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Abstract: The projects related to forest opening up constitute fundamental infrastructure projects for the development of our
mountainous and semi-mountainous national economy. In the beginning, timber transportation and connection between forest
settlements served as the sole purpose of forest opening up. However, nowadays, the perspective of forest opening up as being
an important preventive measure of forest protection, which is a basic pillar of a multipurpose forestry system of the Greek
Mediterranean mountains, is gaining ground. The application of modern tools in the opening up is now imperative for
choosing the most economical and efficient forestry route. The paper presents a new method of forest opening up based at

the least cost path analysis (LCPA) and Multi-Criteria Analysis (MCA) using a Geographical Information Systems (GIS)

environment.
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1 Introduction

Undoubtedly, forests are included among the most
important ecosystems of the Mediterranean Sea. The
ecosystems constitute valuable productive resources for
our country, as they are very rich in biodiversity and they
also provide an array of environmental services. The
productive forest ecosystems of Greece lie primarily on
semi-mountainous, mountainous and rugged areas which
exhibit, intense relief with adverse terrestrial and climate
conditions as well as uneven distribution of vegetation,
thus rendering the planning of the forest net, which will
be used as a guarantee for the development of the
mountainous regions, difficult. The fundamental principle,
which consists the basis of the forest policy in our

country, is the eternal operation of our forest ecosystems
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rendering as necessary, the policymaking regarding the
Worth - living Completed Development of forest areas,
that is the simultaneous economic, social, technical and
technological, political as well as cultural harmony,
which will be executed dialectically, accompanied with
respect towards the Human and the environment. One of
the most important human interventions in a forest
ecosystem is its opening up with the means of the
planning and the construction of a transport premises’
network (forest roads, tractor roads, displacement’s by
—roads), which definitely contributes to the displacement
and transfer of forest products as well as to its tourist
development and most importantly to its protection
(Sedlak, 1993). Besides the above positive effects, the
opening up takes its toll on the environment and causes
damages to the landscape, which partially can be covered,
but most of the times, it is impossible to be restored.
However, it is considered as essential and inevitable for
the rational operation and protection of the forestry
ecosystem (Heinimann, 1994; Drosos et al., 2008;

Liampas et al., 2014).
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Under the term of forest opening up, one can define
the combination of natural and artificial facilities and
projects which aim at:

* The access in isolated forest surfaces

 The transport of the staff, the means, the materials
and the machines, which regard the exploitation, the
cultivation and the protection of the forest and

* The transport of wood, displacement and transfer
from the logging positions to the consumption and the
processing places.

What is not included under the term of ‘opening-up’,
is the use of opening up project (forest roads), which
usually aim at the exploitation of forest as well as the
wider area for recreational purposes.

The notion of recreation inside the forest constitutes a
continuously increasing human activity over the past
years. The opening up of forests depends on the type, the
terrestrial distribution, the density and the combination of
any opening up means. This could lead to the conclusion
that the opening up can be accomplished using various
means.

As excellent opening up, one could define the
opening up which creates beneficial conditions, that the
forest exploitation can accomplish within predefined time
periods (capital recouping time) the highest network
revenues, that is the most beneficial cost- benefit
association The construction of forest roads, which aim at
the accommodation of forest purposes, made its main
advent, when the forest exploitation started to take place
with the purpose of financial incentives, that is the profit.
Since then the systematic forest opening up started to take
place as well as the construction of forest roads, which
would meet the demands of economical transfer of wood
and the forest projects that take place in the forest. The
necessity of rational forest opening up and the appropriate
as well as systematic distribution of forest roads into the
forest (place distribution) led to the profound study of the
factors and conditions, which affect the construction of
the forest road net. (Stergiadis, 1985; Karagiannis, 1999).

The opening up of a forest region is completed within
four stages, which are the following:

1. The general planning of the opening up with the
purpose of finding the

multifarious opening up plans.

perfect solution among

2. The execution of the study with the purpose of the
detailed processing of the perfect solution from a
technical, ecological, and economical point of view, so
that its execution could be regarded as easy in practice.

3. The construction of opening up projects and

4. The maintenance of opening up works.

The forest roads constitute the framework of the
opening up of forests and they serve to the transfer of
forest products, the material, the machines, the forest
staff’s transportation, the rational exploitation and the
protection of the forest, the development of mountainous
regions and generally the accommodation of the
population in forest and mountainous areas, which aim at:

* Accommodating the excellent opening up of the
forest region, the easy circulation of forest products,
material and forest staff, the rational exploitation and
protection of the forest, the expansion of mountainous
tourism and forest recreation.

* Reducing the cost of displacement as well as the
transfer of the main forest product that is, wood
(Karagiannis, 1991).

Following the main factors which affect the planning
of the forest roads’ network: a) The managing form of the
forest, b) the topographical conformation of the forest
region, the density and the distribution of vegetation, c)
the quality and the quantity of wood capital and utilizing
the new tools which are provided in the Geographical
information system, the opening up of forests is changing.

The implementation of analysis path with least cost
(Acar, 2016; Acar et al., 2017) to the opening up of Greek
forests will contribute to the optimal utilization of the
very little resources which are available at the Forest
Service during the times of economic crisis. The
Geographical Information Systems (GIS) let the planer to
easily spot, with the aid of least cost path, the ‘cheapest
‘path from one place to another. The surface cost is
represented with the means of a raster map, in which each
cell is assigned with some cost, which defines how
expensive it will be, if it is to cross that point (Gulci and
Akay, 2015). This process is automatically executed with
the means of an algorithm which seeks the lowest price
(Douglas, 1994; Lee and Stucky, 1998).

The analysis path method of least cost has been

applied to a lot of disciplines which are associated with
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space and its operation. In Greece, it has been used in
historical studies for the specification of transfer paths of
the population in the regions of Thesprotia (Liakos and
Vasileiadis, 2009).

application of the cost path, was implemented in the

In the urban environment, the

municipality of Zografou, for the creation of suggested
green nets (Antoniou et al.,, 2015), whereas in the
mountainous space the opening up of new roads was
studied, so as to reduce the time and distance between the
settlements of Zakliveri, Livadi and Petrokerasa in the
prefecture of Thessaloniki (Stamatiou and Liampas,
2014).

2 Materials and methods

The forest of Echinos (Figure 1) was chosen as a
research arca, which lies in the Northern- Northern
Eastern edge of the prefecture of Xanthi among the
degrees of 24 54'4" to 25 3'21" eastern longitude from the

4575000

4570000

meridian and 41 1525" to 41 21'50" northern latitude.
The Echino’s forest cluster lies on the southern hillside of
the Northern Eastern part of the mountainous area in
Rodopi. It extends attitudinally from the coastal altitude
of 250 m to 1167 m. The area exhibits intense terrestrial
relief, which combined with the equally intense
corrugation of the ground, they create a continuous
interchange with regards to the bevel and the exposure.
The prevailing bevels are severe from 40% to 80%.
Generally, the orientation of the forest is Southern-
Southwest. The forest of Echinos is run across from all
directions from a number of small or big streams due to
the intense relief of the ground. The central stream of the
area is the “little river’ which crosses from NW to SE the
forest of Echinos and it receive the smallest streams
which channel the forest. The total area is 7.852,25 ha,
following the calculation of the ArcGIS, from which the

88% are covered or partially covered from forest areas.
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Figure 1
The project and the least cost path analysis,
implemented with the ArcGIS 10.0 application with the

use of the tools that are available in the extension of

L
585000

Research area: forest complex Echinos

spatial analyst. (Acar, 2016). With regards to the
selection of the most affordable and the most effective

opening up of the forest, the process of decision - making
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was used, based on the multi-criteria analysis. This
method is known for the international bibliography such
as MCDA (Multi Criteria Decision Making), however the
term multi- criteria analysis Multi-Criteria Analysis
(MCA) is used more often. The analysis of multiple
criteria or the multi — criteria analysis constitutes a tool
which facilitates the decision-making, which has been
developed for composed problems of multiple criteria,
which include qualitative or/and quantitative aspects of a
problem during the process of decision - making (Abdi et
al., 2009).

The criteria and indicators which were used are
shown in Table 1 (each criterion was divided to several
sub-factors with several values, as they have presented by
Xu et al. (2005), properly modified. In the current paper,
the weights have been modified to Greek conditions. The
Analytic Hierarchy Process (AHP) is a theory based on
approach to compute the weights representing the relative
importance of criteria (Setiawan et al., 2004). The AHP
uses a pairwise criteria comparison to arrive at a scale of
preferences among sets of alternatives (Saaty, 1980;
Saaty, 1996; Saaty and Vargas, 1991). The pair-wise
comparisons are made on a scale of relative importance
where the decision maker has the option to express the
preferences between two factors on a ratio scale.

The criteria which were employed are six and they
include 29 indicators. The first criterion is the ground’s
slant, which was produced via the digital terrain model
(DTM) which was created by digitizing the even elevated
curved lines in the maps 1:50000 of the H.A.G.S.
(Hellenic Army Geographic Service) in the area of
Echinos and Medousa. The criterion of slant consists of
seven indicators which are the slant’s categories of the
ground which the forest ecology uses (Ntafis, 1986). The
second criterion is the use of the ground on land (Figure 2)
and it consists of 10 indicators. The uses of terrestrial
areas in the research area were digitized via the
vegetation map of the operational study in the forest of
Echinos. The third criterion concerns the categorization
of the clusters based on their productivity (GEOTEE,
2009), and in this, there are three indicators (Figure 3)
poor clusters, average clusters and rich clusters. The
fourth criterion is the annual increment per hectare of

each cluster and it consists of three indicators. The fifth

criterion is the timber production per hectare (Figure 4),
and it consists of three indicators. The sixth criterion is
the ground’s erosion (Figure 5), and it consists of three
indicators. The source of the criteria’s data three, four,
and five were the description sheets of the operational
study and the data of the erosion were based on the Joint
Research Centre of the European Union (Panagos et al.,
2015).

Table 1 Indicators of opening up criteria
. Weight . Weight Total
Variable variable Indicators indicator Weight
<10% 0.028 0.010
10%-20% 0.055 0.019
20%-35% 0.083 0.029
Slope 0.352 35%-50% 0.112 0.039
50%-75% 0.194 0.068
75%-100% 0.250 0.088
>100% 0.278 0.098
Barren land 0.021 0.007
Agricultural land 0.085 0.028
Without vegetation 0.021 0.007
Broadleaved 0.064 0.021
Querqus 0.149 0.049
Vegetation 0.327
Broadleaved partially 0.085 0.028
Querqus partially 0.106 0.035
Fagus partially 0.128 0.042
Fagus 0.170 0.056
Pinus 0.170 0.056
<100 m* ha™! 0.450 0.025
Growing stock N
3. 0.124 100-300 m” ha’ 0.350 0.043
(m” ha™)
>300 m* ha’! 0.200 0.056
<3m’ ha’! 0.450 0.016
Annual Increment _
3. 0.081 3-6 m” ha 0.350 0.028
(m” ha™)
>6m’ ha'! 0.200 0.036
<10m’ ha'! 0.450 0.0108
Timber production N
3, 0.054 10-25 m” ha’ 0.350 0.0189
(m” ha™)
>25m’ ha 0.200 0.0243
<Itnha' 0,52 0.032
Erosion (tnha™)  0.062 1-5 tn ha™! 0,37 0.023
>5tn ha 0,11 0.007

The table above (Table 1) in the first column contains
the criteria which were used. The second column
represents the weight coefficient of each criterion which
emerged from them between correlation. The third
column contains the indicators of each criterion and the
fourth one shows the weight coefficient of each indicator
within the criterion. The fifth column represents the total
weight of each coefficient that is the product of the
criterion’s weight (column 2) along with the indicator’s

weight in each criterion (column 4).
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With regards to the implementation of least cost path
analysis, all of the crossed data were converted to
mosaics with the size of each alveolus reaching 5 meters.
During the creation of five mosaic archives there is the
respective rate of the total weight of the criterion’s
indicator in each alveolus of the mosaic archive. In
addition, the rates of the fifth column are multiplied by
1000 so that the mosaic archives could have integral

numbers.
3 Results

For the implementation of the least cost path analysis,
five mosaic archives were added using the raster
calculator, in order to create the mosaic archive of cost.
The existing road network is considered to be denser on
the southern and eastern part of the forest of Echinos
(Figure 1), whereas the northern and western part of it has
almost no roads, meaning that the forest opening up will

focus on the clusters which face access and harvest

4575000

4570000

575000 580000

problems.

The suggested roads are five, three on the northern
part of the forest and two on the eastern. All suggested
roads have as a starting place the existing road network
and finally existing or suggested roads (Figure 6). The
length of the existing roads is 110346.07 meters, so the
road density is 14.05 meters per hectare, following the
opening up of the five roads with the length of 16715.84
meters, the road density will be 16.18 meters per hectare.

A crucial factor for the forest opening up is the
opening up zone that is the area from the road to the
forest, which could easily become harvest projects. The
opening up zone in the present paper is bilateral and its
width from the road network is 250 meters, consequently
500 meters in total (Erdas, 1997; Liampas, 2015). With
the aid of ArcGIS and the buffer tool, the opening up
zone was calculated for the existing road network as well

as the opening up zone’s area by subtracting the areas’

cover (Figure 7).
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Figure 6 Map with opening up cost and the proposed roads
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Figure 7 Map with the 5 proposed roads and the final opening zone

The following Table 2 contains the results of the
opening up in the area of Echino’s forest. The first
column of the table contains the forest’s land, the second
one contains the length of the suggested roads. In the
third column there is the total length of road network and
in the fourth one, the opening up zone’s land, at first
without the suggested roads but with their addition
afterwards. In the fifth column someone may see the
percentage of forest land which lies inside the opening up
zone and finally in the last column there is a presentation
of the percentage’s variation each time a new road is

added.

Table 2 Results of proposed roads and opening up

Forest Proposed Length Opening up Opening up Openig up
area roads roads area zone variation
(ha) (m) (m) (ha) (%) (%)

110346.07 3760.89 47.89%
R1=4008.03 114354.10 3978.15 50.66% +2.77%
R2=6503.75 120857.85 4234.14 53.29% +5.40%
7852,25
R3=1428.70 122286.55 4301.66 54,78% +6.89%
R4=2426.93 124713.48 4389.38 55.89% +8.00%
R5=2348.43 127061.91 4471.74 56.94% +9.05%

Taking the results of Table 2 into consideration, it can
be seen that the opening up of these suggested five roads
of total length of 16715.84 mwill increase forest
opening’s up percentage per 9.05% and the total opening
up zone’s area will reach 56.94% of the forest comparing
to 47.89%, which is the percentage with the existing road
network. A very important piece of information, which
affected the suggested roads’ planning, is the number of
clusters, whose part lies within the opening up zone. With
already existing road network, the opening up zone
affects 144 clusters out of the 168 in Echino’s forest. One
of the goals of the suggested opening up was the increase
of clusters’ numbers, which are affected by the opening
up zone per 9.05%. The clusters which are affected are
165 out of 168. The ones that are not affected are the
forest stands: le, 5e and 23d.However, the not affected

forest stands lie very close to an opening up zone.
4 Conclusion

The paper presents a road opening up method in the

forest with the use of Geographical Information Systems
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and its multi- criteria analysis. The process of the opening
up of new roads with the aid of GIS, contributes to a
more affordable and efficient forest opening up. The least
cost path analysis is considered to be appropriate for the
procedure of opening up forest’s planning and it is more
efficient as the distance increases between two points we
want to connect. The multi — criteria analysis can
contribute to the addition of more opening up criteria,
apart from the two most used which regard slant and the
exploitation of land. The goal is considered to be the most
of the

accomplishment of the goals regarding the management

effective planning opening up for the
study, the implementation of more criteria such as in
the present project of timber’s reserve, increment and of
the waste which provides the opening’s up researcher
with a better insight of the forest and his productive
capability.

The use of GIS and the implementation of least cost
path analysis can reduce the time which is required for
the planning of new road and it also offers the
opportunity for a lot of opening up options to be
processed and for areas to be spotted, which are in need
of becoming opening up works. The main goal of the
forest opening up planning should be the access of all the
forest clusters via the opening up zone in the road
network. The distance of 250m from the road network
contributes to a better utilization of the products found in
the forest, its protection, as well as its cultivation and

upgrading.
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