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Abstract. The Atlantic Forest in southern Brazil has been subject to overex-
ploitation in the past prompting the formulation of a rigorous conservation 
orientated policy by the government including a strict ban of timber harvest-
ing. In the region, the forestland is mostly owned by farmers. The economic 
value of the forest is rather limited for those farmers, because of the prohibi-
tion of commercial timber harvesting as a source of income. Sustainable for-
est management systems can offer great potential as new income opportuni-
ties for land holders, and further actively support the process of ecosystem 
rehabilitation and protection of these ecosystems. Yet, successful implemen-
tation of such sustainable management systems requires feasible and adapt-
ed timber harvesting systems. In order to develop such harvesting systems, a 
regional comparative case study was conducted at a typical smallholder for-
estry venture with the objective to analyze and evaluate harvesting methods 
supporting sustainable management of the Atlantic Forest. This study as-
sessed production rates and associated costs of a common conventional tim-
ber harvesting method (CM) and a proposed alternative method (AM). CM 
was performed by a selected, typical forest landowner who had only basic 
training in chainsaw operations, but 20 years of experience at the wood yard 
of his small sawmill. In contrast, AM employed a professional chainsaw 
operator from the Amazon forest, trained and experienced in reduced im-
pact logging techniques using state of the art equipment, supplemented by a 
snatch block and a skidding cone for improved extraction. Time study based 
models identified tree volume, winching distance and skidding distance to 
landing as the most significant independent variables affecting productivity. 
Total net productivity ranged from 4.9 m³ PMH0

-1 for CM to 3.1 m³ PMH0
-1 

for AM. Corresponding gross-productivity ranged from 3.0 m³ SMH-1 to 
1.9 m³ SMH-1 with an overall mean utilization rate of 60.8 % and 60.9 %, 
respectively for CM and AM. Associated harvesting costs ranged from 12.05 
€ m-3 to 20.94 € m-3 with an estimated annual production of 4000 m³ and 
2700 m³, respectively. Although AM showed overall lower productivity and 
higher costs, it enabled important improvements in terms of occupational 



204

Ann. For. Res. 60(2): 203-215, 2017                                                                                                                         FORMEC 2017

Introduction

The Atlantic Forest is located along the Brazil-
ian coast and up to the 1900s it was one of the 
largest rainforests in the Americas, originally 
covering approximately 150 million hectares 
(Metzger 2009). Due to its location, the Atlan-
tic Forest was an easy target for intensive ex-
ploitation and conversion to other land-uses. In 
the past century, the forest land base shrunk by 
the expansion of agriculture and urbanization 
to about 12 % of its original size (Ribeiro et al. 
2009). Most of the remaining fragments of the 
Atlantic Forest are small and isolated patches 
of second growth vegetation in early to medi-
um stages of typical succession fallow areas 
(Metzger 2009). Only a few large fragments 
were preserved in locations where steep terrain 
made exploitation particularly difficult (Silva 
et al. 2007, Ribeiro et al. 2009).
 Conservation and management of the for-
est ecosystem are currently largely conflicting 
goals in the Brazilian Atlantic Forest region. 
Irrespective of size, all fragments of the Atlan-
tic Forest are protected and timber harvesting 
is banned (Fantini & Siminski 2016). More-
over, environmental regulations for protecting 
remaining forests proved to be ineffective as 
landowners were not compensated and law 
enforcement was insufficient (Alarcon et al. 
2011). Constrained by environmental regula-
tions, implemented to protect remaining for-

ests, farmers did no longer benefit from forest 
management as a source of income. This sit-
uation is still ongoing and partly induced, at 
least, by the lack of knowledge on potentially 
suitable forest management practices for sus-
tainable resource utilization including various 
stakeholder groups, landowners and regulatory 
agencies and authorities.
 Alarcon et al. (2011) pointed out the neces-
sity for a policy to promote sustainable forest 
management of native species from secondary 
forests. Nonetheless, studies to support effec-
tive policy-making for allowing and regulat-
ing potential uti lization of native trees from 
the Atlantic Forest and associated harvesting 
operations and timber production logistics 
are scarce. New approaches for safeguarding 
the Atlantic Forest are therefore needed and 
should focus on sustainable management with 
regulated timber utilization, combined with 
governmental incentives providing income 
opportunities for local farmers and, as such, 
securing and protecting the Atlantic Forest 
ecosystem (Alarcon et al. 2015).  
 Fantini & Siminski (2016) estimated the ma-
ture harvestable timber volume of the second-
ary Atlantic Forest at 36 million cubic meter 
in Santa Catarina state, only. The authors also 
pointed out that wood from secondary forests 
has a good market and may reach revenues of 
260 € m-3 to 340 € m-3 while wood from region-
al pine and eucalyptus plantations may reach 

health and safety. In conclusion, a suitable harvesting system should inte-
grate local experiences of CM and proposed technical improvements of AM. 
Keywords forest harvesting, time study, cable winch, secondary forest man-
agement
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comparatively lower revenues of 130 € m-3 to 
210 € m-3. To join this market and for the suc-
cess of sustainable forest management an ap-
propriate harvesting system is essential which 
needs to be economically viable, environmen-
tally sound and addresses specifics of the local 
forest.
 A suitable harvesting system has to support 
the achievement of the management goal and 
therefore needs to be adapted to terrain condi-
tions, stand characteristics, and tree size (Akay 
et al. 2006). Although urgently needed, studies 
about timber harvesting systems applied in the 
Atlantic Forest region are scarce, because of 
forest regulations that currently ban commer-
cial timber harvesting (Alarcon et al. 2011). 
This study aims to contribute to fill this gap. 
Through a case study, we investigated pro-
ductivity and costs of a conventional timber 
harvesting method and compared it with an 
improved and potentially suitable harvesting 
and extraction method. The specific objectives 
of the study were: 1) to develop numerical 
models for work time demand; 2) to estimate 

production rates and costs; 3) to conclude on 
future opportunities improving harvesting sys-
tems for sustainable management of the Atlan-
tic Forest and its relevance for small landown-
ers.

 
Materials and methods

Research area 

The research site was located in the munici-
pality of Guaramirin in Santa Catarina State, 
southern Brazil (26º32´10´´ S and 49º02´38´´ 
W), close to the coastline (Figure 1). The cli-
mate in Guaramirim is sub-tropical, with tem-
perature heights of about 31 °C and intense 
monthly precipitation (between 220 mm and 
230 mm) occurring in January while lowest 
mean temperatures (about 10 °C) and precipi-
tation (about 80 mm and 120 mm) are recorded 
between June and July (Pandolfo et al. 2002). 
The study was conducted between October 
2016 and January 2017, with a mean tempera-

 

Map of the research areaFigure 1
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ture of about 24 °C and mean precipitation of 
about 150 mm per month.
 The total size of the case study area was 
42 ha. The forest cover consisted of 35 year 
old second growth forest, regenerating af-
ter swidden agricultural farming plots were 
abandoned. The landowner possesses and ran 
a small sawmill, where the timber produced 
during this study was further processed.
 This case study site was a unique area in the 
Atlantic Forest, since it was exempted of the 
harvesting ban by the environmental agency of 
Santa Catarina state (FATMA). Thus, it served 
as a pilot site to test and evaluate alternative 
forest management regimes for sustainable 
utilization concepts. This pilot site showed 
typical stocking and operating conditions for 
secondary forests of Dense Ombrophilous For-
est (DOF) in the Atlantic Forest (Klein 1978, 
IBGE 2012).
 Two stands, accounting 1.4 ha in total, were 
selected for this study. Every stand was sub-
divided into two plots for the application and 
comparison of two harvesting and extraction 
methods. A pre-harvest inventory of all trees 
above 5 cm of diameter at breast height (DBH) 
was conducted, recording tree species, DBH 
and tree height (table 1). Measured trees were 
permanently marked with a steel tag allowing 
for recurring assessments of plots in the future. 
A thinning plan was developed and imple-
mented, considering species composition, eco-
logical groups, tree age, and tree growth. Trees 
selected for harvesting were separated into two 
groups: on one hand trees of commercial val-
ue, generating revenue and with an economic 

interest of the landowner to conduct the opera-
tion, and on the other hand small dimensional 
trees of low quality which were harvested to 
improve the growing conditions of neighbour-
ing trees and to enhance the quality of the re-
maining stand.
 Following this strategy, a total of 145 trees 
were selected and harvested. Out of these, 106 
valuable trees of commercial interest were ex-
tracted to a final landing for further transpor-
tation to the mill. The remaining 39 trees (im-
provement cuts of no commercial value) were 
cut and left behind in the stands. The analysis 
of inventory data from the two stands showed 
no significant difference in structure (tree DBH 
and tree height) when applying nonparametric 
Whitney U Test (p < 0.05). Consequently, the 
stands were rated as suitable for the study since 
all occurring differences could be associated to 
the two different harvesting methods applied. 

Harvesting methods

In this study, two different harvesting meth-
ods were assessed and evaluated: The “Con-
ventional Method” (CM), which was formerly 
widely used by landowners in the region for 
timber harvesting operations in the Atlantic 
Forest; and the “Alternative Method” (AM), 
with a trained operator combined with im-
provements in technology application as an 
integral part to implement sustainable forest 
management.
 CM tree felling and delimbing was carried 
out in the stand using a chainsaw (model Stihl 
251). The chainsaw operator did not receive 

Main characteristics of the harvested standsTable 1 
Characteristics of the stands Stand  A Stand B
Area (ha) 0.72 0.72
Density (trees ha-1) 953 835
Mean DBH (cm) 12.1a 11.6a

Standard deviation DBH (cm) 9.2 6.9
Basal area (m² ha-1) 40.8 29.1
Number of felled trees 73 72
Removed basal area (m² ha-1) 7.8 6.3
Terrain slope (%) ≈ 50 (steep) ≈15 (moderate to steep)
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any specific training to carry out the work, but 
he had more than 20 years of experience at the 
wood yard of his small sawmill. Stem length 
logs were extracted by a Valmet tractor model 
85 (2x4, 63 kW) operated by the chainsaw op-
erator himself. The tractor was equipped with 
a forestry winch TMO model Caçador 33T 
and a steel cable with 15 mm of diameter and 
100 m length (Figure 2a). From the felling site 
the logs were winched to the tractor road by 
using the tractor winch. In order to minimize 
the impact on residual trees, the tractor was 
positioned outside the stand on the tractor road 
during the winching and aligned in different 
positions, enabling shortest suitable winch-
ing corridors. After the logs were winched to 
the tractor road, loads of two to five logs were 
skidded to the landing.
 AM felling was also conducted with a chain-
saw (model Stihl 661), but executed by a well-
trained and experienced professional chainsaw 

operator from the Amazon tropical high forest 
region. Although the operator was skilled in 
directional and reduced impact felling tech-
niques, he had no experience working in sec-
ondary Atlantic Forest. Timber extraction was 
performed with a Valmet tractor model 128 
(4x4, 94 kW) and a TAJFUN winch model 
EGV 85 AHK (Figure 2b) with a steel cable of 
11 mm diameter and 80 m length, representing 
state of the art of PTO driven forestry winch-
es. In contrast to the TMO winch, the TAJFUN 
winch was equipped with a fairlead, a winch 
blade and safety features such as cable guards. 
The tractor was operated by a professional trac-
tor op erator experienced in forest plantations, 
but with no experience in secondary Atlantic 
Forest or natural forest. Within both systems, 
an additional helper supported the operators 
to pull out the cable from the tractor winch to 
the log location inside the stand. A Portable 
Winch® skidding cone (Figure 2c) and a TAJ-

a) Tractor winch in the conventional method; b) Tractor winch in the alternative method; c) Skid-
ding cone; d) Snatch block.

Figure 2
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FUN snatch block (Figure 2d) were introduced 
to the system in order to complement the alter-
native method. The skidding cone was made 
of high-performance plastic and designed for 
logs up to 50 cm diameter. The cone was used 
for reducing ground friction and for preventing 
logs from colliding with roots, stumps, rocks, 
remaining trees and other obstacles (Acar 
2016). The snatch block was used as a pulley 
allowing for steering the log extraction direc-
tion in the stand and as such deviating logs 
from rocks, remaining crop trees and other ob-
stacles. Picchio et al. (2012) reported that the 
use of a snatch block significantly reduced the 
damage to the residual stand and to the regen-
eration in a small scale forest operation.

Data collection and data analysis

Manual time studies applying the continuous 
time method (Magagnotti & Spinelli 2012) 
were used in order to analyze the harvesting 
methods. A hand chronometer was used for 
timing in resolution of 1/100 minutes. Work 
phases were defined by individually timed cy-
cle elements (Björheden & Thompson 2000). 
For estimating production rate (in m³ per 
productive machine hour – hereafter PMH0

-1) 
only productive net time without any delays 
was considered (Koutsianitis & Tsioras 2016). 
The utilization rate was estimated as the ratio 
between productive work time (PMH0) and 
scheduled machine hours (SMH) assigned to 
the operation.
 After the operation, the extraction distances 
were measured using a stock map which was 
drawn during the inventory process already 
and included all tree positions. Furthermore, 
the volume over bark of all logs at landing was 
calculated by measuring their length and their 

diameters at base, half and full lengths.
 Measured time was categorized into (1) 
productive work time and (2) non-productive 
work time. The productive work time was de-
scribed with its work elements in table 2. The 
non-productive work time consisted of: (2a) 
service time (ST), (2b) rest and personal time 
(RP), (2c) relocation time (RE), (2d) prepa-
ratory time (PT), and (2e) interference time 
(IT) (Björheden & Thompson 2000). All dis-
turbance time caused by study related delays 
of the operation (e.g. by tree measuring or by 
interaction with time keepers) was removed 
from the data set during data analysis.
 The felling and winching of each single tree 
constituted one monitoring and time record-
ing cycle. Most of the trees were felled and 
winched in sequence. However, in some cas-
es depending on the situation a few trees were 
consecutively felled and afterwards extract-
ed. For the time study analysis, felling time, 
winching time and skidding time were individ-
ually recorded and standardized. The number 
of cycles monitored during the winching phase 
was lower than the number of recorded fell-
ing phases because of 39 low quality trees that 
were cut but not extracted. In addition, a lower 
number of cycles during log skidding to the 
landing occurred because, at times, multiple 
logs were forwarded per trip.
 Statistical analyses were conducted using 
SPSS software version 22.0 (IBM Corp. Ar-
monk/NY, USA). All data were checked for 
normality  (non-parametric Whitney U Test; p 
< 0.05) before applying suitable testing meth-
ods for significance at the level α = 0.05. Net 
cycle times were numerically modeled through 
stepwise multiple linear regressions with vari-
able transformation to model net-times pre-
dicted by independent variables using SPSS. 

Work element Description

1) Felling net time Search and change position; consideration and clearing of felling site; felling 
tree and delimbing

2) Winching net time Pulling cable to stem length log; choking; pulling log to road
3) Skidding net time Bundling logs; skidding to landing; unloading; empty return

Description of work elements of the productive work timeTable 2 
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Felling net time was modeled in dependence of 
volume per tree, winching net time was mod-
eled in dependence of the winching distances 
and skidding time was modeled in dependence 
of the skidding distance from felling site along 
the tractor road to landing. The harvesting 
method was considered in the models in form 
of a dummy variable (CM = 0 and AM = 1). 
Total effective predicted time consumption 
was converted into net productivity and gross 
productivity (Mousavi 2012, Hoffmann et al. 
2015).

Cost estimation

Machine cost were estimated according to 
the COST model for machine rate estimation 
(Ackerman et al. 2014). Fuel consumption was 
measured by starting work with a full tank 
and adding all necessary refills during and 
after work. Scheduled machine hours (SMH) 
per year were estimated considering available 
local capacities and interruptions because of 
high intensity rain patterns. The utilization rate 
with respect to productive machine hours per 
year (PMH0 year-1) was estimated based on the 
productivity observed during this case study. 
For scheduled shifts, 8 hours per day and 

180 working days per year were considered 
(1440 SHM year-1), mainly because of lim-
itations due to regional weather patterns with 
high intensity rainfalls resulting in annual pre-
cipitation ranging from 1100 mm to 2900 mm 
per year (Pandolfo et al. 2002).
 The costs of insurance, repair, service and 
machine operating data were gathered from 
machine owners and from other sources (local 
market; forest service, Ackerman et al. 2014, 
ASABE 2011). Further details on cost calcu-
lation are given in table 3. Both harvesting 
methods used second hand purchased equip-
ment, which is reflected in low investment 
costs for tractor and winch. This also resulted 
in a reduced amount of hours for the expected 
economic life.

Results

Within the monitored period of 65 SMH 39 h 
of productive time (PMH0) were recorded for 
the two har vesting methods in total, resulting 
in almost identical utilization rates of 60.8 % 
and 60.9 % for CM and AM, respectively. A to-
tal of 145, 99 and 65 repetitions were observed 
during the work elements of felling, winching 

Cost calculation for the equipment used for the conventional and alternative harvesting methodsTable 3

 Conventional Alternative

Cost Item Chainsaw 
Stihl 251

Tractor Valmet 
85 with TMO 
Winch 

Chainsaw 
Stihl 661

Tractor Valmet 128 
with TAJFUN Winch 

Investment (€)  735.00 13000.00 1200.00 19000.00
Interest rate (%)      10   10    10          10
Service life (PMH)    1000     4500 1000      7000
Utilization (PMH year-1)       211  621   184        693
Depreciation (€ year-1) 155.58 1675.73 199.07 1964.95
Interest (€ year-1) 44.82 776.29 75.95 115.75
Fuel cost (€ PMH-1) 0.32 3.69 0.41 4.23
Lubricants (€ PMH-1) 0.05 0.55 0.06 0.63
Maintenance cost (€ PMH-1) 0.59 3.70 0.96 4.77
Operator costs (€ PMH-1) 46.28 15.57 53.4 14.12
Productive costs (€ m-³) 6.14 5.91 9.82 11.12
Total cost (€ PMH-1) 48.65 31.05 56.32 35.39
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and skidding to landing, respectively. The ba-
sic descriptive statistics of productive felling 
time, winching time, and skidding time are 
given in table 4. 
 Although the characteristics of the felled 
trees at the test sites for the two harvesting 
methods were similar with respect to the in-
dependent variables mean DBH, mean volume 
per tree, winching distance and skidding dis-
tance, statistically significant differences be-
tween the timing of the two analysed harvest-
ing and extraction methods were evident in all 
of the examined work elements. Furthermore, 
felling time showed significant differences in 
the cycle elements “consideration and clear-
ing of felling site” and “felling tree”, while 
winching time showed the only difference for 
the cycle element “choking” as a consequence 
of applying the skidding cone. No significant 
differences were found in the other cycle el-

ements of winching (pulling cable until stem 
length log and pulling log until road), which 
indicated that these cycle elements remained 
unaffected by the use of the skidding cone and 
of the snatch blocks. 
 When analyzing reasons for the relative low 
utilization rate of both methods it became ob-
vious that interference time (IT) and service 
time (ST) determined most of the non-produc-
tive work time (Figure 3) of both methods. For 
CM IT accounted for 57 % of delays while for 
AM ST accounted for 43 % of delays. Reasons 
for IT during CM were logs getting stuck at 
other trees or rocks during winching. Although 
this situation was observed during 16 % of 
the non-productive work time of CM, it was 
observed only during 2 % of the non-produc-
tive work time of AM where the skidding cone 
was applied. On the other hand ST made up 
22 % of the delay time (2.4 h) of CM and it 

Descriptive statistics of the PMH0 (productive machine hours) work element and cycle element 
times with the number of observations valid and the standard deviations (SD)

Table 4 

Work 
element Cycle element Conventional Alternative

N Range Mean SD N Range Mean SD
Felling time 
(min) 72 0.4-13.5 4.3a 2.1 73 0.5-17.0 5.7b 3.5

a) Search and change 
position (min) 72 0.0-4.7 1.7a 1.3 73 0.0-6.4 1.5a 1.5

b) Consideration and 
clearing of felling site 
(min)

72 0.0-4.5 0.5a 0.7 73 0.0-4.8 1.3b 1.3

c) Felling tree (min) 72 0.1-2.7 0.8a 0.5 73 0.2-6.2 1.4b 1.2
d) Delimbing (min) 72 0.0 -7.7 1.2a 1.5 73 0.0-7.0 1.4a 1.6

Winching 
time (min) 49 2.4-18.7 7.3a 3.9 50 2.7-32.2 10.8b 6.1

a) Pulling cable until 
log (min) 49 0.3-6.8 2.3a 1.5 50 0.5-16.0 2.9a 2.7

b) Choking (min) 49 0.2-3.1 0.8a 0.7 50 0.2 -13.4 2.5b 2.6
c) Pulling log until 
road (min) 49 0.4-13.1 4.2a 3.1 50 0.7-12.6 5.4a 3.3

Skidding 
time (min)  33 2.9-19.6 8.5a 4.0 32 4.6-22.3 11.9b 5.1

Total net time (min) 75 0.4-40.8 12.8a 8.9 8.9 0.5-60.4 17.3b 13.2
Winching distance (m) 49 0.0-55.0 25a 15.0 57 0.0-55.0 25.0a 14.8
Skidding distance (m) 34 200-470 303a 133.2 32 190-450 255a 114.4

Note. Different lower case letters indicate significant differences (p < 0.05) in the mean values. 
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took, as mentioned before, 43 % of the delay 
time (6.9 h) of AM, mainly because of 4.0 h of 
repair time caused by unexpected mechanical 
problems with the winch or the tractor. With 
respect to IT, its biggest share of AM observed 
was the avoidable repositioning of and the 
tractor, accounting for 10 % of the delay-time 
of both methods, mostly because of wrong es-
timation of skidding direction and wrong posi-
tion of the tractor in the beginning of the cycle.
 Stepwise linear regression analysis was con-
ducted to estimate the time consumption as a 
function of the independent variables. The sta-

tistical characteristics of the time consumption 
models are presented in table 5. 
 With respect to felling time (Tfel= 2.30 + 
3.35 xvol + 1.76 xmet), the independent variables 
log volume and harvesting method showed a 
highly significant (p <0.01) effect on the cycle 
time demand. Time demand for AM was on 
average 1.7 min higher compared to CM. For 
the winching phase (Twin= -0.99 + 0.29 xwd + 
4.89 xmet) the independent variables winching 
distance and harvesting method showed also 
a highly significant (p <0.01) effect on cycle 
time. Skidding time to the landing (TSkid= 0.77 

Proportion of the categorized non-productive time: SW (supportive work time), ST (service time), 
RP (rest and personal time), PT (preparatory time) and IT (interference time) of each method in 
absolute none work time demand (a) and percentage share among the total none work times (b).

Figure 3

Model Dependent 
variable R2 F-test Constant/

Coefficient
Esteemed 
error

T-test
F-value p t-value   p

Felling
Tfel 0.26 25.10 <0.001 + 2.30 0.45 5.17 <0.001

+ 3.35  xvol 5.35 6.27 <0.001
    + 1.76  xmet 4.45 3.96 <0.001

Winching
Twin 0.43 17.49 <0.001 - 0.99 1.82 -0.54    0.590

+ 0.29  xwd 0.06 4.72 <0.001
+ 4.89  xmet 1.33 3.68 <0.001

Skidding to 
Landing

Tskid 0.55 37.74 <0.001 + 0.77 1.16 0.66 0.510
+ 0.02 xsd 0.00 7.66 <0.001

    + 4.63 xmet 0.83 5.57 <0.001

Summary of the linear regression models for the individual work elementsTable 5 

Note. Abbreviations: Tfel - time consumption during the felling, Twin - time consumption during the winching, Tskid 
- time consumption during skidding to landing, xvol - tree volume, xmet - method, xwd - winching distance, xsd - skid-
ding distance to landing.
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+ 0.02 xsd + 4.63 xmet) was depending (high sig-
nificance p < 0.01) on skidding distance and 
harvesting method.
 Based on time consumption models and 
mean log volume (0.636 m³ PMH0

-1), felling 
productivity amounted to 8.6 m³ PMH0

-1 for 
CM and 6.2 m³ PMH0

-1 for AM. Winching 
productivity, based on mean winching dis-
tance (25 m), was estimated 6.2 m³ PMH0

-1 

for CM and 3.5 m³ PMH0
-1 for AM. Further-

more, skidding productivity, based on mean 
skidding distance (280 m), was found to be 
4.9 m³ PMH0

-1 for CM and 3.1 m³ PMH-1 for 
AM. Since hourly productivity of skidding 
was the lowest among the three work elements 
(felling, winching, skidding) in both harvest-
ing meth ods, it was identified as the bottleneck 
of the operations. Hence, to quantify overall 
productivity on hourly level for the respective 
harvesting method, all three work stages were 
standardized to time demand of the skidding 
stage, generating total outputs of 4.9 m³ PMH0

-

1 for CM and 3.1 m³ PMH0
-1 for AM resulting 

in gross-productivities of 3.0 m³ SMH-1 for 
CM and 1.9 m³ SMH-1 for AM. 
 With the observed utilization rate (CM 
60.8 % and AM 60.9 %) the estimated PMH0 
per year were 826 h and 877 h for CM and 
AM, respectively. Moreover, based on the time 
models for the observed operations under given 
stand conditions, CM took 0.48 h for produc-
ing one cubic meter timber and skidding it to 
the landing with 24 % of the time demand for 
felling, 34 % for winching and 42 % for skid-
ding to landing. AM required 0.70 h to produce 
and transport one cubic meter of timber to the 
landing with a share of 21 %, 37 % and 42 % 
of the time demand for felling, winching and 
skidding to landing, respectively.
 Based on this, for CM total annual operating 
hours of chainsaw and tractor winch amounted 
to 211 h and 621 h, respectively. Application 
of AM resulted 184 h year-1 and 693 h year-1 
annual operating hours for the chainsaw and 
the trac tor winch, respectively. Assuming sim-
ilar productivities as observed, relatively low 
annual production outputs of 4000 m³ for CM 

and 2700 m³ for AM are expected. System 
costs for the described set ups of CM and AM 
were estimated to be 79.29 € PMH-1 for CM 
and 91.70 € PMH-1 for AM. This resulted in 
actual harvesting and extraction net-cost esti-
mates of 12.05 € m-3 for CM and 20.94 € m-3 
for AM.

Discussion

This case study had the objective to estimate 
production rates and costs of two harvesting 
systems in a secondary forest, as well as to 
conclude on future opportunities for the sus-
tainable timber harvesting operations. Special 
care was taken regarding terrain conditions 
and the comparability of the selected two 
stands, in order to relate observed operation-
al difference in the two stands purely to the 
harvesting methods. Thus, it was confirmed, 
as in earlier studies, that the most significant 
factors affecting productivity in both methods 
were tree dimensions (volume) (Jourgholami 
et al. 2013, Koutsianitis & Tsioras 2016) and 
extraction distances (winching distance and 
skidding distance to landing) (Mousavi 2012, 
Hoffmann et al. 2015, Hoffmann et al. 2016). 
 Comparing the two methods, CM required 
less time per work element, with a correspond-
ing higher productivity at lower costs then AM. 
This occurred mostly because for AM both 
operators, the professional chainsaw operator 
and the tractor operator, were not familiar with 
characteristics of the Atlantic Forest and relat-
ed harvesting and extraction conditions, such 
as low tree dimensions and very dense forest 
stands. The chainsaw operator knew the con-
text of the Amazon high forest which is char-
acterized by felling trees with DBH exceeding 
50 cm (Bauch et al. 2007) while the mean har-
vested DBH of our test plots was about 25 cm. 
The before mentioned lower stem volume in 
dense stands also resulted in prolonged fell-
ing time due to lags by hindering the felling 
process since trees were rather leaning onto 
neighboring trees instead of freely falling 
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down. The tractor operator working in AM had 
never worked in a natural forest before. The 
winding forest roads of varying widths and 
gradients together with uneven landing areas 
were most likely some of the reasons for the 
prolonged skidding times of AM. Lopes & 
Pagnussat (2017) pointed out that a lower per-
formance rate was expected in the execution 
of the operation during the training period, as 
the operators were adapting to new environ-
mental conditions and techniques required for 
quick decision and uninterrupted operation. 
Therefore the lacking availability of a profes-
sional operator (chainsaw and tractor) familiar 
with specifcs of timber harvesting operations 
in the Atlantic Forest was a major limitation 
of this factorial experiment. An extra period 
of training of AM chainsaw and tractor oper-
ators before the beginning of the case study to 
get more familiar with local terrain and stand 
conditions would have been needed and could 
have led to different results. However, this 
could not be realized due to time and resource 
constrains within the presented study and has 
to be considered when interpreting the results.
 In addition, the application of skidding cone 
also showed a significant extra time effort 
during the “chocking” in AM, however it re-
duced IT (interference time) by reducing delay 
time of stuck logs from 16 % in CM to only 
2 % in AM. Additionally as proofed by Acar 
(2016) the skidding cone can reduce the risk of 
hitting remaining trees, causing future log de-
valuation, and generally also reduces ground 
disturbances caused by the extraction. More-
over, the addition of the snatch block did not 
significantly increase the time demand during 
winching and, consequently, did not affect pro-
ductivity. This is in line with the observations 
of Piccho et al. (2012), who did not identify a 
significant work time demand increase for the 
use of snatch blocks in Italian operations.
 More remarkable delays for AM were ob-
served by ST (service time) with an unexpect-
ed high demand of repair time (4.0 h) for AM. 
An extra period of preparatory time ahead of 
the case study could have reduced such inter-

ferences by improved machine handling (e.g. 
training of maintenance routines). If we would 
disregard this extra needed time for the repair 
time, the utilization rate for AM would in-
crease to 68 %, which would be in accordance 
with Holzleitner et al. (2011) who described 
utilization rates of forest machines ranging 
from 62 % to 70 %. However, considering this 
increased utilization rate, the operational costs 
for AM would amounted to 19.25 € m-3, which 
is still significantly higher compared to CM 
(12.05 € m-3).
 Although AM showed lower productivity 
and higher costs, it enabled important improve-
ments of the operation in terms of occupational 
health and safety by reduced impact and risky 
felling techniques (e.g. directional felling 
technique). It also allowed for enhanced safe-
ty features of the winch such as cable guards. 
Additionally, in some cases, CM in combina-
tion with low to none training of the chainsaw 
operator in appropriate felling techniques with 
overconfidence ended up in dangerous situa-
tions, as witnessed by the authors.

Conclusions

While the presented results add new informa-
tion on productivities and influencing factors 
of the two analysed harvesting and extraction 
methods only very limited conclusions can be 
drawn on their environmental impacts on the 
remaining stand. Therefore, for a comprehen-
sive evaluation of the two harvesting methods 
with recommendation on best practice oper-
ations for the Atlantic Forest management, a 
more refined study covering environmental 
impacts and post-harvest forest recovery is 
required. CM showed higher productivity at 
lower costs in a direct comparison with a pro-
posed improved AM, however AM represent-
ed an important improvement for the operation 
in terms of occupational health and safety. 
Therefore, for the sustainable management of 
the Atlantic Forest, a suitable harvesting sys-
tem should integrate local experiences of CM 
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and proposed technical improvements of AM.
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