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1. Introduction
Over the past few decades, the term occupational safety 

has taken on crucial importance in a wide variety of job 
sectors. Nowadays, rapid advances in technology and the 
rapid increase in production and competition in the market 
have further increased threats to health and safety at work. 
In 2017, there were just over 3.3 million nonfatal accidents 
that resulted in at least four calendar days of absence from 
work along with 3552 fatal accidents in the European Union 
(EU).1 Forest work (Klun and Medved, 2007) or work in the 
forestry industry (Lilley et al., 2002; Wilhelmson et al., 2005; 
Tsioras et al., 2011; Albizu et al., 2013) is considered one of 
the most dangerous and hazardous occupations (sectors) 
in all fields of production. The higher rate of fatal accidents 
in forestry than in the mining and building industries can 
be associated with the length of the workdays; the seasonal 
and meteorological working conditions; and the distant, 
isolated, steep, and plant-covered workplaces (Klun and 
1 Eurostat (2020a). Accidents at work statistics [online]. Website https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Accidents_at_work_
statistics [accessed 1 August 2020].

Medved, 2007; Enez et al., 2014; Gümüş et al., 2019). Over 
the past few decades, manual felling and logging techniques 
in forestry operations have evolved towards mechanized 
timber harvesting (Wei et al., 2015) Despite the progress 
in applications and information technologies, forestry is 
still one of the most hazardous lines of business, especially 
in countries where nonprofessional activities take place 
(Klun and Medved, 2007). Based on a survey of data sets, 
Engsaas (1993) reported that 60% of all injuries in forestry 
occur during logging, 20% during transportation, and 20% 
during silviculture and other forestry work. The results of 
a nine-year field study carried out by Tsioras et al. (2011) 
also revealed that two-thirds of accidents that occur during 
forestry activities occur during timber harvesting, which 
is only sometimes mechanized and carries a high risk of 
accidents, especially on steep slopes. Nikooya et al. (2012) 
also found that tree felling and chainsaw operations are 
more dangerous than loading. 
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There have been many studies regarding accident 
analysis in the forestry and logging sector. These studies 
have focused on various occupational accident issues, such 
as chainsaw accidents (Bentley et al., 2005; Montorselli et al., 
2010), accidents during cable yarding operations (Tsioras 
et al., 2011), felling and skidding operations (Potočnik et 
al., 2009), fatal accidents in forest operations (Mitchell et 
al., 2001; Thelin, 2002), the determination of accident types 
and accident rates among private forest owners (Lindroos 
and Burström, 2010), and health problems related to 
work operations (Acar and Senturk, 1999), among others. 
By reviewing previous studies, it can also be found that 
there have been a limited number of studies comparing 
the occurrence of occupational accidents in the forestry 
sector with respect to differences between countries. Klun 
and Medved (2007) compared fatal forestry accidents 
among seven different EU countries over five-year periods 
between 1980 and 2004. The results of their study revealed 
that Sweden had the lowest numbers in this regard. In 
another study, the number of fatal tractor accidents in 
the agriculture and forestry sector among EU countries 
was compared (Bernik and Jeroncic, 2011). Suchomel et 
al. (2013) compared Austria, Slovakia, and the Czechia 
with regard to the forestry, agriculture, and fishing sectors 
by considering the fatal accident rates, concluding that 
Austria had the highest rates. At the same time, we found 
that a limited number of occupational accident assessment 
criteria were taken into consideration in the previous 
studies carried out comparing different countries.

Turkey is the only country with a land mass, both on 
the European continent and on the Asian continent. In 
this context, it forms a transition zone between Europe 
and Asia in geopolitical terms. For that reason, Turkish 
forestry is affected by the Pan-European Helsinki process 
having 7 criterias-63 indicators (Ozcan, 2008). 

The main purpose of the study is to reveal the situations 
between Turkey which is an EU candidate country, and 
EU member states. In this context, the k-means clustering 
method was used to classify the forestry and logging 
sectors in 23 EU countries and Turkey according to 
their similarities and differences with respect to various 
occupational accident evaluation criteria between 2008 
and 2017. The occupational accident assessment criteria 
used in the study include the nonfatal male accident 
incidence rate, the nonfatal female accident incidence rate, 
2 ILO (2021). Indicator description: Occupational injuries [online]. Website   https://ilostat.ilo.org/resources/concepts-and-definitions/description-oc-
cupational-injuries/ [accessed 9 April 2021].
3 EUROSTAT (2020b). Non-fatal accidents at work by NACE Rev. 2 activity and sex [online]. Website https://appsso.eurostat.ec.europa.eu/nui/show.
do?dataset=hsw_n2_01&lang=en [accessed 1 August 2020].
4 EUROSTAT (2020c). Fatal Accidents at work by NACE Rev. 2 activity https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hsw_n2_02&lang=en 
(accessed 1 August 2020).
5 SSI (2020).  SSI, Statistical data [online]. Website  http://www.sgk.gov.tr/wps/portal/sgk/tr/kurumsal/istatistik/sgk_istatistik_yilliklari [accessed 1 
August 2020].

the total (male + female) nonfatal accident incidence rate, 
and the total (male + female) fatal accident incidence rate.

2. Materials and methods
2.1. Data description
In this study, we used 10 years (2008–2017) of data on 
the occupational accident incidence rates in forestry and 
logging in 23 EU countries and Turkey. Belgium, Estonia, 
South Cyprus, Luxemburg, Malta, the Netherlands, Great 
Britain, Iceland, and Norway, which are among the EU-
member countries, were not considered because there 
did not exist enough data regarding these to make an 
accurate assessment on a 10-year basis. The occupational 
accident incidence rate variables included the nonfatal 
male accident incidence rate, nonfatal female accident 
incidence rate, total (male + female) nonfatal accident 
incidence rate, and total (male + female) fatal accident 
incidence rate (Tables 1–4). 

According to European Statistical Office (EUROSTAT), 
two main types of indicators are used in the evaluation of 
European occupational accident statistics: the number of 
accidents and the accident incidence rate (Eurostat, 2013). 
The accident incidence rate is defined as the number of 
accidents per 100,000 people in employment. On the other 
hand, International Labor Organization (ILO) evaluates 
occupational accidents in terms of fatal and nonfatal 
accidents by taking into account the number of accidents 
per 100,000 people in employment in order to measure 
occupational accidents easily and to compare the countries 
in terms of time.2 Incidence rate calculation formula is 
given in Eq (1).
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For the EU countries, the values for the relevant 
variables were obtained from the EUROSTAT office.3,4 
For Turkey, the incidence rate values are not given in the 
Republic of Turkey Social Security Institution report, the 
incidence rate values are calculated by authors according to 
Eq. (1).5 SSI is an organization that reports on employees’ 
insurance records. Hence, accident reports are based on 
hospital reports. 
2.2. Clustering analysis
In this study, the occupational accident incidence rate 
data were analyzed using k-means clustering. Clustering 

https://ilostat.ilo.org/resources/concepts-and-definitions/description-occupational-injuries/
https://ilostat.ilo.org/resources/concepts-and-definitions/description-occupational-injuries/
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analysis methods, which are important in data analysis, 
can be classified into two main categories: hierarchical and 
partitional (Alguwaizani et al., 2011; Wu et al., 2015). In 
clustering analysis, the units are divided into homogeneous 
and heterogeneous subgroups based on distance matrices 
or a similarity matrix (Mauro et al., 2013). The k-means 
clustering method, which is a partitional method, was 
introduced by MacQueen (1967). Sangita and Dhanamma 
(2011) state that k-means clustering is a very simple 
and popular method that can be easily applied. In this 
context, it is stated that the factors that are effective in 
the popularity of the k-means algorithm are its speed of 
convergence, its applicability to sparse data and its easy 
interpretation (Dhillon and Modha, 2001). Also, k-means 
has a concise algorithm and it can accommodate a large 

sample size (Pandit et al., 2011; Li et al., 2016). K-means 
clustering analysis is widely used in studies in different 
fields (Shi et al., 2011; Kijewska and Bluszcz, 2016; Javadi 
et al., 2017; Yock and Kim, 2017; Shakeel et al., 2018). 
According to the method, the highest possible level of 
similarity among elements in the same cluster is desired. 
In addition, the similarities between the created clusters 
are expected to be minimal (Dalton et al., 2009). Distance 
measurements, such as Euclidean, Manhattan and 
Minkowski distance, are used to determine the distances 
between the clusters. In the k-means clustering method, 
the most commonly used similarity measurement method 
is Euclidean distance (Li et al., 2019). According to the 
k-means clustering algorithm, data points of a particular 
size are divided into k sets, thus aiming to minimize the 

Table 1. Nonfatal male occupational accident incidence rates (23 EU countries and Turkey).

Nonfatal male accidents at work (incidence rate)

Years

Country 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Turkey 225.50 371.52 285.87 313.08 252.02 594.70 565.99 449.34 1027.36 1349.14
Bulgaria 107.99 104.06 151.88 234.90 147.23 151.66 151.62 174.41 82.66 222.45
Czechia 0.00 1812.54 0 1174.28 909.30 1125.52 754.31 1073.03 730.17 837.86
Denmark 3499.77 11,885.79 2739.41 2773.78 4471.99 4837.61 4549.45 2933.80 2931.84 2118.36
Germany 15,303.13 9237.45 13,252.32 3277.39 2717.59 8091.05 8927.50 0.00 11,997.99 10,211.62
Ireland 18,156.07 1515.73 1995.34 1453.51 1504.60 3550.99 8391.44 7360.26 4224.54 940.31
Greece 5841.33 2543.79 3349.48 4935.68 5242.94 4236.18 1274.55(b) 2804.95 5625.70 2701.62
Spain 7384.03 15,194.46 13,698.43 16,916.61 13,993.06 15,771.09 7389.23 16,988.22 13,590.89 15,429.94
France 5,264.56 238.55 415.53 33,517.28(u) 0.00 5,715.02 7,073.77(b) 7,074.79 8,758.49 6,624.93
Croatıa na na 2991.36 3678.96 3045.44 2785.92 3187.21 2928.52 15639.04 2915.84
Italy 1617.79 18,865.70 17,432.34 15,994.71 16,660.46 11,980.09 10,194.98 2318.81 568.85 418.30
Latvia 336.43 65.96 126.61 313.06 324.5 402.94 353.21 189.33 207.25 461.1
Lithuania 251.91 385.98 716.37 286.18 528.37 295.08 264.09 334.18 201.61 399.82
Hungary 948.64 799.28 683.51 1086.82 1110.62 853.77 864.29 869.13 887.68 513.83
Austria 5182.11 6476.47 3741.46 5130.79 4275.72 5793.23 5674.90 6534.62 9764.07 10,342.40
Poland 796.79 1742.07 852.28 609.46 991.85 642.05 656.44 513.53 845.74 593.98
Portugal na 7775.60 8840.36 9437.14 7573.48 7538.17 9812.25 11,087.76 9087.65 7482.10
Romania 188.68 136.00 472.71 1963.66 769.60 804.20 782.91 214.41 276.59 363.26
Slovenia 13,158.91 6595.11 9935.90 7940.70 7239.11 8587.14 7486.95 9099.56 7114.52 8286.36
Slovakia 769.13 487.40 476.18 643.11 874.31 360.22 313.40 863.77 712.45 733.69
Finland 1968.59 1827.38 1907.34 1842.62 2311.45 1884.70 1614.33 1257.77 1240.54 1566.88
Sweden 597.03 589.74 684.46 639.02 426.40 576.87 666.61 381.30 689.79 390.62
United Kingdom 7947.19 4161.89 4448.38 7903.78 4200.70 5269.38 5048.07 4909.72 6437.91 4566.73
Switzerland 6172.26 8848.13 5219.32 5129.65 6107.51 4827.59 4395.73 4229.26 6771.94 7941.64

na: not available, (b): break in time series, (u): low reliability.
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sum of the squares within the cluster (Hartigan and Wong, 
1979; Krishna and Murty, 1999; Jain, 2010).

The general procedure of the k-means clustering 
algorithm is as follows:

Let X = {X1, X2, X3,..., Xn} be the set of data points and 
V = {V1, V2, V3,…,Vn} be the set of centers. The k-means 
algorithm aims at minimizing an objective function 
known as the squared error function, given by: 

Incidence rate =  !"#$%&	()	*++,-%./0	()*/*2	(&	.(.)*/*2)
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Here,  is the Euclidean distance between  and , ci is the 
number of data points in ith cluster, and c is the number of 
cluster centers.  can be expressed as follows:
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The steps for implementing the k-means clustering 

method are listed below (Aggarwal and Reddy, 2014):
1) k cluster points are determined.
2) Observations are assigned to the cluster along 

with the points closest to it.
3) The average vector of the elements assigned to a 

cluster is calculated so that the cluster points are updated. 
In the case of an observation that is closer to the points 
of a cluster other than that in which it is located, the 
observation is transferred to the other cluster.

Table 2. Nonfatal female occupational accident incidence rates (23 EU countries and Turkey).

Nonfatal female accident at work (incidence rate)

Years

Country 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Turkey 114.63 142.29 264.62 77.12 55.97 361.41 294.33 428.47 799.01 533.48
Bulgaria 51.35 19.59 42.65 0.00 0.00 87.36 28.82 28.51 0.00 28.09
Czechia 0.00 2108.34 0.00 1512.84 902.34 788.95 868.99 1153.88 1493.89 817.94
Denmark 1228.74 3917.99 1695.62 2397.26 12,146.42 6208.09 2177.29 2706.86 0.00 2084.24
Germany 9063.58 2734.53 1830.51 637.54 955.67 0.00 36,579.54 41,530.91 1874.88 21,365.96
Ireland 0.00 0.00 3265.61 0.00 0.00 0.00 0.00 0.00 39,874.97 2630.11
Greece 1070.94 0.00 0.00 754.62 0.00 0.00 0.00(b) 0.00 955.96 259.90
Spain 5240.82 7252.46 6641.95 6282.58 4117.57 4413.38 5709.69 4598.74 2942.82 5493.53
France 3338.06 41.56 0.00 1834.94 0.00 1066.98 801.38(b) 864.95 775.44 929.81(b)

Croatia na na 611.07 0.00 0.00 312.70 367.12 894.04 173.51 595.10
Italy 565.96 46,921.18(u) 41,327.67 31,495.27(u) 37,596.69 29,127.26(u) 22,775.23(u) 1359.02 164.98 217.85
Latvia 51.60 58.62 94.48 135.87 143.55 69.34 232.47 51.12 103.63 43.75
Lithuania 122.51 58.16 163.96 505.97 102.34 147.04 112.42 103.23 0.00 183.26
Hungary 543.70 936.30 897.45 504.41 1951.92 959.50 1358.92 683.47 1375.53 1036.14
Austria 1646.57 1373.71 907.69 1655.91 1104.14 805.87 729.73 1837.21 3445.58 2381.08
Poland 304.22 580.54 614.51 314.51 447.43 288.72 296.10 336.71 361.43 372.3
Portugal na 3092.78 5115.41 2338.01 4068.18 7345.48 5960.41 6603.62 7925.00 9389.45
Romania 55.7 0.00 8.29 11.67 16.89 0.00 14.31 49.06 83.04 82.45
Slovenia 991.64 1922.88 1183.24 543.43 1162.67 376.07 1530.55 1176.45 1063.75 573.57
Slovakia 674.28 327.95 312.54 154.02 192.49 285.29 160.49 780.67 438.38 630.27
Finland 818.57 1059.86 865.74 795.10 418.05 618.17 792.07 589.74 583.08 772.59
Sweden 778.52 615.47 681.45 749.04 403.93 528.05 886.79 763.47 431.25 115.12
United kingdom 660.39 1792.07 1908.85 0.00 4,533.91 617.72 838.47 470.63 1040.65 977.29
Switzerland 636.27 414.75 645.14 243.43 458.23 152.37 237.84 350.47 690.25 545.99

na: not available, (b): break in time series, (u): low reliability.
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4) Step 3 is repeated until all transitions have 
stopped.

Although there are different approaches for determining 
the number of clusters according to the k-means clustering 
method, the most commonly used approach is given as 
follows (Marola et al., 1979):

Incidence rate =  !"#$%&	()	*++,-%./0	()*/*2	(&	.(.)*/*2)
!"#$%&	()	%#42(5%-	4%&0(.0	,.	/6%	+(7%&%-	4(4"2*/,(.

×100,000 
 
 
J(V) = ∑ ∑ (‖𝑥𝑥, − 𝑣𝑣,‖)8

+!
9:;

+
,:;  

      
 
𝑣𝑣, = (1/𝑐𝑐,) ∑ 𝑥𝑥,

+!
9:;  

 

D(x,v) = )∑ (𝑥𝑥, − 𝑣𝑣9)8.
,:;  

 
 

k =+ ,.
8
         

 
 
𝑋𝑋.(& = <"=<#!$

>#%&=>#!$
 

 
 

k =+  ,8?
8

 =+  3 

 (4)   

Here, k is the number of clusters, and n is the number 
of samples.

All calculations related to clustering analysis were 
carried out using the SPSS Statistics 21.0 program. The 
mean values of the occupational accident data between 

2008 and 2017 were used in the k-means clustering 
analysis performed herein. The mean values are shown in 
Table 5 and Figure 1.

Since there are different types and sizes of occupational 
accident data, some related data were normalized for 
a more accurate clustering analysis. The minimum/
maximum normalization method was applied on data in 
Table 5 by using Eq. (5). And finally, the normalized values 
are indicated in Table 6.
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Here, Xnor is the normalized value, Xmax is the maximum 
value, Xmin is the minimum value, and X0  is the original value.

Table 3. Total (male + female) nonfatal occupational accident incidence rates (23 EU countries and Turkey).

Total (male+female) nonfatal accidents at work (incidence rate)

Years

Country 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Turkey 214.75 349.44 283.73 286.27 232.83 569.80 536.57 443.67 995.21 1125.80
Bulgaria 91.22 79.55 131.99 185.19 121.85 137.83 124.99 142.66 65.48 179.60
Czechia 0.00 1857.87 0.00 1222.75 908.01 1057.60 772.00 1086.64 801.96 835.14
Denmark 2914.03 8842.58 2609.26 2708.33 4821.58 4955.88 4207.36 2994.95 3018.65 2227.94
Germany 14,821.30 8221.70 10,264.93 2748.62 2556.87 8481.80 9310.48 0.00 9375.76 10,491.74
Ireland 16,604.34 1548.85 2133.66 1335.77 1383.79 3311.30 7543.46 6778.00 4598.28 1053.07
Greece 4819.12 2309.80 2820.32 4040.26 4659.28 3937.15 1156.65(b) 2383.13 5220.89 2080.97
Spain 7122.65 13,953.24 12,640.92 15,010.43 12,385.29 13,885.00 7283.63 15,173.20 11,913.37 14,064.42
France 5096.49 200.95 328.72 27567.49(u) 0.00 4885.79 6069.72(b) 6324.49 7662.27 6007.54(b)

Croatia na na 2555.85 2998.71 2476.65 2351.39 2638.05 2676.64 3356.32 2503.35
Italy 1492.31 22,261.72(u) 20,350.10 18,056.06 19,216.71 13,954.05 11,748.57 2215.34 524.14 396.25
Latvia 268.95 64.61 120.75 281.17 291.14 333.23 333.94 169.42 186.53 325.91
Lithuania 226.30 310.01 588.46 312.26 469.18 270.34 242.30 294.28 165.54 376.45
Hungary 875.45 820.41 721.93 955.72 1223.64 873.12 950.82 831.49 978.83 578.65
Austria 4710.14 5664.13 3317.63 4578.35 3725.00 4916.69 4247.21 5676.05 8921.59 8783.48
Poland 721.90 1547.92 815.36 563.94 917.10 585.38 600.97 489.88 759.57 560.98
Portugal na 7060.78 8444.66 8069.39 7208.14 7520.17 9399.98 10,465.62 8978.50 7605.67
Romania 177.53 125.52 168.33 240.40 321.64 357.58 419.47 193.97 257.25 333.01
Slovenia 10,776.47 6106.00 9235.24 7303.37 6742.78 7572.73 6977.76 8245.24 6596.91 7469.74
Slovakia 753.98 461.61 453.71 511.02 661.35 346.88 293.16 853.55 660.13 715.85
Finland 1836.43 1762.63 1815.61 1711.65 2037.00 1730.54 1537.51 1184.65 1179.11 1483.25
Sweden 614.95 592.13 684.19 649.87 425.08 573.37 682.84 413.12 661.14 352.81
United Kingdom 6177.62 3847.80 4155.22 8507.51 4219.27 4239.52 4203.85 3182.22 4854.44 3668.48
Switzerland 5315.77 6594.51 3947.21 4032.79 4295.73 3057.52 3136.75 2945.72 5516.09 5547.43

na: not available, (b): break in time series, (u): low reliability.
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In determining the number of clusters, Ward’s method 
was used for a priority hierarchical grouping (Figure 2). 
According to Ward’s method, the Euclidean distance is 
used to evaluate the distance between the clusters (Ward Jr, 
1963). In addition, the number of clusters were calculated 
by using Eq. (4) as shown below:

Incidence rate =  !"#$%&	()	*++,-%./0	()*/*2	(&	.(.)*/*2)
!"#$%&	()	%#42(5%-	4%&0(.0	,.	/6%	+(7%&%-	4(4"2*/,(.

×100,000 
 
 
J(V) = ∑ ∑ (‖𝑥𝑥, − 𝑣𝑣,‖)8

+!
9:;

+
,:;  

      
 
𝑣𝑣, = (1/𝑐𝑐,) ∑ 𝑥𝑥,

+!
9:;  

 

D(x,v) = )∑ (𝑥𝑥, − 𝑣𝑣9)8.
,:;  

 
 

k =+ ,.
8
         

 
 
𝑋𝑋.(& = <"=<#!$

>#%&=>#!$
 

 
 

k =+  ,8?
8

 =+  3 

Considering the results obtained using both methods, 
the appropriate number of clusters was determined to be 
three.

3. Results and discussion
For the analysis considering three clusters, the distribution 
and distances of the countries according to the clusters are 

given in Table 7. In addition, the distribution of countries 
by cluster and the number of elements in each cluster are 
given in Table 8 and Figure 3. Turkey was placed in Cluster 
2. 

The final cluster center results for each cluster are given 
in Table 9. The mean values of each cluster and the mean 
values of the 23 EU countries and Turkey are listed in Table 
10 as descriptive statistics. 

The distances between the final cluster centers are given 
in Table 11. When the values of the distances between the 
related clusters were analyzed, Cluster 3 was found to be 
closer to Cluster 2 than Cluster 1. Moreover, the distance 
between Cluster 1 and Cluster 2 was the greatest among 
the clusters.

An analysis of variance (ANOVA) was performed 
to examine the effect of the different variables on 

Table 4. Total (male + female) fatal occupational accident incidence rates (23 EU countries and Turkey).

Total (male+female) fatal accidents at work (incidence rate)

Years

Country 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Turkey 14.81 0.00 14.78 17.53 5.48 20.77 7.16 20.19 20.15 13.41
Bulgaria 5.07 0.00 15.53 17.64 21.50 6.26 18.75 12.41 0.00 18.58
Czechia 22.51(u) 6.17 20.84 20.96 9.46 3.79 2.91 8.26 3.12 12.75
Denmark 33.40(u) 63.93(u) 0.00 0.00 37.41 31.69 0.00 0.00 23.52 0.00
Germany 43.34(u) 16.25 25.93 6.68 3.83 27.50 29.56 617.08 16.11 41.25
Ireland 45.44(u) 50.62(u) 100.64 0.00 0.00 0.00 0.00 52.06 0.00 0.00
Greece 24.18(u) 0.00 37.15 51.09(u) 22.66 0.00 18.36(b) 69.08 82.87 99.09
Spain 16.95 39.08(u) 34.18 67.78(u) 13.02 33.31 22.04 11.92 52.09 39.15
France 0.00 0.00 0.00 344.59(u) 0.00 0.00 10.13 43.24 31.06 24.19(b)

Croatıa na na 44.71 21.57(u) 64.38 65.93 0.00 20.13 57.47 26.44
Italy 4.82 34.26(u) 35.74 29.56(u) 29.53 24.88 35.95 15.63 3.65 7.37
Latvia 24.45(u) 21.54(u) 51.75 36.67(u) 52.93 0.00 37.10 36.83 20.73 28.34
Lıthuania 16.16 26.96(u) 75.93 24.02(u) 56.87 32.77 48.46 8.92 24.83 18.36
Hungary 35.73(u) 32.82(u) 25.78 18.93 24.28 13.30 9.70 12.99 31.90 31.47
Austria 94.20(u) 54.67(u) 59.39 68.68(u) 27.39 91.05 92.70 140.82 133.38 75.20
Poland 19.82 23.10 16.60 18.56 19.75 13.23 6.75 15.01 12.06 14.87
Portugal na 20.83(u) 23.04 59.56(u) 74.39 29.60(u) 20.80 37.83 57.40 34.68
Romania 67.74(u) 37.47(u) 81.45 96.16(u) 130.67 65.01 142.08 66.68 107.88 102.12
Slovenia 0.00 0.00 0.00 187.27(u) 47.48 46.46 130.83 42.28 90.99 0.00
Slovakia 14.36 0.00 12.26 5.94 0.00 8.46 12.75 32.01 9.30 36.25
Finland 0.00 0.00 4.77 0.00 0.00 4.18 0.00 3.80 3.89 9.57
Sweden 17.47 3.57 16.77 3.69 2.39 9.45 6.60 0.00 3.62 14.36
United Kingdom 10.26 8.55 22.66 35.13 24.06 0.00 8.90 7.33 0.00 8.7
Switzerland 49.22 129.3(u) 11.21 21.86 45.22 0.00 8.00 0.00 14.25 13.6

na: not available, (b): break in time series, (u): low reliability.
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cluster formation, and the results are shown in Table 
12. The ANOVA results reveal that there are significant 
differences among the clusters with respect to these 
variables, considering p values <0.05 to indicate statistical 
significance. In other words, it can be stated that variables 
had an important effect on the cluster analysis.

In addition, the minimum and maximum averages 
in each cluster are given in Table 13 and represented in 
Figure 4 to reveal the relationships and differences among 
the groups.

When the final center values and descriptive statistical 
values in the clusters were evaluated, it was found that the 
occupational accident incidence values   of the countries in 
Cluster 2 were in all four categories below the averages of 
both the other clusters as well as the 23 EU countries and 
Turkey. Cluster 1 was above the averages of both the other 

clusters as well as the 23 EU countries and Turkey in the 
total nonfatal occupational accident category, and Cluster 
3 in the fatal occupational accident category (Figure 4).

Cluster 1 consists of Italy and Spain (Table 7). Ambrosio 
et al. (2001) have stated that there is a lack of professionalism 
in Spain along with faults in active and passive protection 
equipment. According to our results, Italy is behind Spain 
in all other nonfatal accident categories except nonfatal 
female accidents. Italy has a frequency four-times higher 
than Spain in terms of nonfatal work accidents to women 
workers. With respect to the nonfatal male accident 
incidence rate, Spain has more than three times the average 
of the 23 EU countries and Turkey (Table 10 and Figure 4). 
While the nonfatal female accident incidence average of 
this cluster is approximately five times that of the 23 EU 
countries and Turkey, it is 3 times higher than the 23 EU 

Table 5. Mean values for nonfatal and fatal occupational accident incidence rates (23 EU countries and 
Turkey).

  Nonfatal accidents at work
(incidence rate) (2008–2017)

Fatal accidents at work
(incidence rate) (2008–2017)

Country Male Female Total
(male + female) Total (male + female)

Turkey 543.458 307.137 503.812 13.415
Bulgaria 152.886 28.637 126.036 11.574
Czechia 841.701 964.717 854.197 11.077
Denmark 4274.180 3456.251 3930.056 18.995
Germany 8301.604 11,657.312 7627.320 82.753
Ireland 4909.279 4577.069 4629.052 24.876
Greece 3855.622 304.142 3342.757 40.448
Spain 13,635.596 5269.354 12,343.215 32.952
France 7468.292 965.312 6414.346 45.321
Croatia 4646.536 369.193 2694.620 37.579
Italy 9605.203 21,155.111 11,021.525 22.139
Latvia 278.039 98.443 237.565 31.034
Lithuania 366.359 149.889 325.512 33.328
Hungary 861.757 1024.734 881.006 23.690
Austria 6,291.577 1,588.749 5454.027 83.748
Poland 824.419 391.647 756.300 15.975
Portugal 8737.168 5759.816 8305.879 39.792
Romania 597.202 32.141 259.470 89.726
Slovenia 8544.426 1052.425 7702.624 54.531
Slovakia 623.366 395.638 571.124 13.133
Finland 1742.160 731.297 1627.838 2.621
Sweden 564.184 595.309 564.950 7.792
United Kingdom 5489.375 1283.998 4705.593 12.559
Switzerland 5964.303 437.474 4438.952 29.266
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countries and Turkey with respect to the total incidence. 
Despite all of this, Cluster 1 is below the average of the 
23 EU countries and Turkey in terms of the fatal accident 
incidence rate.

Grzywiński et al. (2020) state that there is a common 
assumption that occupational accident rates in forestry 
have decreased significantly over the past 10–20 years, 
especially in Central and Eastern Europe. Most of the 
countries in Cluster 2 are located in Central and Eastern 
Europe, and although the 16 countries in Cluster 2 have 
the lowest mean values for both fatal and nonfatal accident 
incidence rates and are generally below the average of the 
23 EU countries and Turkey for each category, there are 
some exceptions (Figure 4). In this cluster, Bulgaria has 
the lowest averages in the total nonfatal accident category 
(Table 13). With respect to fatal accidents, the lowest 
value was found to belong to Finland, while the highest 
belonged to Greece. Similarly, Albizu et al. (2013) found 
that among the six European countries they studied 
Finland and Sweden had the lowest fatal accident rates per 
m3 in the forestry sector. Analyzing the nonfatal accidents 
experienced by male workers in this cluster, Switzerland, 

the UK, Ireland, Croatia, Denmark, and Greece, which 
are among the countries with the highest values, are above 
the average of the cluster. At the same time, Ireland has 
the highest average in terms of the incidence of nonfatal 
accidents faced by women workers. Denmark, Hungary, 
and the Czechia, which follow Ireland in that order, are 
also above the average of Cluster 2. With respect to the 
total nonfatal accident frequency, the countries with the 
highest values are the UK, Ireland, Switzerland, Denmark, 
Greece, and Croatia, in that order, and their values are also 
all above the average of their cluster. Of these countries, 
the average values   of the first four are also higher than 
that of the 23 EU countries and Turkey. Considering the 
fatal accident incidence, Greece, Croatia, and Lithuania 
are above the averages both of their cluster and the 23 EU 
countries and Turkey, while Latvia, Switzerland, Ireland, 
and Hungary, which follow them, are above the average 
of Cluster 2. With respect to the countries in Cluster 2, 
there are several differences among them regarding 
economical and topographic conditions. Bernik and 
Jeroncic (2011) investigated the relationship between the 
relief and economic conditions of countries with work 

a) b)

c) d)

Figure 1. Geographical distribution of the countries in terms of accident incidence rates. a) Nonfatal male. b) Nonfatal female. c) Total 
(male + female) nonfatal. d) Total (male + female) fatal.
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accidents in 22 European countries between 1990 and 
1999. According to their analysis, these factors had no 
significant impacts on the incidence rate. In addition, 
Berg et al. (2012) and Spinelli et al. (2013) state that the 
majority of Northern European countries have full-
mechanized harvesting systems, while the Southwest and 
Central European countries have motor-manual felling 
and mechanized extraction (i.e. forwarders, skidders, and 
cable yarders), and Eastern European countries have a low 
level of mechanization. Similarly, the countries in Cluster 
2 were found to have different mechanization levels. 
These results thus indicate that there is no significant 
relationship between mechanization rate and accident 
incidence rate. It is stated that the motor-manual method 
is a risky method in the occurrence of work accidents in 
wood transportation (Tsioras et al. 2014, FAO, 2018). In 
addition, it has been emphasized that due to the cut-to-

length technology, which is partially safe in mechanization 
in logging activities, new risks may arise due to increasing 
complexity and mental stress of the operator (Gellerstedt 
et al., 1999; Ovaskainen and Heikkilla, 2007; Jankovsky et 
al., 2018). Accident incidence rate is instead is probably 
related to the educational level and experience of the 
operator as well as the usage of protective equipment.

The mean values   of Cluster 3 are above the average of 
the 23 EU Countries and Turkey in all categories (Table 10 
and Figure 4). With respect to fatal accidents in particular, 
the mean value of Cluster 3 is approximately 2–3 times 
the averages of the other clusters and the 23 EU Countries 
and Turkey (Table 10). In this cluster, the situation of 
Romania differs from those of all the others. While 
Romania is the country with the lowest value in the cluster 
for total nonfatal accident incidence (Table 13), it has the 
highest value in terms of fatal accidents among all the 24 

Table 6. Normalized values for occupational accident incidence rates (23 EU countries and Turkey).

Nonfatal accidents at work
(incidence rate) (2008–2017)

Fatal accidents at work
(incidence rate) (2008–2017)

Country Male Female Total
(male + female)

Total 
(male + female)

Turkey 0.029 0.013 0.031 0.124
Bulgaria 0 0 0 0.103
Czechia 0.051 0.044 0.060 0.097
Denmark 0.306 0.162 0.311 0.188
Germany 0.604 0.550 0.614 0.920
Ireland 0.353 0.215 0.369 0.255
Greece 0.275 0.013 0.263 0.434
Spain 1 0.248 1 0.348
France 0.543 0.044 0.515 0.490
Croatia 0.333 0.016 0.21 0.401
Italy 0.701 1 0.892 0.224
Latvia 0.009 0.003 0.009 0.326
Lithuania 0.016 0.005 0.016 0.353
Hungary 0.053 0.047 0.062 0.242
Austria 0.455 0.073 0.436 0.931
Poland 0.050 0.017 0.052 0.153
Portugal 0.637 0.271 0.67 0.427
Romania 0.033 0.000 0.011 1
Slovenia 0.622 0.048 0.62 0.596
Slovakia 0.035 0.017 0.036 0.121
Finland 0.118 0.033 0.123 0
Sweden 0.031 0.026 0.036 0.059
United Kingdom 0.396 0.059 0.375 0.114
Switzerland 0.431 0.019 0.353 0.306
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countries. Following Romania in this category, Austria and 
Germany also have fatal accident incidence values   above 
the cluster average. According to the frequency of fatal 
accidents, the lowest average in Cluster 3 is in Portugal. 
In terms of both nonfatal male and total nonfatal accident 
incidence, Portugal, Slovenia, Germany, and France have 
higher values than the averages. According to the nonfatal 
female accident incidence rates, Germany has a frequency 
of more than three times the cluster average.

In all four categories discussed in the study, Turkey is 
below the average both within its cluster and among the 24 
countries (Table 10 and Figure 4). Within the 24 countries 
subject to research, Turkey is the fourth lowest in the class 
of nonfatal male occupational accident incidence rates, 

sixth in nonfatal female accident incidence, and fifth in 
the total nonfatal accident incidence. Considering fatal 
occupational accidents, it has the seventh lowest average 
of the 24 countries (Table 5). 

4. Conclusion
In this study, 23 EU countries and Turkey were clustered 
according to fatal and nonfatal occupational accident 
incidence in the forestry and logging sector. Clustering 
analysis results showed Turkey was included in Cluster 2 
which also contains Greece, Bulgaria (border to Turkey) 
and the majority consisting of the northern European 
countries and central European countries. A clustering 
analysis method was used to efficiently to evaluate and 
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Figure 2. Results of the hierarchical grouping of occupational accident incidence rates for 23 EU countries and Turkey.
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exhibit differences and similarities with regard to accident 
rates. The reliability, frequency, and continuity of the 
data were the most important factors in the clustering 
analysis stage. The clusters created for the countries 

varied depending on a number of similarities and 
differences among them. The reasons for the differences 
and similarities between the countries studied could be 
related to proactive measures and legislation regarding 

Table 7. Cluster numbers and distances from center of countries.

Country Cluster Distance

Turkey 2 0.190

Bulgaria 2 0.239

Czechia 2 0.172

Denmark 2 0.255

Germany 3 0.468

Ireland 2 0.349

Greece 2 0.286

Spain 1 0.413

France 3 0.275

Croatia 2 0.275

Italy 1 0.413

Latvia 2 0.236

Lithuania 2 0.243

Hungary 2 0.137

Austria 3 0.229

Poland 2 0.152

Portugal 3 0.403

Romania 3 0.722

Slovenia 3 0.266

Slovakia 2 0.184

Finland 2 0.210

Sweden 2 0.221

United Kingdom 2 0.346

Switzerland 2 0.361

Table 8. Countries in clusters and number of cluster elements.

Cluster no Countries Number of
cluster elements

1 Italy, Spain 2

2 Turkey, Bulgaria, Czechia, Denmark, Ireland, Greece, Croatia, Latvia, Lithuania, Hungary, 
Poland, Slovakia, Finland, Sweden, United Kingdom, Switzerland 16

3 Germany, France, Austria, Portugal, Romania, Slovenia 6
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Figure 3. Geographical distribution of the countries according to clusters.

Table 9. Final cluster centers.

Variables
Number of clusters

1 2 3

Nonfatal male accident incidence rate 0.85 0.16 0.48
Nonfatal female accident incidence rate 0.62 0.04 0.16
Total (male + female) nonfatal incidence rate 0.95 0.14 0.48
Total (male + female) fatal accident incidence rate 0.29 0.20 0.73

Table 10. Descriptive statistics on the clusters.

Variables Cluster 1 Cluster 2 Cluster 3 23 EU countries
and Turkey

Mean nonfatal male accident incidence rate 11,620.40 2246.10 6656.71 4129.45
Mean nonfatal female accident incidence rate 13,212.23 944.72 3509.29 2608.16
Mean total (male + female) nonfatal accident incidence rate 11,682.37 1886.83 5960.61 3721.57
Mean total (male + female) fatal accident incidence rate 27.55 20.46 65.9 32.43

Table 11. Distances between the final cluster centers.

Cluster no 1 2 3

1 - 1.212 0.872
2 1.212 - 0.711
3 0.872 0.711 -
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Table 12. Results of ANOVA for clustering analysis.

Variables
Cluster Error

Mean
Square df Mean

Square df F Significance

Nonfatal male accident incidence rate 0.570 2 0.033 21 17.215 0.000*
Nonfatal female accident incidence rate 0.307 2 0.027 21 11.514 0.000*
Total (male + female) nonfatal incidence rate 0.706 2 0.029 21 24.270 0.000*
Total (male + female) fatal accident incidence rate 0.599 2 0.027 21 21.828 0.000*

*p<0.05

Table 13. Minimum and maximum averages in the clusters.

Variables Min/max
value

Clusters

1 2 3

Mean nonfatal male accident incidence rate
Min 9605.20 Italy 152.88 Bulgaria 597.20 Romania
Max 13,635.60 Spain 5964.30 Switzerland 8,737.17 Portugal

Mean nonfatal female accident incidence 
rate

Min 5269.35 Spain 28.637 Bulgaria 32.141 Romania
Max 21,155.11 Italy 4577.07 Ireland 11,657.31 Germany

Mean total (male + female)
nonfatal accident incidence rate

Min 11,021.53 Italy 126.04 Bulgaria 259.47 Romania
Max 12,343.22 Spain 4705.59 United Kingdom 8305.88 Portugal

Mean total (male + female)
fatal accident incidence rate

Min 22.14 Italy 2.62 Finland 39.79 Portugal
Max 32.95 Spain 40.45 Greece 89.72 Romania
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Figure 4. Relationships and differences among countries with respect to the mean values of each cluster as well as the 23 EU countries 
and Turkey.
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occupational health and safety, degree of mechanization, 
the education level of the workers, and the socioeconomic 
and cultural structures of the countries. Studies similar 
to this one but on an intercontinental basis will provide a 
foundation for improving work health and safety legislation 
in forestry and logging on a global scale. Also, evaluation 
of occupational safety performances of countries in terms 

of forestry and logging, according to clustering results will 
be beneficial for comparing countries and self-evaluation.
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