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Abstract. Forest road route determination is a complex process in which a number of variables should be
analyzed simultaneously and it is one of the most important process steps for forest road projects. For this
purpose, the factors that are effective on forest road routes should be primarily determined. The effects of
each factor should be determined as a weighting coefficient and they should be evaluated and analyzed as
a whole. Since the factors with impact on forest road routes are considered a necessity, the management
of intense spatial data sets emerges. The analysis of such intense data sets and obtaining quick and
accurate results are possible by way of decision support systems known as Geographic Information
Systems (GIS). In this study, forest road route determination was carried out using a decision-support
system called FOROR (Forest Road Route) developed by us which is a raster-based system, based on GIS
technologies. FOROR software is an application that combines GIS and MCDM principles. Manuel
provides long-term analysis and benchmarking. Visual Studio and Devoloper for ArcGIS had been used
for creating FOROR. ArcPy, Python programming language had been used at FOROR. In this context,
the factors that are effective on forest road routes were determined after which the necessary geographic
data layers were identified based on these factors which were then classified according to the standards.
For this application, Analytical Hierarchy Process (AHP), Simple Additive Weighting (SAW), Fuzzy
Overlay, Promethee and TOPSIS methods of Multi-Criteria Decision Methods (MCDM) were used.
Study area is located at Black Sea region of Turkey. Analyses were performed using five different
methods for the determination of forest routes; five different routes were found accordingly and these
routes were compared to each other as well as to the existing road. The advantages provided by MCDM
with support of Geographic Information System for forest road route determination were put forth as a
result of the study.

Keywords: forest road route, spatial multi-criteria decision making, AHP, SAW, TOPSIS, Promethee,
Fuzzy Overlay, GIS

Introduction

Forest roads are among the most important infrastructure facilities for forestry
operations which are also renewable natural resources. Forestry operations include forest
road design and slope stability, analysis of harvesting systems for economic efficiency
and site protection, planning and scheduling of harvests in addition to transportation
systems. It is necessary to establish a road route which will enable the achieving of
targets in order to plan forestry operations within the frame of sustainability concept.
There are numerous studies in which GIS has been used for route determination. GIS is
essential in trail route planning with an objective of applying and evaluating a GIS-based
methodology for determining optimal recreational trail routes using key information
items (Chiou et al., 2010). There is a need for development of spatial data infrastructure
that improves the access to reliable information for sustainable management of the forest
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and its wildlife resources (Nino et al., 2017; Arpacik et al., 2017). A significant issue in
the field of object modeling is proper representation of objects in the real world within a
geographical information system (GIS) environment (Sadeghi-Niaraki et al., 2011).
However, the number of criteria and approaches that have been adopted in these studies
vary significantly. While only a single criterion, such as landslide, is taken into
consideration in some studies, others evaluate several criteria simultaneously. Selection
was made in some studies among the alternatives created by evaluating the effects of the
proposed road, whereas in others the area where the road will be built was evaluated in
terms of several criteria after which the best alternatives were attempted to be designed.

Spatial planning of urban forest development can be carried out more easily and
quickly within GIS (Narulita et al., 2016). Conventional road planning methods based on
topographic maps do not allow forest engineers to create a sufficient number of road
alternatives (Chung and Sessions, 2001). If the alternatives are not evaluated in the
process of choosing the optimum route, the engineers cannot guarantee that the selected
route is the best which minimizes the environmental effects around the route. Chen and
Koprwoski (2016) have made a good study for saving the habitat and ecosystem.
Environmental factors must be taken into consideration as a geodatabase for saving the
ecosystem. The terms that environmental factors correspond to are; rivers, lakes,
protected areas, soil quality and natural resources. Rapaport and Snickars (1998) carried
out a study in which they determined a road route that minimizes the environmental
effects with a low-cost while enabling enables transportation in the shortest period of
time by way of GIS techniques. Lee and Stucky (1998) developed an algorithm for
finding the lowest-cost road route depending on the topography factor and tested it via
field work. Sadek et al. (1999) carried out a study in which a GIS platform was
developed that brings together the content necessary for the multi-criteria evaluation of
route alternatives.

A number of computer-assisted and GIS-based models have been developed in recent
years for determining the forest road routes automatically. TRACER (Akay and
Sessions, 2005) and PEGGER, ROUTES (Rogers, 2005; Reutebuch, 1988) can be
mentioned. Several scientific studies were carried out in Turkey in which computer
software (Demir, 2007; Demir and Oztiirk, 2004) and GIS methods (Altunel, 2000;
Gilimiis and Erdas, 2000; Guimtis, 2008; Akay et al., 2008) were utilized. Yu et al. (2003)
developed an algorithm to determine road routes by using raster-based GIS abilities. This
algorithm provides solutions which can be used for determining the locations of art
structures such as bridges and tunnels along the route.

Forest road location knowledge is coupled with planning models and decision-making
tools implemented in geographic information systems (Sackov et al., 2014). Saha et al.
(2005) determined the optimum road route in areas under landslide danger in Himalayas
using a GIS-based method. In this study, landslide danger zones, land use, drainage
conditions (drainage intensity, creek frequency etc.) and lithological structure were taken
into consideration in determination of the road route. Sadeghi-Niaraki et al. (2011) aimed
to create a model for determining the best possible road route in a road network by using
GIS technologies. They formed a model using Analytical Hierarchy Process (AHP)
method and adding variables such as velocity, time weather, address information and
road type to the road network model. The defined variables were combined by using the
resistance model method in AHP. The variables were subject to sensitivity analysis in the
final stage and the developed model was tested using a raster-based GIS model with
Multi-Criteria Decision Making (MCDM) methods for determining the optimum
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transportation route with the minimum cost for heavy vehicles (Choi et al., 2014). He
created the model with a fuzzy logic which was formed by using multiple criteria
(velocity, water mass, material size, curve, visibility, distance, road, maintenance etc.)
simultaneously so that it can evaluate the total weight of the movements of heavy
vehicles.

MCDM methods are interactive and flexible tools for the analysis of complexity
among the alternatives which contain different environmental and socio-economic
factors. Combining GIS and MCDM techniques provides convenience to the users in
determining the various alternatives of criteria and objects with multiple and complex
structures. Some researchers have been performing road network analyses using GIS-
based road structure and MCDM by considering factors such as wood volume, slope, soil
condition as well as the distance between existing forest roads, soil type, geology,
hydrography, elevation and tree type in addition to environmental factors (Sadek et al.,
1999; Hosseini and Solaymani, 2006; Jusoff, 2008; Mohammadi Samani et al., 2010;
Hayati et al., 2012; Caliskan, 2013; Stergios et al., 2015).

There has been a rapid increase in the interest towards and research on GIS based
MCDM methods in recent years. MCDM is a routine activity that is common to
individuals and organizations. Selection of the suitable route in planning of forest roads
iIs a complex engineering problem depending on various factors. In this respect,
utilization of GIS technologies and spatial multi-criteria decision making methods
(MCDM) are required.

It was observed as a result of examining the existing forest road projects that the
building cost is higher than the budget of the project due to incorrect route determination,
the that environmental effects exceed acceptable limits and that geologically unfavorable
areas are being used. As far as GIS is concerned, it significantly simplifies the vehicle
routing optimization process, representing, visualizing efficiently and conveniently the
obtained results and reducing costs (Zsigraiova et al., 2013). Therefore, in terms of
optimum management of resources, forming a GIS-based, and effective route
determination model for the forest roads in Turkey is of significant importance. No study
has been carried out in Turkey for determining the forest routes which considers the
whole major factors (slope, geological structure, rivers, lakes, protected areas, soil
quality and natural resources) using raster-based advanced GIS as well as MCDM
techniques with special extensions for.

Forest road route determination in this study was carried out dynamically using a
raster-based decision-support system. An ArcGIS extension called FOROR (Forest Road
Route) was developed for this purpose based on GIS technologies. In this respect, the
primary factors with impacts on the forest road route along with the necessary
geographic data layers were determined and classified according to the standards. For
this application, Analytical Hierarchy Process (AHP), Simple Additive Weighting
(SAW), Fuzzy Overlay, Promethee and TOPSIS methods of MCDM were used. Lack of
these works is this, we could not see any model considering 5 different MCDM
techniques at same extension. Analyses were carried out using five different methods for
determining the the forest route as a result of which five different routes were found
which were then compared among each other as well as with the existing road.

The purpose of this study is to test multi-criteria decision-making methods in
determining forest roads. Five different MCDM methods have been automatically tested
by means of special GIS software. Thus, new road routes that are economically feasible
and sensitive to the environment have been determined.
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Material and Methods
Study Area

Trabzon Province is situated between longitude 39° 7' 30" and 40° 30’ E and latitude
40° 30" to 41° 7' N in central Eastern Black Sea region of Turkey (Figure 1). Eastern
Black Sea region and also the city of Trabzon is green-field and has a great tree
diversity due to rainy climate. There are many different stands at Trabzon and in case
study area chosen. Determining an optimum route for a road in this area is a challenge.
The location of the study area has been shown in Fig. 1.
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Figure 1. Location of the study area

The process steps for the application in this study has been shown and explained
briefly in Fig. 2. The first step was determining factors and sub-factors and determining
the weights of factors as analysis criteria. These factors were assigned from academic
studies, context sensitive application projects and interviews with experts on this area.
These factors and sub-factors and their weights shall be explained briefly in the next
section of this paper. The next step was generating a spatial database coherent with
factor and sub-factors. The spatial datasets were then analyzed using our special Forest
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Road Route (FOROR) extension running at ArcGIS/ArcMap software. Finally, the
acquired results were compared and relevant information was provided in the form of
tables and verbal discussions.

Analyse Result Discussion

Analysing with GIS-MCDM
tools (FOROR)

Spatial Database Design

Determining factor-sub factor weigths

Determining factors-sub factors for forest road

Figure 2. Graphical representation of the workflow

Factors, sub factor and their weights

MCDM is a comprehensive technique and the determination of factor, sub-factor
weights was a challenging problem. There are many various approaches in literature for
determining weights. The weights were determined in this study by way of interviews
with academicians, private sector and forest engineering staff working at similar route
determination areas. The objective of the interviews carried out was to get a personal
idea of professionals working at route determination studies. Interviews were carried out
with 15 academicians working on similar areas such as, geomatics, forestry, civil
engineering etc. There was a total of 8 private sector employees to whom we applied for
interviews. In addition, 11 forest engineers working at government organizations
participated in our interview. Finally, the weights were compared with the relevant
studies in literature as a result of which it was put forth that there are no statistically
significant differences between our weights and the weights used in various previous
studies. Some of these comparison studies are: Bagli, 2011; Kiker et al., 2009;
Malczewski, 2007; Malczewski, 1999; Joerin et al., 2001. The weights of factors and
sub-factors are given in Table 1. Sub-factor weights were indicated directly and factor
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weight at SAW order for generating relative rank idea in researcher’s mind between
factors. Detailed weights of each factors in AHP, TOPSIS, Promethee or Fuzzy Overlay
can be seen in Table 2.

Table 1. Factors, sub factor weights

CRITERIA (Factor) PASS (Sub Factor) Weight SAW Order (Rank)
Avalanche Pass 9 6
Erosion 0-250 meters 5
100 meters 2
200 meters
300 meters
400 meters
500 meters 1
Protected areas Pass Restricted 8
Natural resources 250 meters 9
4. degree
*Soil 6. degree
7. degree
Kru 1-2-3
Gama 2-3
JIh-Jkr
Alv
Meadow
Nut
Land cover Dry-agric.
Forest 3
Settlement Restricted Restricted
0-5 1 1
5,01-10
10,01-20
20,01-30
30,01-40
40,01-90
*Soil type is shown with numbers from 1 to 9. 1 is the best quality soil for agriculture or other usages,
other side 9 is poor quality soil. All the geographic dataset was taken from related governmental

resources and then reorganized. “SAW?” order is rank of each factor in SAW MCDM technique. Pass
means definition of intersection between each route and related factor’s geographic dataset
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A comparison difference index (CDI) formula applicable for all MCDM methods as
a self-technique for comparing evaluations was generated. First of all, it can be be seen
as a complicated formula but it is too easy to use and calculate. Calculation formula for
comparing final routes is given below;

CDI = {1 (y/22)]*x*t} (Eq.1)

where, x: Pass Value due to related factor in meters (line polygon intersection value), y:
SAW rank in number, z: Total factor count, t. Sub factor point (determined with
interview).
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Designing Geodatabase

A geographic database was created in ESRI ArcGIS 10.3 software and projected to
Universal Transverse Marketer (UTM) projection, zone 36N. Maps were rectified,
digitized, projected and imported to the geographic database.

An accurate and updated geodatabase was created consisting of geographic layers
within factors. Geographic layers were redesigned flowingly due to sub-factors included
in the factors. These geodatabase layers were; rivers, ways, slope, soil type, geology,
erosion, avalanche, natural resource, protected areas and land cover map of area. Some
of these geographic layers have been shown in Fig. 3.
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Figure 3. Maps of some geographic layers in Geodatabase

Methodology

The methodology of this paper was based on the principles GIS and MCDM.
Common MCDM rules and formulae have been used for calculating factor and sub-
factor weights with our special GIS extension (FOROR) (Caligkan et al., 2016). The
calculated factor and sub-factors were then included as part of the GIS analysis
processes. GIS analysis processes were interpolating heights and building TIN, ring-
buffer for river, way etc. point or polyline data and then merging them with the study
area border, interpolating some sample data (like population) with Kriging or Invert
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Distance Weighting (IDW) as geostatistical coherent interpolation techniques and
reorganizing polygon data before applying raster to vector conversation. Kriging
interpolation is generally used for population interpolations, estimations. On the other
hand, IDW is used for analysis such as pollution or density clustering analysis. Finally,
all the geospatial dataset prepared in vector format was clipped to the study area border
which was then converted to raster format in equivalent pixel values for calculating the
accumulated cost surface. A conversion to raster format was performed using a cell size
of 30x30 m. Cost distance-cost path algorithms were applied to accumulated surfaces
and optimum routes were found. There are various algorithms such as Berry, Dijkstra
etc. The Cost Distance function creates an output raster in which each cell is assigned
the accumulative cost to the closest source cell. The algorithm utilizes the node/link cell
representation. Summary explanations and mathematical formulae have been given
below this section as well as results of some GIS analyses shown with figures. Our
extension includes 5 MCDM same methods. We can apply 5 different calculations for
the same geodatabase. Five different methods have been given below.

Multicriteria Techniques

There are 5 well known MCDM techniques used in this study; which are TOPSIS,
SAW, Fuzzy Overlay, AHP and Promethee. These techniques have different
mathematical formulae and verbal definitions. In this section, their formulae have been
acquired from academic studies with less verbal definitions because they have long
process steps.

TOPSIS Method

TOPSIS is generated by Yoon and Hwang in 1980 and uses common approaches of
ELECTRE method. TOPSIS includes six step processes.
e Step 1: Creating performance decision matrix.

Ay A, . Ay |
d,; ay a,,
A= ' (Eq.2)
_a'ml a‘m2 amn_

e Step 2: Calculating the normalized decision matrix (Rjj). rij here is normalized
value.

= —— (Eq.3)

i=1,2,....m;j=1,2,...,n.
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R matrix is obtained as the formula below:
If-ll If-12 r-ln
y Ty oo Iy
R, = (Eq.4)
L rml r-m2 rmn _

e Step 3: Calculating the weighted normalized decision matrix. The weighted
normalized value Vij; is calculated as follows:

Wl rll W2 r-12 e Wn r-ln
er21 WZ r-22 Wn an
Vi = = (Rij *Vin) (Eq.5)
L erml W2 rmZ Wn rmn a

e Step 4: Ideal (A") and Negative ideal ( A~) Solutions.

A ={(m_axvij jeJ),(miinvij\j eJ} (Eq.6)

A :{(minvij jeJ),(mia\xvij“ EJ} (Eq.7)

e Step 5: Calculating separation measures with Euclidian distance.

Si*z _Zn:(vij_VT)Z (Eq.8)
Si = Zn:(vij _Vj_)z (Eq.9)

1=1,2,...,m and j=1,2,...,n.
e Step 6 (Last Step): Calculating proximity to ideal solution.

i (Eq.10)
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Here, C. is given a value between 0<C’ <1 and C’ =1 indicating the proximity of
the related decision points to the ideal solution, C” =0 decision points’ negative

proximity to ideal solution (Yaralioglu, 2004). The factor and sub-factor weights were
calculated using TOPSIS.

SAW Method

The mathematic formulation of the method was described by an equation and a
simple formula (Kontos et al. 2005);

V, = er]zlevij (Eq.11)

where, Vi is the suitability index for the area i, wj is the relative importance weight of
criterion j, vjj is the grading value of area i under criterion j, n is the total number of
criteria. The factor and sub-factor weights were calculated using SAW (Yildirim et al.,
2017).

Fuzzy Overlay Method
The equation using fuzzy Gaussian function can be given as:

ux=e—fl*x—f2 (Eq.12)

where, the inputs to the equation f1 and f2 are the spread and the midpoint, respectively
(Baidya et al, 2014). The factor and sub-factor weights were calculated using Fuzzy
overlay.

AHP Method

AHP is a multi-objective, multi-criteria decision-making approach, which enables the
decision maker to arrive at a scale of preference drawn from a set of alternatives. It
helps decision makers find out the best suits their goal and their understanding of a
complex problem with multiple conflicting and subjective criteria (Ezzabadi et al.,
2015; Saaty, 1980). The factor and sub-factor weights were calculated using AHP.

AiPAj — ajj> 1 (Eq.13)

AilA] — aj =1 (Eq.14)

aij =1/aj (Eq.15)

aj=1 (Eq.16)

(A -hmad ) X W =0 (Eq.17)

aij = aik X akj (Eq.18)

Wp = Wp X Wp1 X ... W3 X w2 (Eq.19)
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AHP provides measures of inconsistency as a function of the deviation between
Amax and n. Finally, global priorities at each node of the hierarchy were calculated by
weighting the local priorities with the weights of the corresponding parent nodes. When
wk—1 is the vector of global priorities (weights) of the elements in the level (k—1), Wk
is the matrix of local priorities of the level k with respect to elements of level (k—1). The
global priorities at the level k are given by wk = Wkxwk—1. Since local and global
priorities are the same at the second level (wl = [1]), the global priorities at level p can
be computed using Equation (Yildirim et al., 2017). The factor and sub-factor weights
were calculated using AHP.

Promethee Method

First of all, a particular preference function need to be determined (Pj(a,b)) in order
to translate deviation between the evaluations of two alternatives (a and b) on a specific
criterion (gj) into a preference degree ranging from 0 to 1. Preference scores of
alternatives on a certain criteria are derived from (fj(a)-fj(b)), as shown in Equation 20
(Murat et al., 2015).

Pj (a,0)=Gj{fj(a)-fi(b)} (Eq.20)

Relative importance (weights) of each criterion needs to be assigned. Within this
content, an overall preference index (a,b) can be computed via taking all the criteria into
account (see Equation 21). This preference index is based on the positive ¢*(a) and
negative ¢’(a) preference flows for each alternative, which measures how an alternative
(@) is outranking (see Equation 22) or outranked (see Equation 23) by the other
alternatives. The difference between these preference flows is represented as the net
preference flow ¢ (a) (see Equation 24) (Murat et al., 2015).

z(a,b) = ZLW; P.(a,b) (Eq.21)
o @)= 3, w(ab) (Eq.22)
0 @)=, 70,2 (E.23)

p(@)=9¢"(a)-¢ (a) (Eq.24)

The positive preference flow ¢*(ai) quantifies how a given action (a;) is globally
preferred to all the other actions while the negative preference flow ¢’(ai) quantifies
how a given action (a) is globally preferred by all the other actions. An ideal action
would have a positive preference flow equal to 1 and a negative preference flow equal
to 0. The two preference flows induce two generally different complete rankings on the
set of actions. The first one is obtained by ranking the actions according to the
decreasing values of their positive flow scores. The second one is obtained by ranking
the actions according to the increasing values of their negative flow scores. The
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Promethee | partial ranking is defined as the intersection of these two rankings. As a
consequence, an action (a;) will be as good as another action (g) if;

¢'(ai) = 9(3) and ¢7(ai) < ¢'(a) (Eq.25)

The factor and sub-factor weights were calculated using Promethee (Toinard et al.,
2015).

Creating forest road route determination extension tool

A new GIS and MCDM extension has been developed for ArcMap 10.3 for the
purposes of accelerating the process steps, minimizing human-user mistakes and adding
special custom-defined algorithms. Microsoft Visual Studio and ArcGIS SDK
(Software Developer Kit) for Python were used with ArcObiject libraries. This extension
named FOROR is a comprehensive tool that automates all analyses and discussion steps
(Caliskan et al., 2016). After the vector based GIS files are opened in addition to giving
factor and sub factor weights, it just remains to choose the analysis patterns pre-defined
on the tool. The tool consists of all related GIS functions such as Vector-Raster
conversion, GIS Analysis (Buffer, Intersect, Overlay etc.), Kriging-IDW Interpolations,
Accumulated Cost Surface Calculation and finding optimum routes with Cost Distance
Cost Path Algorithms. The extension needs a .mxd file containing related geographic
dataset in vector format. You are then directed to enter quantities of your factor, sub-
factor weights, points and other related information. TOPSIS, SAW, PROMETHEE,
AHP and FUZZY OVERLAY algorithms and mathematical formulas also included into
extension.

Sensitivity Analysis

Sensitivity analysis was used to examine the sensitivity of the routes subject to
changes in variable weights. This is useful in circumstances where uncertainties exist
with regard to the definition of the importance of different route-related variables. In
many cases, it is also important to know how the results will change if the weights are
changed (Sadeghi-Niaraki et al., 2011). Sensitivity analysis allows the determination of
the level of accuracy required for a parameter to make the model sufficiently useful and
valid. There are many different sensitivity techniques in literature if MCDM
calculations and GIS analysis are sensitive to any changes of parameters. Changing
factors, sub-factors or changing order of criteria are well known and commonly used
techniques.

Results and Discussion

By applying the described methodology, we obtained the relevant data for all five
variants of the forest road route; analyzed, evaluated and compared them after which we
selected the one that best suits the methods. GIS based MCDM analyses were applied
on geodatabase using our case-sensitive extension (FOROR). Buffer analysis,
interpolations, normalizations and vector-raster conversions were carried out
automatically for the given factor, sub-factor points and other values. Analysis steps
have been shown briefly in Figure 2 (Workflow Diagram) and the relevant steps were
explained in previous sections. The result maps and related tables generated by the
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extension are shown automatically in this section. Figures 4, 5, 6, 7, 8 show the
resulting forest road route generated for each MCDM technique and the current forest
road used at the field. Each MCDM result route has different flows but at first sight
AHP and TOPSIS have closed flows on the map since their mathematical formulas and
algorithms are similar.

All factors which affect forest road routes will not, of course, have equal effects on
each route. Therefore, in the factor weights and sub-criteria weights should be
determined in order to take this variation into account. In the context of this study, it
was considered that AHP, TOPSIS, SAW, Promethee and Fuzzy overlay methods from
the Multi-Criteria Decision Making (MCDM) methods are suitable after which the
weights of the factor and sub-criteria were determined.
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Figure 4. AHP cost surface, AHP route and current route
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Figure 5. SAW cost surface, SAW route and current route
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Figure 6. TOPSIS cost surface, TOPSIS route and current route

This paper puts forth a comprehensive method for comparing the most frequently
used MCDM techniques and GIS with an automatic model in a case study on forest road
route determination. 5 different forest road routes were determined following GIS based
MCDM analysis. The manner of approach for discussing which method is suitable and
effective for similar linear projects might be by the way of discussing each route
respectively in terms of advantageous and disadvantageous results. In this section; one
side we have discussed which MCDM technique gives the best offer and other side
investigated, if our model is sensitive and acceptable in general.
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Figure 7. FUZZY cost surface, FUZZY route and current route
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Figure 8. Promethee cost surface, Promethee route and current route

Table 2 shows these five generated forest road routes and the current road discussing
in terms of coherency with given criteria (factor, sub-factor) weights. Values in Table 2
are quantity of intersection between route and related factor’s geographic dataset. This
Table summarizes 6 different routes (Promethee, TOPSIS, AHP, SAW, Fuzzy Overlay
and Current Forest Road) as the suitability with given criteria before analysis. When we
first consider Table 2, it can clearly be seen that Promethee is advantageous with regard
to others. Promethee is advantageous in terms of given criteria’s such as Avalanche,
River and others. When all the criteria considered totally Promethee is the best method
for this study.

No significant difference was observed between the total lengths of the result. The
roads were calculated there isn’t a big difference between generated 5 roads and current
road. TOPSIS route is 16862 m, SAW route is 16156 m, Promethee route is 16420 m,
FUZZY route is 16288 m, AHP route is 16828 m and current route is 17138 m.

According to (Eqg.1) formula, Promethee is the most effective method with a total
CDI score of 175532,50 while the score of the Current Route was 331870,70 which was
the worst. Other CDI scores are: TOPSIS- 182319, 3; AHP- 184552,8; SAW- 203678,2;
FUZZY-316363,4. Therefore, the effectiveness ranking of MCDM techniques for
Forest route determination can be listed as Promethee, TOPSIS, AHP, SAW and Fuzzy
overlay according to our studies.

On the other hand, the selected GIS methods yielded sufficient per formation with
regard to determining the optimum forest road route. Cost distance-cost path algorithms
gives the best route on accumulated cost surface which is based on the case that all five
forest road routes are more advantageous than the current forest road (Table 2).
Calculation on raster pixels is the correct method on behalf of modelling the complete
area in within the study borders. Also reclassifying all factor layers in same pixel
resolution (30*30 meter in this application) has solved problems in the process of
accumulated cost surface calculation.
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Table 2. Comparison of MCDM techniques from final forest roads

774 -

o Current AHP FUZZY | TOPSIS SAW Promethee
Criteria PASS Road (meters) | (meters) (meters) (meters) (meters)
(meters)
Avalanche | PASS 502,29 84834 | 302522 85566 | 165226 353,56
Erosion 0-250 m - - - - - -
100 m 1000578 | 30146 | 11277,72 | 130833 885,77 223,79
200 m 615596 | 44996 | 491,93 341,75 618,06 310,86
Rivers 300 m 945,91 462,29 510,83 456,17 682,04 327,25
400 m 31,14 519,07 568,09 627,94 767,18 389,63
500 m - 1928,65 | 971,54 168281 | 928,26 1368,22
Protected PASS ) ) ) ) ) )
Areas
Natural
Recouroes | 250m ; 367,71 ; 335,71 ; 367,70
4 . ; . ; 21,82 ;
Soil 6 327546 | 3702,48 | 307255 | 358977 | 220611 3549,07
7 13863,23 13129'9 1323047 | 1328694 | 14298,04 12886,01
Krul-2-3 | 1713869 168;‘2’4 16303,03 | 1687671 | 1652637 1574545
Geolo
o Gama - - - - - -
JIh ; - ; - - -
Meadow | 129674 | 146941 | 168125 | 1384,67 | 178455 141176
Lo Nut 543,43 | 172837 | 275749 | 160411 | 4272,88 1377,08
an
Cover ADg ?I’C 382457 | 45536 | 2077,77 336,56 847,65 329,64
Forest 1147396 | 131893 | g7g553 | 1355136 | 962130 13316,60
Settlemen ) 0 ) i} i .
t -
0-5 167,99 909,22 316,16 100699 | 431,51 986,48
5,01-10 44692 | 1901,29 | 440,49 2037,97 | 120957 2050,40
10,01-20 | 134633 | 6447,21 | 205263 | 669403 | 599198 6040,23
Slope
20,01-30 | 424606 | 626639 | 274358 | 579659 | 6712,39 5958,70
30,01-40 | 626564 | 1246,09 | 614066 | 126889 | 1861,39 1280,10
40,01-90 | 4665,75 7223 | 460951 72,23 319,19 119,17
Total 17138 16828 16288 16862 16156 16420
Lenth

Forest road planning with the lowest total construction costs is not always the best
solution from an environmental point of view (Liu and Sessions, 1993; Dean, 1997,
Chung and Sessions, 2001; Aruga, 2005; Akay, 2006; Hayati et al., 2012). In order to
choose the best variant, it is necessary to take into account several criteria (Abdi et al.,
2009; Guimiis, 2017).

As a result, an example sensitivity analysis for Promethee forest road route and cost
surface was evaluated for this analysis. A python script was generated for this addition
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to our extension, FOROR. The function of the script is recalculation of the raster files
by changing their weights with percent increase or decreases independent from each
other. The sensitivity analysis shows that our GIS analysis is sensitive for 9 factors out
of 10. The reason why the 1 factor (Protected Areas) is not sensitive is that there are a
few protected areas on the field and this does not affect the analysis results significantly.
Figures 9-10 show how the cost surface is changing when we change weights.

Recalculated Raster for Sensitivity Analysis

T g

Legend

Recalculated Raster
Value

. High : 38

B Low 6

Figure 9. Cost surfaces showing recalculated surface for sensitivity analysis

Diffrence Raster Between Promethee and Recalculated Raster

Legend
Difference Raster
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. High : 2672

-Low :443

§1:100,000

Figure 10. Cost surfaces showing difference between normal and recalculated surface

Conclusion

In this study, forest road route determination was dynamically realized using a raster-
based decision-support system based on GIS technologies developed by us, namely
FOROR. The major factors which affect the forest road route and necessary geographic
data layers were determined accordingly and were then classified according to the
standards. For this application, Analytical Hierarchy Process (AHP), Simple Addition
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Weighting (SAW), Fuzzy Overlay, Promethee and TOPSIS methods of Spatial Multi-
Criteria Decision Methods (MCDM) were used. Analyses were performed using five
different methods for the determination of forest routes which were then compared to
each other as well as to the existing road.

Forest road route determination is a complex process because of these fields consist
various environmental factors. Other sides there are many different aspects for choosing
route, if the model is acted upon private sector just economic factors are significant
other side aspect of academicians and environmental care groups focused on
environmental factors. In this model we considered all of these different aspects and
generated an optimum model both environment and economy saving.

Firstly, total length and low-high slope passes of route affects the economic
efficiency and then other factors are considered for environmental caring. Clear results
at Table 2 shows are saving environment, but for this purpose low slope area passes are
decreased a bit. These new generated routes are balanced optimum routes, with
considering all the aspects related to study area.

This paper shown that, using GIS based MCDM gives the best solution for forest
road route determination. Especially Promethee resulted best offer, and it is likely to be
the best method coherent with GIS. Creating context-specific extensions besides using
GIS software is good solution for solving these complicated multidiscipline problems.
Our extension FOROR put forth a good performance in analysis and when the results
were compared. It has automated too many processes additionally minimizing human
mistakes.

The combination of the methodologies used in this study and the forest road route
criteria identified by the experts are suggested for future work in forest road routes in
other regions.
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