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Abstract:

Forest resource exploitation and the achievement of full forest potential
depend on the density and quality of the forest road network. The forest
road network has to fulfill multiple functions; it thus has strategic
importance in forest management. When planning the forest road network
development, decision makers have to consider various technological,
economic, social, and environmental factors. A comprehensive and
functional approach is needed. A hybrid methodological framework for the
formulation of guidelines, within which the strategy for the development of
the state-owned forest road network should be defined, is presented in
this paper. A fuzzy modification of the A'WOT method is proposed. The
model, named FDA'WOT model, is based on an idea to provide a
conceptual framework for strategic option selection by combining the
fuzzy Delphi technique, the fuzzy SWOT analysis (Strengths,
Weaknesses, Opportunities, Threats) and the Analytical Hierarchical
Process (AHP). The FDA'WOT model overcomes the problems of a
classical SWOT analysis related to the vagueness and uncertainties in
assessment of the character, impact and relative importance of strategic
factors. It is a frame for a multicriteria approach in decision making which
allows analytical prioritization of alternative strategic options and selection
of an optimal one. The proposed model is applied to a case study of the
strategy selection for the forest road network development in the Republic
of Serbia. The presented results have shown that the FDA'WOT model
can successfully create conditions for sustainable strategy formulation.
Key words: forest road network, decision making, strategy, FDA'WOT
model, fuzzy Delphi, fuzzy SWOT, AHP.
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Introduction

In the last few decades, the focus in forest management has been
shifted from a dominant interest in timber harvesting to the so-called non-
extractive uses, such as: recreational uses (hunting, fishing, hiking,
camping), wildlife improvement, development of forests, environmental
protection, etc. In the case of Serbia, decades of lagging in technical and
technological development, numerous institutional weaknesses and slow
adaptation to changes, as well as the applied forest management
models, were the constraints in the forestry development (Ministry of
Agriculture, Forestry and Water Management of the Republic of Serbia,
2006).

The development of the forest road network greatly impacts the
achievement of the economic and ecological goals in forest
management. Since forest roads are the most important foundation for
sustainable forestry operations and represent one of the biggest
investments in forest management, it is necessary to have an adequate
strategy for the forest road network development for successful forest
management. The strategy selection problem has a multidisciplinary
character. In practice, the SWOT analysis is a common tool for solving
the strategy selection problem, but the traditional SWOT analysis has
some shortcomings such as subjectivity, the quantification of factors
influences due to their uncertain nature, or the evaluation of strategic
alternatives. To overcome these problems, in this paper, we propose a
hybrid FDA'WOT model as an analytical approach to strategy
formulation. The FDA'WOT model combines the fuzzy Delphi technique,
the fuzzy SWOT analysis and the traditional AHP method.

The traditional SWOT analysis is often used in forestry studies.
Hoang et al. (2015) used the SWOT analysis to assess the benefits and
difficulties of forest management certification from the perspective of
groups of smallholders in Vietnam. Hynynen et al. (2014) conducted the
SWOT analysis to analyse Finnish forestry sector's operational
environment and to define scenarios for the assessment of long-term
impacts of alternative forest management strategies on potential
resource use (Hynynen et al, 2015). Also, the SWOT analysis was used
in the cases of forest management in the Czech Republic and Slovakia
(Jarsky et al, 2014), Algeria (Meddour-Sahar, 2015), Kyrgyzstan (Jalilova
et al, 2012), Bulgaria (Winkel & Sotirov, 2011), Italia (Carbone & Savelli,
2009) and Austria (Rauch, 2007). Very rarely, the objects of the SWOT
analysis were management issues regarding forest roads. In those
cases, forest roads were analysed mainly from the wider perspective, as
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part of forest infrastructure (Meddour-Sahar, 2015), or from the
investment perspective (Jarsky et al, 2014), but not as a final aim of the
SWOT analysis.

The Analytical Hierarchical Process, developed by Saaty (1980), is a
multi-criteria decision-making method often used in forestry. For some
examples and reviews of the AHP application in forest management
issues, we refer the reader to Triantakonstantis et al. (2013) and Diaz-
Balteiro and Romero (2008). In some studies, the AHP method was used
to solve forest road design, planning and maintainance problems (Hayati
et al, 2013), (Pellegrini et al, 2013).

In 2000, Kurttila et al. introduced a new, hybrid AWOT method. In
order to provide quantification and mutual comparison of the influences
of the SWOT factors, they conducted the analytical prioritization of the
SWOT factors by the AHP. The SWOT analysis, in the AWOT approach,
sets up a formal frame, while the AHP ensures the analytical support to
the decision-making process (Kangas et al, 2001). The original or
modified AWOT method has found its application in many areas,
especially in natural resources management. The SWOT and AHP
combination in forestry management was also used by Stainback et al.
(2012), Dwivedi and Alavalapati (2009), etc.

Gerasimov et al. (2013) identified, by the A'WOT, the strategic
options for forest energy development and priorities in transferring the
Nordic forest energy solutions to the Karelia region in Northwest Russia.
Analysing the options, they noticed the forest road network as an
important factor for forest energy development. In 2012, Kajanus et al.
analysed the possibilities of combining the AHP, the SMART (Simple
Multi-Attribute  Rating Technique) and the SMAA-O (Stochastic
Multicriteria Acceptability Analysis - Ordinal) methods with the SWOT
analysis. They concluded, according to four case studies of natural
resources management and strategic planning, that the ability to provide
different levels of preference information and the required decision
support are very important prerequisites for a successful application of
hybrid decision-making models, because ,too difficult is to consider
comparisons of items from different dimensions® of the SWOT matrix.
The importance of data for the classification of factors was underlined by
Gerasimov et al. (2013), too.They demonstrated that, due to uncertainty
and lack of information from the field, it is often not easy to differentiate
and categorise identified factors into the given SWOT categories with no
doubt. Information uncertainties and ambiguities, inherent to strategic
problems, are usually treated with a fuzzy approach, established by
Zadeh (1965). Fuzzy techniques have also been applied in forestry
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planning and forestry decision making (Zarekar et al, 2012), (Ochoa-
Gaona et al, 2010), (Zadnik Stirn, 2006), (Mendoza & Prabhu, 2003).

The fuzzy approach in the application of the SWOT analysis,
combined with other methods, such as the Analytical Hierarchical
Process, or the Analytical Network Process can be found in areas other
than forestry (for example, we refer to Dimi¢ et al. (2016) and Ljubojevic¢
et al. (2014). In spite of numerous examples of separate applications of
the SWOT and AHP methods in forestry and their more and more
intensive combined applications, to the best of our knowledge, the
fuzzified AWOT combined with the fuzzzy Delphi technique has not been
used in forest management.

Materials and methods

The proposed FDA'WOT model is a combination of the fuzzy Delphi
technique, the fuzzy SWOT analysis and the AHP method. Expert
opinions about the influences of the strategic factors are gathered and
aggregated by the fuzzy Delphi technique, the strategic options are
formulated through the fuzzy SWOT analysis and, finally, they are
evaluated and prioritized in the AHP procedure.

As a tool for strategic decision making, the SWOT analysis is widely
used, but besides many advantages it also has some disadvantages.
The main disadvantages of the traditional SWOT analysis are
(Ghazinoory et al, 2007): only qualitative analysis of factors; lack of
objective (analytical) prioritization of different factors and strategies;
difficult strategy selection in case a lot of factors are involved; and
insensitivity to vagueness of the factor influences.

Quantification and prioritization problems can be overtaken by an
AHP and SWOT combination. Accordingly, the AWOT method, proposed
by Kangas et al. (2001), solves the problems, but if a lot of factors are
considered in the SWOT analysis, there appears a problem of
consistency in AHP pairwise comparisons. Kurttila et al. (2000) and
Saaty (1977) recommended limiting the number of SWOT factors to ten
in order to increase the consistency. As it is axplained in Kurttila et al.
(2000), the problem of pairwise comparisons consistency can be solved
by grouping factors and introducing an additional level of hierarchy in the
AHP model, or using specific techniques for data analysis.

However, the AAWOT model did not solve the problem of treatment
and quantification of uncertain nature of the influences of strategic
factors. The FDA'WOT model addresses that question. The model

consists of six steps:
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Step 1: |dentify relevant internal and external strategic factors, and
use a group of experts to assess the character and the influence of each
factor on the forest road network. Do assessment by the fuzzy Delphi
technique.

Step 2: Formulate alternative strategic options in the fuzzy SWOT
process;

Step 3: Establish the hierarchical structure of the problem of
choosing an optimal strategic option, according to the AHP approach;

Step 4: Conduct mutual pairwise comparisons of the factors within
each SWOT group of factors (internal and external) and determine their
relative priorities;

Step 5: Conduct mutual pairwise comparisons of the SWOT groups
of the factors and determine the relative importance of the groups;

Step 6: Use the classic AHP method to evaluate alternatives, in
relation to each SWOT group of factors, and to calculate the global
priority of the alternatives in accordance with the established hierarchy of
choice.

A need for the fuzzy approach in the evaluation of the strategic
factors appears when a factor can be viewed as an opportunity and a
threat, or a strength and a weakness, at the same time. For example,
government support (if it is a strategic factor) is an advantage
(opportunity) and a disadvantage (threat) simultaneously. It is an
opportunity because of the possibility to use certain funds, but it is also a
threat when the government support is denied or the funds are
inefficiently used. An appropriate way to evaluate the character of a
strategic factor such as this is to represent it as a fuzzy value. Thus, the
estimation of the character and the importance of each strategic factor is
expressed by a fuzzy number with a membership function which has a
free form, in principle. Due to calculation simplicity, according to the
recommendations given in (Ghazinoory et al, 2007), it is practical to use

triangular fuzzy numbers A=(a',a",a"), where: a is a lower or

pessimistic value, a” is a medium or the most probable value and a“ is
an upper or optimistic value of the factor. The task for the experts
involved is to assess and linguistically express the influence of the
factors. Their assessments are transformed into triangular fuzzy
numbers, according to the adequate fuzzy scale (Figure 1). The average

assessment of the group of experts A, =(a! ,a,a"), for each factor

separately, is calculated by aggregating individual assessments into the
average value of a set of fuzzy numbers given for a particular factor,

according to Eq. (1).
o
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If some experts are more important, there is a possibility to use a
weighted approach. In the assessment scale (Figure 1), a negative
influence is related to threats or weaknesses, while a positive influence
corresponds to opportunities or strengths.

[ Negative influence I Positive influence ]
T
Linguistic | Extremly High High Moderate Low Humble  Neutral ~ Humble Low Moderate High Extremly High
expresions (EHN)  (HN) (MN) (LN) (HN) ™) (HP) (LP) (MP) (HP) (EHP)
1

0

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10

Figure 1 — Linguistic descriptors and a corresponding fuzzy scale for the assessment of the
influence of the strategic factors

Puc. 1 — JluHesucmuyeckue decKkpunmopbl U coomgemcemaytoujasi Hedémkas wkana ons
OUEHKU 8030elicmeusi cmpameau4yeckux ¢hakmopos
Cnuka 1 — JluHesucmuyku deckpunmopu u o0zoeapajyha fuzzy ckana 3a npoueHy
ymuuaja cmpameaujckux ¢hakmopa

The next activity in the model is factor matching. It is an analysis of
the mutual suitability of the factors. After that, the influences of the
matched up factors should be mixed and projected into a domain of the
adequate strategy type, according to the procedure explained by
Ghazinoory et al. (2007). The aggregation and projection of factor
influences result in potential ingredients of strategic options. Graphically,
the factor combinations are presented as a set of pyramids, formed by a
crossing mambership function (see the example in Figure 2).

The selection of factor combinations for the formulation of strategic
options depends on the chosen a-cut (0 < a < 1) of the pyramids, the o-
cuts projections onto the plane of the bases of the pyramids, and on the
fulfillment of the selection criteria.

<>



Figure 2 — Example of the aggregation of the membership functions of an internal and an
external factor, their a-cut and its projection otno the base
Puc. 2 — lNpumep aepezayuu ¢hyHKYUL npuHadnexxHocmu ¢ 0OHUM 8HYMPEHHUM U OOHUM
8HEWHUM ¢hakmopoM, UX a-CeYeHUs U e20 MPOoeKyuU Ha OCHO8aHUU
Cnuka 2 — lNpumep aspezayuje chyHkyuja npuradHocmu 3a jeGaH UHMEPHU U jedaH
eKkcmepHU hakmop, HUX0802 a-fpeceka U e2oee rpojekyuje Ha 6asy

As the selection criterion, Ghazinoory et al. (2007) recommended
one of these:

- minimum of the Euklidean distance from the matrix vertices to the

nearest edge of the projection area,

- minimum of the distance from the matrix vertices to the centre of

gravity of the projection area, or

- maximum of the percentage of the projection area which belongs to a

particular quadrant in the matrix.

The strategic options should be based on the combination of factors
whose influences are connected and, in the same time, which satisfy the
selection criterion. When the strategic options are defined, an AHP
hierarchy is set up. Generally, a hierarchy of the selection model can be
structured into four levels. At the top level, there is the selection goal —
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the optimal strategic option for the forest roads network development. At
the second level, there are two SWOT categories of factors - internal
factors (strengths and weaknesses) and external factors (opportunities
and threats). The identified strategic factors are at the third level while
the defined strategic options are at the fourth level.

The presented model is applied to the problem of defining the
strategic options in the development of the forest road network in Serbia.
The existing forest road network in Serbia was constructed mainly with
the view of timber harvest. Considering the contemporary needs of users,
interests of stakeholders and forest management policy, an adequate
strategy is one of the high priority prerequisites for the development of
the forest road network. According to the Bulletin of Statistical Office of
the Republic of Serbia (Statistical Office of the Republic of Serbia, 2015),
the total length of the state-owned forest roads in Serbia is 25903 km, out
of which 386 km are modern roads, 21190 km are rigid roads and 4 km
are flexible roads. The assessed density of the forest road network in
Serbia is 7.23 m/ha, or 5.24 m/ha if only forest roads paved with gravel are
counted in (Danilovi¢ & Stojni¢, 2014). Additionally, many of the forest
roads are in unserviceable condition. A lot of them are unsurfaced
stractor” roads. This state of the forest road network is not satisfactory.
The development of the forest road network depends on many factors.
Some of them are limiting. Because of that, a feasible and sustainable
strategy should be balanced and based on an appropriate, scientific
assessment of an uncertain nature of factors.

Results

Taking into account the contemporary conditions of the forest road
network in the observed geographical area, actual management
problems, incompleteness of law and management regulations (strategy,
policy, development plans, etc.), contemporary and future social needs,
as well as forestry needs, a set of internal and external factors with a
strategic influence on the forest road network development has been
formed. The characters of the identified factors are expressed by fuzzy
values (Table 1), based on the expert oppinions gained in the fuzzy
Delphy precedure presented in Bojadziev and Bojadziev (2007).

Expert oppinions were collected in 2015 through two rounds of
questionnaires. Twenty one experts were involved in the survey (in the
second round, 20 experts answered to the questionnaire). All of them are
experienced, highly positioned managers in the Ministry of Agriculture,
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Forestry and Water Management or in the state enterprise ,SrbijaSume®,
or are eminent professors at the Faculty of Forestry.

The average opinions of the group of experts on the characters of
the influencing factors are presented by the triangular fuzzy number

A=(a!,al a"), with the membership function:
0; x<al
|
X~8 a <x<al
a.m _ a.I S Sr
r
aX)=1 % (2)
= ;ay <X<ay
ay —a
Sr Sr
0; X>ag

Table 1 — The expert assessment of the nature of the strategic factors influencing the
forest road network development
Tabnuya 1 — SkcriepmHas oueHKa xapakmepa cmpameau4yeckux ¢hakmopos, 8/1usiowWux
Ha pa3sumue cemu 51eCHbIX 0opo2
Tabena 1 — Ekcnepmcka npoueHa npupode cmpameaujcKux ghakmopa Koju ymu4dy Ha
paseoj Mpexe WyMCKuUx nymesa

INTERNAL FACTORS (Int) - Strengths and Weaknesses

Int1. | Renewed cooperation with educational institutions 0,1,2)

Int2 Current cooperation with local government and owners of private

forests (-2-1,2)

Int3. | Lack of strategy and policy in the forest road network management (-1, 0, 2)

Implemented Geographic Information System (GIS) provides a
Int4. | detailed map of the forest areas and insight into the existing 0, 2,3)
network of forest roads.

Int5 Cooperation with all sectors within the Ministry of Agriculture,

Forestry and Water Management (-2.1,2)
Int6. | Availability of the public transport network (rail and road networks) (-3,-2,1)
Int7. | Density and quality of the existing forest road network (-5,-4,-1)
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EXTERNAL FACTORS (Ext) - Opportunities and Threats

Ext1.| Legislation and support programs and projects 0,2, 3)

Cooperation within the Government of the Republic of Serbia
(between different ministries: Ministry of Agriculture and
Environmental Protection, Ministry of Civil Engineering, Transport
and Infrastructure, etc.)

Ext2. 0,1,3)

Growing interest in the aspects of the use of forests such as
Ext3.| recreation, sports, tourism, etc. and potential secondary profit from (1,3,95)
the development of the forest road network

Undeveloped and non-standardized communication among
Ext4.| stakeholders (administrative bodies, forest owners, transport (-1, 0, 2)
companies, lumber industry, tourist organizations, etc.)

Ext5.| Reconstruction and further development of the lumber industry (-2,0,1)

Build-up rail and road communications on corridor 10 and corridor

Ext6. 11

(-1,0,1)

Lack of capital and small investments in the construction and

Ext7. maintenance of the existing forest roads

(-5,-4,0)

The formulation of strategic options for the development of the forest
road network was carried out on the basis of the evaluation of the
characters of the strategic factors, the correlation of their impacts, the
chosen alpha-cut (a = 0.5) and the minimum affiliation percentage of the
projection of the alpha-cut area to a particular ,strategic* quadrant as the
criteria for selecting the factors based on which the strategic options will
be formulated (Ghazinoory et al, 2007). The combinations whose
projections of the alpha-cut belong to one of the strategic quadrants at
least 75% of the total surface were considered as relevant combinations
of the factors for the formulation of strategic options (Table 2). The
combinations of the factors that also satisfy this condition (and which are
indirectly linked through some other factor) are shown in Table 3.

Based on the basic types of the SWOT strategies (SO, ST, WO, and
WT strategy) in general, the optimal strategic option is a combination of
the characteristics of these types shaped by the impact of situational
strategic factors.

In accordance with the combinations of the selected factors relevant
for the formulation of strategic options (Figure 3), in the considered case,
three strategic options for the development of the forest road network are
extracted.
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Table 2 — An overview of the combinations of the directly related factors which meet the

established criterion

Tabnuua 2 — O630p kKombuHauutli HerocpedcmeeHHO C8siI3aHHbIX (haKmopos, KOmMopbIe

coomeemcecmeyrom ycmaHO8J1eHHbIM Kpumepusm

Tabena 2 — lpeaned kombuHayuja OupeKkmHo rnosesaHux ¢pakmopa, Koje 3adogosbasajy
rnocmassbeHuU Kpumepujym

Factors
combination

Vertices Coordinates (x,y) of the projection surface

Percent of the
projection surface
which belongs to

one of the strategic

guadrants
Int1 — Ext1 (0.5, 1) (1.5, 1) (1.5, 2.5) (0.5, 2.5) 100 %
Int1 — Ext3 (0.5, 2) (1.5, 2) (1.5, 4) (0.5, 4) 100 %
Int2 — Ext1 (-1.5, 1) (0.5, 1) (0.5, 2.5) (-1.5, 2.5) 75 %
Int2 — Ext2 | (-1.5, 0.5) (0.5, 0.5) (0.5, 2) (-1.5,2) 75 %
Int2 — Ext3 (-1.5,2) (0.5, 2) (0.5, 4) (-1.5, 4) 75 %
Int2 — Ext7 | (-1.5, -4.5) (0.5, -4.5) (0.5, -2) (-1.5,-2) 75 %
Int4 — Ext1 (1, 1) (2.5, 1) (2.5,2.5) (1,2.5) 100 %
Int4 — Ext2 (1,0.5) (2.5,0.5) (2.5, 2) (1,2) 100 %
Int5 — Ext1 (-0.5, 1) (1.5, 1) (1.5, 2.5) (-0.5, 2.5) 75 %
Int5 — Ext3 (-0.5,2) (1.5, 2) (1.5, 4) (-0.5, 4) 75 %
Int5 — Ext7 | (-0.5, -4.5) (1.5, -4.5) (1.5,-2) (-0.5, -2) 75 %
Int6 —Ext2 | (-2.5,0.5) (-0.5, 0.5) (-0.5, 2) (-2.5, 2) 100 %
Int6 — Ext3 (-2.5,2) (-0.5,2) (-0.5, 4) (-2.5, 4) 100 %
Int6 — Ext7 | (-2.5,-4.5) | (-0.5,-4.5) (-0.5, -2) (-2.5, -2) 100 %
Int7 — Ext1 (-4.5,1) (-2.5,1) (-2.5, 2.5) (-4.5, 2.5) 100 %
Int7 — Ext3 (-4.5,2) (-2.5, 2) (-2.5, 4) (-4.5,4) 100 %
Int7 —Ext7 | (-4.5,-4.5) | (-2.5,-4.5) (-2.5,-2) (-4.5, -2) 100 %

Tabela 3 — An overview of the combinations of the indirectly related factors which meet

the established criterion

Tabnuua 3 — O630p KomMbuHayuli KOCBEHHO C8s13aHHbIX ¢haKmopos, KOmopbie

coomeemcmeyrom ycmaHO8J1eHHbIM Kpumepusm

Tabena 3 — lNpeaned kombuHayuja UHOUPEKMHO riogesaHuUX ¢hakmopa, Koje
3adososbasajy nocmasrbeHu Kpumepujym

Percent of the
projection surface

Fac_torg Vertices Coordinates (x,y) of the projection surface which belongs to
combination one of the
strategic
guadrants
Int1 — Ext2 (0.5, 0.5) (1.5, 0.5) (1.5, 2) (0.5, 2) 100 %
Int1 — Ext7 (0.5, -4.5) (1.5, -4.5) (1.5,-2) (0.5,-2) 100 %
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Percent of the
projection surface
Factors . . L which belongs to
combination Vertices Coordinates (x,y) of the projection surface one of the
strategic
guadrants
Int4 — Ext3 (1, 2) (2.5, 2) (2.5, 4) (1, 4) 100 %
Int4 — Ext7 (1, -4.5) (2.5,-4.5) (2.5,-2) (1, -2) 100 %
Int5 — Ext2 (-0.5, 0.5) (1.5,0.5) (1.5, 2) (-0.5, 2) 75 %
Int6 — Ext1 (-2.5,1) (-0.5, 1) (-0.5, 2.5) (-2.5, 2.5) 100 %
Int7 — Ext2 (-4.5, 0.5) (-2.5, 0.5) (-2.5, 2) (-4.5, 2) 100 %
Weakness Internal factors Strength
-10 8 6 4 -2 0 2 4 6 8 10
5
WO Strategy SO Strategy |8 3
6 £
<
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Figure 3 — Surfaces of the alpha-cut projections for the factors which shape the strategic
options
Puc. 3 — lNnowade a-cedeHus 0151 hakmopos, Komopsie 0bpasyom cmpameaudyeckue
eapuaHma|
Cnuka 3 — lNospwuHe npojekyuja a-rnpeceka 3a ghakmope Koju 0biuKyjy cmpameaujcke
onyuje
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Strategic option 1 is formed on the basis of the combinations of
factors: Int 1 with Ext 1 and Ext 3; Int 2 with Ext 1, Ext 2 and Ext 3; and
Int 4 with Ext 1 and Ext 2. It can be formulated as follows: Through
intensive cooperation with educational institutions, local government
bodies, private forest owners and other stakeholders, based on the
existing resources and possible support of the state, enable the efficient
exploitation of the existing forest road network in order to achieve
extended forest functions and reduce the gap between new needs and
current abilities.

Strategic option 2 is formed on the basis of the combinations of the
factors: Int 2 with Ext 1, Ext 2, Ext 3 and Ext 7; Int 4 with Ext 1 and Ext 2;
Int 6 with Ext 2, Ext 3 and Ext 7; and Int 7 with Ext 1, Ext 3 and Ext 7. It
contains the elements of all four types of strategies (WO-WT-OS-ST).
The formulation of strategic option 2 is: Exploiting the opportunities
offered by the programs and support projects to provide funds for the
construction of new and maintenance of the existing forest roads, and
based on the existing legislation and growing interest of the society for
unconventional aspects of forest use, involving all stakeholders and
synergistic action at all levels, as well as the achievement of a potential
~Secondary“ profit from forests, establish a sustainable model for the
management of the forest road network.

Strategic option 3 is based on a combination of Factor Int 7 with
Factor Ext 7, as well as indirectly linked factors Int 1 and Int 4 with Ext 7.
As a mix of the WT and ST strategies, Option 3 can be formulated as:
Due to the lack of capital and insufficient investments, with the help of
educational institutions, prepare a framework for analysis, maintenance
and (re)construction of the forest roads, determine the priorities for
maintenance and (re)construction and create preconditions for
preserving the functionality of the existing forest road network.

After selecting the factors and defining the alternatives, the AWOT
hierarchical model of choosing the guidelines for the long-term
development of the forest road network is formed. The model is
structured in four levels (Figure 4). The first level represents the selection
goal - an optimal strategic option for the development of the forest road
network. At the second level, there are two groups of the SWOT factors
(internal factors and external factors). Each SWOT group contains
perceived strategic factors which make up the third level of the hierarchy,
while at the fourth level there are three defined alternatives - strategic
options.
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In the AHP procedure, by Saaty’s scale (Saaty, 1980), decision
makers express their own preferences. Transforming the preferences,
according to the procedure described by Saaty (Saaty, 1980), the
weighting coefficients of the elements in all hierarchical levels are
determined. At the end of the procedure, a decision maker has two
important pieces of information: 1) information about the significance of
the alternatives, and 2) information about the ranking of the alternatives.
In the presented case study, the AHP procedure is conducted using the
Expert choice 11 software. Based on the pairwise comparison of the
factors (the example of factors Ext 6 and Ext 7 is shown in Figure 5) and
the pairwise comparison of the alternatives (the example of Strategic
option 1 and Strategic option 2 is shown in Figure 6), priorities are
defined and the optimal strategic option for the forest road network
development is selected.

(Optimal strategic option of forest road network deve]opmentj

Interal factors Exteral factors
(Strengths and Weaknesses) (Opportunities and Threats)

[ Strategic option 1 j [ Strategic option 2 j Strategic option 3 j

Figure 4 — A’'WOT hierarchical model for the selection of the optimal development
strategy
Puc. 4 — AWOT uepapxudeckasi modesib 8bibopa onmumaribHolU cmpameauu pa3sumusl
Cnuka 4 — AWOT xujepapxujcku moden uzbopa onmumariHe cmpamezuje pa3soja
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Compare the relative importance with respect to: External factors
Ext 1[L: 1,000] Ext 2 [Ext3 |Ext 4
Ext 1L: 1,000) . 3.0
Ext 2 ] 3.0
Ext3
Ext4
Ext5
Ext6
Ext?

Figure 5 — Pairwise comparison of factors Ext 6 and Ext 7 and the priorities of the
external factors
Puc. 5 — CpasHeHue chakmopos Ext 6 u Ext 7 u npuopumemab! 8HEWHUX ¢hakmopos
Cnuka 5 — MeljycobHo nopefierse chbakmopa Ext 6 u Ext 7 u npuopumemu crosbalikux
gakmopa

[ Expert Choice  DAAWOT model.ahy

Eile Edit Assessment Inconsistency Go Tools Help

DEHY SRIBEBEEr |
% yw e = F ¥ A 0

387654321 23145670719
Strategic option 1 ey Strategic option 2

Compare the relative importance with respect to: Internal factors | Int 4

Strategic option 1 Strategic option 2 |Strategic option 3
Strategic option 1 2.0 3.0

Stratcgic optian 2 1 ] 50
Strategic option 3 meomooo

Figure 6 — Pairwise comparison of the alternatives and the relative importance of the
alternatives
Puc. 6 — NapHoe cpasHeHuUe U omHocumerbHas 8aXHOCMb afibmepHamue
Cnuka 6 — MehycobHo ropehere u pernamueHa 8axHocm asmepHamuea

The final result of ranking the strategic options is shown in Figure 7.
According to the results, in the context of the identified internal and
external factors, strategic option 2 has the highest priority (its relative
importance is the highest - 0.423).
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B Ext 2 (L: .155)
B Ext 3 (L: .347)
- Ext 4 (L: .116)
- Ext 5 (L: .057)
- Ext 6 (L: .082)
- Ext 7 (L: .025)

Figure 7 — The strategic options ranking results
Puc. 7 — Pe3ynbmamsl paHXupogaHusi cmpameauyecKux eapuaHmos
Cnuka 7 — Pesynmamu paHaupara cmpameaujckux onyuja

To test the reliability of the results and the sensitivity of the
FDA'WOT model, a sensitivity analysis has been conducted. The Expert
choice 11 software package enables five types of sensitivity analyses:
Dynamic, Performance, Gradient, Head to Head and Two-Dimensional
(2D Plot). In this paper, the Performance analysis has been chosen
(Figure 8).

The sensitivity analysis is aimed at uderstanding the changes in the
ranking order caused by the changes in the factor weighting coefficients.
The procedures introduce intentional changes in the factor weighting
coefficients to monitor the preferences of the alternatives in a ,what-if*
manner.

In this case study, the sensitivity analysis has been conducted
through four scenarios: Scenario 1 - Equal importance of the internal and
external strategic factors; Scenario 2 - Internal factors are more important
than the external factors; Scenario 3 - Internal factors are significantly
more important than the external factors, and Scenario 4 - External
factors are significantly more important than the internal factors.
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Figure 8 — Sensitivity analysis of the results (Performance analysis screen shot in the
case of the dominance of the external factors)
Puc. 8 — AHanu3s yyacmeumernbHocmu (CKpuHwom "AHanus aghghekmusHocmu" 8 criyHae
npeobnadaHus 8HeWHUX ¢hakmopos)
Cnuka 8 — AHanu3a ocemrbugocmu pe3ynmama (CHUMak ekpaHa ,AHanuse
nepgbopmaHcu” y crydajy doMuHayuje ekcmepHuUx ghakmopa)

The derived conclusions show the stability in the ranks of the
alternatives (the ranks stay unchanged and the gaps between the
preferences of the alternatives increase) for the first three scenarios. In
the fourth scenario, the gaps between the preferences decrease until
reaching the equality of strategic option 2 and strategic option 1.
Accordingly, the model is sensitive and strategic option 2 is steadily the
best option.

Discussion and conclusions

The presented hybrid FDA'WOT model is aimed to set up the
guidelines for the selection of a sustainable strategy. The chosen
strategy should be based on the current situation analysis and should
forecast future trends. The concept of the model consists of the
identification of the character of the strategic factors, the strategic options
formulation based on the most influential factors, and the evaluation and
prioritization of the strategic options in the process of pairwise
comparison according to the AHP procedure. Thereby, unlike the classic
qualitative approach, fuzzy logic provides a more objective treatment of
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imprecise, uncertain and subjective information. Also, in the AHP
procedure, factors with indefinite influence are taken into account. It
improves the information basis of decision making and quantifies the
selection problem.

In the case study, the proposed FA'WOT method was applied to the
problem of strategy selection for the development of the forest road
network in Serbia.The chosen option provides long-term guidelines for an
important aspect of forest management. The strategy defined on this
concept should ensure that the road network meets both current and
future forest management objectives, and responds to the needs of
society, environmental protection requirements, safety requirements, etc.
In addition, except for the forest road network long-term planning
problem, the FA'WOT method is applicable to any problem of strategic
planning.

The areas of possible improvement of the FA'WOT model are:
quantification of the involvement of the factors whose influence has a
dual character, in different strategic options; selection of the shape of the
fuzzy membership functions which, in the most appropriate way,
represents the characters of the factors; quantification of the
relationships among the factors in order to select ingredients in the
strategic options; expansion of the areas of the sensitivity analysis
deeper into the model (to analyse the sensitivity of the result when the a
value changes, 0 < a < 1, to analyse the sensitivity of the result when the
selection criteria of factors relevance change, etc.).
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MOLE/b NPUHATUA PELLEHWW B YIPABITEHUW CETbBIO
NECHbIX oOPOI

CpoxaH X. Anmny, CpoxaH [. JTto6oeBny
YHuBepcuTeT 06opoHbl B r.6enrpag, BoeHHas akagemus,
HenaptameHT no noructuke, r. benrpag, Pecnybnuka Cepbus

OBNACTb: gBwxeHue 1 TpaHcnopT
BWO CTATbW: o63o0pHasa ctatbs
A3bIK CTATbW: aHrnunckmn

Pe3some:

Okerinyamayus 11ecHbIX pecypcos u ocmuXKeHuUe MoJsIHo20 nomexyuarna
JlecHo20 xo3slicmea 3asucsm om [IoMHOCMU U Kayecmea cemu
niecHbIx dopoe. NockornbKy cemu fiecHbIX O0po2 8bIMNOMHAM He O0HY, a
HECKOMIbKO  QOyHKUUU, MO UX C MpasoM MOXHO CHUmamb 4pe3gbiyaliHo
3HaYUMbIM CmpameauYyecKkuM bakmopoM 8 yrpassieHuUu J1eCHbIM
xozsiticmeom. [Npu naHUpPo8aHUU pa3sumusi cemu fiecHbix 0opoe nuua,
MpUHUMarowWue peweHusi, OO/MKHbI y4UMmbI8amb MHO204UCIIEHHbIE
MexHOo/I02UYecKUe,  3KOHOMUYecKuUe,  couyuasbHble U PUpPOOHO-
aKoroaudeckue ¢hakmopsl. [lpu amom Heobxodumo rpudepxueamecsi
KOMIIIEKCHO20 U (byHKUUOHanbHo20 nodxoda. B Hacmoswel cmambe
npedcmaenieHa  aubpudHass ~ Memodosioaudeckasi — OocHoea  Orist
pa3pabomku MPUHYUNos, Komopbie nomoaym ornpedennums cmpameauro
pasgumusi 2ocyGapcmeeHHoU cemu necHbix dopoa. B daHHOU cessu
npednacaemcsi  He4Yémkasi moodugbukayus memoda  A'WOT.
lpednoxeHHas moOerb, HasgaHHas Modesnbio FDA'WOT, ocHosaHa Ha
udee coyemaHusi He4émkoeo aHanusa Oenbgu, Hedyémkozo SWOT
aHanusa (Cunbi - Strengths, Cnabocmu - Weaknesses, LlaHcbl -
Opportunities, Yeposel - Threats) u AHanumu4deckoz2o Mepapxuveckoeo
lpouecca (AHP), komopoe ¢hbopmupyem KoHUenmyarsbHble pamku Orisi
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eblbopa onmumaribHO20 Ccmpameaudyeckozo eapuaHma. Moderb
FDA'WOT nomoxem npeodoniems ripobrnemy knaccudeckozo SWOT-
aHanu3sa, cesi3aHHyt0 C HEeYEMKOCMbIO U HEONpPeOerieHHOCMbIO 8 OUEHKe
xapakmepa, go3deticmeusi u omHocumerbHoU gaxHocmu
cmpameaudeckux ¢hakmopos. 3Oma Mmodesib rnpedcmaensiem cobol
gopmarsibHyt0 OCHo8y Or1si MPUHSIMUSI MHO20KpUMEpPUasibHbIX peleHud,
Komopasi  ro3gonisem  aHanaumuyeckum  criocobom  onpedenumes
fpuopumem  anbmepHamueHbIX CMmpameau4yeckux eapuaHmos U
8blbpamb ny4dwuli u3 Hux. lNpednazaemasi modesnib pa3pabomaHa Ha
npumepe e8blbopa cmpameauyeckozo eapuaHma fpu passumuu cemu
niecHbix dopoe 8 Pecriybriuke Cepbusi. lNpedcmasneHHble pe3yibmambl
rnokasbigarom, 4mo molenb FDA'WOT cosGaem ycriogusi 0ns
paspabomku ycmou4ugol cmpameauu.

Knoyesble crniosa: cemb rnecHbIX 00poe, MpuHSmMuUe peweHul,
cmpameeausi, Mmolenb FDA'WOT, Heuyémkuli memod Odenbgu,
Heuémkuti SWOT, AHP.

MOLEN OANTYHYNBAHA MNPU YTIPABIbAHY MPEXOM LHYMCKNX
MYTEBA

CphaHx X. Qumuh, Cphan . I'by6ojesuh
YHuBepanteT oabpaHe y beorpaay, BojHa akagemuja, Kateapa noructuke,
Beorpag, Penybnuka Cpbuja

OBJ1ACT: caobpahaj u TpaHcnopT
BPCTA YJIAHKA: npernegHu YnaHak
JE3UK YJTIAHKA: eHrnecku

Caxemak:

Ekcninoamauyuja wyMckux pecypca U ocmeapere rfyHo2 rnomeHuujana
wyma 3asuce 00 eycmuHe U Keanumema Mpexe WyMCKux rnymeea. Kako
mpeba da 3a0080sbU sUWE hyHKUUja, OHa UMa cCmpameaujcKu 3Ha4vaj y
ynpasrbarby wymama. [lpu nnaHupawy paseoja Mpexe WyMCKUX
nymeea, JOoHocuouyu o0Onyka Mopajy Oa ysmy y 063up 6pojHe
MexHOMIoWKe, €eKOHOMCKe, OpywimeeHe U rpupoOHe — eKorowKe
gakmope, wmo 3Ha4u Oa je HeorxodaH ceeobyxeamaH U ¢hyHKUUOHanaH
rpucmyri. Y ogom pady fpukasaH je XubpudHu MemodoioWKU OKeUp 3a
gopmynucare cMepHuUUa Ha Kojuma mpeba dechuHucamu cmpemeaujy
paseoja OpxxasHe Mpexe WYyMCKUX rymeea. Y my cexy npedrioxeHa je
fuzzy moducpukauuja A'WOT memode. [lpednoxeHu modesn, Ha3eaH
FDA'WOT moden, 3acHosaH je Ha udeju 0a ce Kpo3 KombuHauyujy fuzzy
Oengpu mexHuke, fuzzy SWOT (cHaze — Strenghts, cnabocmu -
Weaknesses, waHce — Opportunities, npemme — Threats) aHanuse u
aHanumuykoe xujepapxujckoe npouyeca (AHP) obe3bedu KoHUenmyarsnHu
okeup 3a usbop onmumarnHe cmpamezaujcke onuuje. FDA'WOT moden
omoeyhaea npeeasunaxere rnpobnema knacudHe SWOT aHanuse koju
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ce o0Hoce Ha HeodpeheHocmu U Heu3gecHoCmu MpUSIUKOM rpoueHe
Kapakmepa, ymuuaja U peflamueHe 8aXHOCmU  CImpameaujcKux
gakmopa. OH npedcmaessrba ¢hopMariHU OKeUp 3a 8ULLEKPUMEPUJyMCKO
odny4qusarbe, Koju omoeyhasa Oa ce Ha aHanumuyaH HaduH odpedu
fpuopumem anmepHamueHUX cmpameaujckux onuuja u u3abepe
onmumariHa. [lpednoxeHu ModOesl NMPUMEH-eH je Ha rnpumepy u3bopa
cmpameaujcke onyuje passoja Mpexe WyMCKux riymesa y Penybnuyu
Cpbuju, a npeseHmosaHu pe3ynmamu roka3syjy da FDA'WOT moden
cmeapa ycrioge 3a chopmyrnayujy odpxxuee cmpameauje.

KrbyuHe peyu: mMpexa wyMcKux nymeea, odny4dusarme, cmpameauja,
FDA'WOT moden, fuzzy dencpu, fuzzy SWOT, AHP.
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