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Abstract:

Sustainable management of forest resources can only be achieved through a well-organized road
network compatible with the natural environment. This paper describes a method for forest road
network planning and the environmental impact assessment based on Spatial Multi-Criteria
Evaluation (SMCE) at the Island of Thassos, Greece. Data analysis and its presentation are achieved
through a spatial decision support system using multi-criteria evaluation (MCE) with the contribution
of Geographic Information Systems (GIS). In this paper we present the assessment of: the forest's
opening up percentage, the forest road density, the applied skidding means (with either the use of
tractors or the cable logging systems in wood skidding), the timber skidding direction, the traffic load
and truck type, the distance between forest roads and streams, the distance between forest roads
and the forest boundaries and if the forest roads come through unstable soils. With the assessment
of the above factors we can evaluate the intensity of forest roads’ environmental impacts. The
Multi-Criteria Evaluation which is recommended and described at this study provides a powerful and
easy to use implement in order to combine cartographic models and other image data and to define
solutions to unstructured, as well as semi-structured, problems. It can also be used in order to
minimize and evaluate the environmental impacts of forest roads planning.
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Introduction

A well-organized road network is crucial for the sustainable management of forest
resources (wood production, ecotourism, water supply, or soil conservation) (Abdi et al.,
2009; Demir, 2007; Gaodi et al., 2010; Lugoa and Gucinski, 2000). Furthermore, forest
roads are recognized as a main source of sediment yield and pollution of off-site water
(Fu et al., 2010; Jordan-Lopez et al., 2009; Ramos-Scharro’n and MacDonald, 2007)
and also ecological fragmentation and disturbance in forest landscapes (Delgado et al.,
2007). Forest roads cause changes in the landscapes and losses in habitat and
biodiversity (Forman and Alexander; 1998, Hui et al., 2003). Therefore, a new method
for the forest roads planning assessment that includes financial, ecological and social
parameters has to be developed (Dutton et al., 2005; Heinimann, 1996). Some
researchers analyzed the road network planning based on the environmental factors as
well as with the use of multi-criteria-based road design, such as timber volume, slope,
ground condition, distance from existing forest roads, soil type, geology, hydrographic,
aspect, elevation, and tree type (Caliskan, 2013; Eker et. al., 2010; Gumus et. al., 2008;
Hosseini and Solaymani, 2006; Jusoff, 2008). An expert-based approach to the forest
road network planning can be achieved by combining the Delphi method and the spatial
multi-criteria evaluation. This methodology is useful in forest road planning because it
takes under consideration environmental and cost parameters (Hayati et al., 2013).
Additionally, the “Evaluation of Forest Road Network Planning According to
Environmental Criteria” (Firosan et al., 2010), and the “Impacts, management and
functional planning criterion of forest road network system in Turkey” (Demir, 2007) are
also significant methods in forest roads network planning and environmental impacts’
assessment.

In the Multi-Criteria Evaluation (MCE) technique, an attempt is made in order to combine
a set of criteria to achieve a decision according to a specific objective (Eastman et al.,
1995). In the last fifteen years, much work has been directed toward integrating
Geographic Information Systems (GIS) and multiple criteria evaluation (MCE) methods
in the context of spatial decision support systems for planning, retail and services
locations, land-based project selection, and environmental management (Eastman et
al., 1993; Jankowski,1995; Joerin et al., 2001; Malczewski, 1999; Marinoni, 2005). The
advantage of MCE is that provides a flexible way of dealing with qualitative
multidimensional environmental effects of decisions (Munda et al., 1995).

With the term “compatibility with the natural environment” we mean the definition, the
description and the evaluation of the impacts of forest roads to the natural environment
(Tampekis 2009). That requires the use of the Spatial Multi-Criteria Evaluation (SMCE)
method for the assessment: i) of intensity of human impact to the forest ecosystem and
i) the forest ecosystem absorption of the forest roads.

In this paper, we focus on the intensity criteria evaluation and more specifically on the
forest road density, the road spacing and the forest opening-up percentage evaluation.
For the SMCE method, the assessment of the above criteria is crucial for the optimal
forest road network spatial planning. The rest of the intensity and absorption criteria
evaluation of our research are still in progress and they will be published in a following
paper.

Materials and Methods

As study area, we chose the Greek Island of Thassos. Specifically, the study area is
located at 40.5495 and 40.8351 Northern Latitude and between 24.4808 until 24.797
Western Longitude. The study area is about 38682.86 ha. For the needs of the research
we used: The QGIS software, digital orthophotomaps of the area and the respective
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Digital Elevation Models, DEM. We also used the forest management plan for the Island
of Thassos for the years 2011-2020. The forest of the Thassos Island is non-productive
due to the forest fires.

The MCE technique includes the evaluation of the intensity criteria in order to achieve
the spatial variability for the optimal forest road network.

The MCE technique which is described is a recommended method that includes the
evaluation of the intensity criteria (the forest’s protection percentage, the forest road
density, the applied skidding means, skidding direction, visitor number and truck load,
forest roads’ location) and absorption criteria (forestry, topographical and society
criteria) in order to achieve the spatial layout for the optimal forest road network. The
evaluation criteria of intensity refer to the environmental impacts that are caused by the
forest roads to the forest ecosystem. The evaluation criteria of forest ecosystem
absorption refer to the ability of the environment to absorb the impacts that are caused
by forest roads. This method refers to non-productive forests and we take under
consideration the national forestry characteristics.

For the forest protection percentage evaluation we took under consideration that the
forest roads can be used by the firefighting vehicles for the forest protection due to their
direct access to the wildfires. The firefighting vehicles of the Greek Fire Service uses,
are small pickup trucks (4x4) equipped with water tanks, piping and pumps that have
the ability to eject water with pressure at 300 m uphill and 500 m downhill from forest
roads. Thus, the forest opening-up percentage can be used as the forest protection
percentage as well, due to fact that the firefighting vehicles can be utilized for the
wildfires’ prevention and suppression. The values that are used in this method that we
recommend are based on the Greek national forest characteristics.

We agreed on the optimal ecosystem forest protection status to be the 100%. For the
assessment of the intensity of the environmental impacts we used the criteria below
(Dukas, 2004; Yianoulas, 2001). Each criterion is rated with a Weighting factor (based
on experts’ agreements) that represents the intensity value.

Intensity criteria in non-productive forests.

The intensity criteria that were used are:

I. Road Density and Forest Protection Percentage. The percentage of the excess
or the reduction of the values D=12.5-15 m/ha, forest roads’ spacing S=667-800 m and
the forest protection percentage which is < 85%, is rated totally as the reduction of the
optimum 100. Weighting factor: 3

II. Applied Skidding Means. The percentage of the trees’ skidding that are not
extracted with the use of cable logging systems or with draught animals or with the
combination of them, is rated as the reduction of the optimum 100. Weighting factor: 2
lll. Skidding direction (draught animals, cable logging systems). The skidding
direction percentage which isn’t achieved in diagonal or in parallel layout, comparing to
the theoretical skidding distance, is rated as the reduction of the optimum 100.
Weighting factor: 1

IV. Visitors’ number and truck load.

« The excess percentage of the visitors’ number, in comparison to the reception
capacity of the space (based on the fact that the number of Thassos habitats can visit
the forest without causing impacts), is rated as the reduction of the optimum 100.
Weighting factor: 2.

« The excess percentage of trucks loading due to truck overloading which is larger than
the permitted by the national regulations is rated as the reduction of the optimum 100.
Weighting factor: 2
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V. Forest Roads’ Location.

« The forest roads’ distance from the main streams should be enough not to affect the
forest ecosystem. The percentage of forest roads that pass through the valley and the
distance from the margins of the stream is less than 10 m, is rated as the percentage
reduction of optimum the 100 as given in the table below:

Table 1. Intensity evaluation rating due to the forest roads’ distance from the streams.

Distance from streams Rate (%)
(m)
>10 100
5-10 50-100
0-5 0-50

Weighting factor: 3

« The percentage of the roads that pass through in less than 10 meters outside the
forests’ boundaries or 20 meters within the forests’ boundaries is rated as the
percentage reduction of the optimum 100. Weighting factor: 3

« Forest roads shall not be going through unstable soils where they may be slipping,
sliding or have failures in the construction of embankments. The layout design rate of
forest road, passing through a clay soil, large exposures streams, unstable soils, is rated
as a percentage reduction of the optimum 100. Weighting factor: 3

The weighted average of the environmental impact intensity evaluation (ZI), is equal to
the sum of the products (I x W) divided by the sum of the weighting factors (ZW)).
2l = 2(1 x Wi) [ ZW, (2)
Where:

I= the criterion value assessment (%) that evaluates the impact intensity which is not
negative,

W= the weighting factor of each intensity criterion

2W = the sum of the Weighting values of each intensity criterion

Results and Discussion

The rates of the Intensity criteria

The rates of each intensity criterion of impacts that are caused from forest roads’
construction to the natural environment are:

Road Density and Forest Opening up percentage. The assessments of i) the forest
road density for the island of Thassos is Dex=L/F= 36.5955 m/ha, where L= main forests
roads’ length (m) and F=forests’ area (ha), (Fig. 1 and 2), and ii) the percentage of forest
protection is E=70.39% (Fig. 3 and 4). With the QGIS software we create buffers (300
m uphill and 500 m downhill from forest roads) and as a result we have the forest
protection map (Fig. 3) and the geodatabase.
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Figure 1. Map of roads’ network in Thassos Figure 2. Graph of the roads’ length (m) in Thassos
Island. Island.
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So, the excess from the road density values (D=12.5 - 15m/ha), is 36.5955-
12.5=24.0955m/ha and 36.5955-15=21.5955m/ha.

The excess percentage is 100*24.0955/36.5955=65.84% and
100*21.5955/36.5955=59.01%.

Their average is (65.84+59.01)/2=62.425%.

The reduction percentage from the forest protection percentage which is smaller than
85%, is 85-70.39=14.61%.

Finally, the sum is 62.425+14.61=77.035%. This percentage is totally rated as the
reduction percentage from the optimum 100.

Concluding, the value of the criterion is evaluated 100-77.035=22.965%. Weighting
factor: 3

Applied Skidding Means. The forests in the study area have not been productive
during the last 25 years and do not produce timber for any use because of the fires that
had broken out in the decade of 1980. Thus, the skidding means are not used for timber
skidding. This criterion is therefore not rated. Weighting factor: -

Skidding direction (draught animals, cable logging systems). This criterion is not
rated because of the fact that in the study area wood skidding has not been carried out
due to the forest protection and the unproductive management. Weighting factor: -
Visitor’ number and Truck load.

« In the study area, there isn’t any excess of the visitors’ number, in comparison to the
reception capacity (based on the fact that the number of Thassos habitats can visit the
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forest without causing impacts) of the space. So, the excess percentage is 0%. The
value of the criterion is evaluated as 100-0=100%. Weighting factor: 2.

« In the study area, there is not any truck presence larger than the permitted by the
national regulations, due to the fact that the forest in the area has not been productive
during the last 25 years. Thus, the percentage of the vehicles is 0%. The value of the
criterion is evaluated as 100-0=100%. Weighting factor: 2

Forest Roads’ Location.

« The distance of the forest roads from the streams should be enough not to affect the
forest ecosystem. For the evaluation of this criterion, QGIS has been used. Finally, the
percentage of forest roads (Fig. 5) that pass through the valley and the distance from
the margins of the stream is less than 10 m, is given in the table below:

Table 2. Intensity evaluation rating due to the forest roads’ distance from the streams.

Road
Distance from Forest roads’ Final Rate percentage Criterion
streams (m) Rate (%) length (m) (%) (%) rate
>10 100 959185.3245 100 95.5409 95.5409
5-10 50-100 17887.2017 75 1.7817 1.3363
0-5 0-50 26879.8724 25 2.6774 0.6694
Total 1003952.3985 97.5465

The criterion rate for the distance from the forest’s boundaries is 97.5465. Weighting

factor: 3

e The percentage of the roads that are passing through in less than 10 meters outside
the boundaries of forests or 20 meters within the boundaries of forests (Fig. 6), is
evaluated with the use of QGIS. Finally, the percentage of these roads is given in the

table below:

Table 3. The forest roads’ distance criterion evaluation from the forest’s boundaries (less than

10 m outside and 20 m inside).

Forest road distances Forest Road Criterion evaluation
from the forest roads’ length percentag (Difference from Criterion rate
boundaries (m) e (%) optimum 100) (Average)
Forest roads inside
boundaries in distance
<20 m 50797.8055 5.0598 94.9402
Forest roads outside
boundaries in distance
<10 m 29213.7161 2.9099 97.0901
Rest of Forest roads 923940.8770 -
1003952.398
Total 5 96.0152

The criterion rate for the distance from the forest’s boundaries is 96.0152. Weighting

factor: 3

Figure 5. Forest roads’ distance from the streams
in Thassos Island.

http://www.iises.net/proceedings/19th-international-academic-conference-florence/front-page

Figure 6. Percentage of the roads that are passing
through in less than 10 meters outside the
boundaries of forests or 20 meters within the
boundaries of forests in Thassos Island.

809



16 September 2015, 19th International Academic Conference, Florence ISBN 978-80-87927-15-1 , IISES

s oo soncn scom smn

Forest roads" distance from the streams in Thassos Island. %‘ : o P A S e e N
. . ’ . . ; & i ». s “@I i
i A | ! 4 Lol Sl &
e 28 o v Semd
SRR N = ey AN
N A ., -, b '%‘ %
SRy 3 % . - o' tem
i s v FINLOY . i H -t gha, ofS
H - 2 N ' RN $,°% <
¥ o D - R ]
S S A A
; 7 P Y g & N
| gL L S e gt Sl Af
i) & Wt ek fat % H
s e e » T sk 3 w
o T, AR § & T i
A 3. 2 ¢ * o & A
TAN " ) v 9, AT % s 2.5
P § oy O ol » .
! 2 > Y i H s Aoq ;1:-:6 k{;‘; : ® ¥
= R &7 M g 4 P ’ e "t?- e LY L
~ Y4 ) ‘o o, ®ae 5 4 J
o, 2 [.A‘?' # u"!"iﬁ?"«‘ ”“’; voi ¢ S
i L X4 oo _._"""."... 5 Rz
" [
Y ‘ A ¥4 e F
'
i oz o Lasom o
4750 2375 0 50 Me *
= — — — =1 ore
H H

e The fieldwork results showed that the forest roads of Thassos island, don’t pass
through clay soils, large exposures streams and unstable soils. So, the layout design
rate of forest roads that pass through hazardous sites is rated 0%. Thus, the criterion
rate is 100-0=100%. Weighting factor: 3

In the table below, the average of the multi-criteria intensity evaluation due the forest
roads’ construction at the island of Thassos, is presented.

Table 4. Multi-criteria evaluation of intensity due the forest roads’ construction.

Intensity
Weighting
Criteria Rate factor Total
Road Density and Forest protection percentage 22.965 3 68.90
Applied Skidding Means - - -
Skidding direction - - -
Traffic load and truck type
Excess percentage of the visitors’ number 100.000 2 200.00
Excess percentage due to overloaded vehicle wheels 100.000 2 200.00
Forest road location
Forest road distance from the streams 97.5465 3 292.64
Forest road distance from the forest boundaries 96.015 3 288.05
Forest roads that pass through hazardous sites 100.000 3 300.00
Total 16 1349.58
Average ZI = Z(I x W)) / ZW, 134958/16=84.35%

Conclusions

By applying this method, the average of the environmental impact intensity evaluation
due the forest roads’ construction at the island of Thassos, is ZI =84.35%.

The development and the application of the mapping of the environmental impacts
evaluation that are caused to the natural environment based on the MCE technique,
with the use of the intensity criteria evaluation is an innovative tool. Consequently, with
this method we will ensure the best protection and at the same time the sustainable
utilization of the forest resources.

Additionally, it will be valued if there are any impacts to the natural environment and if
some of the forest roads had been constructed legally or not according to the guidelines.
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This method plays a crucial role in the optimum solution selection (spatial, financial,
forest, topographical, social and environmental) for the forest roads’ planning. It can
also be customized to each areas’ particularities and to be applied for the creation of a
new integrated decision support system (DSS).
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