JOURNAL OF FOREST SCIENCE, 59, 2013 (12): 475478

Determination of correction coefficient of average
skidding distance according to the existing road network

in Alikia Soltan forest of Iran
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ABSTRACT: One of the factors in planning forest roads is average skidding distance which is calculated in projects

from the map, according to forest road density, however it has a low accuracy. In this study real average skidding dis-

tance and theoretical average skidding distance were measured to determine a correction coefficient in Alikia Soltan

forest in Hyrcanian forest. In this study real average skidding distance was obtained by putting a meter on the axes

of trails. Moreover, theoretical average skidding distance was calculated by means of road density according to the

formula. Skid trails were recorded by GPS and overlaid to a topographic map by means of ArcGIS software. Results

indicated that for the study area with the average slope of 27% and road density of 10.32 the correction coefficient is 2.1.
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The procedure of utilization is generally divided
into four steps including: (i) cutting and trans-
forming of trees; (if) primary transportation or
extracting wood from stands; (iii) loading wood
products onto trucks; (iv) secondary transporta-
tion to factories. Primary transportation is the
most expensive and complicated operation in this
classification. This operation can be done either
by ground - skidding or aerial cable — skidding.

But in Iran in Hyrcanian forests because of
topographic conditions and inaccessibility to the
facilities of aircraft skidding this operation is per-
formed by ground skidding which is expensive
(SARIKHANT 2008). Lots of factors should be con-
sidered in the estimation of skidding costs when
one of them is average skidding distance.

This factor is calculated theoretically accord-
ing to road density and in a hypothetical situa-
tion in which parallel roads without linking were
designed and products are dragged to both sides,
however practically it is not possible, so by de-
termination of real average skidding distance and
correction coefficient, skidding distance is cal-
culated more accurately. In Hyrcanian forest lo-
cated in the north of Iran, extraction with ground
skidding equipment is the most common system
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(Jour GHOLAMI, MAJNOUNIAN 2008). Wheeled
skidders appeared in the early 1970’s and are now
the most widely used tractors in Hyrcanian forests
(BAGHERI, NAGHDI 2009).

The major problem of wheeled skidders in a se-
lective logging method is their requirement for a
dense network of roads and skid trails (NAGHDI,
BAGHERI 2009). Average skidding distance is the
main factor that should be considered when we
calculate the formula of a reasonable forest road
(ZHIXIAN, ZHILI 1997).

Logging is the predominant form of human dis-
turbance in mountainous forests (LINDENMAYER
2009). Many steps are involved in the planning
and execution of logging operations in moun-
tainous forests of Iran. There are approximately
1,800,000 ha of broadleaved temperate forests in
the north of Iran, the vast majority is in the moun-
tainous area.

Of this, it has been estimated that 34% are un-
harvestable because they are in streamside zones
or in a steep and rocky terrain, or occur in special
protection zones for biodiversity protection; other
areas are actually available for timber harvesting
(BAGHERI, NAGHDI 2009). Minimization of total
skidding and road construction costs is useful for
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determining optimum road spacing and logging
planning in Kheiroudkenar forest Nowshahr in
the north of Iran (GHAFFARIAN, SOBHANI 2008).
The forest road networks can be evaluated by
GIS and dense grid of field observations as well
as skidding cost is reduced using linear program-
ming (NAjAFI et al 2008). Road spacing on slopes
depends on the underlying off-road transporta-
tion technology (HEINIMANN 1998).

In mountainous forests of Guilan province in
Iran, the correction factor of skidding distance for
the mean slope of 50% has been determined 2.75
(MOHAMMADALIZADE 2001). In Sweden SEGE-
BADEN (1964) proposed the correction factor of
2.5 for a low-lying area to 4.5 for a mountainous
area.

According to ABEGG (1978) in Switzerland the
correction factor of skidding distance for the flat
area, hilly area and mountainous area is suggest-
ed to be 2, 2.5 and 3.5, respectively. According to
FAO (1974) the correction factor was defined in
the range from 1.6 to 2 for the flat area to more
than 3.6 for steep slopes.

MATERIAL AND METHODS
Description of the site

The study was conducted in Alikia Soltan for-
est with an area of 1721 ha. The area extends from
36°18'00"N to 36°22'40"N in latitude and from
52°16'45"E to 52°19'55"E in longitude. The mean
slope of Alikia Soltan forest is about 27%. The av-
erage annual temperature is 15.7%. The altitude
ranges from 250 m a.s.l. to 950 m a.s.l. The climate
is moist. The terrain consists of conglomerated
stones mainly.

Measurement

The azimuth of the skid trail direction from road
and depot junction to forest interior was measured
with a compass on each node. Real (on slope) and
horizontal distance between two stakes was taken
after each 20 m with a meter. Moreover, the posi-
tion of the skid trail junction on the road and de-
pot was recorded by GPS. These skid trails were
designed on a topographical map using Arc GIS
software. The maximum distance of winching of
skidders was 70 m. So, for each skid trail a buffer
of 140 m was considered on the map based on the
scale (BENES 1991).
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Calculations

The road density, road spacing and theoretical
mean skidding distance in our study area were cal-
culated using the following formulas.

RD=1L/S (1)
RS = 10,000/RD (2)
SD = 2,500/RD (3)
where:

RD - road density (m-ha™!),

L - total length of forest road (m),

S —the area of study forest (ha),

RS - road spacing (m),

SD - theoretical mean skidding distance (m).

The real mean skidding distance in our study area
was calculated using the formulas:

n

>(L; X Dy)
ASDr:i:lzn:L—l (4)
D;
. (Md;+md;
ASD, = D (5)
r idi

where:
ASD - real mean skidding distance (m),
Md,; - farthest distance of skidding to depot (m),

md, — nearest distance of skidding to depot (m),

L, — mean skidding distance in each depot (m),
D; - total length of skid trails diverged from each
depot (m).

The correction factor of mean skidding distance
(1) was calculated from the division of real mean
skidding distance by theoretical mean skidding dis-
tance Eq. (6):

w=ASD /SD (6)

RESULTS AND DISCUSSION

One major decision in road network planning is to
determine under what terrain conditions a ground-
based extraction system should be applied (LoT-
FALIAN et al. 2011). Slope and topography which
affect the forest road network were considered as
correction factor (terrain factor) by SEGEBADEN
(1964). Optimal road spacing is an important fac-
tor in logging planning to help minimize the total
cost of harvesting and roading (GHAFFARIAN et al.
2009). Results indicated that the road density and
road spacing in our study area were 10.3 m-ha!
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Table 1. Mean skidding distance in depots (in m)

Depot No. Total.lengt.h . Re.al mean
of skid trail skidding distance
1 1677.25 661.18
2 4432 221.6
3 868.9 419.23
4 1,047.25 380.89
> 1,307.75 653.87

and 971 m, respectively (Table 1). The value of road
density and road spacing was obtained as below:

D=1L/S =2,340/227 = 10.3 (7)

§ =10,000/RD = 10,000/10.3 = 971 (8)

Kanzaxi etal. (1990) described a high-density path
network in a steep mountain area which supports an
intensive, high-quality forest in Osaka, Japan. In this
network, the road density was 222.94 m-ha}, correc-
tion factor of real skidding distance was 1.215 m-ha™1.
Data showed that the correction factor approaches
1.0 as the road density is increased. HEINIMAN (1998)
reported that road spacing on slopes depends on un-
derlying oft- road transportation technology. Plan-
ning of individual roads within proposed logging
blocks is more focused on technical considerations
such as detailed terrain conditions and on achieving
an optimum skidding distance (KLASEN 2006). In this
study the theoretical mean skidding distance and real
mean skidding distance were 243 m and 528.67 m, re-
spectively (Table 2).

SD = 2,500/RD = 2,500/10.3 = 2431 9)

Table 2. Real mean skidding distance in depots (in m)

$(Li % Dy)
ASD, _ Zl ‘ =2'8§§':il'3';67:528.67 (10)
2D .
< Md;+md;
_ ;di( 5 l) _ 2825441001 _ o
ASD, $a; 534435 (11)

In this research the real mean skidding distance
and theoretical mean skidding distance were mea-
sured to calculate the correction factor of skidding
distance. Results showed that the factor for Alikia
Soltan forest in the Hyrcanian zone was 2.1.

W= ASD /SD = 528.67/245 = 2.1 (12)

In mountainous forests of Guilan province in Iran,
the correction factor of skidding distance for the av-
erage slope of 50% has been determined 2.72 (Mo-
HAMMADALIZADE 2001). LOTFALIAN (2001) used
the coefficient of 3.1 to correct the theoretical skid-
ding distance in Sangdeh forest of Iran. In Sweden
SEGEBADEN (1964) proposed the correction factor
of 2.5 for a low-lying area to 4.5 for a mountainous
area. According to ABEGG B (1978) in Switzerland
the correction factor of skidding distance for flat area,
hilly area and mountainous area was suggested to be
2, 2.5 and 3.5, respectively. According to FAO (1974)
the correction factor was defined in the range from
1.6-2 for a flat area to more than 3.6 for steep slopes.
The skidding distance models including Down, Up,
Strdown, Strup programmed in the Turbo Basic lan-
guage to work with raster Digital Terrain Model are
tools to help the road planners to judge the efficiency
of existing or planned road network while consider-

Skid trail No. Real length Nearest distance Farthest distance Real mean skidding
of skid trail of skidding of skidding distance
1 1,053 0 1,053 526.5
1.1 64 778.45 842.45 810.45
1.2 153.15 778.45 931.6 855.025
1.3 100 884.05 984.05 934.05
1.4 97 819.15 916.15 867.65
1.5 210.1 819.15 1,029.25 924.2
2 443.2 0 443.2 221.6
3 798 0 798 399
3.1 27.6 628.35 655.95 642.15
3.2 43.3 628.35 671.65 650
4 675.05 0 675.05 337.52
4.1 372.2 273.45 645.65 459.55
5 1,307.75 0 1,307.75 653.87
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ing the real skidding distance and the proposed tech-
nology of skidding (TUCEK, PAcoLA 1999).

CONCLUSION

Average skidding distance for forest stands is an
important parameter for determination of the opti-
mum road density (LOTFALIAN et al 2011). In con-
clusion, the road spacing of 971 m in Alikia Soltan
forest resulted in a theoretical mean skidding dis-
tance of 243 m. As the real mean skidding distance
in our study area is 528.67 and the mean slope is
27%, the correction factor was estimated to be 2.1.
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