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Abstract: Determining the efficient density for forest roads is essential to decrease the costs of skidding 
and road constructing in forestry plans. In order to estimate the optimal density for road network in Dalak 
kheyl forest district (Mazandaran Wood and Paper Industries), we calculated the roading costs and hourly 
costs of Timber jack 450C and HSM 904 skidders. The length of skid trails  was measured by a steel meter. 
Also, time study was performed by using chronometer for skidding machines. Then the optimum density 
for Dalak kheyl forest roads was estimated by minimizing sum of skidding and roading costs. The results of 
this study showed that the optimum density of forest roads for Timber jack 450C and HSM 904 were 2-4 m 
ha-1 and 3-5 m ha-1, respectively. Furthermore, the optimum road density for both machines was 3-5 m ha-1.
These estimated densities were much less than current road density of Dalak kheyl forest, which was 16.1 
m ha-1. Therefore, the existing road had efficient density for Dalak kheyl forest. Of course, this density was 
only calculated from skidding and roading costs and it may not be enough to determine overall optimal 
density that should be calculated by considering other road duties. Time study revealed that the movement 
speed of HSM 904 skidder was more than Timber jack 450C. It took 266 seconds for HSM 904 skidder to 
skid logs from 100 meter distance, whereas Timber jack 450C spent 490 seconds for skidding logs in the 
same distance. 
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INTRODUCTION

Northern forests of Iran are managed by
Governmental Forest Enterprises. For this reason
planning, construction and maintenance of fixed type 
forest roads is carried out by these enterprises, along 
with other forestry operations. In Iran, forestry
operations are difficult jobs because forests are
generally located on steep mountainous areas. Forest 
roads should be planned in agreement with the terrain 
conditions and topography and the descents and ascents 
should be provided to allocate a minimum amount of 
excavation [1]. 

The total length of Hyrcanian forest roads in Iran at 
the end of year 2000 was about 6000 km. Road network 
planning and standard methods for road construction 
are performed according to principles of the Bulletin 
No. 131 and 148, published by Plane and Budget
Organization of Iran (PBOI) [2]. Optimization of forest 
road network is an important part of logging planning 
[3]. Ghaffarian and Sobhani [4] developed a skidding 
model by stepwise regression to predict the cost of 
skidding per cubic meter for the 39 nodes. The

harvesting volume and roading cost for each node were 
computed by using NETWORK 2000 and shortest path 
algorithm. The results showed that roads can be
eliminated from existing forest road network.

The optimum road spacing has been studied by 
Ghaffarian and Sobhani [5] in Kheiroudkenar forest of 
Iran. They calculated the total road construction and 
skidding cost in different road spacing for TAF and 
Timberjack 450C skidders in one-way and two-way
skidding. Based on minimizing the sum of road and 
skidding costs for two ways skidding by Timberjack, 
the optimum road spacing and density were estimated 
as 1714 m and 5.8 m ha-1, respectively. The estimated 
optimum road spacing and road density for TAF were 
1600 m of 6.25 m ha-1, respectively. For one-way
skidding, the optimum road spacing of Timberjack was 
1143 m and road density was 8.8 m ha-1. For TAF, the 
optimum spacing and road density were estimated as 
1114 m and 8.97 m ha-1, respectively.

The existing road density of Timberjack and TAF 
skidding sites was 28.16 and 17.11 m ha-1 respectively 
which are higher than optimum density. The study of 
variants  method  is  applied to find the optimal network
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for existing network in Namkhaneh district. The
skidding cycle time is mainly affected by skidding
distance, winching distance and interaction between 
skidding distance and slope [5]. Behjou et al. [6]
reported that the gross and net production rate of
wheeled skidder Timberjack 450C in Selection  cutting
and  on  average  slope  of  30%  is 20.51 and 22.93 m3

h-1, respectively. The unit cost considering the gross 
and net production rate was 6.31 and 6.22 USD m-3

respectively.
One of the cost factors in forest management is the 

development of road infrastructure. Abdi et al. [7]
developed a method using GIS and Multi-criteria
Evaluation (MCE) to design a forest road network with 
the lowest construction cost. Six road alternatives
including slope, soil, geology, aspect, altitude and
standing volume were developed using PEGGER. Then 
MCE was used to evaluate the construction costs of the 
candidate networks. 

The decision making group identified six factors 
which being relevant to the costs of forest roads. These 
factors were compared in a pair-wise comparison, in the 
context of the Analytic Hierarchy Process to develop 
weights of map layers. Then, weights and factors were 
entered into the MCE module to create a final
suitability map. The total cost of each alternative was 
extracted from the suitability map and the unit cost of 
each  alternative  was  calculated. The results showed 
that  alternatives  one  and two had the highest and 
lowest unit costs, respectively. The results illustrated 
the utility of using GIS and MCE to improve the
planning process [7].

Also, the ROADENG software, although not
constructed for finishing the optimization studies, is 
highly applicable for the activity. In addition, the data 
outputs serve the purpose of decision making. The
forest  manager  can  certainly  claim  the variant of 
forest road to be optimized and therefore needed.
Besides some benefits, any road and any route will also 
have some negative impacts on the environment.
However, these can be minimized with the help of a 
powerful tool [8]. 

The method of Quantification and Quantitative
Evaluation of Functions of Forests as a basis for their 
evaluation can be used for road planning and
construction. It can serve as an extra component that 
will be a member of the decision process. So far, the 
main criteria for the forest road construction remain to 
respect the terrain configuration and observe the
parameters of the type of concrete forest road to 
facilitate the forest operations [9]. The implementation 
of this method will be convenient if there is a
possibility to build a road in several directions. If it is 
not  possible  to have the forest road outside the parts of 

stands with high total real potential, some measures will 
have to be taken in order to minimize the negative
effects even at the cost of increasing the costs of forest 
road construction [9]. The objective of this study is to 
determine the optimal forest road density by
minimization of total costs of skidding and roading. 
The total cost regarding with optimal road density was 
minimized considering the optimum road spacing
approach  where  the  point  of  minimum  road  costs 
plus skidding costs occurs where the slope of the
skidding cost is equal and opposite to the slope of the 
road cost [17]. 

MATERIALS AND METHODS

Dalak kheyl forest with an area of 1657 hectare is 
located in 5 km of the company of Mazandaran wood 
and paper industries in Sari city, Mazandaran province, 
Iran (36°21′00′′ to 36°26′30′′ N, 53°03′00′′ to 53°05′
35′′ E and elevation 180-765 meter at sea level). The 
soil is washed forest brown with classic horizon and its 
depth is 90 cm. The bed rock is marl, calcareous
sandstone and limestone. The general aspect of the 
hillside is east and its average slope is 10-25%. The 
average temperature of Dalak kheyl forest is ranging 
from 29.8°C in August to 1.8 °C in February. The region 
receives 808 mm of precipitation annually. The average 
growing season lasts 240 days from April to November. 
Mean road density is 16.1 m ha-1. Figure 1 shows the 
geographical position of the study area.

The experiments were carried out in standard
working conditions typical for Iran. Times and
operational variables were measured using a stopwatch.
The functions of the wheeled skidder from stump to 
landing were traveling empty, establishment time,
releasing and pulling, hooking, winching, traveling
loaded, unhooking and piling. The decision variables 
recorded for the wheeled skidder were skidding
distance, number of logs per turn, mid diameter of the 
logs, ground slope and winching distance. Machine 
productivity was measured in cubic meters per
productive hour (m3 h-1) without any delays.

The basic principle when analyzing the machine 
operation and system is to compute the operational 
costs based on the labor and machine used. The costs 
involve the costs of running a machine over its
expected useful life. The main concern in the machine 
costs are based on the calculated fixed and variable 
costs. The hourly costs of wheeled skidder Timberjack 
450C and HSM 904 were calculated according to FAO 
method [18]. 

The fixed costs are incurred through ownership of 
the machine and are independent from the annual
working time (Equation 1). 
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Fig. 1: The map and geographical position of study area (Dalluk kheil forest district)

Fc D I T= + + (1)

where, Fc is the fixed cost, D is the annual depreciation 
cost, I is the interest cost, T is the Insurance, taxes and 
garage cost. The objective of the depreciation charge is 
to recognize the decline of value of the machine as it is 
working at a specific task (Equation 2).

0 sP P
D

Life
−

= (2)

where, P0 is the purchase cost, Ps is the salvage cost, 
Life is the economic life of machines (hour). Salvage 
values of machines were obtained from the owners. 

Interest can be calculated by multiply the interest 
rate times by the average annual investment (Equation 3 
and 4). 

0 s
s

(P P)(N 1)
A P

2N
− +

= + (3)

                                       I = A×I (4)

where, A is the average annual investment, N is the 
economic life of machine (year) and i is the annual 
interest rate. Insurance and Tax annual values were 
taken  as  a  percentage  of  average annual investment 
and was converted to a rate per time unit. The
percentage rate of Insurance depends on local practice 
but normally lies between 1 and 5 percent applied to 
annual  average  investment. Tax was computed based 
on financial information of Mazandaran wood and 

paper industries. The forest depot was used as garage 
for  skidders.  So,  the garage cost was not considered 
for skidders.

The variable cost is incurred when machine is 
being used and depends on its usage (Equation 5).

Fv MR f FOG TW Q= + + + + (5)

where, Fv is the running cost, MR is maintenance and 
repair cost, f is hourly cost of fuel, FOG is filter, oil and 
grease cost, TW is hourly cost of tire wear and Q is cost
of pieces wear.

Maintenance and repair category includes
everything from simple maintenance to the periodic
overhaul of engine, transmission, clutch, brakes and 
other major equipment components, for which wear
primarily occurs on a basis proportional to use.
Operator use equipment, the severity of the working 
conditions, maintenance and repair policies and the
basic equipment design and quality affect maintenance 
and repair cost (Equation 6).

                                  MR = D×F (6)

where, F is the machines coefficient which was 0.9 for 
the skidders used in this study.

Fuel and lube costs were computed based on
hourly consumption rate and local prices. The fuel
consumption rate for a piece of equipment depends on 
engine size, load factor, equipment condition, operator's 
habit, environmental condition and basic design of
equipment (Equation 7) [10]. 
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Table 1: Hourly FOG cost for wheeled skidder timberjack 450C and HSM 904

Oil and Gear Hydraulic Air Oil Hydraulic Gearbox
filter Crankcase box tank Tiers filter filter filter filter Differential

Capacity 18 Lit 19 Lit 150 Lit 2.5 Lit 2 no 2 no 1 no 1 no 9 no
Fee (€) 0.715 1.787 0.286 0.786 15.011 1.251 17.155 10.007 0.786
Cost (€ h-1) 0.016 0.023 0.054 0.002 0.037 0.003 0.021 0.012 0.009

f w L= × × (7)

where,   is the fuel factor, w is the horsepower, L is
the fuel cost lit -1.

Hourly FOG costs for skidders were computed 
based on hourly consumption rate and local prices
(Table 1).

Due to shorter life of tires, they are considered 
under operating costs. Tire cost is affected by the
operator's experiences, vehicle speed, surface
conditions and wheel position (Equation 8) [10].

c f tc

lf wf tl

T C
TW

T T M
×

=
× ×

(8)

where, Tcf is the tire cost factor, Ctc is the current tire 
cost, Tlf is the tire life factor, Twf is the tire wear factor,
Mtl is the maximum tire life. 

Once the hourly costs of wheeled skidder
Timberjack 450C and HSM 904 were calculated
according to FAO method, total hourly costs of the 
machines and their unit costs were computed as follows
(Equation 9 and 10):

                                C – Fc + Fv (9)

C
PC

P
= (10)

where, C is the total hourly cost, PC is the unit cost and 
P is the production rate [10]. 

According to financial documents of the company 
of wood and paper industries, the cost of forest road 
construction for each kilometer is 19240 €. The total 
trees in the road corridor should be felled and sold, 
which can recover a part of the roading cost. The
clearing limit for main, secondary and temporal forest 
roads in Iran forestry are 17, 15 and 12 meter,
respectively. So, in Dalak kheyl forest, the percentage 
of main, secondary and temporal roads are 35.6%, 51% 
and 13.4%, respectively.

RESULTS AND DISCUSSION

Forest roads are the most important foundation for 
sustainable forestry operations. At the same time, forest 

Table 2: Machine and system costing in Euro (€) based on 2008 
prices

Wheeled skidder Wheeled skidder
Type of machine timberjack 450C HSM 904

General information
Delivered price (€) 51699.261 187000.000
Depreciation period (yr) 20.000 20.000
Annual usage (h) 800.000 800.000
Salvage value (10%) 5169.926 18700.000
Average annual investment 30.535 92.313

Machine fixed cost
Depreciation cost (€ h-1) 2.910 8.792
Interest: 5% AAI (€ h-1) 1.527 4.616
Insurance & taxes (€ h-1) 0.813 0.813

Machine running cost
Maintenance & Repair (€ h-1) 2.617 7.912
Fuel cost (€ h -1) 0.343 0.343
Oil and lubricants (€ h-1) 0.297 0.297
Personnel (€ h-1) 6.203 6.616
Transportation cost (€ h-1) 0.978 0.978

 Total cost
Hourly machine cost (€) 17.845 31.347
Mean production (m3 h-1) 13.517 10.663
Unit cost (€ m-3) 1.320 2.940

roads    are    the   first   step   in   providing   forest
fire-protection in the shortest time and consequently 
they play an important role in the environmental
protection. On the other hand, forest roads are at risk of 
road surface erosion and are subject to cut-and-fill slope 
failures. Therefore, it is important to design forest roads 
by considering not only cost efficiency but also the 
appropriate management of water and soil [11]. There 
are various mo dels for establishing the efficient forest 
road allocation and evaluating optimum density of
forest roads network for the transport of timber
commodity. Most of them are based on the calculation 
of common timber transport costs and costs for forest 
roads [12]. Hourly FOG cost for Timberjack 450C and 
HSM 904 is shown in Table 1. In Table 2, the unit cost 
of skidding operation for the skidders were 1.320 € m-3

and 2.940 € m-3, respectively.
In building one kilometer road, average area of

15310  m2  (1.531 ha)  was  used  in Dalak kheyl forest.
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Table 3: Skidding cost in relation to the forest road density and timber volume for wheeled Timberjack 450C

Density Length of Total skidding Skidding Timber volume in Skidding
(m ha-1) skid trail (m) time (Second) cost (€ h-1) each skidding cycle (m3) cost (€ m-3)

1 7000 9350 20 1.81 28.51
2 3500 4855 20 1.81 14.81
3 2332 3356 20 1.81 10.23
4 1750 2609 20 1.81 7.96
5 1400 2159 20 1.81 6.58
7 997 1645 20 1.81 5.02
10 700 1260 20 1.81 3.84
15 467 961 20 1.81 2.93
20 350 811 20 1.81 2.47
25 280 721 20 1.81 2.20

Table 4: Skidding cost in relation to the forest road density and timber volume for wheeled skidder HSM 904

Density Length of Total skidding Skidding Timber volume in Skidding
(m ha-1) skid trail (m) time (Second) cost (€ h-1) each skidding cycle (m3) cost (€ m-3)

1 7000 5799 35.08 1.64 34.51
2 3500 2992 35.08 1.64 17.81
3 2332 2056 35.08 1.64 12.23
4 1750 1589 35.08 1.64 9.46
5 1400 1308 35.08 1.64 7.78
7 997 987 35.08 1.64 5.87
10 700 747 35.08 1.64 4.44
15 467 560 35.08 1.64 3.33
20 350 466 35.08 1.64 2.77
25 280 410 35.08 1.64 2.44

Table 5: Skidding cost in relation to the forest road density and timber volume for Timberjack and HSM

Density Length of Total skidding Skidding Timber volume in Skidding
(m ha-1) skid trail (m) time (Second) cost (€ h-1) each skidding cycle (m3) cost (€ m-3)

1 7000 7575 27.53 1.725 33.72
2 3500 3924 27.53 1.725 17.47
3 2332 2706 27.53 1.725 12.05
4 1750 2099 27.53 1.725 9.34
5 1400 1734 27.53 1.725 7.72
7 997 1166 27.53 1.725 5.59
10 700 1004 27.53 1.725 4.47
15 467 761 27.53 1.725 3.39
20 350 639 27.53 1.725 2.84
25 280 566 27.53 1.725 2.52

Thus, based on the mean stock growth of the forest 
(150 m3 ha-1), volume of felled trees for one kilometer 
road was 230 m3. Felled trees include 92 m3 log (40%), 
46 m3 bolt (20%), 69 m3 fuel wood (30%) and 23 m3

surplus of cutting (10%). Total income from selling 
these trees was 10240 €. Finally, total cost for
constructing  and  maintaining  one  kilometer  forest 
road is calculated as 9000 € and 262.6 €, respectively.

Table 3 displays the length of skid trail and
consequently skidding cost of Timberjack 450C
reduced by increasing road density. This result was also 
observed for HSM, which is shown in Table 4. Time 
study revealed that the movement speed of HSM
skidder was more than Timber jack 450c. HSM
consumed 266 seconds for skidding logs from 100
meter  distance,  whereas  Timber jack  450c consumed 
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Table 6: Roading cost in relation to the forest road network density

Road Roading Timber Roading cost 
density cost volume based on each m3

(m ha-1) (€) (m3) of timber volume

1 9.28 3.95 2.35
2 18.56 3.95 4.70
3 27.84 3.95 7.05
4 37.12 3.95 9.41
5 46.40 3.95 11.76
7 64.96 3.95 16.46
10 92.80 3.95 23.52
15 139.20 3.95 35.28
20 185.60 3.95 47.03
25 232.00 3.95 58.79

490 seconds in the same distance (Table 5). In addition, 
roading cost and consequently roading cost based on 
each m3 of timber volume increased by increasing road 
density (Table 6).

Figure 2 shows the relationship between forest road 
density and roading cost. Also, according to Fig. 3-5,
the skidding costs of Timberjack 450C and HSM were 
reduced by increasing forest road density. As shown in 
Fig. 6 and 7, the optimum density of forest roads for 
Timber jack 450C and HSM were 2-4 m ha-1 and 3-5 m
ha-1, respectively. Furthermore, the optimum road
density for both machines was 3-5 m ha-1 (Fig. 8). 
These estimated densities were less than Dalak kheyl 
road density which was 16.1 m ha-1. Therefore, the 
existing road had efficient road density for Dalak kheyl 
forest. Of course, this density was only calculated from 
skidding and roading costs and it's not enough to 
determine the final density since other roads duties 
were not considered. 

Lotfalian et al. [13] assumed that the effective
factors in costs can be determined by using the
mathematical  mo del, as well as by the help of
graphical model, therefore, less costs of skidding and 
road construction can be evaluated by considering 
optimal road density can be evaluated. Harvesting
methods,  different  types  of  roads, the ratio of each 
road to the whole network, stand per hectare, slope, 
geological conditions, presence of sand mine for
constructing  surface  of roads, capital interest rate, 
wood  exit  costs,  type  of  skidding machinery, slope 
and length correction coefficient, routes, type and
number  of  load, allowable winching distance, brush 
and underbrush, condition of the roots, silvicultural
methods (cutting form), regional soil, regional height, 
direction  of  the  slope  and  morphology of the forest 
are  the  main  factors which affect determination of 
roads network density.
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The model of evaluation and calculation of the
time of skidder movement, which determines the
skidding  costs  under  the  existing conditions in 
Sangdeh Forest, is as follows: Y =-25.05 + 1.20 X. For 
the forest region of Sangdeh with 353 cubic meters
stand  per  hectare  and  skidding  in  contract method, 
the  roads  network  density  is  23  m  in  hectare  and 
for  skidding  by  the company, the roads network 
density is 19 meters in hectare; these numbers are the 
optimal ones.
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relation to roading and skidding cost of
Timberjack 450C
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relation to the roading and skidding cost of 
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Fig. 8: The optimum road density determined in
relation to the roading and skidding cost of 
both machines

Some researchers applied the GIS techniques to 
design the optimal forest road density in northern forest 
of Iran. They concluded that using GIS and
computerized analyzing cause to economize in time,
costs and to minimize environmentally damages. In this 
method the best area is selected to plan forest roads 
with effective factors such as maps of soil, slope,
direction of slope and bedrock and trees volume per 
hectare [14]. Today, forest road design from traditional 
method continues to be transformed by remote sensing 
technology and advancement of GIS. It is now possible 
for a forest engineers to analyze many different road 
location alternatives over a large geographic area in a 
minimal amount of time [15, 16].

CONCLUSIONS

In this study the optimum road density for Dalak 
kheyl forest was estimated by minimizing sum of
skidding and roading costs. The results showed that the 
optimum road density for Timber jack 450C and HSM 
904 were 2-4 m ha-1 and 3-5 m ha-1, respectively. Also, 
the optimum road density for both machines was 3-5 m 
ha-1. These estimated densities were less than Dalak 
kheyl road density which was 16.1 m ha-1. Therefore, 
the existing road had necessary efficiency for Dalak 
kheyl forest. Of course, this density was only calculated 
from skidding and roading costs and it's not enough for 
final density because of other road duties. In addition, 
time study revealed that the movement speed of HSM 
904 skidder was more than Timber jack 450C. HSM 
904 consumed 266 seconds for skidding logs from 100 
meter distance, whereas Timber jack 450C consumed 
490 seconds in the same distance. 
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