Research Article - doi: 10.3832/ifor0773-006

®iForest - Biogeosciences and Forestry

Temporal analysis of the traffic loads on
forest road networks

Stefano Grigolato, Marco Pellegrini, Raffaele Cavalli

The management of forest road networks is usually influenced by the traffic
generated by wood transportation. In order to analyze the distribution and in-
tensity of traffic generated by wood transportation in an Alpine region, the
study considered a 21-year period with a total of 2231 logging operations on a
forest road network in a mountainous area. Most of the forest road network
was affected by traffic load intensities generally of less than 500 t per year.
The analysis of the traffic load distribution over time and the characteristics of
the road network revealed that the traffic load may show different intensities
and distributions over the years because of different locations and intensities
of logging operations. A GIS-based approach allowed to identify the forest road
segments with high traffic loads as a support to decisions on road network

planning and management priorities.
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Introduction

Forest road network investigations provide
a primary method for evaluating forest ac-
cessibility in terms of on-road transportation
and forest operations. Forest roads play a
dual role in providing both access to the
forest and transportation mobility and, to-
gether with extraction routes, normally form
a relatively even network in the forest. A
forest road network is therefore the result of
the combination between the main forest
roads and the timber extraction routes (Hei-
nimann 1998).

Forest road network, which includes both
forest and secondary public roads, has re-
ceived much attention in recent years due to
its function and effect on forested rural land-
scapes and the related environment (Lugo &
Gucinski 2000, Gumus et al. 2008) and its
primary role in the efficiency of logging ope-
rations and forest transportation (Heinimann
1998). As a consequence, the importance of
the multi-functional role of the forest road
network has been widely recognized, being
the interface between forested lands and the
roads. It provides access not only for timber
extraction and management but also for wa-
ter protection and wildlife habitat improve-

ment, fire control and many recreational
activities (Akay & Sessions 2004).

On the other hand, the presence of roads
has many undesirable effects on both biotic
and abiotic components of the forest. Several
reviews have been published in the literature
about the negative effects of forest roads
(Coffin 2007, Forman & Alexander 1998).
As an example, there has been considerable
interest in the analysis of the forest road net-
work as a source of accelerated soil erosion
and the production of sediment (Bilby et al.
1989, Gucinski et al. 2001), also using GIS
models (Skaugset et al. 2011).

The maintenance and management of forest
road networks are also an essential element
to be investigated (Poto¢nik et al. 2005a),
and have recently been analyzed by Coulter
et al. (2006) with the intent of protecting
road infrastructure and limiting negative en-
vironmental effects by considering non-eco-
nomic benefits. Furthermore, an assessment
of the impact of vehicle traffic moving
through a designated area via a road network
involves specific problems of forest manage-
ment.

Traffic increases sediment generation rates
through detachment, abrasion and crushing
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of the road surface material (Sheridan et al.
2006). The assessment and subsequent pre-
vention of soil erosion from forest roads re-
quires an understanding of how road design
and maintenance affect sediment production
(Luce & Black 1999a). Empirical evidence
providing an insight into how sediment yield
is affected by traffic is reported by Bilby et
al. (1989) who highlighted that the amount
of sediment produced is also related to
traffic rate. Researches by Reid (1981), Reid
& Dunne (1984), Grayson et al. (1993),
Luce & Black (1999b), Ramos-Scharron &
MacDonald (2005), Sheridan & Noske
(2007), Ziegler et al. (2001) were specifi-
cally aimed at determining the effects of traf-
fic on road erosion, confirming that increa-
sing erosion rates are related to increased
traffic.

Despite the fact that the production of sedi-
ment and the maintenance of the forest road
network are strictly connected to the traffic
loads, few papers consider the analysis and
quantification of the traffic load generated
by forest operations (Potocnik et al. 2005b).
Several examples are reported in the literat-
ure on traffic load analysis based on the
planned wood extraction volume (Kr¢ 2006)
or on the potential yield located within a
buffer area around the forest road segment
(Nevecerel et al. 2007).

In this study a 21-year period of logging
operations are investigated with the aim of
verifying the spatial and temporal distribu-
tion of the traffic load generated by wood
transportation in a mountainous area of the
Alps. The first goal was to examine and de-
scribe the logging operations in terms of ex-
traction distance and terrain gradient. A no-
vel GIS approach has therefore been de-
veloped and applied to characterize the spa-
tial and temporal distribution of the traffic
load. The distribution of the traffic was then
analyzed according to the characteristics of
the forest road network.

The investigation also aims to compare the
traffic loads generated by the effective log-
ging operations (actual harvest) vs. the po-
tential traffic load on the forest road network
by considering the average wood mass ex-
tracted yearly as calculated from the pre-
scribed yield (maximum allowable harvest).

Materials and methods

Study area

The study area is located in Chiese valley
in north-eastern Italy. The managed forest
area covers 25 658 ha, partitioned into 27
Forest Management Plans (FMP). The pro-
ductive forest area covers 14 905 ha with a
prescribed annual yield of 17 000 m’. The
productive forest area is managed using a
close-to-nature silvicultural approach, ran-
ging from single-tree selection cut to irregu-
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lar group cut. Cutting operations include the
harvest of large, economically mature trees,
the tending of the intermediate size classes
and the removal of trees without prospect of
further growth. In the largest groups of adult
trees, plant selection follows the shelterwood
method with a long regeneration period.

According to the official forest road regi-
ster and the indications of local stakeholders,
the road network within the study area has
not been substantially modified in the last 25
years in terms of expansion but merely in
terms of construction standards.

Data collection of the forest road net-
work

The existing public (primary and secon-
dary) roads and forest roads were extracted
from the respective road network databases,
merged together and then verified and up-
dated by GPS surveys. Landing and vehicle
constraints, such as road gradient and width
were also surveyed as points of interest using
GPS. As for the forest road network, the
vehicle constraints were categorized accor-
ding to the most common Italian classifica-
tion currently in use (Hippoliti 1976) as re-
ported in Cavalli & Grigolato (2010). As in-
dicated in the Provincial Law LP 11/07
(Autonomous Province of Trento 2007a), the
forest roads were identified according to
their use: “exclusive use for forest activities”
and “not exclusive use for forest activities”.
The remaining roads with open access and
used for forest operations and forest area
access were simply classified as secondary
public roads according to the National Road
Code.

Data collection and spatial localization
of the logging operations

Data on logging operations were collected
from the local Forest Service offices. For
each logging operation between 1987 and
2007, information was collected on cutting
and merchantable wood volume, harvested
area and the identification code of the
stands. The collected data included 2231
harvesting operations.

The 27 FMP were unified in a single geo-
graphic FMP database, ad the logging ope-
rations grouped into a single geographic da-
tabase by the identification codes of each
stand and harvesting site. This resulted in all
2231 logging operations being spatially loca-
ted.

In order to characterize the logging opera-
tions by location and topography, the skid-
ding distance and the terrain gradient of the
harvesting area were determined by GIS ana-
lysis. The analysis was based on a high reso-
lution (up to 1.0 m) Digital Elevation Model
(DEM) with an altitude accuracy ranging
from 30 to 60 cm. The DEM was derived
from LiDAR (Light Detection and Ranging)
aerial survey data acquired at an altitude of
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1800 m a.s.l. in 2006 and 2007 by an OP-
TECH ALTM 3100 sensor mounted on an
aircraft with a point density of 0.5 per square
meter (Autonomous Province of Trento
2007b).

According to Nakazawa et al. (2004),
Ranta (2005) and Pentek et al. (2005), the
center of each harvesting site was supposed
to correspond to the center of mass of the
polygons identifying the harvesting area. A
first geometrical extraction distance was cal-
culated by computing the distance from the
center of mass to the closest point of the
forest road network. The x and y coordinates
of the closest point of the forest road net-
work were also recorded in order to identify
the most likely landing sites (Kinoshita et al.
2009). However it has to be pointed out that
the method only estimates the positions of
the landing sites, therefore there could be
slight differences between the estimated and
reallocation of landings.

High resolution DEM was used to extract
the difference in elevation between the hypo-
thetical landing sites and the centers of mass
of the polygons. The mean extraction dis-
tance was then recalculated by means of the
Pythagorean theorem into a more accurate
distance that considered the change in eleva-
tion.

The mean terrain gradient of each harve-
sting site was calculated by zonal statistical
analysis on the terrain gradient value. The
percentage terrain gradient was previously
calculated by a spatial analysis of the eleva-
tion change of the surface in the horizontal
(dz/dx) and vertical (dz/dy) directions based
on Horn’s method (Burrough & McDonell
1998) with a resolution of 1 m of the DEM.
The final database containing logging opera-
tions for each stand was thus spatially loca-
ted.

Determination of the traffic load

The traffic analysis consisted of a GIS ana-
lysis using raster data. First, the entire road
network (including the forest and secondary
public roads) was divided into 72 sub-net-
works by identifying their end points at the
junction with the nearest primary road. The
traffic load analysis concerned the traffic
generated by trucks without trailer as this is
the most used transport system in the area
and because the use of tractor and trailer in-
volves a minimal part of the road network
with minimum construction standards and an
episodic use. Maximum gradient was assu-
med as 18%, carriageway width 3 m and
curve minimum radius 8 m. The field sur-
veys identified 33 critical key constraints,
mostly steep gradients, limiting the transit of
trucks.

The 2231 centers of mass of the polygons
identifying each harvesting area were then
snapped to the closest forest road or secon-
dary public road (sometimes used as support
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for the forest operations). The snapped posi-
tions were assumed to be the most likely
landing sites for the logging operations
(Kinoshita et al. 2009). The snapped centers
of mass were subsequently converted into
raster data with a resolution of 1 m. A set of
21 rasters was thus generated from the log-
ging operation database. The 21 rasters re-
presented the extracted mass at landings for
each of the 21 analyzed years. The extracted
mass equivalent of the merchantable wood
volume was calculated by considering green
wood with a density of 860 kg m? for Nor-
way spruce, 920 kg m™ for fir, 900 kg m™ for
larch, 880 kg m™ for Scots pine and 1005 kg
m™ for broadleaves (Giordano 1981).

The forest road network was converted into
raster data and re-classified according to the
minimum accumulated route distance from
the end points to the farthest points, also
considering any interruptions caused by
transportation barriers. A flow accumulation
analysis was thus computed by calculating
the accumulated flow of mass from the fur-
thest point to the end point as the accumu-
lated weight of all cells flowing into each
down slope cell. The output raster con-
sequently identified the wood mass accumu-
lated along the forest road network accor-
ding to the direction previously identified by
the route distance analysis. This methodo-
logy was adapted from the well-known hy-
drological method used for the calculation of
water flow accumulation to categorize the
stream network in a watershed (Tarboton et
al. 1991). The determination of the flow ac-
cumulation of the extracted wood mass was
therefore based on the direction that was
identified by the distance instead of the
down slope as used by the hydrological
method. The calculation was repeated for
each of the 21 years in order to characterize
each road segment by the flowed wood mass.

The number of truck round trips for the
transportation of the extracted mass from
each logging operation was then calculated
according to the following formula proposed
by Nevecerel et al. (2007 - eqn. 1):

M

land

n=

mmax - empty

where n is number of truck round trips, #ama
is the extracted wood mass (t) at landing,
Mma 18 the gross vehicle weight (t), Mempy 1S
the mass (t) of the empty truck.

The number of truck round trips was first
calculated for each year and then as the sum
of the 21 years. The mass of empty trucks
and the maximum mass allowed was con-
sidered according to the results of interviews
with nine logging companies, which regu-
larly operate within the study area; it was
found that the most common truck for
roundwood transportation is a single three-
axle truck with double wheels at the rear end
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axles, with a gross vehicle weight of 26 t and
a maximum payload of 13.5 t. The traffic
load of each cell of the forest road network
raster was therefore calculated considering
the mass of the truck according to (eqn. 2):
TI= (1)

where 7/ is the traffic load, n is the number
of truck round trips, mm. is the gross vehicle
weight (t), Mempy 1S the mass (t) of the empty
truck.

The analyses on the spatial localization of
logging operations and traffic load were con-
ducted by ArcGIS Desktop 9.3 with ArcInro
extension (ESRI Inc., Redland CA) for GIS
analysis.

Statistical analysis
As for logging operations, the statistical

analysis was aimed to verify if the means

were:

+ equal for different extraction distances (m)
by considering 6 intervals of distance:
<100, 101-200, 201-300, 301-400, 401-
500, >500;

* equal at different terrain gradient (%) by
considering 5 intervals of the gradient:
<20, 21-40, 41-60, 61-80, >80.

For traffic load, the statistical analysis

aimed to verify if the means were:
equal in each road network segment during
the 21 analyzed years;
equal in relation to the use of the roads:
“exclusive use for forest activities”, “not
exclusive use for forest activities” and
“secondary public roads”;
equal in relation to two types of road sur-
face: gravel and asphalt.
Furthermore, in order to evaluate the ave-
rage yearly effective traffic loads generated
by forest operations in the 21-year period vs.
the yearly potential traffic load, the traffic
load analysis also considered the average
yearly extracted wood mass as calculated
from the expected yield. The traffic load ge-
nerated by the recorded logging operations
of each forest road segment was therefore
compared to the potential traffic load that
would be generated by the logging opera-
tions for the theoretical prescribed yield as
reported by the FMP. Hence, the traffic load
procedure was applied also considering the
theoretical extracted wood mass to the lan-
ding.

For each of the above hypothesis, good-
ness-of-fit to normal distributions was veri-
fied by the Kolmogorov-Smirnov test, and
the equality of variances among different
groups by the Levene test. One-Way ANO-
VA was applied to test the hypothesis that
the groups described above were not signi-
ficantly different. In order to determine
which groups differ from each another, the
post-hoc test considered the unbalanced
samples’ size. Tukey’s honestly significant
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difference test (HSD) for unbalanced sample
size was thus applied.

Statistical analyses were performed using
the SPSS 18.0 statistical package (SPSS
Inc., Chicago, IL) with a = 0.05.

Results

Logging operations between 1987 and
2007

The collected information covered 2231
harvesting sites in 21 years for a total cutting
volume of 444 381 m’, corresponding to 406
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531 m® of merchantable wood (with bark).
Norway spruce represented 61.9% of the
merchantable wood volume, 14.3% was fir,
12.7% larch, 4.5% Scots pine and 6.6%
broadleaves (mainly beech).

Over the 21 years considered, the average
extracted volume per logging operation was
182.27 +105.45 m* (SD). A remarkable por-
tion of logging operations (69.2%) had an
extracted volume of up to 300 m?® (Fig. 1).
There is also evidence suggesting that a rele-
vant part (57.3%) of the wood volume ex-
tracted every year was obtained in logging
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Fig. 4 - Yearly dis-
tribution of extrac-
ted volume accor-
ding to the extrac-
tion distance.

Fig. 5 - Yearly dis-
tribution of logging
operations according
to the terrain gra-
dient.

Fig. 6 - Yearly dis-
tribution of extrac-
ted wood volume
according to the
terrain gradient.

Tab. 1 - Descriptive statistics of the extracted wood volume at different extraction distance
intervals. Different letters in the means values indicate significant differences at the 5%
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() (n) (m’) () oner PRer
(m) (m’)
<100 805 166.4 6.5 39 230
101-200 859 192.3% 10.3 44 257
201-300 388 197.4* 16.6 44 249.8
301-400 101 207.3* 25.4 42 234.5
401-500 35 156.1° 24.1 36 173
>501 43 138.4* 18 48 178
iForest (2013) 6: 255-261 258

operations with a merchantable wood volu-
me higher than 300 m® (Fig. 2).

Regarding the extraction distance, the ratio
between the average geometrical distance
and the average slope extraction distance
was 1.61.

Average slope extraction distance per log-
ging operation was 154.15 + 112.76 m* over
the 21 years considered. As depicted in Fig.
3, the majority of logging operations (89%)
over the 21 years had an extraction distance
shorter than 300 m. As a consequence, the
percentage of extracted merchantable wood
volume within 300 m (Fig. 4) was conside-
rable (72% of the total extracted volume).

Unclear results on the homogeneity of va-
riances among the six extraction distance
classes considered were obtained by apply-
ing the Levene test. The application of the
more robust Brown-Forsythe test confirmed
the homoscedasticity in the extracted wood
volume among the above groups (p-value =
0.091). One-way ANOVA did not revealed
significant differences in the extracted wood
volumes among the six groups considered
(p-value = 0.610 - Tab. 1).

In the time span considered, logging ope-
rations were carried out often on steep slopes
(average: 62.03 + 12.51 %). A large percen-
tage of the 2231 logging operations were
located on terrain with a gradient higher than
40% (Fig. 5). The merchantable wood
extracted from slopes higher than 40% was
about 95% of the total extracted volume
(Fig. 6).

As for the merchantable wood extracted in
the mentioned slope classes, no departures
from normal distributions within groups (p-
value=0.063) or from equality of variances
among groups (p-value = 0.085) were found.
Significant differences among slope class
means were found by applying One-Way
ANOVA (p-value = 0.024). The HSD test
was thus applied in order to compare class
means. The results demonstrated that extrac-
ted wood volumes on slopes up to 20% and
beyond 80% were significantly lower than
those on slopes within the range 20-80%
(Tab. 2).

Traffic load between 1987 and 2007
Forest roads currently represent 53.5%
(364.8 km) of the total road network (681.9
km). Some 38.9% of the forest road network
is classified as “exclusive use for forest
activities” and most of that (84.5%) is sui-
table for the transit of trucks without trailer.
GIS analysis of the traffic load considered
the segments of the secondary public and
forest road network suitable for roundwood
transportation by trucks. The analysis indi-
cated that 531.2 km (77.8%) of the investi-
gated road network likely did carry traffic
generated by logging operations between
1987 and 2007. For each of the years con-
sidered a map reporting the traffic loads was
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Tab. 2 - Descriptive statistics of the extracted wood volume at terrain gradient intervals. Dif-
ferent letters in the means values indicate significant differences at the 5% level.
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Fig. 7 - Yearly dis- 100%] M
tribution of traffic
loads along the _ o
forest road network. & 80%°
o 60%
= Traffic load
2 M i ®
© 40%7 7 | | L | CINo traffic
= 8 o R R
o I F¥500-1000
& 20%-] = E1000-2000
E £82000-3000

e a = M >3000
0%~ ) T o
‘87'80l'91]'03]'95"97100/'01 030507 year

'88'90'92'94'96'98'00°'02'04'06

created using GIS software. As detailed in
Fig. 7, the distributions of the intensity of
traffic loads along the road network between
1987 and 2007 are different. In particular,
the segments with a traffic load higher than
3000 t per road segment per year do not
seem to vary over the 21 years. A large part
of the network with at least one transported
load of roundwood had traffic load intensi-
ties generally less than 500 t per year. The
results also revealed the lack of traffic gene-
rated by logging operations for more than
50% of the road network each year.

As for the means of each traffic load in the
different road network segment, no signifi-
cant differences from normal distribution
were found (p-value = 0.072). As the null

hypothesis of equal group variances was re-
jected (p-value = 0.014), the variance of the
median was verified by the non-parametric
Kruskal-Wallis test, which also rejected the
null hypothesis that the medians were equal.
This supports the hypothesis that traffic
loads generated by forest operations could
take different yearly intensities and distribu-
tions (data not shown), probably because of
the different locations and intensities of log-
ging operations.

Considering the total sum of traffic loads
for each road network segment over the 21
years analyzed, a comparison of traffic loads
was made according to the use (exclusive
forest use, not exclusive forest use and sec-
ondary public road), surface (asphalt and

Traffic loads on forest road networks

gravel) and gradient (<6%, 6-12% and
>12%) of the road segment (Tab. 3).

As for the means of traffic loads in relation
to road use, no significant departures from
normal distribution (p-value = 0.152) and
from homoscedasticity (p-value = 0.062)
were found. Significant differences among
groups were found after One-Way ANOVA
(p-value = 0.008). The HSD test revealed
that the traffic load on secondary public
roads was 260.1% higher than on the forest
roads used exclusively for forest operations,
and 37.4% higher than on forest roads not
exclusively used for forest operations (Tab.
3).

With regard to the traffic load on asphalt
and gravel roads, equal variances among
groups were confirmed by Levene’s test (p-
value = 0.102). The One-Way ANOVA re-
jected the null hypothesis that the means
were equal (p-value = 0.000). The traffic
load along asphalt roads was 133.8% higher
than on gravel roads.

As for the traffic load on roads grouped ac-
cording to their average slope (three classes:
<6%, 6-12% and >12%), homoscedasticity
was confirmed by Levene’s test (p-value =
0.851). In this case, the application of one-
way ANOVA confirmed the null hypothesis
that means were equal (p-value = 0.897 -
Tab. 3).

The effective traffic loads recorded over
the period 1987-2007 due by logging opera-
tions (and corresponding to the effective har-
vested yield) was thus compared with the po-
tential traffic loads that would be generated
in the same period by harvesting the pre-
scribed yield indicated by the FMP. As de-
picted in Fig. 8, the effective traffic load
along the road network was mostly lower
than the potential traffic load, except in 36
cases.

Discussion

In this study a period of 21 years of log-
ging operations was investigated with the
aim of verifying the spatial and temporal dis-
tribution of the traffic load generated by
wood transportation in a Alpine area in Italy.

Tab. 3 - Means of the total traffic loads per road segment trafficked in the period 1987-2007 in relation to the use, surface and gradient of
the road. Different letters in the means values indicate significant differences at the 5% level.

Limit at 95%

Road segment Samples Mean SE of the Lower Unper Distribution
(n) (t) mean (t) ® ?t[)) (length - %)
Use of the road  Exclusive forest use (A) 1474 6037° 507 1522 7552 25.2
Not exclusive forest use (B) 3614 15822° 1222 3015 20469 39.1
Secondary public road (L) 3520 21741° 1613 3809 28782 35.7
Road surface Asphalt 4124 23673° 637 20447 26899 39.5
Gravel 4484 10127° 1140 8874 11379 60.5
Gradient, % <6 2565 14950* 1289 2265 21647 30.7
06-12 4040 15600° 1160 2515 20587 45.6
>12 1973 15904* 1831 2611 17977 23.7
© SISEF http://www.sisef.it/iforest/ 259 iForest (2013) 6: 255-261
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Fig. 8 - Effective traffic loads (actual harvest) vs. potential traffic loads (maximum allowable
harvest) by the prescribed yield in the period 1987-2007.

The study highlighted that at least 60% of
the logging operations had an extracted
volume of up to 300 m’. The extraction dis-
tance of most of the logging operations was
within 500 m from the road network. This
situation is consistent with the results repor-
ted by Baldini et al. (2009) indicating that
most of the forest area (78.6%) in cent-
ral-northern Italy is located within a distance
of 500 m from the road network. Moreover,
most of the logging operations, and con-
sequently most of the extracted wood vo-
lume, are located on terrains with a slope
gradient higher than 40% and lower than
80%.

The logging operation results are quite
consistent with a similar analysis carried out
in Japan (Nakazawa et al. 2004), reporting
that thinning operations tend to ignore re-
mote forest areas (more than 300 m apart
from the forest road) and declivity steeper
than 90%.

With regard to the traffic load analysis,
previous works have documented the func-
tion and effects of the forest road network,
pointing out the relationships between the
traftic and sediment productions (Reid 1981,
Reid & Dunne 1984, Luce & Black 1999a,
1999b, Sheridan et al. 2006, Sheridan & No-
ske 2007). However, few studies have con-
sidered the assessment of the traffic load due
by forest operations. These were examples of
traftic load analysis based on either the
planned wood extraction volume (Kré 2006)
or the potential yield located within a buffer
area around the forest road segment
(Nevecerel et al. 2007).

In this study, a 21-years period of logging
operations was analyzed and mapped in or-
der to investigate the long-term effect of the
traftic load. To this purpose, the GIS analy-
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sis has taken into consideration the segments
of the secondary public and forest road net-
work suitable for roundwood transportation
by trucks. Our results showed that most of
the road segments with at least one transpor-
ted load of roundwood had traffic load in-
tensities generally less than 500 tons per
year, and only 11.7% of the analyzed road
network had a traffic load higher than 3000
tons per year.

The highest traffic loads were recorded on
secondary public roads closer to the main
public road network, where the end point of
the traffic flow analysis was set. This con-
firmed the results obtained by Nevecerel et
al. (2007) in Croatia, although in that area a
consistent part of the road network had a
traffic load higher than 30 000 tons in 10
years.

The results of the study also showed that
the highest traffic loads were registered on
the road segments with asphalt surface,
while there was no significant difference
between road segments with different slopes.

In addition, the distribution of traffic loads
over time and features of the road network
showed that the traffic load due by logging
operations may vary in intensity and distri-
bution over the years, probably due to the
different locations and intensities of the log-
ging operations.

This investigation also revealed that the
forest road network considered has an actual
traffic load lower than its potential. This is
due to the difference between the effective
and prescribed harvest yield, the former be-
ing only 45 % of the latter (as reported by
the FMP). Underexploitation of prescribed
yields is quite common in north-eastern
Italy, as reported in Emer et al. (2011). On
the other hand, the effective traffic load re-
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corded was rarely higher than the potential
traffic loads. By analyzing the notes reported
in the harvesting schedules describing the
logging operations considered in this study,
most situations concerned the harvesting of a
large amount of wind- or snow-thrown tim-
ber, thus explaining the anomaly in the ef-
fective traffic load on local road networks.

Conclusions

In summary, the GIS methodology de-
veloped in this study for the traffic load de-
termination using time data of logging ope-
rations could be useful for further analyses
to identify solutions for reducing the impact
of the traffic load due by logging operations
on the forest environment, such as sediment
production, and to identify the management
priorities for the forest road network. The
temporal analysis of traffic loads on the
forest road network can also provide a pre-
diction of road maintenance and eventual
upgrading costs.
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