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Abstract

Skidding in peat swamp plantation forest requires high skill and alertness, particularly in 
relation to peat damage, which includes subsidence as such a damage. The objective of this 
research is to analyze the effect of skidding operator’s skill on productivity, skidding cost and 
subsidence in peat swamp plantation forest. The method of this research comprised the skidding 
operation conducted by two different skidding operators with different working experience, 
followed by measuring the average productivity and skidding cost, measuring the elevation of 
water table at various points in the peat soil, in the location of logging compartment for 3 years, 
namely from 2018–2020 (measured every month), and measuring the effect of working skill 
of the two skidding operators on productivity and cost of skidding and the occurring subsid-
ence rate. Research results show that the average skidding productivity of operator A was 
higher than that of operator B due to longer working experience of operator A, which was more 
than 5 years. This high average productivity caused low production cost, namely IDR 28,022 m-3 
or EUR 1.653 m-3. Wood volume, skidding distance and operators’ skidding skill affect the 
average skidding cycle time and cycle time affects the average skidding productivity. Subsid-
ence in 2018 was higher than that in 2019 and 2020, namely 2.8 cm year-1. Wood skidding 
performed by skidding operators with higher skill can increase skidding productivity and 
suppress skidding cost.
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1. Introduction
The aim of wood skidding is to move logs from 

logging compartment to loading point. Due to the de-
velopment of technology and increase in the demand 
for wood as industrial raw material, the activity of 
skidding has become mechanized. The use of mechan-
ical skidding equipment requires consideration from 
the aspects of techniques, economy and ecology. From 
the technical aspect, it is necessary to consider field 
conditions and silvicultural system being used. From 
the ecological aspect, efforts are made to reduce envi-
ronmental damage, and from the economic aspect, it 
is necessary to consider profit from production target, 
which can be achieved with operational cost of the 

equipment, mainly in terms of working productivity 
of the skidding equipment.

Peat swamp plantation forests which are situated in 
forest concession area of plantation forest have the po-
tential to be used for cultivating production forest for 
pulp industry raw materials. One of such production 
forests is that of Acacia crassicarpa. Akbar et al. (2019) 
reported that fast growing plant species being planted 
in industrial plantation forest for pulp and paper were 
Acacia crassicarpa A. Cunn., Acacia mangium Willd. and 
Eucalyptus pellita F. Muell. One of the advantages of 
crassicarpa as substitute for mangium is its ability to 
grow in peat land in Indonesia. Productivity of crassi-
carpa is the highest as compared to local wood species, 
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so that crassicarpa became the primary choice for pulp 
and paper industrial plantation forest company.

Skidding technique applied in peat swamp planta-
tion forests differs from that applied in mineral soil 
forests. According to Noor et al. (2014) tropical peat 
soils are formed through paludification process, which 
is peat thickening through organic matter accumula-
tion under waterlogged condition. The main material 
in tropical peat is plant biomass, particularly trees. 
Due to its specific material and formation process, the 
properties of peat soil are very different from those of 
mineral soil. Strong domination of organic material as 
its constituent results in peat soil characteristics which 
are different from those of mineral soil, so that man-
agement of peat soil needs extra care.

Peat swamp forests have fragile soil conditions, so 
that skidding activities on them require high skill of 
the skidding equipment operators. Work skill affects 
working productivity. According to Syahdan (2017), 
working productivity can be achieved if the working 
personnel is skilled enough to perform their daily job. 
An employee with higher work skill will of course bet-
ter understand what should be done when facing an 
occurring problem. Besides that, such an employee 
will be faster in his work and will not need adaptation 
in doing his job because of skill sufficiency, so that the 
company will be more efficient in achieving its aim 
due to the support of skilled and experienced employ-
ees in their respective fields. Fagbenle et al. (2012), 
Germain et al. (2019) explained that operator experi-
ence affects production cost. One of the factors which 
affect employee’s productivity is related to the em-
ployee him/herself, namely the human factors which 
comprise among others the working experience.

Skidding technique applied in peat land differs 
from that in dry land. Such difference is due to peat 
characteristics which are soft and fragile, so that skid-
ding technique on peat soil is different from that on 
other soils. Suhartana et al. (2009) explained that, in 
general, wood skidding in peat land plantation forest 
is conducted in three ways, namely:

⇒ �manual system skidding (peat swamp land), us-
ing ongkak (something like a sled and rail) 
which is pulled by human power. A squad of 
skidders comprise two persons who work to 
load, pull and unload logs. One session of pull-
ing can skid 0.30–0.37 m

⇒ �wood skidding with semi mechanical land ca-
noe (on water inundated peat swamp), which is 
an activity to collect wood from logging site and 
move it to riverside. This activity uses canoe / 
cart made from iron, which is specifically de-

signed to skid wood in peat swamp forest, and 
the wood is pulled by excavator. Woods from 
logging activity are collected in one pile by hu-
man labour and are afterwards loaded to canoe 
/ cart and pulled to canal side by excavator. The 
piles are arranged in rows at a distance of 15 m 
between rows to facilitate excavator movement 
to skid wood

⇒ �wood skidding with mechanical land canoe (in 
water inundated peat swamp), which is an ac-
tivity to collect woods from logging site and 
move them to river side using canoe, pulled by 
excavator. Loading of wood from logging site 
and canoe pulling are performed by excavator.

Skidding in peat swamp plantation forest has great 
tendency to cause environmental damage, such as 
subsidence. Subsidence is the process of lowering of 
peat soil surface due to shrinkage of peat volume, and 
this creates the risk of periodic flooding and water in-
undation, and forest fire, which afterwards tends to 
reduce productivity. Peat subsidence occurs due to 
faster peat decomposition rate resulting from land 
clearing, intensive drainage facility construction, plant 
development phase, plant population and fire. Subsid-
ence rate will be faster in the first year of land clearing 
than in later years, and will be stable in the 8th–10th 
year (Hooijer et al. 2012). Hoyt et al. (2020) reported 
that the average rate of peat subsidence in Southeast 
Asia is reported to be around 2.2 cm per year. Maswar 
and Fahmuddin (2016) mentioned that there were nu-
merous negative effects of subsidence on plant pro-
ductivity, when connoted to the loss of peat soil. The 
first impact of subsistence is the loss of specific char-
acteristics of peat that could hold and store water; los-
ing this characteristic would render the plants unable 
to receive sufficient amount of water. Secondly, at the 
soil that became solidified (plugged) or even compact-
ed, its organic matters already changed to irreversible 
dryness, thereby unable to hold anions and cations 
which were urgently required by plants as their nutri-
ents and for their physiological activities. This situa-
tion caused the nutrient adsorption capability to de-
crease. Finally, at the peat soil that became solidified, 
plant or vegetation growth even with simple rooting 
system would be difficult to develop (grow). Mean-
while, Andriani et al. (2018) stated that land subsid-
ence could cause technical and non-technical impacts, 
causing economic and social losses. People can feel the 
impact of land subsidence directly and indirectly. In 
general, technical and environmental impacts are im-
pacts that are felt directly by the community, such as 
damage to buildings/infrastructure, tidal flooding and 
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sea water intrusion. The economic and social impacts 
are not directly felt.

Several results of research on skidding of wood in 
mineral soil forests are as follows:

⇒ �Proto et al. (2017) state that the average skidding 
productivity at site A was 30.4 m3 productive 
machine hour (PMH)-1 and 24.8 m3 SMH-1. At 
site B, the grapple skidder had an average hour-
ly productivity of 35.1 m3 effective hour-1 and 
28.1 m3 gross effective hour-1. There was no sig-
nificant difference (p-values: 0.94) in the produc-
tivity of skidding of the two methods of extrac-
tion (cable winch versus grapple) because of the 
confounding road effect. Winching time at site 
A was directly related to winching distance. At 
both sites, productivity has an inverse relation-
ship with skidding distance and a direct rela-
tionship with the volume skidded

⇒ �Gulci et al. (2018) state that the average produc-
tivity for two slope classes were 5.72 m3 hr-1 and 
4.30 m3 hr-1, respectively. The results indicated 
that the productivity increased as the volume of 
skidded logs per turn increased for both slope 
classes. On the other hand, increasing number 
of pieces transported in each turn caused reduc-
tion in productivity of the tractor skidding op-
eration. The most time consuming work stage 
was skidding followed by move-out unloaded 
and choker setting stages

⇒ �Borz et al. (2015) state that the net production 
rates for on road skidding of only 5.89 m3 h-1, as 
well as the net production rate of only 4.71 m3 h-1 
for winching and skidding (excluding landing 
operations) were strongly affected by the in-
creased skidding distances

⇒ �Jernigan et al. (2016) state that average produc-
tivity for the skidder resulted in 112.25 gt PMH-1. 
The high productivity can be attributed to mul-
tiple factors in the study. First, the modified skid-
der has an oversized grapple, which gives it the 
ability to grapple larger payloads. As the skidder 
can acquire more tonnage with each skid with-
out increasing cycle time, the productivity is in-
creased. Also, the tract offered many short skids, 
which minimize cycle time

⇒ �Bodaghi et al. (2018) state that the Hyrcanian 
forest, using extraction by a skidder, and the 
Camaldoli forest, using extraction by tractors. 
The system productivity of salvage logging by 
skidders and tractors was calculated as 1.54 and 
0.81 m3 h-1, respectively. In contrast to common 

logging, system productivity was about 6- to 15-
fold lower in salvage logging.

On the basis of such background, the objective of 
this research is to analyse the effect of skill of skidding 
equipment operators on productivity, skidding cost 
and subsidence in peat swamp plantation forest.

2. Materials and Methods

2.1 Research Sites
Research was conducted on February 2021 in the 

working area of plantation forest concession of PT 
Satria Perkasa Agung, Logging Block of Annual Work-
ing Plan 2021, Logging Compartment No. SKNB041701 
and SKNB210B01. This area belongs to the territory of 
Indragiri Hilir District, Riau Province. Based on the 
geographic position, this forest complex is situated 
between 102°39’10”–102°58’50” E and 0°4’10” 
S–0°12’55” N.

2.2 Research Materials and Equipment
The main equipment used was chainsaw Stihl MS 

386 for logging, and excavator of Hitachi brand, type 
ZX 110MF, with engine power of 84 HP for skidding. 
Materials used were a stand of Acacia crassicarpa from 
family Leguminosae, diesel fuel, lubricants, and tally 
sheet.

2.3 Research Procedure
Two logging compartments were purposively de-

termined. In each logging compartment there were 3 
measurement plots (MP), 100×100 m (=1 ha) each. The 
distance between MPs was 50 m, therefore there were 
6 MP alltogether. Logging Compartment I (Operator 
A): MP A1, MP A2, MP A3. Logging Compartment II 
(Operator B): MP B1, MP B2, MP B3. In each MP, 15 
skidding operations were  carried out, making a total 
of 90 trips. The following parameters were measured: 
productivity and skidding production cost, compris-
ing the following items: Productivity, which measures 
working time and wood volume. Production cost 
(FAO 1992): recording all expenditures such as the use 
of fuels, lubricants, wage, wage/salary, depreciation 
cost, maintenance/repair cost, financial interest rate, 
insurance and tax. Subsidence measurements were 
conducted as follows (Mudiyarso et al. 2004): In the 
MP, soil depths were measured with measuring sticks 
made from light material, decay resistant and easily 
obtained. Measurement sticks were buried / inserted 
into the soil until 0 mark was precisely at the soil sur-
face. Measurements of decrease of soil surface were 
conducted by putting the measurement sticks at 2 
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observation points purposively, and the measure-
ments were conducted each month. Measurements of 
subsidence are presented in Fig. 1 and 2.

2.4 Data Analysis
Field data in the form of productivity and skidding 

cost were processed in tabulation. Analysis tool used 
was the average value. Skidding production cost was 
calculated by using the formula from FAO (1992).

Skidding productivity is obtained by recording 
working time and wood volume, which were after-
wards processed with the following formula:

	 PMH V
t

= 		  (1)

Where:
PMH	 productivity machine hour, m3 hour-1

t	 total time of skidding, hour
V	 volume of wood skidded, m3

Volume of wood obtained from the following for-
mula:
	 V p w h= ⋅ ⋅ ⋅0 59. 		  (2)

Where:
V	 wood volume, m3

p	 length, m
w	 width, m
h	 height, m 
0.59	 conversion factor from staple meter (sm) to m3.

Production cost is obtained by recording all expen-
ditures such as the use of fuel, lubricants, wages, de-
preciation cost, maintenance / repair cost, interest rate, 
insurance and tax, which are afterwards calculated 
using formula from (FAO 1992) as follows:

	 SC DC IC INC TC CF LC MC W
PS

=
+ + + + + + +

	(3)

	 DC PE
LSE

=
⋅0 9. 		  (4)

	 IC PE
HY

=
⋅ ⋅0 6 3. % 		  (5)

	 INC PE
HY

=
⋅ ⋅0 6 15. % 	 (6)

	 TC PE
HY

=
⋅ ⋅0 6 2. % 		  (7)

	 CF CS FP= ⋅ ⋅ ⋅0 20 0 54. . 	 (8)

	 MC DC= ⋅1 0. 		  (9)

	 LC CF= ⋅0 1. 		  (10)

Where:
SC	 skidding production cost, IDR/m3

LC	 lubricant cost, IDR hour–1

PE	 price of equipment, IDR
DC	 depreciation cost, IDR hour–1

PS	 skidding productivity, m3 hour–1

IC	 insurance cost, IDR hour–1

Fig. 1 Placement plot measuring

Fig. 2 Measurements of subsidence
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W	 wage of worker, IDR hour–1

INC	 interest cost, IDR hour–1

TC	 tax cost, IDR hour–1

CF	 cost of fuel, IDR hour–1

MC	 maintenance cost, IDR hour–1

FP	 fuel price, IDR liter–1

LSE	 life span of equipment, hour
HY	� hours of equipment work, duration per year, 

hour
CF	 cost of fuel
CS	 capacity size.

For learning the difference in skill of the 2 opera-
tors of the skidding equipment, and the subsidence, t 
test is used. For learning the effect of wood volume, 
skidding distance and operators’ skill skidding on 
cycle time skidding, and the effect of productivity on 
skidding cost, multiple and linear regression variable 
dummy are used, using SPSS 25. Equation model for 
the regression is

Y a b X b X b X= + ⋅ + ⋅ + + ⋅1 1 2 2 ... n n (Janie 2012)	 (11)

Where:
Y	 dependent variable
a	 intercept
b1, 2, n	 parameters
X1, 2, n	 independent variables.

Statement of hypothesis is:
⇒ �Ha: Wood volume, skidding distance and op-

erators’ skill skidding affect significantly the 
cycle time skidding

⇒ �H0: Wood volume, skidding distance and op-
erators’ skill skidding do not significantly the 
cycle time skidding

⇒ �Ha: Skidding productivity affects significantly 
the production cost

⇒ �H0: Skidding productivity does not significantly 
affect the production cost

Decision making criteria:
⇒ �If 0.05 probability value < sig probability value, 

H0 is accepted, which implies non significance
⇒ �If 0.05 probability value > sig probability value, 

H0 is rejected, which implies significance.

3. Results

3.1 General Condition of the Company
Most of the research area have field slope between 

0–8% with elevation betweeen 2.0–9.5 m asl. Soil types 
are peat of Hemic Organosol and Sapric Organosol. 
Based ond Schmidt & Fergusson criteria, the climate 
is Type A with monthly rainfall of 147.5 mm month-1, 
highest rainfall of 252.24 mm month-1 and lowest rain-
fall of 62.36 mm month-1 and no dry month. Forest 
stand in this area was dominated by tree species Acacia 
crassicarpa from the family Leguminosae. Density was 
1666 trees /ha (for trees with diameter of 10 cm or 
more). Most of the trees did not exhibit buttess. Most 
of the undergrowth vegetation were of medium den-
sity. In the current Annual Working Plan, the com-
pany harvested wood from area as large as 2309.6 ha, 
with production target of 371,082.2 m3 and average 

Table 1 Average productivity and skidding cost of 2 operators of skidding equipment

Operator & 
Measurement Plot

Wood volume
m3

Skidding time
hours

Skidding productivity
m3 hour-1

Skidding cost
IDR m-3

Skidding distance
m

A

MP 1 17.875 1023 17.501 27,509 78.667

MP 2 17.936 1070 17.011 28,585 77.333

MP 3 17.337 1011 17.437 27,972 78.000

Average 17.716 1.035 17.316 28,022 78.000

B

MP 1 17.852 1179 15.175 31,734 77.333

MP 2 17.703 1086 16.334 29,502 74.667

MP 3 17.873 1080 16.424 29,288 80.000

Average 17.809 1115 15.977 30,175 77.333
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annual wood production (average of production real-
ization in the past 5 years) of 876,413.0 m3, with maxi-
mum AAC of 1,452,542.77 m3, comprising wood spe-
cies of Acacia crassicarpa (source: Monthly report of 
Annual Working Plan 2016–2020 PT. SPA Distrik 
Simpang Kanan).

3.2 Productivity and Cost of Skidding
Average productivity and skidding cost of 2 op-

erators of skidding equipment of forest concession PT 
Satria Perkasa Agung are presented in Table 1.

Analysis results of the effect of wood volume, op-
erators’ skill and skidding distance on skidding cycle 
time are presented in Table 2, 3 and 4.

Table 3 shows that sig probability value (0.000) 
is  smaller than error level (0.000 < 0.05), so that it 
can be concluded that the proposed equation model 
Y = a + b₁X₁ + b₂X₂, can be accepted.

Equipment used for skidding with mechanical sys-
tem land canoe are presented in Fig. 3.

For learning the average cost of skidding with 
mechanical system land canoe, cost analysis was con-
ducted for the equipment used for wood skidding, 

namely excavator Hitachi ZX110MF with motor 
power of 84 HP. Price of the equipment in the year 
2019 was IDR 1,100,000,000. Life span of the equip-
ment use is 10 years, working duration of the equip-
ment use is 1000 hours year-1, with working duration 
of 8 hours day-1, consumption of diesel fuel is 25 liters 

Table 2 Model summary of relation between wood volume, operators’ skill and skidding distance 

Model R Determination coefficient, R2 Adjusted R square Standard error of the estimate
1 0.510a 0.261 0.230 8.5254

a – Predictors: (Constant) operators, wood volume, distance
b – Dependent Variable: skidding cycle time

Table 3 Analysis of variance of relation between wood volume, operators’ skill, skidding distance and skidding cycle time

Model Sum of squares Degree of fredom Mean square F Probability

1

Regression 2584.1122 2 1292.056 8.440 0.000b

Residual 7301.403 87 83,924.172 – –

Total 9885.515 89 – – –

Dependent Variable: skidding cycle time
Predictors: (Constant) operators, wood volume, distance

Table 4 Results of coefficient test

Model
Unstandardized coefficients

Standardized 
coefficients t calculated Probability

B Std. Error Beta

1

Constant 21.702 3.120 – 12.340 0.000

Wood volume 0.181 0.069 0.138 1.118 0.003

Distance 0.192 0.061 0.032 2.205 0.000

Operators 6.175 1.434 0.437 4.874 0.000

a – Dependent Variable: skidding cycle time

Table 5 Machine cost or Scheduled Machine Hours (SMH) of 
Excavator Hitachi ZX110MF in Riau

Cost components
Amount

IDR, hour-1 EUR, hour-1

Depreciation cost 99,000 5.841

Insurance cost 19,800 1.168

Financial interest cost 99,000 5.841

Tax cost 13,200 0.779

Fuel cost 90,720 5.353

Lubricant cost 9072 0.535

Maintenance/repair cost 99,000 5.841

Wage cost 50,000 2.950

Total cost of machine, SMH 479,792 28.308
Noted: 1 EUR = IDR 16,821.55
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per hour with price of IDR 10,000 liter-1, oil consump-
tion is 0.1 liter hour-1, and wage of operator + assis-
tant is IDR 400,000 day-1. From these data, the cost of 
equipment use per hour was obtained and it is pre-
sented in Table 5.

Average cost of wood skidding in peat swamp 
plantation forest is presented in Table 6.

3.3 Subsidence Due to Skidding
Soil-surface subsidence due timber harvesting 

causes the decrease of peat capability to hold or with-
stand the water. When the peat dome undergoes the 

shrinkage of as much as 1 meter, then the peat-soil will 
lose its capability to hold water up to 90 cm, which is 
equivalent to 9000 m3 ha-1. It means that the area of 1 
hectare and its surrounding will receive more than 
9000 m3 of water, if there is a heavy rain. Conversely, 
due to a lower amount of water reserve stored during 
rainy season, the water reserve that could be received 
by the surrounding areas is lesser and such areas is 
becoming more vulnerable to the drought during dry 
season (Agus and Subiksa 2008). Average subsidence 
occurring for three years in this research area is pre-
sented in Table 7.

Fig. 3 Excavator Hitachi ZX110MF

Table 6 Average cost of wood skidding in forest concession PT SPA

Operator & measurement 
plot

Skidding productivity Machine cost Skidding cost

m3 hour-1 SMH x IDR 1000 hour-1 x IDR 1000 m-3 EUR m-3

A

MP 1 17.501 479.792 27.509 1.623

MP 2 17.011 479.792 28.585 1.687

MP 3 17.437 479.792 27.972 1.650

Average 17.316 479.792 28.022 1.653

B

MP 1 15.175 479.792 31.734 1.872

MP 2 16.334 479.792 29.502 1.741

MP 3 16.424 479.792 29.288 1.728

Average 15.977 479.792 30.175 1.780
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Analysis results of the effect of operators’ skill on 
subsidence are presented in Table 8, 9 and 10.

Table 9 shows that sig probability value (0.000) is 
smaller than error level (0.000 < 0.05), so that it 
can be concluded that the proposed equation model 
Y = a + b₁X₁, can be accepted.

Table 7 Average subsidence for three years (2018–2020) in the 
research area

Year &  
observation 

points

Height of peat 
surface at last 

period, cm

Height of peat 
surface at 

present, cm
Subsidence, cm

2018
1 55.9 56.1 –0.2
2 55.6 55.6 –0.1
3 56.8 56.9 –0.1
4 56.8 56.8 0.0
5 54.5 54.6 –0.1
6 53.2 53.4 –0.1
7 56.5 56.3 0.1
8 53.5 53.4 0.1
9 54.9 55.0 0.0
10 54.4 54.5 –0.1

Total 552.1 552.6 –0.5
Average 55.21 55.26 –0.05

2019
1 56.1 56.4 0.2
2 58.4 58.8 0.4
3 56.7 56.9 0.2
4 57.9 58.1 0.2
5 58.0 58.5 0.4
6 56.7 57.0 0.3
7 55.1 55.4 0.4
8 57.1 57.4 0.3
9 54.6 54.9 0.3
10 56.3 56.4 0.1

Total 566.9 569.8 2.8
Average 56.9 56.98 0.28

Table 8 Model Summary of relation between operators’ skill and 
subsidence

Model R
Determination 
coefficient, R2

Adjusted R 
square

Standard error 
of the estimate

1 0.827a 0.607 0.675 18.319

a – Predictors: (Constant) operators, wood volume, distance
b – Dependent Variable: skidding cycle time

Table 9 Analysis of variance of relation between operators’ skill and subsidence

Model Sum of Squares Degree of freedom Mean Square F Probability

1

Regression 6872.089 1 6872.089 21.356 0.000b

Residual 3155.746 28 112705.21 – –

Total 10027.835 29 – – –

a – Dependent Variable: Subsidence
b – Predictors: (Constant), Operator

Table 10 Results of coefficient test

Model

B

Unstandardized Coefficients Standardized Coefficients
t calculated Probability

Std. Error Beta

1
Constant 62.684 22.456 – 6.009 0.000

Operator 3.053 0.669 0.627 4.527 0.000

a – Dependent Variable: Subsidence

Year &  
observation 

points

Height of peat 
surface at last 

period, cm

Height of peat 
surface at 

present, cm
Subsidence, cm

2020

1 62.4 62.6 0.2
2 59.2 59.4 0.2
3 60.3 60.5 0.2
4 63.1 63.2 0.2
5 59.8 60.0 0.2
6 60.2 60.5 0.2
7 60.9 61.2 0.3
8 58.4 58.7 0.3
9 59.3 59.6 0.3
10 58.5 58.6 0.1

Total 602.1 604.3 2.2
Average 60.21 60.43 0.22
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4. Discussion

4.1 Productivity and Cost of Skidding
Table 1 shows that the average productivity of 

skidding achieved by the two operators of skidding 
equipment were different from each other. The aver-
age skidding productivity of operator A was higher 
than that of operator B, with the difference being 
(17.316–15.977=1.339) m3 h-1 (92.3%). The high differ-
ence of productivity shows that skidding requires 
highly skilled operators. The average wood volume 
that can be skidded by operator A is higher than that 
of operator B with shorter average skidding time. Re-
sults of t test show that t-calc = 4.466**>t-table 99%, 
which shows highly significant difference. This im-
plies that in terms of productivity, the working skill of 
operator A was better than that of operator B. Operator 
A was 30 years old, with a working experience of more 
than 5 years, whereas operator B was 20 years old with 
the working experience of just 2 years.

Spinelli et al. (2020) also state that the type of stand 
(pure conifer or mixed wood stand) significantly af-
fects the operator’s efficiency. Operating in a mixed 
wood stand requires strong mental focus and increas-
es mental workload, which leads to mental fatigue. 
This results in a loss of productivity between 40% and 
57% as compared to the productivity of harvesting 
pure conifer stands. Ghaffariyan (2020) state that the 
parameters affecting machine productivity included 
machine type/size, tree volume, average skidding dis-
tance and slope of the ground for each reported pro-
ductivity.

Parajuli et al. (2020) and Carey et al. (2018) state 
that the efficiency of a skidder is greatly affected by 
skidding distance because it strongly affects the skid-
ding time. When the skidding distance is long, the 
skidding time increases, and the overall productivity 
decreases. Thus, shorter skidding distances lead to 
higher productivities. The decrease in productivity of 
the skidder due to longer skid distances can be some-
what counterbalanced by increasing the payload per 
turn. The hauling distance and skidding capacity sig-
nificantly affected productivity and costs, while ter-
rain slope, with ranges between 0 and 20%, had no 
significant effects on productivity.

The average skidding productivity in this research 
was lower than that shown by the results of Fermana 
et al. (2019) on skidding in peat swamp plantation for-
est of PT PSPI; they reported the average productivity 
of as much as 21.23 m3 hour-1. The low average pro-
ductivity in this research was due to longer average 
time of skidding, namely 1.035 hours (62.1 minutes) 
and 1.115 hours (66.9 minutes). Ozturk et al. (2019) 

show that it was found that skidding distance had a 
maximum effect on the total cycle time and productiv-
ity. Unlike previous time studies, it was found that the 
effect of volume on the total cycle time was relatively 
low. This study presented the analysis of the total time 
and productivity. The low average skidding time in 
this research was due to the peat depth that ranged 
between 2–6 m. This is in line with research results of 
Suhartana and Yuniawati (2015), who explained that 
skidding in peat swamp forest faces an important 
problem, namely low bulk density of the soil. This 
makes it difficult for skidding to use heavy equipment, 
operating on soft peat soil (particularly on peat with 
depth of more than 3 m). There is a need for extra care 
and skill during skidding.

Table 2 and 3 present the model summary, which 
shows the correlation (R), determination coefficient 
(R2), adjusted R2 and standard error. The magnitude 
of determination coefficient R2 is 0.261, which implies 
that 26.1% of skidding cycle time can be explained by 
variables of wood volume, skidding distance and op-
erators’ skill, whereas the rest (100%–26.1% = 73.9%) 
is explained by other causes. In Table 4, the coefficient 
was subjected to t test to examine the significance of 
the constant of each independent variable, while t cal-
culated with probability (sig) 0.000 < 0.05 shows that 
the effect of wood volume, skidding distance and op-
erators’ skill on cycle time of wood skidding, is sig-
nificant. It can be concluded from the table that regres-
sion calculation equation is Y = 21.702 + 0.181X1 + 
0.192X2 + 6.175X3. The result of that equation shows 
that the positive constant for wood volume, skidding 
distance and operators’ skill implies that cycle time of 
skidding would increase. The higher wood volume, 
the shorter skidding distance and the higher opera-
tors’ skill imply shorter cycle time of wood skidding. 
The shorter the cycle time of skidding, the higher the 
wood skidding productivity.

Table 6 shows that the average skidding cost of op-
erator A is lower than that of operator B. This is due 
to the high skidding productivity. Santos et al. (2014) 
state that assessment of the production costs show that 
unit costs decrease with increasing productivity in 
each unit of measurement of the production rate. Such 
high productivity was due to the operator’s skill. Pro-
duction cost of skidding is obtained by dividing the 
cost of the venture by productivity. The difference in 
average production cost for the two operators was 
subjected to t test analysis, and the results show that t 
calculated = 4.261 >t table (99%). Therefore, from the 
aspect of cost, the wood skidding performance of op-
erator A was better than that of operator B.



S. Suhartana and Yuniawati	 Skill of Skidding Equipment Operator in Relation to Productivity, Skidding Cost ... (69–81)

78	 Croat. j. for. eng. 44(2023)1

Several research results on skidding in mineral soil 
forests show that not all skidding productivity in those 
areas were higher than those in peat swamp plantation 
forest. Many factors affect average skidding produc-
tivity, both in mineral soil and in wetland forest. On 
the whole, the operator’s skill is one of the factors af-
fecting the average productivity. Germain et al. (2019) 
state that harvesting operations in the Northeast US 
are characterized by challenging site conditions and 
unpredictable physical environments. Understanding 
the factors affecting logging costs and productivity is 
important for long-term viability of businesses and 
future management decisions. Without an experi-
enced and skilled logging workforce most forest man-
agement activities cannot be implemented.

Physiological characteristics and health may cause 
differences other than the experience characteristics of 
the operators. Nascimento et al. (2021) state that there 
was an influence of safety and physical comfort of 
workers, which resulted in higher rest breaks, depend-
ing on the operation involved. This influence was ob-
served in operations with a higher physical workload 
(felling and pre-skidding). Wong et al. (2019) state that 
long working hours were shown to adversely affect 
the occupational health of workers. The management 
on safeguarding the occupational health of workers 
working long hours should be reinforced. Jaskiewicz 
and Tulenko (2012) state that the health system affects 
the productivity of community health workers.

4.2 Subsidence Due to Skidding
Table 7 shows that there have been elevation dif-

ferences of peat soil water table in the last three years, 
so that the occurring subsidence vary. In the year 2019, 
subsidence was higher compared to those in 2018 and 
2020, namely 2.8 cm year-1 or an average of 0.28 cm 
year-1 in each 10 observation points. High subsidence 
in this research was due to elevation fluctuation of 
peat water table during measurements, which were far 
different from the previous ones. Such difference 
could be due to high rainfall occurring during mea-
surement of water table elevation, so that the amount 
of water that fills the drainage facility or canal is high-
er. Very great difference in elevation or fluctuation of 
water table elevation before and during measurement, 
caused high subsidence in the year 2019.

Excessive subsidence rate causes rapid decrease of 
soil surface, so that its elevation decreases approach-
ing the highest elevation in the river, and consequent-
ly it can no longer be drained (Nugroho 2015). This 
research results show subsidence which is lower than 
that found by Lisnawati et al. (2015) who showed that 
the development of A. crassicarpa Industrial Plantation 

Forest in the research location caused subsidence rate 
of 5.5 cm year-1 on the average. Besides that, existence 
of canal also cause the subsidence. According to Evans 
et al. (2019), subsidence averaged 4.3 cm year-1 in the 
Acacia plantations, and extended at least 300 m into 
adjacent forest. Mean water table depth was the best 
predictor of subsidence rate in both plantation and 
forest areas. Lauren et al. (2021) stated that in a sce-
nario assessment, where WT was raised from −0.80 m 
to −0.40 m, the subsidence rate decreased from 4.4 to 
3.3 cm yr-1, and carbon loss from 17 to 9 Mg ha-1 yr-1. 
Ritzema et al. (2014) stated that the resulting higher 
water tables did not completely compensate for the 
negative effects of increased subsidence near the ca-
nals.

High subsidence in this research could also be due 
to the depth of the canal used as facility for wood 
transportation. The average depth of the canal in this 
research location was 2.5 m. Aswandi et al. (2017) 
show that the 0.8 m drainage (e.g. real condition) 
causes land subsidence of about 52 cm, and reduces 
the drainable area up to 62.3%. Pronger et al. (2014) 
state that time since drainage exerts strong control 
over the rate of peatland subsidence and that ongoing 
peatland subsidence rates can be predicted to gradu-
ally decline with time in the absence of major land 
disturbance. Study results of Sloan et al. (2019) show 
that significant subsidence has taken place since drain-
age, with an average reduction of 56.8 cm (or 13%) in 
the depth of peat under forest stands. Subsidence of 
the peat surface was rapid in the initial phase after 
drainage and planting but has progressively slowed, 
with relatively little change between the surveys of 
1996 and 2016. The subsidence data demonstrate that 
drainage followed by afforestation led to a consider-
able reduction in thickness of the peat layer and show 
how this evolved through time. On the other hand, the 
research results of Oleszczuk et al. (2020) show that 
the loss of peat thickness varied from 5 to 41% and 
depended on drainage intensity rather than on its ini-
tial depth. In general, six verified empirical equations 
were useful in estimating the average subsidence rate. 
Four equations seemed to be the most useful for deep-
ly drained sites.

A series of recent Indonesian Government regula-
tions (most recently SK.22/PPKL/ PKG/PKL.0/7/2017) 
also require that water tables be maintained within 40 
cm of the peat surface at the centre of each plantation 
block for half of the year, and within 100 cm of the 
surface at all times. This represents a significant 
change to existing operational procedures, which gen-
erally involve drainage of the peat to a target depth of 
around 70 cm.
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Based on Table 8 and 9, the model summary shows 
correlation (R), determination coefficient (R2), adjusted 
R2 and standard error. The magnitude of determina-
tion coefficient R2 is 0.607, which implies that 60.7% of 
subsidence can be explained by operators’ skill, 
whereas the rest (100%–60.7% = 39.3%) is explained by 
other causes. In Table 10, the coefficient was subjected 
to t test to examine the significance of the constant of 
each independent variable, while t calculated with 
probability (sig) 0.000 < 0.05 shows that the effect of 
operators’ skill on subsidence is significant. It can be 
concluded from the table that regression calculation 
equation is Y = 62.684 + 3.053X1. The result of this equa-
tion shows that positive constant for operators’ skill 
affects subsidence.

Agus and Subiksa (2008), Limin et al. (2008) ex-
plained that subsidence rate depends on many factors, 
such as peat maturity, peat type, decomposition rate, 
peat density and thickness, depth of drainage canal, 
climate, and land use. The deeper the drainage canal, 
the more rapid will be the subsidence and peat decom-
position, so that peat thickness will quickly decrease 
as well as its buffering capacity for water. Decreasing 
the water table in tropical peatland makes the peat 
surface dry, and the vegetation dies and becomes fire 
prone. In the dry season, normally the peat layer can 
burn to a depth of around 50 cm, but can penetrate to 
100 cm in some places. The value of subsidence of His-
tosol, measured by geodetic means, ranges from 9 to 
33 cm, while that of Gleysol from 0 to 4 cm. The mean 
value of subsidence of the peatland in Sosnowica 
amounted to 24 cm over 38 years, which gives a degree 
of subsidence of 0.6 cm year-1, i.e. a loss of peat mass 
amounting to 11.5% of the total resources. The situa-
tion is still worse in the case of the peatland in Uhnin, 
where mineralization and a fire of the peatland caused 
the peatland area to shrink by 36% (Grzywna 2017).

Wood skidding in peat swamp plantation forest is 
very different from that on mineral soil. This is be-
cause of physical condition of the peat, which is soft 
and fragile, so that during skidding a land canoe has 
to be used to facilitate and ease the pulling of wood 
outside the area. The high average productivity of 
wood skidding in this research was due to skidding 
operator’s skill, where working experience of more 
than 5 years produced higher average skidding pro-
ductivity. High level working skill resullted in skid-
ding a higher volume of wood in shorter time. This 
factor significantly affected the skidding productivity. 
High level productivity could minimize production 
cost of skidding. Peat swamp forest clearing for Acacia 
crasicarpa plantation caused soil subsidence, which is 
a decrease of peat soil surface. The triggering factor for 

subsidence occurrence in this research was great fluc-
tuation of water table elevation, before and during 
measurement.

5. Conclusions
The high average productivity of wood skidding 

in this research was due to the factor – operator’s skill, 
where working experience of more than 5 years re-
sulted in higher average skidding productivity. High 
level working skill resullted in skidding a higher vol-
ume of wood in shorter time. This factor significantly 
affected the skidding productivity. High level produc-
tivity could minimize production cost of skidding. 
Peat swamp forest clearing for Acacia crasicarpa planta-
tion caused soil subsidence, which is a decrease of peat 
soil surface. The triggering factor for subsidence oc-
currence in this research was great fluctuation of water 
table elevation, before and during measurement.
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