. It can be concluded that the greater realiza-
tion of felling volume by individual FAs in the total
annual felling volume of the CF Ltd. means a higher
total number of accidents and a higher number of ac-
cidents in logging operations. The results related to the
indicator of the number of injuries per 1000 employees
show the highest mean values in medium-size FAs.
Compared to the results of the research by Landeki¢
et al. (2021), in the sampled ten-year period the mean
value of the indicator (accidents/10,000 employees) in
medium-size FAs is higher, and in large-size FAs it is
lower (Fig. 5). It can be concluded that current occu-
pational safety measures are the least effective in me-
dium-size FAs. The results related to the indicator of
the quantity of felled and processed wood per one
accident (m®/accident) showed that FAs with the high-
est annual felling volume and the highest number of
employees (large-size group) have almost the same
indicator value compared to medium-size FAs and
significantly higher indicator value compared to
small-size FAs (Fig. 6).

In today's market conditions, it is becoming in-
creasingly challenging for employers to ensure con-
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stant progress, access to the latest technologies and
protective equipment, quality training, and meeting
the needs of all forestry workforce. Monitoring and
comparing occupational safety indicators at work
within the national forestry sector is a useful tool for
formulating an opinion on how satisfactory the safety
in forestry work is on the one hand, and how to im-
prove the sector's safety levels on the other. Based on
the results obtained and examples of good practice
available in the literature, it is necessary to implement
the following measures to improve the safety level in
the Croatian forestry sector. First, in the case of medi-
um-size FAs, it is necessary to conduct a more detailed
analysis of occupational safety indicators at work with
the minimum goal of achieving the level of safety that
is currently provided in large-size FAs. Second, for the
riskiest harvesting operations, it is necessary to intro-
duce a »modular« national training system for profes-
sional and non-professional users (e.g. chainsaws) in
line with EU processes of standardization of training
for forestry work. Third, it is necessary to introduce
periodic checks of work competencies, i.e. refreshing
knowledge and skills (e.g. every 5 years) through the
implementation of training for the production forestry
workforce for making them familiar with the latest
work practices and achievements in the field of occu-
pational safety. Fourth, efforts should be made to es-
tablish a better reporting process on occupational ac-
cidents at the national level, and then within the
Eurostat platform. Fifth, in line with EU green policies,
in order to learn about sustainable practices through
the protection and management of forest resources, it
is necessary to introduce educational modules that
focus on environmentally friendly practices (e.g.
ISO14001, FSC and Natura 2000 requirements), i.e. the
importance of preserving ecosystems and reducing
negative impacts in accordance with the green transi-
tion. Sixth, it is necessary to include new technological
solutions as a support mechanism for forest workers
to improve safety during forest operations, e.g. UWB
sensor system designed to detect individuals within
danger zones (Honigsberger et al. 2025) and/or assis-
tive-protective solutions of industry 4.0 (Landekic¢ et
al. 2025).

In today's global economy with the increased mo-
bility of the forestry workforce, the exchange of knowl-
edge and learned lessons about safety at work between
different national sectors can, at the very least, posi-
tively improve the safety culture in the Croatian for-
estry industry. The inclusion of international stan-
dards for training and certification of forest work can
significantly improve the quality and occupational
safety of work in the Croatian forestry. The proposed
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measures are the first step in improving the safety,
productivity and environmental responsibility of the
Croatian forestry sector.
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