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Highlights
•	 In standard cutting stands and thinning areas with windbreaks there occurred three-activity 

operational cycles. In mature stands with windbreaks the occurrence of stable sequences 
supplemented	with	 five-activity	 cycles	was	 noted.	Consequently,	 the	 operational	 time	 in	
post-disaster thinning stands should be increased by 55% whereas in mature stands it should 
be 30% longer in comparison with standard stands.

Abstract
The aim of the study was to characterize repetitive cycles of harvester operation. The study was 
conducted	 in	 thinning,	mature	 and	 post-disaster	 pine	 stands.	The	 sequences	 of	 the	 activities	
characteristic of harvester operation were described as time series. In order to detect the cyclic 
variable	structure	of	the	analysed	time	series,	the	methodology	of	the	single	spectrum	Fourier	
analysis	was	applied.	In	standard	stands,	post-disaster	late-thinning	stands	and	mature	stands,	the	
existence of stable operational cycles with the length of three activities was discovered while in 
post-disaster	mature	stands	additional	five-activity	operational	phases	were	noted.	Described	in	
this	way,	the	lengths	of	the	operational	cycles	of	harvesters	working	in	post-disaster	areas	were	
higher	by	about	55%	and	30%	respectively,	as	compared	to	standard	thinning	and	mature	stands.
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1 Introduction

The	application	of	highly	efficient	technological	systems	has	been	a	standard	since	the	early	1990s.	
The advantages of the mechanized technology of timber harvesting and skidding include primar-
ily	high	performance	and	lower	unit	costs,	smaller	damage	to	the	environment,	improvement	of	
safety	conditions	(Moskalik	2004;	Sowa	2009;	Dvořák	et	al.	2011).	Multioperational	machines	
and skidding with the use of forwarders are applied in mature and thinning stands of different age 
classes not only under easy conditions of timber harvesting in the single-storey and single-species 
stands of lowland areas but also under mountain conditions and in structurally diverse stands as 
well	as	in	post-disaster	stands	(Moskalik	and	Stampfer	2003;	Frutig	et	al.	2007;	Szewczyk	and	
Kulak	2013).	Mechanized	harvesting	technologies	are	also	incorporated	in	planned	cuts	in	areas	
previously	not	available	via	operational	routes,	by	applying	mixed	variants	including	cutting	and	
felling	in	midfields	by	means	of	chain	saws	or	by	avoiding	straight-line	skidding	trails.	A	special	
research and implementation trend in mechanized timber harvesting technologies concerns adapt-
ing	harvester	cutting	heads	to	operation	in	deciduous	stands	(Mederski	2006;	Spinelli	et	al.	2009;	
Fulvio	et	al.	2012;	Yoshioka	et	al.	2012;	Mederski	2013).	

The basic problem concerning assessment of the performance of timber harvesting and skid-
ding	lies	in	their	enormous	variability,	resulting	from	a	large	number	of	diverse	and	often	hardly	
measurable	or	totally	non-measurable	factors,	affecting	the	task	performance	time.	According	to	
Nurek	(2007),	the	variability	of	performance	of	the	seemingly	stable	mechanized	timber	harvesting	
method in stands of older age classes amounts to approximately 150%. Such a result is associated 
not only with differences in working conditions but probably also with inaccurate estimation of 
efficiency,	which	is	determined	by	two	variables:	timber	volume	and	bucking.	The	initial	steps	
of	time	measurement,	i.e.	determination	of	estimation	accuracy	and	the	related	sample	size,	are	
decisive for measurement accuracy. The most accurate time research is carried out on the basis of 
the	working	day	picture,	i.e.	observation	of	all	tasks	and	breaks	in	the	order	of	their	occurrence	
(Samset	1990;	Kärhä	et	al.	2004;	Ovaskainen	et	al.	2004;	Sowa	et	al.	2007).	Such	studies	last	long;	
hence,	as	a	rule,	time	consumption	is	calculated	for	the	operating	time;	then	the	appropriate	con-
version factors are used in order to determine the share of the non-production activity categories 
in	a	shift	(Backhaus	1990;	Sowa	et	al.	2006;	Zečić	et	al.	2005;	Nurminen	et	al.	2006;	Spinelli	and	
Visser 2008). Since the measurements concern such sequences of repetitive tasks and supporting 
activities	that	are	characteristic	of	specific	worksites,	the	key	issue	is	to	determine	the	structure	
of those operational cycles in which the duration and the relative arrangement of activities are 
characteristic	of	stand	conditions	and	technologies.	Under	standard	harvesting	conditions,	har-
vester operation is characterized by a certain repeatability (Szewczyk 2011) and determination of 
the time consumption of harvesting a single tree (converted into min/m3) is simple: it consists of 
measuring	the	number	of	steps	forming	an	operational	cycle	(Danilović	et	al.	2011;	Picchio	et	al.	
2012).	The	situation	is	different	in	post-disaster	stands,	in	which	the	problem	of	high	variability	of	
the	working	time	structure	has	been	noted	(Jakubowski	et	al.	2005;	Szewczyk	and	Stańczykiewicz	
2012).	Determination	of	the	time	consumption	of	harvester	work	under	such	conditions	may	be	
carried	out	on	the	basis	of	an	analysis	of	differences	between	the	structures	of	operating	cycles,	by	
comparing their lengths under standard conditions and conditions after hurricanes. Such a study 
could constitute the foundation to be used for determination of co-factors that increase the time 
consumption	of	mechanized	timber	harvesting	in	post-disaster	areas,	where	the	standards	that	are	
currently	in	force	are	general	and	require	verification	of	the	time	consumption	increase	(e.g.	cur-
rently	in	Poland	the	maximum	increase	amounts	to	30%	of	the	time	shift).
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2 Research aim and scope

The aim of the study was to develop a model which would characterize time consumption in 
areas	with	windbreaks,	based	on	the	structure	of	the	repetitive	cycles	of	harvester	operator	work,	
including activity succession and the average length of the duration of the entire work sequence. 
Research was conducted in pine stands where management cutting with the character of late thin-
ning	was	performed	(TP),	in	mature	stands	(R)	and,	thirdly,	in	stands	whose	age	corresponded	to	
that	of	thinning	stands	(WL-TP)	and	mature	stands	(WL-R)	and	where	windbreaks	were	being	
removed.		An	algorithm	was	specified	in	the	group	of	stands	with	standard	treatments	performed,	
in	which	the	operation	structure	variability	should	be	relatively	small,	as	well	as	in	post-disaster	
areas,	where	a	significantly	higher	variablity	should	be	expected.

3 Material and methods

The	timber	handling	areas	under	research	were	situated	in	three	Regional	Directorates	of	State	
Forests	in	central	Poland,	in	lowland	Scots	pine	forests	(Fig.	1).	The	forest	taxation	descriptions	
of the stands where the measurements were performed are presented in Table 1.

Work	measurement	was	carried	out	in	the	years	2007–2013	in	standard	stands,	i.e.	thinning	
and	mature	ones,	and	in	post-disaster	stands	(after	hurricanes)	with	the	corresponding	structure	and	
age.	The	post-disaster	areas	in	which	the	measurements	were	performed,	had	formed	in	2007	due	
to	two	hurricanes.	In	both	locations	there	was	large-area	damage;	in	one	case,	the	total	amount	of	
wood destroyed was 44 000 m3 while in the other the wind had destroyed approximately 450 000 m3 
of	wood	in	an	area	of	over	3600	hectares.	Those	were	the	first	post-disaster	areas	in	Poland	where	
the removal of the effects of a hurricane was done with the use of mechanized technology apply-
ing harvesters and forwarders on a large scale. Even then there appeared a problem of the correct 
estimation of time consumption of the work. In the fragments of standard stands characterized by 

Fig. 1. Location of the research areas. The research was conducted in mature 
stands	(Staszów	Forest	District)	and	in	post-disaster	areas	(Dąbrowa	Tarnow-
ska	Forest	District	and	Przedbórz	Forest	District).
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full density and by homogeneity with respect to their forest taxation characteristics (diameter at 
breast	height,	height,	species	composition)	as	well	as	in	those	parts	of	post-disaster	stands	in	which	
large-area	damage	with	the	character	of	windbreak	had	occurred,	a	constant	time	study	of	harvester	
operation was carried out with the working day picture method. Time measurement was recorded 
using	the	PSION	Workabout	microcomputers	with	the	“Timing”	software	in	order	to	conduct	the	
timings (Szewczyk 2010; Sowa and Szewczyk 2013). The registered duration of the operations was 
grouped	in	specific	categories	adopted	in	accordance	with	the	IUFRO	standards	(Björheden	1991)	
(Table	2).	Theoretically,	a	large	measurement	database	of	working	time	could	be	obtained	using	
the	data	from	the	harvester	computer	system.	The	StanForD	control	and	measurement	standard	has	
functioned	already	since	the	1980s	(Dvořák	et	al.	2011).	However,	due	to	the	possible	problem	of	
low	accuracy	of	the	data	obtained	in	this	way,	especially	considering	large	variability	of	the	work,	
it	was	decided	to	measure	the	time	manually	(Purfürst	and	Erler	2011).	Medium-class	harvesters	
were	used	in	all	areas	(Jiroušek	et	al.	2007).

Measurements	were	taken	on	10	research	plots.	During	the	harvesting	and	skidding	opera-
tions,	over	4500	trees	with	a	total	volume	of	large	timber	amounting	to	over	3700	m3 were removed 
from the timber handling plots (commercial value timber; in post disaster areas low-quality timber 
chips	were	also	sold).	The	measurement	basis	of	the	duration	of	the	activities	identified	covered	
almost	19	000	cases	for	all	worksites,	and	continuous	measurements	were	carried	out	for	over	200	
hours.

The sequencing of the activities performed while the harvester was working was determined 
by	presenting	the	measurement	data	as	a	time	series,	i.e.	a	sequence	of	observations	of	a	given	
variable	at	a	fixed	time	interval	(Box	and	Jenkins	1976).	The	problem	of	adapting	the	time	series	
analysis method to the phenomenon under the present study consisted in the fact that individual 
cases	(the	observed	activities)	did	not	occur	at	a	fixed	interval.	In	order	to	convert	the	time	studies	
of	the	worksites	analysed	in	the	present	research	into	time	series,	individual	observations	were	
coded	according	 to	 the	notation	presented	 in	Table	2.	Therefore,	 the	occurrence	of	an	activity	
sequence	was	treated	as	a	time	series	in	which	the	names	of	particular	activities,	coded	as	num-

Table 2. Flow chart presenting the classification of harvester operation times during work in standard areas 
and in post-disaster stands. Numerical codes referring to the classification applied were used to construct time 
series.

D	W	t	–	Direct	
Work	time

Main	Work	time M	W	t

Numerical code of 
time category

1,1 Crane	out,	positioning,	cut-
ting,	felling

1,2 Pulling	tree	into	machine,	
debranching,	cross-cutting

Auxiliary	Work	time C	W	t

2,1 Travelling time on worksite

2,2 Worksite	prepartion	time	
–	removing	disturbing	
branches and log fragments 
hindering access to tree stem 
being cut

2,4 Time of log arrangement and 
timber sorting 

Unavoidable	Delay	
time U	D	t

2,3 Technological	downtime	–	
breaks due to work organisa-
tion,	route	setting	and	tree	
cutting order
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bers,	constituted	the	observed	variable	while	the	succession	of	activities	characteristic	of	a	given	
worksite (work sequencing) formed the ordering variable.

The	resulting	time	series	were	subject	to	strong	random	fluctuations;	therefore,	before	further	
analyses,	smoothing	with	the	moving	average	(of	equal	weights)	was	performed	on	them.	Time	
series as opposed to random sampling are characterized by a non-accidental order of observation. 
This property was used in the present study. The simplest test of the sequencing of certain obser-
vations	consists	in	determination	of	regular	fluctuations,	i.e.	ones	with	a	fixed	length	(number	of	
observations),	known	as	seasonal	variations.	In	research	by	Szewczyk	(2011),	the	length	of	machine	
operation	cycles	was	determined	by	adopting	such	a	simplified	assumption.	However,	observations	
of worksites during timber harvesting and skidding reveal that in the case of high variability of 
operations	it	is	difficult	to	indicate	the	length	of	stable,	repetitive	fragments	of	the	working	day.	
In	fact,	the	structure	of	the	succession	of	time	at	worksites	related	to	timber	harvesting	and	skid-
ding	indicates	the	presence	of	several	intertwined	cycles	of	different	lengths.	Determination	of	the	
variable cyclic structure of the analysed time series was done using the single Fourier spectrum 
analysis	methodology	(Kot	et	al.	2007;	StatSoft	Inc.	2009).

4 Results

The structure of the harvester operating time in late thinning stands and in areas with windbreaks 
is presented in Fig. 2.

What	is	noticeable	is	the	share	of	debranching	time	in	all	of	the	analysed	variants.	That	time	
accounted	for	approximately	33–37%	of	the	operating	time.	Similar	shares	of	the	cutting	and	felling	
time and of travelling between successive trees were recorded for standard stands. A much larger 
variety	of	operations	was	observed	in	post-disaster	stands.	What	was	characteristic	in	them	was	
the	share	of	the	debranching	time,	similar	in	younger	and	older	stands,	and	a	significantly	higher	
share	of	the	cutting	time	in	mature	stands	(22%	as	compared	to	37%).	Perhaps	such	an	image	may	
be	associated	with	difficult	working	conditions	in	the	first	stage	of	the	treatments	and	the	need	
to	perform	several	cuts	on	logs	which	were	lying	tangled	in	groups.	The	share	of	travelling	time,	
similar	in	both	categories	of	standard	stands,	was	significantly	different	on	research	plots	with	
windbreaks.	In	post-disaster	mature	stands,	larger	thickness	and	weight	of	broken	trees	resulted	in	

Fig. 2. Structure of harvester work time in areas of standard utilization and with windbreaks. The 
activities noted were grouped in respective time categories in accordance with Table 2.
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the	share	of	travelling	that	was	higher	by	almost	100%	than	in	standard	stands.	Worksite	prepara-
tion occurred only in post-disaster stands and the characteristic feature was a very high share of 
that time in thinning stands (almost 35%) as compared to mature stands (below 5%).

The	diversification	of	duration	of	each	activity	was	clearly	greater	in	post-disaster	areas	
than	standard	stands.	The	significance	of	the	observed	differences	was	confirmed	by	the	results	
of the t-test (Fig. 3).

Large variability of work in post-disaster areas was visible in highly dynamic sequencing 
of the observed activities. Succession of the activities was presented as sequences of the following 
working	times,	encoded	as	numerical	values	(Table	2).	In	this	way,	four	time	series	were	formed	
(TP,	R,	WL-TP,	WL-R),	where	the	sequence	of	activities	was	the	observed	variable	(Fig.	4,	5).

The	subsequent	observed	operations:	cutting	and	felling	(1,1),	debranching	(1,2),	travelling	
(2,2)	...,	are	arranged	in	cycles,	which	were	treated	as	regular	fluctuations	of	a	time	series.	Figs.	
6–9	show	a	graphic	analysis	of	the	cyclical	nature	of	the	examined	time	series	–	fragments	of	
periodograms which precisely determine shorter periods of operational cycles. Since even after 
smoothing	 the	 periodograms	 showed	 strong	 fluctuations,	 the	 descriptive	 data	 available	 in	 the	
“results”	window	of	the	single	spectrum	Fourier	analysis	(StatSoft	Inc.	2009)	were	also	analysed.

Harvester work in standard stands and in late-thinning post-disaster stands was performed in 
stable	three-activity	cycles	(1,1;	1,2;	2,2	–	the	cycle	is	highlighted	in	Fig.	4),	as	shown	by	distinct	
periodogram	peaks	in	Figs.	6–8.	In	mature	post-disaster	stands,	intertwining	cycles	of	different	
lengths were noted and the overall variability was generally described by two sequences: a stronger 
three-activity	one	and	a	slightly	weaker	but	clearly	visible	five-activity	one	(1,1;	1,2;	2,2	and	1,1;	
1,2;	1,1;	1,2;	2,2	–	the	cycles	are	indicated	in	Fig.	5)	(Fig.	9).

The presented model of the cyclical nature of harvester operation was used to determine the 
time consumption of the work in post-disaster areas. The entire database allowed for sampling the 
lengths	of	all	theoretical	three-activity	and	five-activity	cycles	on	the	examined	research	plots.	As	
the longer cycles were weaker by about 30% in the variant involving mature stands with wind-
breaks	(WL-R),	2/3	of	the	three-activity	operating	sequences	and	1/3	of	the	five-activity	operating	
sequences were sampled from the database. The results are summarized in Table 3.

Fig. 3. Significance	of	differences	in	the	duration	of	harvester	work	activities	in	standard	
stands and those with windbreaks. Larger differentiation of activity duration in post-disas-
ter stands is visible.
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Fig. 4. Fragment	of	a	time	series	of	harvester	operations	–	TP	(late	thinning).	The	points	
at which the line is broken indicate the occurrence of a given time category. The cycles 
described in this paper are marked with grey color.

Fig. 5. Fragment	of	a	time	series	of	harvester	operations	–	WL-R	(post-disaster	mature).	
The points at which the line is broken indicate the occurrence of a given time category. 
The cycles described in this paper are marked with grey color.
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Fig. 7. Fragment of a periodogram of harvester work in mature stands (R). The highest 
peak of the periodogram shows the strongest operational cycles.

Fig. 6. Fragment	of	a	periodogram	of	harvester	work	in	late	thinning	stands	(TP).	The	
highest peak of the periodogram shows the strongest operational cycles.
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Fig. 9. Fragment of a periodogram of harvester work in stands of the mature age class 
with	windbreaks	 (WL-R).	The	 highest	 peak	 of	 the	 periodogram	 shows	 the	 strongest,	
shortest operational cycles which overlap with longer cycles (the peak for the length of 
a	five-activity	cycle).

Fig. 8. Fragment of a periodogram of harvester work in stands of the late thinning age 
class	with	windbreaks	(WL-TP).	The	highest	peak	of	the	periodogram	shows	the	strong-
est operational cycles. Variation of operation which is slightly larger in comparison with 
post-disaster stands is visible.



11

Silva Fennica vol. 48 no. 4 article id 1159 · Szewczyk et al. · Sequencing of harvester work during standard cuttings…

The above data indicate that the duration of a harvester operation cycle in stands with 
windbreaks is about 30% higher in the class of late-thinning stands and about 50% higher in the 
class of mature stands in comparison with standard stands. It is by such percentage that the the 
current standards of the time consumption of harvester operation should be raised in the case of 
post-disaster stands.

5 Discussion

Damage	to	forests	caused	by	wind	constitutes	more	than	half	of	all	biotic	and	abiotic	damage.	
Increased	dynamism	of	weather	changes,	observed	in	recent	years,	has	caused	more	and	more	fre-
quent large-area destruction of forests. Since the 1960s in Europe about 130 episodes of hurricanes 
of	various	origins	have	been	noted,	and	the	average	annual	damage	to	forests	by	the	year	2000	had	
amounted to approximately 35 million m3 of wood (Schelhaas et al. 2003). A further increase in the 
extent	of	stand	damage	should	be	expected,	at	least	until	appropriate	forest	management	projects	
and properly conducted cultivation operations enhance the resistance of forest stands (Schraml 
1990).	Almost	90%	of	damage	caused	by	wind	is	created	in	the	autumn	and	winter,	with	a	clear	
dominance of windbreaks and windthrows.

It is a very complex task to design the technological processes in post-disaster areas. This 
is	associated	with	high	concentration	of	wood,	high	accident	risk	and	usually	a	short	time	of	area	
clean-up	(Bort	et	al.	1990;	Brzózko	and	Kaluga	2010;	Schraml	1990).	Particularly	difficult	condi-
tions of timber harvesting occur in areas with windbreaks and windthrows. Because of the great 
diversity	of	damage	caused	by	wind,	such	as	tearing	of	root	systems,	trunk	bending	with	hardly	
recognizable	stress,	trees	with	gate-like	breaks,	the	observed	work	efficiency	is	very	differentiated	
even within stands whose structure is similar.

Research	concerning	the	work,	time	and	actions	performed	are	the	basis	for	understanding	
and description of technological processes in forestry (Samset 1990; Spinelli and Visser 2008; 
Sowa	and	Szewczyk	2013).	When	analysing	the	forest	work	process	concerning	felling	and	buck-
ing,	where	individual	operations	and	activities	are	very	short,	a	relatively	easy	but	much	simpli-
fied	method	of	variability	analysis	is	pooled	analysis	using	a	synthetic	diagram,	illustrating	the	
shares	of	each	category	of	activities	in	a	work	shift.	Such	a	research	model	was	adopted	in	the	first	
analyses	within	the	framework	of	the	present	research.	Detailed	observations	of	the	work	must	
also incorporate determination of activity succession. Only on this basis can optimisation activi-
ties be introduced. Analyses based on observations of the sequencing and duration of individual 
operations	are	defined	as	analytical	methods	(Szewczyk	and	Sowa	2011;	Szewczyk	2011).	Such	
a research model was adopted in subsequent steps within the framework of the present research.

Analyses of the working time structure which apply synthetic diagrams are a standard in all 
studies analysing the performance of multi-operational machines (Kärhä et al. 2004). Harvester 

Table 3. Average duration of a harvester operational cycle in standard stands and in post-disaster areas.

Variant,	stand Sample	size	–	
number of observa-

tions

Number of  
analysed cycles

Mean	duration	of	 
work cycle 

[s]

Difference	in	relation	to	
standard stands 

[%]Name Symbol

Late thinning TP 3214 957 88
Mature	 R 3132 925 60
Post-disaster	mature WL-R 6761 1252 113 +28
Post-disaster	thinning WL-TP 5639 988 93 +55
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operation in thinning stands is characterized by the dominance of effective activities with respect 
to	auxiliary	ones.	In	stands	of	older	age	classes,	the	share	of	auxiliary	times	decreases	mainly	at	the	
expense	of	lengthening	the	debranching	time.	According	to	research	by	Moskalik	(2004),	in	late	
thinning	the	ratio	of	the	effective	time	to	the	auxiliary	time	is	approximately	35%	to	60%,	while	
in	mature	stands	it	is	approximately	50%	to	37%.	Similar	trends	have	also	been	demonstrated	by	
Nurminen	et	al.	(2006),	Laitila	et	al.	(2008),	Danilović	et	al.	(2011),	Picchio	et	al.	(2012).	The	
results obtained in the present study for standard areas are part of the models described for mature 
stands	(M	W	t	=	64%,	C	W	t	+	U	D	t	=	35%).	The	trends	observed	in	thinning	areas	(M	W	t	=	66%,	
C	W	t	+	U	D	t	=	33%)	could	be	related	to	the	age	of	the	analysed	stands,	which	were	in	the	final	stage	
of thinning. The structure of harvester operating time in post-disaster areas is different in compari-
son	with	standard	stands.	According	to	Mahler	and	Bort	(1990),	under	such	conditions	in	mature	
stands		the	effective	working	time	is	prolonged	(by	about	70%)	whereas	in	the	group	of	auxiliary	
times the passage between successive worksites is increased by up to approximately 20%. There 
is	also	the	time	of	worksite	preparation.	In	the	present	study,	this	trend	was	confirmed	entirely:	in	
the	variant	of	mature	post-disaster	stands,	the	share	of	effective	working	time	was	74%	while	the	
share	of	travelling	was	19%.	Difficult	working	conditions	were	reflected	by	the	emergence	of	the	
times	of:	timber	arrangement,	technological	downtime	associated	with	the	planning	of	subsequent	
operations	and	preparation	of	worksites,	whose	total	share	in	the	operating	time	was	7%.	In	thinning	
stands,	because	of	higher	stand	density,	the	share	of	worksite	preparation	time,	associated	with	
the	work	needed	to	ensure	access	to	the	place	of	felling	cut	performance,	increased	significantly	
(34%). Greater differentiation of the working time structure in post-disaster areas was derived 
from the harvester operation technology that was totally different from the one used in standard 
stands.	In	the	course	of	their	handling,	logs	that	were	tight	and	partly	blocked	by	other	trees	often	
required pulling in the vicinity of the machine so as to preserve its stability during debranching. A 
significant	share	of	travelling	was	due	to	the	need	to	reduce	the	burden	on	the	head	because	pulling	
the piled-up logs by means of its rotation could cause damage. Similar remarks on the operation 
technology in areas with windbreaks may be found in the study by Brzózka and Kaluga (2010).

The analytical method is based on measurements performed with the method of the work-
ing day picture or a time study. The starting point of such research is a division of technological 
operations into individual activities; and the key issue is to determine the level of detail of the time 
division so that the results obtained characterize the examined variability well. The current trend 
towards	merging	the	observed	operations	into	larger	“operational	groups”,	present	in	the	German	
REFA	 classifications	 (Organisation	 2008),	 certainly	 facilitates	measurements	 and	 their	 further	
analysis;	however,	it	complicates	the	study	of	the	homogeneity	of	the	sample	and	identification	of	
the	causes	of	the	apparent	variability.	In	practice,	the	European	forestry	also	uses	the	IUFRO	clas-
sification	(1995),	whose	starting	point	were	the	time	divisions	proposed	by	Samset	(1990)	and	the	
Standard	for	Forest	Data	and	Communications	classifications,	used	for	the	mechanized	technology	
level (Skogforsk 2012). The divisions of operating cycles used in research on the work of multi-
operational	machines	generally	include	several	operations:	travelling,	positioning	of	the	head	at	
the	tree	which	is	being	cut,	cutting	and	felling,	debranching	and	assortment	bucking	(Ovaskainen	
et	al.	2004;	Kärhä	et	al.	2004;	Jiroušek	et	al.	2007;	Szewczyk	2011;	Picchio	et	al.	2012),	divided	in	
respect of time in order to determine the time consumption of each activity (Spinelli et al. 2002).

An	issue	that	is	very	rarely	tested	is	the	key	aspect	of	time	studies,	namely	the	sequencing	
of	activities,	 limiting	research	to	the	arbitrary	assumption	of	repetitiveness	of	machine	operat-
ing	cycles.	Research	on	the	work	in	forestry,	taking	into	account	recognition	of	the	sequence	of	
operations,	was	presented	by	Palmroth	(2011).	The	use	of	the	Viterbi	algorithm	made	it	possible	
to decode the sequences of hidden states that would most likely be able to produce a sequence of 
observations.	The	structure	of	repetitive	activities	performed	by	machine	operators,	identified	in	
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that	way,	were	used	to	define	the	operator	work	systems,	i.e.	the	human	factor	in	the	mechanized	
technology	model.	In	the	Markov	chain,	observations	form	sequences	of	events	in	which	the	prob-
ability	of	each	event	depends	only	on	the	previous	result.	While	the	use	of	such	a	methodology	for	
the	operation	of	machinery	in	the	course	of	standard	cuts	is	justified	(as	confirmed	by	the	results	of	
the	present	study	in	thinning	and	mature	stands),	in	the	case	of	work	in	post-disaster	stands	the	large	
variability of work and the existence of cycles of different lengths seem to determine the need to 
adopt	other	solutions.	The	basis	for	determining	the	operating	time	are	time	studies,	i.e.	measure-
ments	of	repetitive	activities.	Therefore,	determination	of	the	length	of	the	cycles	is	essential	in	
research	related	to	performance.	Previous	studies	by	Szewczyk	(2011)	on	the	time	consumption	
of harvester work had assumed the existence of cycles of equal length but the inference accuracy 
was	not	sufficient.	The	characteristics	of	the	cyclical	nature	of	activities	revealed	by	single	spec-
trum	Fourier	analysis,	presented	in	this	study,	took	into	account	primarily	the	occurrence	of	the	
strongest	sequences	but	also	revealed	the	existence	of	other	types	of	variation,	the	knowledge	of	
which is essential for understanding the overall harmonic structure of the analysed time series. The 
occurrence	of	five-activity	cycles,	noted	in	the	present	study	in	mature	stands	with	windbreaks,	
was associated with the periodic performance of two shearing kerfs in the initial phase of handling 
subsequent trees. Such cycles were enforced by a larger volume of trees and by stresses occurring 
in the wood. The handling of trees with a smaller volume in post-disaster stands in the thinning 
age	class	was	possible	in	shorter,	three-activity	sequences,	as	in	standard	stands.

As	demonstrated	in	the	present	study,	the	trend	towards	the	occurrence	of	longer	cycles	in	
post-disaster	thinning	stands,	as	compared	to	mature	stands,	is	not	in	contradiction	to	the	opposite	
trend	observed	in	other	studies.	In	general,	studies	use	the	concept	of	the	time	consumption	of	
timber	harvesting,	which	depends	not	only	on	time	(the	length	of	a	cycle)	but	also	on	the	volume	
of the harvested timber. The present study describes the length of a repetitive operational cycle. 
Given the greater unit volume of the trees being handled in mature stands as compared with thinning 
areas,	the	time	consumption	of	the	activities	described	should	exactly	correspond	to	the	models	
proposed	e.g.	by	Dvořák	(2010),	in	which	a	higher	time	consumption	is	assumed	for	post-disaster	
sites in stands of older age classes.

6 Findings and conclusions

The	occurrence	of	significant	differences	was	shown	in	the	structure	of	the	operating	time	in	areas	
with	windbreaks	as	compared	to	standard	stands.	Greater	diversification	of	activities	and	an	increase	
in the share of auxiliary time was characteristic of areas with windbreaks.

In	late-thinning	stands,	mature	stands	and	thinning	areas	with	windbreaks	there	occurred	
three-activity	cycles.	Mature	stands	with	windbreaks	showed	the	occurrence	of	strong	three-activity	
sequences	supplemented	by	longer,	five-activity	cycles.	On	this	basis,	it	should	be	assumed	that	
at the stage of preparing the working time standards for post-disaster thinning stands the operat-
ing	time	should	be	increased	by	approximately	55%,	while	in	mature	stands	by	about	30%,	as	
compared to standard stands.

The present study allows for optimisation of the performance of time studies. They should 
be	carried	out	for	precisely	defined	cycles,	the	description	of	which,	especially	in	a	situation	of	
high	variability,	is	possible	on	the	basis	of	the	presented	methodology	of	analysis	of	the	cyclical	
nature of time series. 

The	 analyses	 performed	 confirmed	 the	 correctness	 of	 the	 methodological	 assumptions	
concerning the possibility to describe the sequencing of harvester operation with the time series 
method. The methodology elaborated in the course of the present research constitutes a develop-
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ment	of	analyses	used	in	econometrics;	however,	the	approach	proposed	is	an	innovative	solution,	
unprecedented in research of forestry work.

The approach presented in the paper may also be applied to other worksites as well as dif-
ferent technologies and methods of forest management.
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