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Abstract: Laurel (Laurus nobilis L.) is a valuable non-wood forest product (NWEFP) in the global export
market, with Turkey being the largest supplier. Laurel harvesting is crucial for achieving long-term
goals in the NWFP industry. This study assessed the effectiveness of a hybrid framework for priori-
tizing management strategies for laurel harvesting to boost the forest-based bioeconomy in Turkey.
The existing literature highlights the use of multi-criteria decision-making methods when dealing
with multiple conflicting criteria. This study proposes a systematic and comprehensive framework
to analyze the current situation and develop effective laurel harvesting strategies. An integrated
SWOT-fuzzy Pivot Pairwise Relative Criteria Importance Assessment (F-PIPRECIA) and TOWS
Matrix approach was used. Data from ten decision makers evaluated four separate SWOT criteria
against thirty-two sub-criteria. The most critical strategy identified was Maxi S2 x Maxi O1 (0.0803).
Sensitivity analyses validated the results. This study found that the most effective strategies in Turkey
include improving environmental and forest planning tools through circular management methods,
promoting investment in forest infrastructure, supporting training and entrepreneurship programs in
laurel harvesting, and strengthening innovative forest-based value chains. The hybrid framework
aims for sustainable laurel resource management while maximizing economic returns. Implementing
this methodology will help conserve biodiversity and enhance local communities” well-being.

Keywords: non-wood forest products (NWFPs); bioeconomy; laurel harvesting; optimization and
decision making; SWOT- Fuzzy PIPRECIA -TOWS hybrid approach

1. Introduction

In recent years, the concept of sustainable forest management has shifted towards an
ecosystem-based approach and redefined the forestry sector’s understanding of sustainabil-
ity. This new approach considers the importance of biodiversity and considers a broader
set of management objectives simultaneously [1]. Adopting a human-centered perspective,
using the full range of forest ecosystem services for the benefit of humanity is expected to
have many positive impacts on contemporary global challenges, such as climate change
mitigation and adaptation, poverty reduction, or improved food security [2]. Therefore, the
forest-based sector is revitalizing its diversity and opening towards a circular biologically
based economy based on a more holistic economic system. This approach focuses on new
ways of income generation along various forest value chains. Furthermore, ecosystem-
based forest management supports the socio-economic functions of forests to develop rural
areas and promote a bioeconomy based on non-wood forest products (NWFPs) within the
limits of sustainability [3].

NWEPs from forests are defined as “products of biological origin other than wood
derived from forests, other wooded land and trees outside forests” according to the FAO’s
definition [4] and are receiving increasing attention in rural development [5]. From the point
of view of both planners and environmentalists, while NWFPs serve a variety of functions,
the continuity of these species has been jeopardized due to excessive and unconscious
collection and utilization [6-8]. Laurel, which belongs to the category of medicinal and
aromatic plants (MAPs), is an example of a NWFP that protects human and animal health,
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prevents disease, and has curative effects [9]. Interest in NWFPs and MAPs is increasing due
to the orientation towards nature and natural resources, and activities such as cultivation
and collection positively affect the welfare of rural populations. Increasing demand has
led to the growth of the trade volume of NWFPs and a significant increase in the collection
rates of these plants from nature [10-12].

Turkey’s forestry sector plays an important role in its transition to an integrated and
bioeconomy-based circular economy. Beyond timber supply, forest ecosystems provide
a wide range of products and services that benefit human well-being. NWFPs play an
important role in the provision of forest ecosystem services. The multiple value chains of
NWEFPs provide benefits to actors at all stages of the supply chain. Forest management
in Turkey has not yet paid full attention to the economic returns of NWEPs, as timber
production remains the main management objective. The lack of public knowledge on the
socio-economic importance of NWEFPs in rural development further complicates forestry
multipurpose decision making [13,14].

Economic growth through urbanization helps capital accumulation in urban areas [15].
However, the rapid urbanization that urban systems face today has negative impacts on
the ecosystem health and on the physical and psychological health of humans, whose
existence is based on a nature-centered life, by damaging the unifying boundaries between
nature and humans. With the increase in the urban population in Turkey, the amount
of NWEFP production in general increased by 464% between 1990 and 2010. There was a
1710% increase in bay leaf production. It is noteworthy that the varieties of NWEPs that
showed a high increase are the ones that are intensively used as raw materials in industry
and meet the needs of urban society. The increase in NWFP production is an indication of
the importance of the functions of forests other than wood raw material production [16].
According to Janse and Ottitsch (2005), demographic factors such as population density
and urbanization affect NWFPs and their services. Turkey’s forests are rich in biodiversity,
which increases the diversity of NWFPs. The amount of production increases in line with
the demand of society for these products [17].

In fact, the demand for laurel (Laurus nobilis L.) products in the world and in Turkey
in recent years is an important problem for the continuity of the laurel species. Perhaps the
most important of these problems is the rapid increase in demand for laurel products in the
world and the unsustainable irregular collecting activities due to economic necessity. In this
study, the current situation of laurel collecting as a rural development tool was analyzed
and strategies were developed to contribute to sustainable laurel harvesting. In this study,
the status of laurel harvesting for diversifying the forest-based bioeconomy is investigated
through a multi-criteria analysis method involving the participation of expert decision
makers. Prioritizing management strategies for laurel harvesting plays an important role
in developing a forest-based bioeconomy to maintain ecological balance and support rural
development. Prioritization of strategies for laurel harvesting plays a central role in the
development of the forest-based bioeconomy and ensures that ecological and economic
benefits are maximized.

Sustainable management and conservation of NWFPs are important to maintain their
ecosystem and economic value. Prioritizing management strategies for laurel harvesting to
enhance forest-based bioeconomy plays an important role in maintaining ecological balance
and supporting rural development. Sustainable harvesting methods and responsible use
strategies need to be developed in collaboration with various stakeholders using hybrid
frameworks. Education and awareness programs can help local communities to adopt
sustainable collection methods.

There is great potential in NWFPs, and in this study in laurel harvesting, to strengthen
the economic sustainability of rural areas. The results show the opportunities offered
to sustainable rural development and bioeconomy if the focus is on laurel harvesting.
Therefore, this study aims to uncover knowledge perspectives on laurel harvesting as one
of the important NWFPs for Turkey. Laurel harvesters can be identified as key stakeholders
in a forest bioeconomy.
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The implementation of sustainable harvesting and management strategies of NWFPs
will ensure the conservation of natural resources and the benefit of future generations. Pri-
oritizing strategies for laurel harvesting is central to developing a forest-based bioeconomy
and ensures that ecological and economic benefits are maximized.

Sustainable laurel harvesting methods and responsible use strategies should be de-
veloped in collaboration with various stakeholders and hybrid frameworks should be
used. Many studies in the literature have been solved with the MCDM (Multi-Criteria
Decision-Making) method [18-21]. On the other hand, due to its flexibility and high effi-
ciency in analyzing decision problems, MCDM methods have been used in many forestry
studies [22-25].

Although MCDM is often associated with the selection of one alternative from a set of
alternatives, it can also be used for ranking alternatives [26,27]. Until now, several MCDM
methods have been proposed, such as SAW [28], AHP [29], TOPSIS [30], PROMETHEE [31],
ELECTRE [32], VIKOR [33], and so forth.

After Zadeh [34] and his work on fuzzy set theory, significant progress has been made
in solving real-world complex decision-making problems. As an integral part of fuzzy set
theory, fuzzy numbers, usually characterized as triangular or trapezoidal, were introduced,
making them much more suitable for modeling and solving many complex decision-making
problems. To solve various complex MCDM problems, some extensions to fuzzy set theory
have been proposed, including intuitionistic fuzzy sets [35], interval-valued fuzzy sets [36],
bipolar fuzzy sets [37], etc.

MCDM methods are tools that enable decision makers (DMs) to make appropriate
choices in complex decision problems with many conflicting criteria [38]. On the other hand,
human decisions can often be uncertain and ambiguous [39]. Therefore, MCDM methods
are often adapted to fuzzy set theory to address subjective and qualitative decisions under
uncertainty [40]. SWOT analysis for laurel harvesting is an MCDM problem involving many
subjective criteria in criteria prioritization, and this study aims to propose a systematic
and comprehensive framework for the regional bay industry. Another specific objective of
this study is to examine the applicability of the proposed framework in the context of the
Turkish bay industry. For this purpose, an integrated SWOT, Fuzzy PIvot Pairwise RElative
Criteria Importance Assessment (F-PIPRECIA), and a TOWS approach are used.

There are several objectives in carrying out this study. First, given the increasing
demand for laurel [18] and the need for regional laurel production in the next 10 years [41],
the regional laurel trade will show great development. Therefore, the problem of identi-
fying strategies for laurel harvesting, which is of strategic importance for regional laurel
production, is worth investigating. However, very few studies in the literature specifically
investigate the problems related to laurel harvesting [42]. Secondly, the laurel industry in
Turkey has grown significantly in the last two decades and Turkey is a leader in the laurel
market [43-45].

Research on NWFPs using MCDM methods has been used in various fields. However,
there is a research gap in the literature on the situation analysis of the laurel harvest and
the evaluation of alternative management strategies using hybrid MCDM methods such
as SWOT, Fuzzy PIPRECIA, and TOWS. Filling this gap is the motivation behind this
research. Therefore, this study focuses on the development of effective strategies for laurel
harvesting. To develop a forest-based bioeconomy, it is important to achieve sustainability
goals. Therefore, this study was conducted in Bartin, which has important laurel harvesting
areas in Turkey. This study aims to select the best laurel harvesting strategy to enhance
bioeconomic activities in the region. SWOT, Fuzzy PIPRECIA, and TOWS methods were
applied together to achieve the study objective. Thus, DMs were able to objectively evaluate
both the weights of SWOT criteria and strategy priorities.

The main objectives of this paper can be summarized as follows:

e  Development of an integrated SWOT-Fuzzy PIPRECIA -TOWS hybrid method for lau-
rel harvesting strategy selection. This method is referred to as the “Criteria Weighting
and Strategy Prioritization (CWSP) framework”.
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e  Determination of weights and ranking of importance of main and sub-criteria in the
selection of SWOT criteria for laurel harvesting.
Conducting a case study in NWFP areas to demonstrate the applicability of this method.
Create a resource to assist decision makers with similar problems using the proposed method.
Raise awareness on the use of MCDM methods in NWEFP strategy selection problems
to improve the forest-based bioeconomy.

The United Nations adopted Agenda 2030 with its core element, the 17 Sustainable
Development Goals (SDGs), in September 2015. The NWEFP sector is broadly linked
to the Sustainable Development Goals (SDGs) [46]. The sector itself can be grouped
with SDG 15 “Sustainable Living”. SDG 15 is also directly linked to other SDGs such as
SDG 12 “Responsible Consumption and Production” and SDG 13 “Climate Change”. In
fact, actions for NWFPs are linked to SDGs 12-13 and 15. To achieve these goals, a situation
analysis and subsequent strategy development for the laurel harvest are the starting point
for this research. To meet the world demand for laurel, more and more land is being
harvested for laurel. This increases the use of land for laurel harvesting and jeopardizes the
sustainability of the laurel plant. To achieve the SDG targets, several background questions
need to be answered. First, in what way is the laurel harvest sustainable, and to what
extent is sustainable living (SDG 15) affected by the laurel harvest? Second, what is the
contribution of responsible production (SDG 12) of reorienting policies towards laurel
harvesting in the current context? Third, does unsustainable laurel harvesting affect the
environment and climate change (SDG 13)? These three questions form the rationale behind
the present study, and it becomes imperative to analyze each of them appropriately through
empirical means.

This study analyzes the interrelationships among the four SWOT factors using a hybrid
model and supports the hybrid model with empirical research. Thus, this study contributes
to the following areas. Firstly, since SWOT factors for laurel harvesting are analyzed
through a hybrid framework in this study, it allows for integrated calculations. Secondly,
the weights of the SWOT factors for the topic have not been tested with a hybrid approach
so far. Likewise, there is little information on this subject in the literature. Therefore, this
study tests a new methodology using a hybrid approach. Third, instead of focusing on
a specific policy, the hybrid framework focuses on effective strategies that are developed
using a combination of multi-criteria decision-making methods. In this way, this study
develops recommendations that will contribute to the achievement of SDGs 12-13 and 15.

In this regard, it is anticipated that this study will provide valuable insights into
the sustainable management of laurel harvesting in Turkey. This study makes several
contributions to the existing literature: (a) a systematic and comprehensive framework
for strategy selection for regional laurel harvesting is proposed, (b) this is one of the
pioneering studies analyzing regional laurel harvesting in Turkey, and (c) the robustness
of the application is ensured through a rigorous three-stage sensitivity analysis. The rest
of the paper is structured as follows. Section 2 provides more information on the existing
literature on SWOT criteria for laurel harvesting. Then, Section 3 details the empirical
procedures of the proposed methodology. Section 4 starts by explaining the proposed
framework and then presents an empirical study with sensitivity analysis. Finally, Section 5
summarizes the conclusions and recommendations for future research.

2. NWFPs and Laurel

Laurel (Laurus nobilis L.) is an important NWFP for Turkey and has high economic
value and popularity worldwide [47]. Laurel, which naturally grows in Mediterranean
countries, is one of the two species belonging to the genus Laurus in the Lauraceae family:
Laurus nobilis L. and Laurus canariensis Willd [48,49]. Laurus nobilis L. is widespread in
Mediterranean coastline countries such as Turkey, Greece, France, Spain, and Portugal,
and in the Western Mediterranean Basin countries (Romania, Albania, etc.) [50-52]; the
Southern United States are the commercial production centers of laurel leaves [53,54].
Turkey is the major producer of L. nobilis and exports it to 64 countries [53,55]. Almost 97%
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of the world’s total production comes from Turkey [9]. The amount of annual production
ranges between 7000 and 7500 tons [56]. Approximately 90% of the world’s need for laurel
(around 300 thousand tons) is met in an area of 150 thousand hectares in Turkey. These
areas are in the lowlands of the Mediterranean and Aegean regions and the coastline of the
Black Sea region [57-59].

In Turkey, laurel leaves can be harvested throughout the year because the plant is
evergreen. However, leaves are typically collected when the plants are in bloom. The berries
are harvested at approximately 40% moisture when they reach physiological maturity. For
the highest yield and best quality of dried leaves, one or two harvests per year are generally
recommended. Weather conditions such as dew, high humidity, and rain are avoided
during harvesting to prevent deterioration and discoloration. The collection of leaves is
usually done by hand or with small farming tools such as rakes. Occasionally, plant stems
are cut, and the leaves or fruits are removed after harvesting. Laurel leaves are classified
according to shape, size, color, and aroma before packaging. According to various quality
standards and consumer preferences, the leaves are packaged and stored in a cool, dry
place [58,60,61].

Laurel has long been a neglected species in Turkey. Since it is not considered one
of the primary tree species in forest ecosystems, it has often been damaged as a result of
interventions in favor of red pine. However, with the increasing interest in non-wood
products in recent years, the importance and value of laurel have started to be better
understood. With the increase in inventory studies, the real potential of laurel in Turkey
has been revealed and the rehabilitation and restoration of laurel areas has come to the
agenda. Conservation, recording, and restoration of natural populations of species such as
laurel are of great importance for the sustainability of forest ecosystems [62,63].

Laurel is of great importance in the Turkish economy today and is harvested both for
the domestic market and for export. It is used in many areas such as spices, soaps, perfumes,
tinctures, teas, and aromatherapy [48,64,65]. The increasing interest in natural products
after the 1990s has increased the volume and market share of the use of NWEPs, including
laurel [66]. The market value of laurel products in the world market is approximately
USD 14 billion [43,44]. World demand for laurel has tripled in the post-2010 period,
reaching 30 thousand tons in 2017 [42]. This increase has brought new entrepreneurs
to Turkey’s NWFP sector. Turkey’s laurel exports more than tripled from 2005 to 2017,
from USD 12 million to USD 40 million [67]. Since 2019, Turkey’s laurel export revenue
has increased to USD 40 million, with most exports going to Vietnam [23,68]. Including
by-products, Turkey’s laurel economic volume is over USD 100 million [69].

In Turkey, laurel production is largely carried out by natural harvesting. The harvesters
are usually forest villagers and private landowners. Laurel is harvested by cutting branches.
Laurel production and harvesting in Turkey provide important economic contributions to
forest villagers. Worldwide and in Turkey, studies on laurel harvesting and production
often focus on the problems faced by laurel harvesters and producers, while others focus
on the role and importance of laurel products in the world and the Turkish economy. In
developing countries, forest ecosystems are an important source of livelihood for rural
populations. Some studies show that, especially in countries such as India and Pakistan,
NWEFPs are an important source of income for local people [70,71]. In Turkey, there are
several studies on the economic value of laurel and other NWFP species [72,73]. These
studies address the economic dynamics of laurel exploitation and harvesting and the gaps
in the sector. Some studies have emphasized the economic and ecological importance of
non-wood forest products [74-84].

3. Methodology
3.1. Study Area
This research was conducted in Bartin Province (Figure 1). Bartin is in the Western

Black Sea Region and is one of the regions with the richest forest cover in Turkey. The
climate and geological structure in the region offer favorable conditions for the growth
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of laurel species. Summers are generally hot, and winters are mild. In 2023, the average
temperature in the region was 25 °C, with a high of 41 °C in July and a low of —24 °Cin
January. The annual rainfall in the region is 393 mm [85].

TURKEY

Figure 1. Bartin Province (case study area).

Bartin is a rich region in terms of laurel harvest. In 2012, 140 tons of laurel was
harvested in Bartin, while in 2019 this value was over 10 thousand tons. Today, about
one-third of the laurel sold in Turkey is supplied from Bartin [86]. According to these data,
Bartin, which has a very small portion of the amount of laurel in Turkey, has an important
place in the country’s sales figure with the presence of facilities with the largest laurel
processing and packaging unit in the country. On the other hand, Bartin is also among the
first ranks in Turkey in terms of laurel harvest. Bartin, which has a 59 km long coastline,
has more than 50 villages with laurel harvesting areas [18,85].

In Bartin, most of the laurel is harvested from forest lands by forest villagers and
very little is harvested from private lands by landowners. Permission is required from the
General Directorate of Forestry to harvest laurel. Whichever village the forest land belongs
to, the villagers of that village are given priority to harvest the laurel [42].

Increasing demand for laurel worldwide and uncontrolled or untrained laurel har-
vesting in Turkey, and in Bartin in particular, lead to overexploitation and unsustainable,
harmful practices (e.g., damage to vegetation during the collection of immature laurel
shoots). These threats are often linked to illegal or informal trade, but the lack of a well-
trained workforce in legal operations is also an important factor. For example, untrained
or unprofessional laurel harvesting in the region damages the laurel plant and negatively
affects the quality and quantity of the product for the rest of the plant life. The abandon-
ment of rural areas, loss of traditional knowledge, low profitability, seasonality, and the
remote location of the workplace are additional barriers to the professionalization of NWFP
collectors in the Bartin region. Implementation of good practices for most wild-collected
crops requires knowledge and training. Therefore, this study analyzes the situation of
laurel harvesting in the Bartin region.

3.2. CWSP Framework

Many important initiatives are underway at the local, regional, and international
levels to develop appropriate strategies for balancing various land and resource uses.
For strategies for NWFPs to be successful, an approach that goes beyond the traditional
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methods of science must be developed. In this context, hybrid frameworks are needed to
analyze the current situation of the NWFPs, where a variety of logical, robust, and reliable
information is considered. Frameworks that combine SWOT and multiple methods and
techniques can be used to develop and prioritize effective strategies for NWFPs.

In this study, the Criteria Weighting and Strategy Prioritization (CWSP) Framework
was developed for laurel harvesting. The aim of the CWSP framework is to weight the
SWOT criteria for laurel harvesting and prioritize the strategies in a hierarchical structure.
This objective is placed at the first level of the hierarchy. At the second level, SWOT criteria
were developed. AT the third level, F-PIPRECIA was used to weight each SWOT sub-
criteria. AT the fourth level, strategies were prioritized with the TOWS Matrix (Figure 2).
The process was carried out in a hierarchical order.

Weighting of SWOT Criteria
and
Prioritization of Strategies

Criteria

Sub-criteria

|

= SWOoT

F-PIPRECIA :

Figure 2. Hierarchical structure of CWSP.

3.3. A Hybrid SWOT-Fuzzy PIPRECIA-TOWS Method Integrated into CWSP Framework

By examining the analysis methods, this study decided to apply the SWOT-F PIPRECIA-
TOWS framework, considering the characteristics of the laurel harvesting industry and
the current situation. This study utilized an Excel program on AHP analysis and SPSS
statistics 26.

The problem was solved with an integrated SWOT-Fuzzy PIPRECIA-TOWS hybrid
approach developed within the CWSP framework. F-PIPRECIA was preferred for weight-
ing SWOT criteria and the TOWS Matrix was preferred for prioritizing strategies. In this
context, the SWOT-Fuzzy PIPRECIA-TOWS hybrid approach was preferred due to its short
time and simplicity of calculations. With a sample application realized in this way, this
study has been differentiated from other studies and has a unique structure.

The overall procedure of this study consisted of five stages. DMs select the best alter-
native under many criteria. MCDM techniques have been developed using iterative nu-
merical techniques to assist the DM [87]. Evaluation criteria often try to achieve conflicting
objectives simultaneously. On the other hand, many hybrid methods such as F PIPRECIA-
TOPSIS, F-PIPRECIA-VIKOR, F-PIPRECIA-COPRAS, F-PIPRECIA-PROMETHEE, and
F-PIPRECIA-MOORA are suitable to be used together [88-90].

The study methodology is shown in Figure 3. In Stage 1, the objective of the study
and the analysis of previous studies are presented. The research on laurel harvesting (i.e.,
literature review) and the data collected are detailed in Section 3.4. Then, Stage 2 is where
the SWOT Analysis is defined. For this stage, a questionnaire was prepared and presented
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Stage 1
Preparation

Stage 2
Configuration

Stage 3
Application

Stage 4
Prioritization

to the DMs to select the SWOT factors. Internal (Strengths and Weaknesses) and external
(Opportunities and Threats) criteria were identified based on DMs’ perceptions. According
to the CWSP framework, the relative weight of the criteria was formulated according to
the SWOT-Fuzzy PIPRECIA model (Section 3.5). In Stage 3, based on the selected SWOT
criteria, the criteria weights were calculated with F-PIPRECIA (Section 3.6), and the global
priority of each SWOT criterion was calculated. In Stage 4, the strategies developed for
laurel harvesting were prioritized using the TOWS Matrix (Section 3.7). In Stage 5, the
results are presented and interpreted (Section 4).

>
Y
GOAL £51
Weighting of SWOT Criteria and Prioritization of TOWS strategies = a0
I €
X |
Literature Review and Formation of o N |
Decision Maker (DM) Group B Determination of SWOT Criteria :
........... __—__—_______'1______:|
9 .
: . og!
Establishing the Hierarchy ¢ SWOT Matrix Configuration = % '
(%] .
g
........... e —
A .
. SIPRECIA Analvsl Assessment of elements of SWOT matrix !
uzzy EC nalysis by DMs !
l 1
1
o A ’ Application of steps of fuzzy PIPRECIA :
Sensitivity Analysis <+ method < < !
O |
l w o .
£ 8
& g,
w <€ .
Satisfactory '
results :
1
1
|
.......... F.._.._.._.._ T ¢ e ¢ ¢ — ¢ — — ¢
1
TOWS Matrix Analysis Define Strategies S
I $8!
= 3
Production of effective results Prioritization of Strategies <1
1
.......... I_____‘__________I
v o
Display of Calculated SWOT Criteria Weights = 2
and Priorities of the TOWS strategies 0:8 |
1

Figure 3. CWSP framework (hybrid SWOT- F PIPRECIA- TOWS analysis).

3.4. Preparation and Data Collection—Stage 1
3.4.1. Identification of Decision Makers

The research targeted the views of experts (decision makers) in forestry and non-wood
forest products in Turkey on the sustainable management of laurel harvesting. Considering
the rapid growth of the world NWEFP sector, it is difficult to determine which internal
and external environmental factors influence the laurel harvesting sector. Therefore, it is
important to include expert opinion before determining the attributes of SWOT criteria
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and sub-criteria [91,92]. Before deciding on these criteria, candidates were selected for
this study by considering previous research findings and current practices. Ten DMs were
included in the study to determine the weights of SWOT criteria for laurel harvesting. It is
recommended to have three or more DMs in group studies [77]. The selection process of
DMs was based on their expertise, practical experience, and general knowledge of research.
Of the ten DMs selected, two represent educational institutions, two represent public
institutions, three represent the private sector, and two represent NGOs. Since this study
adopted an approach based on expert opinions, local people who do not have sufficient
knowledge on the subject could not be utilized as DMs. Likewise, in sensitivity analyses,
only the opinions of experts should be included to ensure a high success rate. Explanatory
information for decision makers is given in Table 1.

Table 1. DMs Identification.

Education Function Experience Department

Ph.D. Forestry 25 years Public Sector, Forest Engineer, Afforestation.
Ph.D. Forestry 25 years Researcher at a Higher Education Institution, Forest Resources.
Ph.D. Forestry 23 years Private Sector, Rural Development Projects, and Forestry Certification
Ph.D. Environmental 21 years Researcher at a Higher Education Institution, NWFPs.
Ph.D. Forestry 20 years Public Sector, Forest Engineer, Laurel Plantations, and Harvesting
Ph.D. Environmental 18 years Researcher at a Higher Education Institution, Watershed Management.
MSc NGO 17 years NGO Representative, Afforestation.

MSc NGO 16 years NGO Representative, Medical Aromatic Plant Growing.

BSc Agriculture 15 years Private Sector, Forest-based Bioeconomic Products.

BSc Civil 15 years Private Sector, Rural Development, and Strategic Planning.

3.4.2. Data Collection

To determine the criteria, the opinions of authors who had published their work in
relevant academic journals on laurel harvesting were collected via e-mail and telephone
interviews. The authors commented on which criteria should be used or omitted and which
items should be added to each SWOT factor of interest. On the other hand, in this study,
ideas for SWOT criteria were gathered in a regional workshop of DMs. The workshop
was held in the fall of 2023 in Bartin. In the workshop, the 6-3-5 method was applied
to identify SWOT criteria for laurel harvesting. In this method, the perspectives of DMs
are considered in a broad perspective. The 6-3-5 method is an effective brainstorming
technique that involves a group of people [93,94]. In the ideal version of the method, there
is an average of six participants in each group. In this study, ten DMs were divided into
two groups of five. Each group first generates three sub-criteria for each SWOT criterion
on a worksheet within 5 min. After that, the sheets are passed on to the next participant
within 5 min for the new three sub-criteria. These cycles are repeated five times. In this
way, within 30 min each group had identified 75 SWOT criteria. In total, approximately
150 sub-criteria were identified. However, the number of SWOT sub-criteria should be
limited for F-PIPRECIA calculations within the CWSP Framework. Otherwise, the desired
results cannot be achieved in the sensitivity analysis of the study. For this reason, the
obtained SWOT sub-criteria were re-evaluated by the DMs at the final stage, and, in line
with the opinions of the decision makers, it was deemed appropriate to carry out this study
with 32 sub-criteria, 8 in each of the 4 sub-SWOT headings.

3.5. SWOT Analysis—Stage 2

The simplest method for the analysis of the environment is SWOT analysis which
represents a qualitative analytical method that throughout four factors attempts to present
strengths, weaknesses, opportunities, and threats of a certain phenomenon or situation in a
subject of analysis. The basic idea of SWOT analysis according to the authors of [1-5,18-23]
is to determine internal strengths and weaknesses, as well as external threats and opportuni-
ties. In this way, continuous progress and development are achieved and thus competitive
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advantage too. It can be used when it comes to creating a company’s development strategy
or analyzing competitors and market positions.

It is desirable for SWOT analysis to be performed by organization managers who are
well acquainted with it but in cooperation with external consultants (who have special
analytical skills and independent viewpoints) for objectivity. Analyzing the environment
through a detailed list of favorable and unfavorable factors stimulates the research effort
and provides reality in defining strategies. SWOT analysis is quick and simple, and
according to the authors of [18,77], it can be adapted as a factor identification tool that
influences an organization’s activities and provides solutions for the development of a
future strategy.

SWOT analysis is a strategic tool used by management to gather relevant information
about an organization and its current and future operating environment. The goal is to
understand the internal strengths and weaknesses of the organization while identifying
strategic opportunities and threats in the external environment. This analysis helps man-
agement use its internal strengths to assess external opportunities, while at the same time
developing strategies to help it deal with internal weaknesses and external threats. The
basic idea of SWOT analysis is that an organization can achieve the best strategic success by
maximizing its strengths and opportunities while minimizing weaknesses and threats. This
approach requires understanding the strategic implications by assessing the alignment of
internal and external factors. Thus, internal strengths and weaknesses should be assessed
in the context of external opportunities and threats, and vice versa.

3.6. Fuzzy PIPRECIA Analysis—Stage 3

Fuzzy logic is a mathematical method used to model imprecise information derived
from human thinking. When making decisions, it takes into account human subjectivity
and not only the objective probabilities of event occurrences. Since complete information is
often unavailable, fuzzy logic allows for descriptions and reasoning about phenomena to
be imprecise, akin to natural language expressions. This flexible and human-like approach
avoids rigidly specifying descriptions and instead embraces the inherent vagueness in our
understanding of complex problems [34].

Fuzzy Plvot Pairwise RElative Criteria Importance Assessment (F-PIPRECIA) was
developed by Stevic et al. [95] and used in different fields [96]. The fuzzy PIPRECIA method
is based on the earlier developed PIPRECIA method [97]. Furthermore, Stanujkic et al. [98]
also proposed a simplified PIPRECIA method (PIPRECIA-S).

The PIPRECIA method differs from the SWARA method in that it allows the evaluation
of criteria without prioritization. Today, most multi-criteria decision-making problems are
solved by applying group decision making. In such cases, PIPRECIA shows its advantages,
especially when the number of decision makers in the fuzzy model increases.

The fuzzy PIPRECIA method consisting of 11 steps is explained below [95,99]:

3.6.1. Operations on Fuzzy Numbers

A fuzzy number A on R to be a TEN if its membership function pi4(x) = R — [0,1] is
equal to following Equation (1):

;—j, 1<x<m
pr(x) =94, m<x<u (1)

0, othervise

_ From Equation (1), I and u mean the lower and upper bounds of the fuzzy number
A and m is the modal value for A. The TFN can be denoted by A = (I,m,u). See
Stevic et al. [95] for a detailed review of the operational laws of the TFN.

3.6.2. Fuzzy PIPRECIA Method
The fuzzy PIPRECIA method consisting of 11 steps is explained below [95,99]:
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Step 1. Determination of the set of the evaluation criteria.
Step 2. Starting from the second criterion, it is necessary to determine the relative
importance s; of the criterion j in relation to the previous (j — 1) criterion (Equation (2)):

> T, C] > ijl
I C=Cy 2)
< T, Cj < Cj_1

?:
]

577- denotes the assessment of criteria by a decision-maker r. To obtain a matrix 5, itis

necessary to perform the averaging of matrix g using a geometric mean. Decision makers
evaluate criteria by applying new defined scales in Tables 2 and 3. When a criterion is
more important than the previous one, evaluations are made using the scale in Table 2 to
make it easier for decision makers to evaluate the criteria; the table shows the determinate
fuzzy value (DFV) for each comparison. If the criteria are less important compared to the
previous one, evaluations are made using the scale in Table 3.

Table 2. Scale 1-2 for the assessment of criteria.

Linguistic Scale Triangular Fuzzy Number (TFN)
1 m u DFV
Almost equal value 1 1.000 1.000 1.050 1.008
Slightly more significant 2 1.100 1.150 1.200 1.150
Moderately more significant Scale 1-2 3 1.200 1.300 1.350 1.292
More significant cale 4 1300 1450  1.500  1.433
Much more significant 5 1.400 1.600 1.650 1.575
Dominantly more significant 6 1.500 1.750 1.800 1.717
Absolutely more significant 7 1.600 1.900 1.950 1.858
Table 3. Scale 0-1 for the assessment of criteria.
Triangular Fuzzy Number Linguistic Scale
I m u DFV
1 0.667 1.000 1.000 0.944 Weakly less significant
1/2 0.500 0.667 1.000 0.694 Moderately less significant
1/3 0.400 0.500 0.667 0511 Less significant
ScaleO-1 1,4 0333 0400 0500  0.406 Really less significant
1/5 0.286 0.333 0.400 0.337 Much less significant
1/6 0.250 0.286 0.333 0.288 Dominantly less significant
1/7 0.222 0.250 0.286 0.251 Absolutely less significant

The second and third steps of the developed method are closely interdependent and
new fuzzy scales are defined to meet the requirements of the fuzzy PIPRECIA method of the
second and third steps. These scales need to be defined when fuzzy number operations are
considered and the values are subtracted from the number §; in the third step. By defining
these scales, the appearance of the number two, which can cause computational difficulties
and incorrect results, is avoided (e.g., in the case of the appearance of the number two. The
lower, middle, or upper value of the fuzzy number for k7 may be zero, which prevents us
from proceeding further). It is therefore important to note that other previously developed
fuzzy scales cannot be used, as they may not have addressed this problem [95].

Step 3. Data collection and ranking of alternatives. Determining the coefficient k7

{:1. ifj=1

kj = .
2-5. ifj>1

)
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Step 4. Calculation of the recalculated weight 7; as follows:

=1 ifj=1

g=9 -1 ... 4)
]ij.lf]>1

Step 5. Determining the relative weight of the criterion w;, where w; represents the
relative weight of the criterion j.
T =
] 2}1:1 ‘T]

)

In the following steps, the inverse methodology of the fuzzy PIPRECIA method needs
to be applied.
Step 6. Performing the assessment of the above defined scale but this time starting

from a penultimate criterion. sjfl denotes the assessment of criteria by a DM r. It is again

necessary to perform the averaging of matrix sjfl by applying a geometric mean.
. > 1. C]' > Cj+1
S]r. =<¢=1 C] = Cj+1 (6)

<1. Cj < Cj+1

Step 7. Determining the coefficient Fj/. n denotes a total number of criteria. In this
case, it means that the value of the last criterion is equal to the fuzzy number one.

(=1 ifj=1
ki = { h o ifis1 7)
=5/ ifj>
Step 8. Determining the fuzzy weight 7;'.
—1. ifj=1
q; = (8)

—1 .
%. ifj>1

Step 9. Determining the relative weight of the criterion @;’, where @;' is the inverse
weight of the criterion j.

—/
— qj
wil = n ] 7'/ (9)
j=14j
Step 10. In order to determine the final weights of criteria, it is first necessary to
perform the defuzzification of the fuzzy values @; and @;’, where @;" represents the final
weight of the criterion j.

__ 1,
wi// = E(wl + wl'/) (10)

Step 11. Sensitivity Analysis. The results obtained are checked by applying Spearman’s
rank correlation coefficient (SCC) and Pearson correlation coefficients (PCC) [100,101]. Verifica-

tion of the reliability of the obtained results by using the Spearman’s rank correlation coefficient:
6L 1 d:

)

= —= 11

where p represents the correlation coefficient, d; is a distance between the ranks for every
iy, n denotes the number of elements in each data series, and p € [—1.1].
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When the decision process is performed in a group environment, then the final weights
of the criteria are obtained in the following manner:

R 1/R
r=1

w*

W= = (13)

e
where w"" denotes the weight of criterion j obtained from respondent 7. R is the number
of the respondents. w]* is the group weight of criterion j before adjustment to fulfill the

condition 2;1:1 w; = 1, and wj is the final group weight of criterion j.

3.7. TOWS Matrix Analysis—Stage 4

TOWS analysis is an enhanced method to derive strategies using the results of the
SWOT analysis. In TOWS, SWOT can be written in reverse, which was originally introduced
in [102] for the formation of company strategies [103]. For a TOWS analysis, threats and
opportunities are examined first, then weaknesses and strengths. After creating a list of
threats, opportunity, weakness, and strength strategies are formulated to find out how
advantages of opportunities and minimization of threats can be developed by exploiting
strengths and overcoming weaknesses [103]. TOWS analysis can produce four sets of
strategies with combinations of SWOT sub-criteria in a matrix (Table 4) [104-106].

Table 4. TOWS matrix.

External Chances (Opportunities) External Threats
Maxi-maxi strategy SO Maxi-mini strategies ST
Internal strengths Use internal strengths (S) to use external Rely on internal strengths (S) to minimize
opportunities (O) dangers (T)
Mini-manxi strategy WO Mini-mini strategy WT
External weaknesses Strategies that minimize weaknesses (W) to ~ Strategies that minimize weaknesses (W) to
use the opportunities (O) decease dangers (T)

The TOWS analysis can be summarized in four strategy types:

1. The SO (maximum strength and maximum opportunity) strategy is an appropriate
strategy that aims to make the most of the external opportunity by using the available
internal strength.

2. The ST (maximum strength and minimum threat) strategy represents the strategy that
aims to reduce the impact of the threat by using strength.

3. The WO (minimum weakness and maximum opportunity) strategy aims to minimize
the impact of weakness by taking advantage of the external opportunity.

4. The WT (minimum weakness and minimum threat) strategy is considered the most
difficult strategy to implement. This strategy requires avoiding the threat as much as
possible while minimizing the weaknesses.

Despite the advantages of a systematic approach to strategy formulation, TOWS
analysis has some drawbacks like those of SWOT. This is because TOWS is based on a
qualitative assessment in conjunction with the results of SWOT analysis. Thus, the results
of TOWS analysis cannot show the degree of each priority among alternatives; it only
presents a matrix of expert opinions [106].

To overcome this challenge in TOWS analysis, the CWSP framework (Hybrid SWOT-
F PIPRECIA-TOWS analysis) was developed as an extension of the SWOT-F PIPRECIA
analysis model. The CWSP framework combines three methods. First, SWOT criteria are
analyzed with F PIPRECIA. In this process, SWOT criteria and sub-criteria are compared
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with each other, and their relative importance is calculated by the F PIPRECIA method.
Then, TOWS analysis is applied. This gives more depth to the results of the SWOT analysis
and allows for a better identification of strategic priorities.

Currently, the combination of SWOT-F PIPRECIA-TOWS is being used in many
sectors [39,99,107]. However, the application of SWOT-F PIPRECIA-TOWS in the NWFPs
sector is still limited. In this study, TOWS results are organized in tables and graphs are
created based on the analysis results. TOWS strategies were developed in accordance with
the weights of the eight sub-criteria within each SWOT. However, for ease of processing, it
is recommended that the criteria weight should be greater than 0.050 (Citation) [108]. In
this way, the CWSP framework enabled the development of strong strategies.

After the calculations for each criterion in the SWOT categories were performed with
F-PIPRECIA, the final weights of each criterion were calculated using the weighted average
of the SWOT category. In a typical SWOT-F PIPRECIA analysis, the total weight (TW) of
each strategy was calculated according to Equations (14) and (15):

TWso1 = f(TPsi.s2. .... $n./01. O2.....On) (14)
TWSnOn = (TPSn X TPOH)
TWSnTn = (TPSn X TPTH) (15)

TWw,0, = (TPw, x TPp,)

4. Results and Discussion
4.1. Evaluation of Laurel Harvesting Using Integrated SWOT-Fuzzy PIPRECIA Model

The assessment of the laurel harvest by using an integrated SWOT-Fuzzy PIPRECIA
model is an important tool to identify the strengths, weaknesses, opportunities, and threats
of the sector. This model helps to make strategic decisions related to the laurel harvest while
addressing uncertainties with fuzzy PIPRECIA elements. The analysis can contribute to the
development of strategies that will ensure sustainability and a competitive advantage in
the sector. Thus, it provides critical guidance to identify the potential of the laurel industry
and take important steps.

Determination of SWOT Criteria for Laurel Harvesting

The first step in the research is to create a set of 32 sub-criteria and apply the CWSP
framework to determine their weights. The criteria are ranked in the SWOT matrix without
considering their importance. In addition, in this step, the information of ten DMs was
consulted. In the second step, each DM evaluates the criteria individually. In this way, the
four basic dimensions of SWOT analysis are identified (Table 5).

Table 5. Determination of SWOT criteria for laurel harvesting.

Sub-Criteria Key Words
S1 Existence of qualified laurel processing facilities in the region. Qualified Laurel Processing Plants
52 Laurel is a strategic NWFP based on forest-based bioeconomy. Forest-based bioeconomic product
2 S3 Laurel’s ability to mitigate and adapt to climate change Adaptability
to 5S4 Bartin supports rural development due to its pioneering power in laurel harvesting. Bartin is a pioneer in laurel harvest
§ S5 Entrepreneurs’ willingness to invest in laurel processing facilities. Willingness to Invest
o3 S6 Bio-technology-based R&D research to produce value-added laurel products. Bio-technology-based R&D Research
S7 Non-chemical natural methods in laurel harvesting. Harvesting with Natural Methods
S8 Ability to activate potential rural labor force population. Potential Rural Labor Force
W1 Inefficiency in marketing and regulatory framework. Ineffective Marketing
. W2 Insufficient knowledge on laurel harvesting. Insufficient Harvest Information
2 W3 Unfair revenue sharing in laurel production. Unfair Revenue Sharing
d w4 Ineffectiveness of laurel production cooperatives and low number of members. Ineffective Cooperatives
% W5 Monopolization of the actors determining the market price in the sector. Monopolization in Price Setting
%’ Wé Perception of laurel harvesting as a secondary occupation. Perception of Secondary Occupation
W7 Insufficient public and private sector afforestation investments to increase laurel areas. Inadequate Afforestation Investments

W8 Lack of a certification system for collecting and selling laurel. Lack of Certification System
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Table 5. Cont.
Sub-Criteria Key Words

o Ol Turkey holds 90% of the market volume in the world laurel trade. Turkey supplies 90% of the world.

Ho 02 Existence of mechanisms supporting laurel processing plant investments. Investment Support Mechanisms

E 03 Positive developments in bioeconomic policies in the world and Turkey. Positive Bioeconomic Policies

% 04 Increased interest in rural areas, rural innovation and entrepreneurship. Rural Entrepreneurship

g 05 Potential to make laurel fields productive through effective maintenance methods. Yield Increase Potential

g 06 Laurel harvesting is an important component for place-based development strategies. Rural Development Instrument

& 07 Advancement of digitalization efforts in the marketing of NWEFPs. Advancing Digital Markets

©  os Potential of local enterprises to produce technological and value-added laurel products. Value Added Production Potential
T1 Unrecorded income in laurel harvesting. Unrecorded income
T2 Climate change, emerging pests and diseases affect the laurel harvest. Climate Change

L T3 Public disinterest in climate change and bioeconomic product discourse. Disinterest in the bioeconomy

5 T4 Globalization and competition are jeopardizing the potential of NWFPs in the region. Increasing Global Competition

® T5 NWEPs-based rural development plans in the region are not having the desired impact. Ineffective Rural Development Plans

E T6 Problems in laurel marketing channels. Problems in Marketing Channels
T7 Ineffective conservation and utilization policies in laurel production and harvesting. Ineffective Conservation Policies
T8  Increase in the rate of rural-urban migration in the region and aging of the rural population. Increase in out-migration

The main criteria of the SWOT Analysis are explained below.

Strengths: Laurel, as a strategic NWFP, holds significant promise within the realm of
the forest-based bioeconomy. The presence of qualified laurel processing facilities in
the region underscores its economic significance. Bartin, distinguished for its leader-
ship in laurel harvesting in Turkey, stands out as a key driver of rural development.
This is further reinforced by the eagerness of entrepreneurs to invest in laurel pro-
cessing facilities and is indicative of the sector’s growth potential. The adaptability
of laurel to diverse climates and soil conditions enhances its resilience as a valuable
resource. Moreover. ongoing bioeconomy-focused research and development en-
deavors are dedicated to exploring avenues to produce value-added laurel products
promising increased economic returns. The adoption of non-chemical natural methods
in laurel harvesting not only ensures environmental sustainability but also aligns with
growing consumer preferences for organic and eco-friendly products. Additionally,
the cultivation of laurel presents an opportunity to mobilize and empower the rural
labor force, contributing to inclusive economic growth and community development.
In summary, the amalgamation of these factors positions laurel as a cornerstone of
sustainable economic development and environmental stewardship within the context
of a forest-based bioeconomy.

Weaknesses: The laurel harvesting industry faces a host of challenges, impeding its
sustainable development and economic viability. Inadequate knowledge and ineffi-
cient practices in laurel harvesting contribute to reduced yields and compromised
product quality. Furthermore, ineffective marketing strategies and a weak regulatory
framework hamper the sector’s growth and competitiveness. Unfair revenue distri-
bution exacerbates economic disparities among stakeholders, discouraging further
investment. The ineffectiveness of laurel production cooperatives, coupled with low
membership rates, hinders collective bargaining power and collaborative problem
solving. Additionally, market price monopolization by a few dominant actors dis-
torts market dynamics, disadvantaging smaller producers and stifling competition.
The perception of laurel harvesting as a secondary occupation diminishes its value,
exacerbating labor shortages. Insufficient investments in afforestation initiatives con-
strain laurel cultivation expansion, perpetuating supply shortages. Moreover, the
lack of a certification system undermines consumer confidence in product quality and
sustainability, hindering market development and potential export opportunities. Ad-
dressing these multifaceted challenges requires a comprehensive approach involving
stakeholder collaboration and targeted policy interventions to enhance knowledge,
governance, and market transparency in the laurel harvesting sector.
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- Opportunities: The laurel industry benefits from the presence of supportive mecha-
nisms, institutions, and organizations facilitating investments in processing plants,
amplifying its economic significance. Additionally, there is a burgeoning interest in
rural areas, rural innovation, and entrepreneurship, providing fertile ground for laurel-
related ventures and bolstering local economies. Effective maintenance methods offer
the potential to optimize laurel field productivity, enhancing sustainability and yield.
Turkey’s unparalleled position in the global laurel trade, dominating in quality, price,
and quantity, underscores its pivotal role in shaping international market dynamics,
with a staggering 90% market share. Laurel harvesting emerges as a linchpin in the
formulation of place-based development strategies, contributing to regional economic
growth and vitality. Furthermore, the advancement of digitalization efforts in mar-
keting Non-Timber Forest Products (NTFPs) promises to revolutionize market access
and efficiency, fostering broader market reach. Concurrently, increasing technological
investments present local enterprises with opportunities to innovate and develop
high-value derivative products from laurel, tapping into its multifaceted potential.
Moreover, positive trends in bioeconomic policies, both globally and within Turkey,
create an enabling environment for the sustainable development of the laurel industry,
promoting innovation, resilience, and long-term viability.

- Threats: Climate change is negatively impacting the availability of NWEFPs by affecting
the vitality, structure, and functioning of forests and other wooded ecosystems. In the
Mediterranean basin in particular, continued rainfall reduction, drought cycles, and
increasing aridification are reducing the availability and quality of NWFPs, increasing
seasonality, and putting supply chains and regional marketing strategies at risk [109].
Climate change presents a formidable threat to laurel production and harvesting
by disrupting crucial ecosystems. Ineffective conservation and utilization policies
further exacerbate these risks, leaving laurel resources vulnerable to degradation.
Additionally, the region experiences an increase in out-migration and an aging rural
population, leading to labor shortages and a decline in traditional knowledge essential
for sustainable harvesting practices. Despite efforts to promote rural development, es-
pecially within the laurel sector, existing plans often fall short due to limited resources
and ineffective implementation strategies. Furthermore, increasing global competi-
tion intensifies market pressures, impacting profitability, while problems in laurel
marketing channels constrain revenue opportunities. The prevalence of unrecorded
income in laurel harvesting undermines regulatory efforts and exacerbates income
disparities within the industry. Moreover, public disinterest in climate change and
bioeconomic product discourse hinders awareness and action towards mitigating envi-
ronmental threats. Addressing these multifaceted challenges requires comprehensive
strategies integrating climate adaptation measures, sustainable resource management
practices, targeted rural development initiatives, and enhanced market access and
governance mechanisms to ensure the resilience and longevity of the laurel industry
amidst evolving environmental and economic landscapes.

4.2. Assessment of Laurel Harvesting Matrix by Fuzzy PIPRECIA Method

In the SWOT matrix consisting of 32 sub-criteria, the weight of each one was calculated
by applying the fuzzy PIPRECIA method. In this step, in a team of ten decision makers,
each decision maker individually evaluated the criteria that represent the identification of
the four key dimensions of the SWOT analysis.

4.2.1. Assessment of the Main Criteria of SWOT Matrix

The main dimensions of the SWOT matrix were evaluated by ten DMs using fuzzy
PIPRECIA and inverse fuzzy PIPRECIA methods (Tables A1 and A2). The geometric mean
(GM) value obtained because of the evaluations was used in the further calculations of
this study.
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Based on the assessment of criteria and a geometric mean (GM) (Equation (2)), a
matrix s; is formed. Applying Equation (3), those values are subtracted from the number
two. Respecting the rules of operations on fuzzy numbers, the matrix k; is obtained in the
following way:

k1 = (1.000,1.000,1.000)
ko = (2—0.534,2 — 0.750,2 — 0.834) = (1.467,1.250,1.167)
ks = (2—0.353,2 — 0.430,2 — 0.550) = (1.647,1.570,1.450) (16)
ks = (2—0.258,2 — 0.300,2 — 0.362) = (1.742,1.700,1.638)

According to Equation (9), the values of g; are obtained in the following way:

71 = (1.000, 1.000, 1.000)

1.000 1.000 1.
:( 000 1.000 000> — (0.682, 0.800, 0.857)

92 = \ 1467 1250 1.167
_/0.682 0.800 0.857
1= (1.647 1570 1.450> = (0.414, 0.510, 0.591)
/0414 0510 0.591
71 = (1.742 700 T 638> = (0.238, 0.300, 0.361)

Applying Equation (10), the relative weights are calculated as follows:

g

__ (1.000 1.000 1.000
~\2.334 2.609 2.810

) = (0.429, 0.383, 0.356)

N

2.334 2.609 2.810

___ (0.703 0.816 0.897
©\2.334 2.609 2.810

_ (0.396 0.466 0.524

1250 1429 1.
w:< 50 1.429 538) — (0.292, 0.307, 0.305)

) = (0.177, 0.195, 0.210)

+ 7 \2.334 2,609 2.810
The results of the fuzzy PIPRECIA methods are presented in Table 6.

) = (0.102, 0.115, 0.128)

Table 6. Fuzzy PIPRECIA results for SWOT main criteria.

C1 1.000 1.000 1.000 1.000 1.000 1.000 0.429 0.383 0.356 0.386

C2 0.534 0.750 0.834 1.467 1.250 1.167 0.682 0.800 0.857 0.292 0.307 0.305 0.304

C3 0.353 0.430 0.550 1.647 1.570 1.450 0.414 0.510 0.591 0.177 0.195 0.210 0.195

C4 0.258 0.300 0.362 1.742 1.700 1.638 0.238 0.300 0.361 0.102 0.115 0.128 0.115
SUM 2.334 2.609 2.810

In order to determine the final weights of the criteria, it is necessary to apply
Equations (11)-(15), that is, the methodology of the inverse fuzzy PIPRECIA method.
Based on the assessment carried out by decision makers and applying a geometric mean, a
matrix s/ is obtained.
sh = (1.270,1.405,1.455)

s, = (1.180,1.270,1.320)
s; = (1.050,1.075,1.125)
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Applying Equation (12), the following values are obtained:
k, = (1.000,1.000, 1.000)
Ky = (2 —1.270,2 — 1.405,2 — 1.455) = (0.730,0.595, 0.545)
Kk, = (2—1.180,2 — 1.270,2 — 1.320) = (0.820,0.730, 0.680)
k| = (2—1.050,2 — 1.075,2 — 1.125) = (0.950,0.925, 0.875)
Applying Equation (13), the following values are obtained:

gs4 = (1.000, 1.000, 1.000)

— /1.000 1.000 1.000

L= p—

T = (0.950 0,955 0875) = (1.053, 1.081, 1.143)
—  /1.053 1.081 1.143

, — —

2= (0.820 0.730 0.680) = (1.284, 1481, 1.681)
—  /1.284 1.481 1.681

b= —

7 = (0.730 0595 05 45> = (1.758, 2.489, 3.084)

Then, it is required to apply Equation (14) to obtain relative weights for the fuzzy
Inverse PIPRECIA method.

— /1.000 1.000 1.000

i = — (0.196, 0.165, 0.14
4 (5.095 6.051 6.907) (0.196, 0.165, 0.145)
— /1.053 1.081 1.143

3= = (0.143, 0.207, 0.179
“ (5.095 6.051 6.907) ( )

1.284 1.481 1.681
5.095 6.051 6.907

— (1.758 2.489 3.084
| =

) = (0.252, 0.245, 0.243)

&

5095 6.051 6.907) = (0.345, 0.411, 0.446)

The results of the inverse fuzzy PIPRECIA methods are presented in Table 7.

Table 7. Inverse fuzzy PIPRECIA results for SWOT main criteria.

PIPR.I s’ ki’ a; wj’ DF

C1 1.270 1.405 1.455 0.730 0.595 0.545 1.758 2.489 3.084 0.345 0.411 0.446 0.406

C2 1.180 1.270 1.320 0.820 0.730 0.680 1.284 1.481 1.681 0.252 0.245 0.243 0.246

C3 1.050 1.075 1.125 0.950 0.925 0.875 1.053 1.081 1.143 0.207 0.179 0.165 0.181

C4 1.000 1.000 1.000 1.000 1.000 1.000 0.196 0.165 0.145 0.167
SUM 5.095 6.051 6.907

Applying Equation (15), the final weights of the criteria are obtained. Before applying
this equation, it is necessary to perform the defuzzification of the values of criteria obtained
using Equations (7)—(15).

o (0386 £0406)
2
. (0.30442-0.246) o
0.195 + 0.181
gy — (01950181 _ g

2
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! —

Wy =

(0.115 +0.167)

2

=0.141

4.2.2. Assessment of the Sub-Criteria of Strength Dimension

The calculation of the sub-criteria of all SWOT matrix dimensions was carried out in the
same way. Tables A3—A10 shows the calculations and results for all sub-criteria of the SWOT
matrix. A summary of calculations the SWOT sub-criteria weight values is given in Table 8.

Table 8. Assessment SWOT sub-criteria weight values.

SWOT Sub-Criteria Weight Values (@)
Strength wy” =0273  wy” =0296 w3” =0.157 wy” =0.104 ws” =0.069 ws" =0.046 w7” =0.032 wg” =0.023
Weakness ~ w7" =0.188 " =0.225 3" =0.156 wy" =0.098 ws' =0.115 wg" =0.082 w;" =0.067 wg" =0.069
Opportunity ;" =0271 3" =0269 w3" =0.164 wy" =0.105 ws" =0.071 wg" =0.049 w;” =0.034 wg" =0.036
Threat wy” =0.132 wy” =0.134 w3” =0.137 wy” =0.141 ws” =0.129 ws” =0.118 w7” =0.108 wg” =0.100
4.2.3. Sensitivity Analysis
The sensitivity analysis includes the calculation of the Spearman coefficient correlation
for the rankings obtained by the fuzzy PIPRECIA method and its inverse fuzzy version.
Also, the Pearson correlation coefficient is calculated for the weights of the SWOT matrix
sub-criteria obtained from both versions of the developed method. Tables 9 and 10 show
the rankings and correlation coefficients.
Table 9. Ranks and weight values of main criteria of SWOT matrix.
Rankscle 1-2 Rankscale 0-1 d d> DFppr  DFprpra wj
C1(S) 1 1 0 0 0.386 0.406 0.396 1
SWOT C2 (W) 2 2 0 0 0.304 0.246 0.275 2
C3(0) 3 3 0 0 0.195 0.181 0.188 3
C4(T) 4 4 0 0 0.115 0.167 0.141 4
SCC 1.000
PCC 0.967
Table 10. Ranks and weight values of sub-criteria of SWOT matrix.
RankKscale 12 RankKscale 0-1 d d? DFpipr ~ DFprpro1 wj
C1 2 2 0 0 0.207 0.338 0.273 2
C2 1 1 0 0 0.209 0.383 0.296 1
C3 3 3 0 0 0.198 0.116 0.157 3
S C4 4 4 0 0 0.153 0.056 0.104 4
C5 5 5 0 0 0.104 0.035 0.069 5
Cé 6 6 0 0 0.065 0.026 0.046 6
c7 7 7 0 0 0.040 0.023 0.032 7
C8 8 8 0 0 0.023 0.022 0.023 8
0 SCC 1.000
PCC 0.992
Rankscae 1-2 Rankscale 0-1 d d? DFpipr ~ DFpiprar w;
C1 2 2 0 0 0.199 0.175 0.187 2
C2 1 1 0 0 0.260 0.189 0.224 1
C3 3 3 0 0 0.150 0.162 0.156 3
W C4 5 5 0 0 0.087 0.109 0.098 5
C5 4 4 0 0 0.111 0.118 0.114 4
Co 6 6 0 0 0.064 0.100 0.082 6
c7 7 8 -1 1 0.062 0.071 0.067 8
C8 8 7 1 1 0.068 0.077 0.072 7
2 SCC 0.900
PCC 0.971
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Table 10. Cont.
Rankgcale 1-2 Rankgcale 0-1 d d? DFpipr DFpipr-1 wj
C1 1 2 -1 1 0.257 0.285 0.271 1
C2 2 1 1 1 0.244 0.295 0.269 2
C3 3 3 0 0 0.188 0.140 0.164 3
C4 4 4 0 0 0.127 0.084 0.105 4
o C5 5 5 0 0 0.080 0.062 0.071 5
Cé6 6 6 0 0 0.048 0.050 0.049 6
Cc7 8 8 0 0 0.028 0.040 0.034 8
C8 7 7 0 0 0.029 0.044 0.036 7
2 SCC 0.900
PCC 0.979
Rankscale 1-2 Rankscale 0-1 d d? DFpipr ~ DFprpr-1 w;
C1 4 4 0 0 0.129 0.135 0.132 4
C2 3 3 0 0 0.130 0.138 0.134 3
C3 2 2 0 0 0.131 0.143 0.137 2
C4 1 1 0 0 0.132 0.149 0.141 1
T C5 5 5 0 0 0.126 0.133 0.129 5
Cé6 6 6 0 0 0.120 0.116 0.118 6
c7 7 7 0 0 0.117 0.100 0.108 7
C8 8 8 0 0 0.114 0.087 0.100 8
0 SCC 1.000
PCC 0.989

In Table 9, the most important dimension of the SWOT analysis is Strength (ws; =0.396).
The research identified eight criteria from each SWOT factor. The least important SWOT
factor is Threat (wrj =0.141). In addition, the PIPRECIA results are also presented sepa-
rately in columns eight and nine of Table 9. The application of fuzzy PIPRECIA and inverse
fuzzy PI-PRECIA methods, i.e., the rankings, are in full correlation (SCC = 1.000). The high
reliability of the obtained results is also evidenced by the Pearson correlation coefficient
(PCC =0.967).

Considering a full sensitivity analysis, it can be concluded that the results obtained
by the developed model are stable and the values of the rankings and weighting elements
within the developed method tend to be fully correlated (Tables 9 and 10). The most
important reason for this correlation is that the DMs consulted in the study were informed
on how to apply the new fuzzy scales defined in this study.

4.2.4. Results of SWOT-Fuzzy PIPRECIA Analysis

Table 11 and Figures 4 and 5 show complete unified results of the hybrid SWOT-Fuzzy
PIPRECIA method that relate to local and global values of sub-criteria for each dimension
individually and global ranks of sub-criteria. In Table 11, the 10 strategies with the highest
rank values in columns 1-5 are underlined.

Table 11. Results of Hybrid SWOT-Fuzzy PIPRECIA.

Sub-Criteria Local Value Global Value  Rank

Strengths (S) 0.396
S1 Qualified Laurel Processing Plants 0.273 0.068 2
S2 Forest-based bioeconomic product 0.296 0.074 1
S3 Adaptability 0.157 0.039 8
S4 Bartin is a pioneer in laurel harvest 0.104 0.026 19
S5 Willingness to Invest 0.069 0.017 25
56 Bio-technology-based R&D Research 0.046 0.011 28
S7 Harvesting with Natural Methods 0.032 0.008 31
S8 Potential Rural Labor Force 0.023 0.006 32

SCC =0.900. PCC =0.971 1.000
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Table 11. Cont.
Sub-Criteria Local Value  Global Value  Rank
Weaknesses (W) 0.275
w1 Ineffective Marketing 0.187 0.047 6
W2 Insufficient Harvest Information 0.224 0.056 5
W3 Unfair Revenue Sharing 0.156 0.039 9
W4 Ineffective Cooperatives 0.098 0.024 21
W5 Monopolization in Price Setting 0.114 0.029 16
Wé Perception of Secondary Occupation in Gathering 0.082 0.021 22
w7 Inadequate Afforestation Investments 0.067 0.017 26
W8 Lack of Certification System 0.072 0.018 23
SCC =1.000. PCC = 0.967 1.000
Opportunities (O) 0.188
o1 Turkey supplies about 90% of the world’s need for laurel 0.132 0.068 3
o2 Existence of Investment Support Mechanisms 0.134 0.067 4
o3 Positive Bioeconomic Policies 0.137 0.041 7
O4 Growing Interest in Rural Entrepreneurship 0.141 0.026 18
O5 Yield Increase Potential 0.129 0.018 24
06 Strategic Rural Development Instrument 0.118 0.012 27
o7 Advancing Digital Markets 0.108 0.009 30
08 Value Added Production Potential 0.100 0.009 29
SCC =0.900. PCC =0.979 1.000
Threats (T) 0.167
T1 Unrecorded income 0.132 0.033 13
T2 Climate Change 0.134 0.034 12
T3 Indifference to Chma.te Change and Bioeconomic 0.137 0.034 1
Discourses
T4 Increasing Global Competition 0.141 0.035 10
T5 Ineffective Rural Development Plans 0.129 0.032 14
T6 Problems in Marketing Channels 0.118 0.030 15
T7 Ineffective Conservation—Utilization Policies 0.108 0.027 17
T8 Increase in out-migration 0.100 0.025 20
SCC =1.000. PCC = 0.989 1.000

S2

Sl
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Source: author’s calculations. In columns 1-5, the 10 strategies with the highest rank values are underlined.
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Figure 4. Presentation of Hybrid SWOT-Fuzzy PIPRECIA results.
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Figure 5. Quadrant of Hybrid SWOT-Fuzzy PIPRECIA results.

4.3. Defining and Prioritization Strategies for Laurel Harvesting with TOWS Matrix Analysis

TOWS calculations were made on the SWOT-F PIPRECIA results and strategic alterna-
tives were created. In this process, Strengths—Opportunities (SO), Strengths-Threats (ST),
Weaknesses—Opportunities (WO), and Weaknesses-Threats (WT) strategies were identified.
The value of each TOWS alternative was determined by multiplying the global priorities of
the respective sub-factors. As a result, a total of 256 different management strategies were
generated, 64 for each of the SO, ST, WO, and WT groups. However, it was not easy to
identify the most effective one from such a wide range of strategies, nor was it necessary
for decision makers to examine such many strategies. Therefore, strategies with TW (Total
Weight) values greater than 0.05 were selected for use in TOWS calculations (Table A11). In
addition, literature reviews show that the top 10 strategies with a TW value greater than
0.05 were used in the TOWS calculation [108,110,111]. A general representation of TOWS
strategies for laurel harvesting is given in Table 12.

Table 12. Top 10 TOWS strategies for laurel harvesting (SO-ST-WT-WO).

[¢) T
External Factors (O1) [0.271] Turkey supplies world’s need for laurel. (T4) [0.141] Global Competition
Internal Factors (02) [0.269] Existence of Investment Support (T3) [0.137] Bioeconomic Discourses
(03) [0.164] Positive Bioeconomic Policies (T2) [0.134] Climate Change
SO Strategy ST Strategy
(S1) [0.273] Qualified Laurel Processing Plants
s g . . 1st [0.0803] (S2) x (O1) 4th [0.0734] (S1) x (02)
2 [0'2%](gg;‘igtg;sleg;’;;‘t’;gﬁg‘ynm product 2nd [0.0797] (S2) x (O2) 9th [0.0486] (S2) x (O3) NA
’ 3rd [0.0739] (S1) x (O1) 10th [0.0447] (S1) x (O3)
(W1) [0.187] Ineffective Marketing WO Strategy WT Strategy
w (W2) [0.224] Insufﬁcie_nt Harvest Information 5th [0.0608] (W2) x (O1) 7th [0.0507] (W1) x (O1) NA
(W3) [0.156] Unfair Revenue Sharing 6th [0.0604] (W2) x (O2) 8th [0.0503] (W1) x (O2)

Source: author’s calculations.
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SWOT-F PPRECIA-TOWS Results

0.0800

0.0700

0.0600

0.0500

0.0400

Strategy-1
S2x01

0.0803

In the TOWS matrix, ten alternative management strategies were placed, six in the
SO cell and four in the WO cell. No strategy was placed in the ST and WT cells (Table 12).
On the other hand, the top priority in the TOWS matrix is the SO strategy combination
(0.35). WO comes second with 0.28. In third place is ST with 0.21. WT comes last (0.16)
(Figure 6). Based on Table 10 and Figure 6, “Threat” is the least important SWOT factor
in TOWS strategies. According to these results, DMs considered management strategies
that emphasize strengths, exploit opportunities, and eliminate weaknesses of the firm to be
important for laurel harvesting.

SO Strategy 0.35
40%

WO Strategy
0.28

ST Strategy
0.21

WT Strategy - 0.16
Figure 6. Strategic quadrilateral of hybrid SWOT- F PIPRECIA-TOWS results.

On the other hand, the order of importance of each management strategy developed
is given in Figure 7.

Strategy-2 Strategy-3 Strategy-4 Strategy-5 Strategy-6 Strategy-7 Strategy-8 Strategy-9 Strategy-10

S$2x02 S1x01 S1x02 W2x01 W2x02 W1x01 W1x02 S$2x03 S1x03
0.0797 0.0739 0.0734 0.0608 0.0604 0.0507 0.0503 0.0486 0.0447
Strategies

Figure 7. TOWS Strategy Matrix Developed for Laurel Harvesting.
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In this study, 10 priority management strategies for laurel harvesting were proposed.
However, which of these 10 strategies should be implemented should be decided by
considering the available resources and the situation of NWEPs in the world and in Turkey.
First, “Maxi S2 x O1” of the SO with a value of 0.0803 was identified as the most important
strategy in the four sector strategies. Basically, it proposes action to avoid the impact
of the threats while taking advantage of the strengths. This strategy provides effective
investment support for the development of forest-based bioeconomic products. Sustainable
economic growth is supported through government incentives, low-interest loans, and
training services.

General Strategy (Maxi S x Maxi O): A comprehensive strategy for the development
and dissemination of forest-based bioeconomic products has been defined in order to
strengthen Turkey’s strategic position to meet 90% of the world’s need for laurel. This strat-
egy targets the establishment of qualified laurel processing facilities and the modernization
of existing facilities. Product quality and productivity will be improved by using advanced
technology and innovative processing methods. At the same time, the development of
bioeconomic products derived from laurel as well as other forest resources will be pro-
moted. The interest of entrepreneurs and investors in this area will be increased by ensuring
the effective use of investment support mechanisms such as government incentives, tax
reductions, low-interest loans, and infrastructure support. The implementation of positive
bioeconomic policies will promote environmental sustainability and support economic
growth. In addition, training and consultancy programs will be developed to increase
the adaptability and knowledge level of workers in laurel processing and production of
forest-based bioeconomic products. To implement this strategy, R&D studies will be carried
out to develop new processing technologies and bioeconomic products, financing will be
provided through public and private sector cooperation, training programs and informa-
tion campaigns will be organized for enterprises, and sustainable bioeconomic policies will
be developed and implemented. This strategy aims to increase Turkey’s competitiveness in
forest-based bioeconomic products and ensure sustainable economic development. The
modernization of laurel processing facilities and the encouragement of new investments
will consolidate Turkey’s leading position in the global market.

General Strategy (Mini W x Maxi O): This general strategy aims to address problems
such as ineffective marketing, inadequate harvest information, and unfair revenue sharing.
Through the effective use of investment support mechanisms, government incentives, tax
breaks, and low-interest loans will be provided to increase the interest of entrepreneurs and
investors in the sector. First, modern marketing strategies will be developed to increase the
awareness and demand for laurel products in international markets. In addition, farmers
will be provided with modern technologies and training programs to increase harvesting
knowledge and productivity, thus improving production processes. By establishing fair
revenue-sharing mechanisms, producers will be compensated for their labor and motivation
in the sector will be increased. This strategy will not only consolidate Turkey’s leading
position in laurel production but will also promote sustainable growth and development in
the sector. Training programs and modernization efforts will raise the level of knowledge
and technology in the sector, thus optimizing harvesting and production efficiency. As a
result, these strategic steps will enable Turkey to become more competitive, efficient, and
sustainable in the laurel sector.

In recent years, the demand for laurel products has increased in the world and in Turkey,
but this increase in demand may lead to unsustainable harvesting activities [112-114]. Some
studies have shown that non-wood forest products are both economically and ecologically
important in the world’s economies. In these studies, it has been emphasized that with
climate change, NWFPs will gain more place and value in local, regional, national, and
international forest-based bioeconomies. In addition, it has been stated that environmentally
conscious groups prefer ecological products, and certification studies for NWFPs have gained
importance. In this context, it is even stated that there are three major organizations (FSC,
IFOAM, and FLO) directly related to NWEFP certification [109,115]. In fact, the demand for
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laurel products in the world and in Turkey in recent years is an important problem for the
continuity of the laurel species. Perhaps the most important of these problems is the rapid
increase in demand for laurel products in the world and the unsustainable irregular collecting
activities due to the economic return. In this study, the current situation of laurel collecting
as a rural development tool was analyzed and strategies were developed to contribute to
sustainable laurel collecting.

4.4. Comparison to Other NWEP Strategies

When studies on laurel harvesting are examined, these publications generally focus
on the problems faced by laurel harvesters and the constraints faced by laurel processing
and packaging enterprises and selling firms. In addition, some studies address issues
related to the place and importance of laurel products in the world economy. Laurel is an
important NWEFEP for rural areas in many Mediterranean and African countries. Especially
in developing countries, NWEFP crops are seen as a forest-based bioeconomic crop among
the main livelihoods of the rural population. For African countries, NWFPs also form
an important part of their economies. It is therefore important to develop strategies for
the sustainable management of NWFPs in these countries [116,117]. Although botanical,
zoological, and anthropological studies have addressed the use of NWFPs, sustainable
harvesting and its implications for management and livelihoods have only been studied in
recent decades. Today, many studies have shown that forest-based bioeconomic resources
are important in a wide range of systems and are incorporated into the livelihood strategies
of most rural people. In the last decade, many developing countries have developed forest-
basket bioeconomic strategies for NWFP resource valuation studies, resource utilization,
and the identification of inventories to understand the context of livelihoods. Some research
has suggested that if countries promote NWEFPs, this can have positive benefits for the
whole society. These benefits have been summarized as strategies to reduce migration
to urban areas, reduce pressure on the resource base on communal lands, and stimulate
employment and economic activity. In fact, NWFPs have argued that rather than supporting
a livelihood, resources are a strategy for meaningful development through increased
income-generating opportunities or employment that will result in increased cash flows
within local communities [118-125].

Turkey is one of the countries where laurel is intensively harvested. Therefore, studies
examining the economic value of laurel harvesting are more common in Turkey. In a
study aiming to maximize the yield of laurel leaves, it was examined how yield-enhancing
practices can be evaluated economically [72]. In another study, the value added by NWFP
crops to the economy of Bartin was calculated and it was stated that a significant part
of this return (more than 90%) was obtained from laurel harvest [73]. Studies examining
the socio-economic characteristics of laurel producers reveal important dynamics in the
sector. According to the findings of these studies, laurel management is becoming more
widespread in the villages where production is carried out, but there are deficiencies among
producers regarding the laurel processing and packaging process. Deforestation of laurel
ecosystems continues, and this raises concerns for the sustainability of natural resources.

In developing countries, laurel leaf is often sold to middlemen by local buyers, while
direct cooperative purchases are limited. In addition, studies have shown that laurel
harvesting is often seen as an additional source of income and not the main source of
livelihood. In rural areas, laurel harvesting is generally carried out by low-income groups.
However, a significant proportion of laurel producers and harvesters have a positive view of
laurel culture management. These findings provide an important knowledge base to assess
the complexity and sustainability of the laurel sector in Turkey [74-84]. Some studies have
shown that non-wood forest products are both economically and ecologically important.
In these studies, it has been emphasized that with climate change, NWFPs will gain more
place and value in local, regional, national, and international economies. In addition, it
has been stated that environmentally sensitive groups prefer ecological products, and
certification studies for NWFP plants have gained importance [112-114].
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4.5. Comparison to Other MCDM Studies

Within the scope of the research, a hybrid MCDM approach such as SWOT-Fuzzy
PIPRECIA-TOWS was applied, and the opinions of decision makers were analyzed. F-
PIPRECIA is a suitable method for the selection of SWOT criteria in decision making
problems. In fact, SWOT criteria can be prioritized using AHP only. However, since
eight criteria are considered under each SWOT factor in this research, it is not easy to
compare 32 criteria one by one using AHP. When seven or more criteria are compared,
AHP consistency ratios are usually not at the desired levels. Therefore, AHP alone remains
an inadequate solution for problems involving seven or more variables [39,99].

The reason for applying the PIPRECIA method for determining the weights is that
it is simple and convenient to use when there are many decision makers in a complex
evaluation process. The advantage of the PIPRECIA method over the widely used AHP
method is reflected in a simpler calculation procedure that does not reduce the reliability
and relevance of the results. Also, the process of evaluating responses from respondents
who are not familiar with MCDM methods and the process of evaluating weights using
the PIPRECIA method are much more understandable to respondents, in contrast to the
AHP method. Comparing the PIPRECIA method with the SWARA method (from which
PIPRECIA was developed), it can be concluded that it has certain advantages. In particular,
the SWARA method requires the ranking of evaluation criteria according to their intended
importance, which complicates its application in group decision-making situations. In
such cases, the ranking method should be preferred to comparisons in determining criteria
weights. For this purpose, methods such as PIPRECIA, SWARA, TOPSIS, and VIKOR are
preferred over AHP [39,99,126]. Stanujkic et al. (2017) [97].

Introduced as an extension of the SWARA method proposed by Kersuliene et al.
(2010) [127], the PIPRECIA method offers significant advantages, especially its applicability
in group decision-making processes [39]. This method can be used as an important tool for
MCDM. Stevi¢ et al. (2018) [39] determined weights using fuzzy PIPRECIA in combination
with SWOT analysis to determine the conditions for the implementation of barcode technol-
ogy. Similarly, Blagojevic et al. (2020) [128] used the fuzzy PIPRECIA method to calculate
the weights of subjective criteria in the assessment of railway safety and complemented
their methodology with DEA and Entropy. Dali¢ et al. (2020) [99] used the same fuzzy
method to determine the weights of green supplier selection criteria.

4.6. Limitations and Future Improvements

In this study, only the views of experts in the field were considered in developing a
strategy for laurel harvesting, and the views of local people were not included. Likewise,
including the views of local people in laurel harvesting efforts is not an easy task, especially
when they have little technical expertise or experience. In fact, a more formal way to
encourage local participation would be to provide them with the opportunity to acquire
some knowledge and skills through non-professional training workshops and exercises.
Such training could introduce them to ecological field techniques, mapping, regeneration,
yield, and harvesting [129].

On the other hand, in this study, findings were obtained on laurel harvesting in the
Bartin region, which is in the north of Turkey. Moreover, in obtaining these findings,
32 SWOT sub-criteria were taken into consideration depending on the DMs’ preferences.
Therefore, in the empirical approach to calculations, inferences for strategies were devel-
oped based on limited data. In future research, the number of DMs should be revised, and
region-specific SWOT sub-criteria should be considered in the application of the hybrid
approach in various regions of Turkey and even the world.

On the other hand, in this study, findings on laurel harvesting in Bartin region in
the north of Turkey were obtained. In addition, 32 SWOT sub-criteria were taken into
account in obtaining these findings depending on the preferences of DMs. Therefore, in
the empirical calculations, inferences for strategies were developed based on limited data.
In future research, the number of DMs should be reviewed and region-specific SWOT
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sub-criteria should be taken into account when applying the hybrid approach in various
regions of Turkey and even the world.

Translated with www.DeepL.com/Translator (free version)

The SWOT-Fuzzy PIPRECIA-TOWS hybrid approach stands out as a suitable tool for
selecting strategies for laurel harvesting or addressing other multi-criteria decision-making
challenges. However, this approach comes with some limitations and disadvantages, as
described below. In this approach, DMs are asked to make an assessment based only on
the criteria identified in this context. The DM must indicate the relative importance of one
criterion over another or prefer one alternative to another. However, as the number of
alternatives and criteria increases, the pairwise comparison process becomes complex, and
the risk of inconsistency arises. For example, there are 8 criteria under the SWOT factor
and 32 criteria in total. As the number of criteria under each SWOT factor increases, the
ranking process becomes more difficult. For this reason, the Fuzzy PIPRECIA method
was preferred in this study instead of AHP or PIPRECIA because it gives more accurate
results. In addition, TOWS matrix calculations for prioritization of strategies were also
performed with F-PIPRECIA. F-PIPRECIA is seen as one of the most reliable methods in
terms of consistency. Therefore, instead of using a single method, there is a need for fuzzy
hybrid approaches where more than one method is evaluated together. In this context,
many fuzzy MCDM methods such as fuzzy AHP, fuzzy ANP, fuzzy TOPSIS, fuzzy TODIM,
fuzzy EDAS, and fuzzy VIKOR are suitable for use with both SWOT and TOWS [99-101].

5. Conclusions

Over the last few decades, Turkey’s forests have been providing a broad and mul-
tifaceted portfolio of ecosystem services, ranging from supply services such as wood,
lignocellulosic biomass, and non-wood products, to regulatory services such as soil erosion
prevention, and cultural and non-material services such as recreation, mental health and
cultural identity. All these forest services will play an important role in the bioeconomy.
In this study, the ecological, economic, and social characteristics of laurel harvesting in
the Bartin region of northern Turkey are considered in the context of forest-based bioecon-
omy. In this way, the current situation of laurel harvesting was analyzed as a whole, and
strategies were developed and prioritized.

This study assessed the effectiveness of a hybrid framework for prioritizing manage-
ment strategies for laurel harvesting to enhance the forest-based bioeconomy. The research
revealed that the strategic management of laurel harvesting in Turkey plays a critical role in
achieving sustainable development goals. With the hybrid framework, strategic priorities
were identified to maximize economic returns while ensuring sustainable management
of laurel resources in the Bartin region. If implemented, the “Maxi 52 x Maxi O1” and
“Maxi S2 x Maxi O2” strategies, which are highlighted as high priority by DMs within
the scope of this study, will make significant contributions to the development of the
forest-based bioeconomy, increasing investments in laurel harvesting, maintaining Turkey’s
superiority in laurel trade, enhancing the economic welfare of local people through laurel
harvesting, and providing protection of biodiversity. Therefore, this study emphasizes
that the direct contribution of laurel harvest to local economies and the sustainable use of
natural resources support rural development. The hybrid framework presents comprehen-
sive management strategies that consider economic, environmental, and social dimensions.
These strategies include key measures such as the implementation of controlled harvesting
methods in sensitive areas, awareness raisingm and capacity building of local communities
to minimize the impacts of laurel harvesting on the ecosystem. On the other hand, taking
DMs’ views into account in developing strategies for the NWFPs provides a solid basis for
partnership development, launching new operations, and conflict resolution. This process
should be considered as a mechanism that promotes benefit sharing, improves people’s
socio-economic lives, and provides opportunities for accountability for sustainable and
acceptable rural development in the long term.
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Multi-criteria decision-making approaches, especially hybrid methods such as SWOT-
Fuzzy PIPRECIA-TOWS, are recognized as appropriate methods for prioritizing manage-
ment strategies for laurel harvesting to enhance the forest-based bioeconomy. The CWSP
framework developed in this study contributed to rational decision making in the MCDM
process. On the other hand, this framework effectively reflects the experience of DMs. The
weighting of SWOT criteria and prioritization of management strategies were carried out
to enhance the bioeconomic-based economy in the region.

For further research, the use and development of analytical methodologies such as the CWSP
framework integrated into decision support systems will provide the following advantages:

e The developed CWSP framework can be easily applied to the development and

prioritization of other NWFP management strategies.
The preferences of DMs will be seamlessly integrated into the hybrid MCDM approach.
The mathematical operations within the CWSP framework will be designed in a
hierarchical structure to provide a better understanding of the various features. This
structure will enable easier prioritization of strategies to be developed for bioeconomic
products and support comprehensive and accurate decision making in the CWSP
process. Furthermore, the findings will be supported by sensitivity analysis.

e  Strategy results will be presented to all stakeholders in an understandable algorithm,
the data used in the CWSP framework will be accessible, and the analyses and calcula-
tions will be open to audit.

e In this study, it is emphasized that, with climate change, NWFPs will gain more place
and value in local, regional, national, and international economies. Bioeconomy can
manifest in different ways in each region. Further research should consider innovative
combinations of biotechnological approaches, bi-mass processing capacities, and agro-
ecological developments when developing strategies for bioeconomic products. These
strategies should include local supply chains. Strategies should focus on forestland
goods and services rather than traditional forestry. In forest-based bioeconomic prod-
uct studies to be carried out at the regional scale, it is necessary to create industrial
ecosystems and establish appropriate economic scales. In every regional bioecological
product strategy development study, existing natural resources should be utilized in
the best way, regional competitive advantages should be evaluated, and international
policies and social preferences should be considered. In addition, such studies should
address the profound social and economic transformations triggered by urbanization
and the shift of the economy towards the service sector. In these transformations, the
center of gravity of strategies should be linked to shifts from rural to urban areas and
from goods to products and services. Regional-based bioeconomy strategies should
be consistent with existing policies. In this way, future studies will be able to relate
more concretely to the next generation of rural development plans and regional smart
specialization strategies.

In conclusion, sustainable management of forest-based bioeconomic activities such
as laurel harvesting can contribute significantly to both the conservation of ecosystem
services and the promotion of rural development. In this context, this study provides
valuable guidance for policy makers and practitioners in Turkey. The proposed strategies
for the sustainable management of laurel harvesting consider the objectives of biodiversity
and ecosystem services conservation while enhancing local community participation and
benefits. This study provides an important reference source for the further research of
bioeconomy strategies (52 x O1 and S2 x O2) for different NWFPs and offers important
insights into how focus activities such as laurel harvesting can be considered within a
broader sustainable development framework around the world. These results can form
the basis for broader research and policy development on the feasibility and impact of
sustainable bioeconomy strategies.
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Abbreviations

The following abbreviations are used in this manuscript:

CWSP Criteria Weighting and Strategy Prioritization

MCDM Multi-Criteria Decision Making

DMs Decision Makers

PIPRECIA Pivot Pairwise Relative Criteria Importance Assessment

F-PIPRECIA  Fuzzy PIPRECIA
PIPRECIA-I  PIPRECIA Inverse

SCC Spearman’s rank correlation coefficient
PCC Pearson correlation coefficients
Appendix A

Table Al. Assessment of the main criteria of SWOT by ten DMs for the fuzzy PIPRECIA.

PIPR. C1 Cc2 C3 C4
DM1 0.667 1.000 1.000 0.400 0.500 0.667 0.222 0.250 0.286
DM2 0.400 0.500 0.667 0.333 0.400 0.500 0.222 0.250 0.286
DM3 0.667 1.000 1.000 0.333 0.400 0.500 0.222 0.250 0.286
DM4 0.667 1.000 1.000 0.333 0.400 0.500 0.400 0.500 0.667
DM5 0.667 1.000 1.000 0.333 0.400 0.500 0.222 0.250 0.286
DM6 0.400 0.500 0.667 0.400 0.500 0.667 0.222 0.250 0.286
DM7 0.400 0.500 0.667 0.333 0.400 0.500 0.222 0.250 0.286
DMS8 0.400 0.500 0.667 0.333 0.400 0.500 0.222 0.250 0.286
DM9 0.667 1.000 1.000 0.333 0.400 0.500 0.400 0.500 0.667
DM10 0.400 0.500 0.667 0.400 0.500 0.667 0.222 0.250 0.286
GM 0.534 0.750 0.834 0.353 0.430 0.550 0.258 0.300 0.362

Table A2. Assessment of the main criteria of SWOT by ten DMs for the Inverse fuzzy PIPRECIA.

PIPR.-I C4 C3 C2 c1

DM1 1.000 1.000 1.050 1.200 1.300 1.350 1.200 1.300 1.350
DM2 1.000 1.000 1.050 1.100 1.150 1.200 1.200 1.300 1.350
DM3 1.000 1.000 1.050 1.200 1.300 1.350 1.300 1.450 1.500
DM4 1.100 1.150 1.200 1.300 1.450 1.500 1.500 1.750 1.800
DM5 1.100 1.150 1.200 1.100 1.150 1.200 1.200 1.300 1.350
DM6 1.100 1.150 1.200 1.100 1.150 1.200 1.300 1.450 1.500
DM7 1.200 1.300 1.350 1.300 1.450 1.500 1.200 1.300 1.350
DMS8 1.000 1.000 1.050 1.300 1.450 1.500 1.200 1.300 1.350
DM9 1.000 1.000 1.050 1.100 1.150 1.200 1.300 1.450 1.500
DM10 1.000 1.000 1.050 1.100 1.150 1.200 1.300 1.450 1.500

GM 1.050 1.075 1.125 1.180 1.270 1.320 1.270 1.405 1.455

Table A3. Assessment of the Strength Sub-criteria by DMs (F PIPRECIA- Inv. F PIPRECIA).

PIPR. C1 C2 C3 C4 C5 Cé6 Cc7 C8

DM1 1.000 1.000 1.050 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333
DM2 1.000 1.000 1.050 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333
DM3 1.000 1.000 1.050 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333
DM4 1.000 1.000 1.050 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333
DM5 1.000 1.000 1.050 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333
DMé6 1.000 1.000 1.050 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333
DM7 1.000 1.000 1.050 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333
DMS8 1.000 1.000 1.050 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333
DM9 1.000 1.000 1.050 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333
DM10 1.000 1.000 1.050 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333

GM 1.000 1.000 1.050 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333
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Table A3. Cont.
PIPR. c1 c2 C3 C4 C5 C6 c7 c8
PIPR-I  C8 c7 Co6 C5 Ca C3 Cc2 c1
DM1 1.000 1.000 1.050 1.100 1.150 1.200 1.200 1.300 1.350 1.300 1.450 1.500 1.400 1.600 1.650 1.500 1.750 1.800 0.500 0.667 1.000
DM2 1.000 1.000 1.050 1.100 1.150 1.200 1.200 1.300 1.350 1.300 1.450 1.500 1.300 1.450 1.500 1.500 1.750 1.800 0.500 0.667 1.000
DM3 1.000 1.000 1.050 1.100 1.150 1.200 1.200 1.300 1.350 1.300 1.450 1.500 1.400 1.600 1.650 1.500 1.750 1.800 0.667 1.000 1.000
DM4 1.100 1.150 1.200 1.100 1.150 1.200 1.200 1.300 1.350 1.200 1.300 1.350 1.300 1.450 1.500 1.400 1.600 1.650 0.667 1.000 1.000
DM5 1.100 1.150 1.200 1.000 1.000 1.050 1.200 1.300 1.350 1.200 1.300 1.350 1.300 1.450 1.500 1.500 1.750 1.800 0.667 1.000 1.000
DM6 1.100 1.150 1.200 1.000 1.000 1.050 1.100 1.150 1.200 1.300 1.450 1.500 1.400 1.600 1.650 1.500 1.750 1.800 0.667 1.000 1.000
DM7 1.000 1.000 1.050 1.000 1.000 1.050 1.100 1.150 1.200 1.300 1.450 1.500 1.400 1.600 1.650 1.500 1.750 1.800 0.667 1.000 1.000
DM8 1.000 1.000 1.050 1.200 1.300 1350 1.100 1.150 1.200 1.300 1.450 1.500 1.400 1.600 1.650 1.500 1.750 1.800 0.500 0.667 1.000
DM9 1.000 1.000 1.050 1.100 1.150 1.200 1.200 1.300 1.350 1.200 1.300 1.350 1.400 1.600 1.650 1.500 1.750 1.800 0.500 0.667 1.000
DM10 1.000 1.000 1.050 1.100 1.150 1.200 1.200 1.300 1.350 1.300 1.450 1.500 1.400 1.600 1.650 1.400 1.600 1.650 0.667 1.000 1.000
GM 1.030 1.045 1.095 1.080 1.120 1.170 1.170 1.255 1.305 1.270 1405 1.455 1.370 1.555 1.605 1.480 1.720 1.770 0.600 0.867 1.000
Table A4. Calculation and results of the Strength Sub-criteria (F PIPRECIA- Inv. F PIPRECIA).
C1 1.000  1.000  1.000 1.000 1.000 1.000 0.255 0206 0.167  0.207
C2 1.000  1.000 1.050  1.000  1.000  0.950 1.000 1.000 1.053 0.255 0206 0175  0.209
C3 0.667  1.000 1.000 1.333 1.000 1.000 0.750 1.000 1.053 0.191 0206 0.175 0.198
C4 0500 0.667 1.000 1500 1333 1.000 0500 0.750 1.053 0.128 0.154 0.175 0.153
C5 0400 0500 0.667 1600 1500 1.333 0313 0500 0.790 0.080 0.103 0.132 0.104
Cé6 0333 0400 0500 1.667 1600 1500 0.188 0313 0526 0.048 0.064 0.088  0.065
Cc7 028 0333 0400 1714 1667 1.600 0.109 0.188 0.329 0.028 0.039 0.055 0.040
C8 0250 028 0333 1750 1714 1667 0.063 0109 0.197 0.016 0.023 0.033 0.023
SUM 3922 4860  6.000
4 4 4 4
C1 0.600 0867 1.000 1400 1133 1.000 4.033 19.011 49335 0.213 0.351 0410 0.338
C2 1480  1.720 1.770 0520 0280 0.230 5645 21544 49335 0298 0.398 0410 0.383
C3 1370  1.555 1.605 0.630 0445 0395 2936 6.032 11.347 0.155 0.111 0.094 0.116
C4 1270 1405 1455 0730 0595  0.545 1.849 2.684 4482 0.098 0.050 0.037  0.056
C5 1170  1.255 1.305 0.830 0745 0.695 1.350  1.597 2443  0.071 0.030  0.020  0.035
Co6 1.080  1.120 1170 0920 0.880  0.830 1.121 1190 1.331 0.059  0.022 0.011 0.026
c7 1.030  1.045 1.095 0970 0955  0.905 1.031 1.047 1105 0.054 0.019 0.009 0.023
C8 1.000  1.000  1.000 1.000 1.000 1.000 0.053 0.018 0.008 0.022
SUM 18.965 54.106 120.378
Table A5. Assessment of the Weakness Sub-criteria by DMs (F PIPRECIA- Inv. F PIPRECIA).
PIPR. c1 c2 C3 C4 C5 C6 c7 c8
DM1 1.200 1.300 1.350 0.222 0.250 0.286 0.222 0.222 0.222 1.200 1.300 1.350 0.222 0.250 0.286 0.667 1.000 1.000 0.667 1.000 1.000
DM2 1.100 1.150 1.200 0.222 0.250 0.286 0.222 0.250 0.286 1.100 1.150 1.200 0.222 0.250 0.286 0.667 1.000 1.000 0.667 1.000 1.000
DM3 1.200 1.300 1.350 0.250 0.286 0.333 0.250 0.286 0.333 1.200 1.300 1.350 0.250 0.286 0.333 0.667 1.000 1.000 0.667 1.000 1.000
DM4 1200 1.300 1350 0222 0250 0286 0222 0250 0286 1.200 1.300 1.350 0.222 0.250 0.286 0.667 1.000 1.000 0.667 1.000 1.000
DM5 1.100 1.150 1.200 0.250 0.286 0.333 0.222 0.250 0.286 1.100 1.150 1.200 0.250 0.286 0.333 0.667 1.000 1.000 1.200 1.300 1.350
DM6 1.200 1.300 1.350 0.222 0.250 0.286 0.250 0.286 0.333 1.200 1.300 1.350 0.222 0.250 0.286 0.667 1.000 1.000 1.100 1.150 1.200
DM7 1.200 1.300 1.350 0.222 0.250 0.286 0.222 0.250 0.286 1.200 1.300 1.350 0.222 0.250 0.286 0.667 1.000 1.000 1.200 1.300 1.350
DMS8 1.100 1.150 1.200 0.250 0.286 0.333 0.250 0.286 0.333 1.100 1.150 1.200 0.250 0.286 0.333 0.667 1.000 1.000 1.200 1.300 1.350
DM9 1200 1.300 1.350 0250 0286 0333 0250 0286 0333 1.100 1.150 1.200 0.250 0.286 0.333 0.667 1.000 1.000 0.667 1.000 1.000
DM10 1.100 1.150 1.200 0.250 0.286 0.333 0.250 0.286 0.333 1.100 1.150 1.200 0.250 0.286 0.333 0.667 1.000 1.000 0.667 1.000 1.000
GM 1.160 1.240 1.290 0.236 0.268 0.310 0.236 0.265 0.303 1.150 1.225 1.275 0.236 0.268 0.310 0.667 1.000 1.000 0.870 1.105 1.125
PIPR-I  C8 c7 C6 (¢] C4 C3 c2 c1
DM1 0.667 1.000 1.000 1.200 1.300 1.350 1.450 1.500 0.667 1.300 1450 1.500 0.333 0400 0.500 1300 1.450 1500 0.500 0.667 1.000
DM2 0.667 1.000 1.000 1.200 1.300 1.350 1.450 1.500 0.667 1.200 1.300 1.350 1400 1.600 1.650 1.200 1300 1350 0.667 1.000 1.000
DM3 0.667 1.000 1.000 1.200 1.300 1.350 0.333 0.400 0.500 0.333 0.400 0.500 1.400 1.600 1.650 1.400 1.600 1.650 0.667 1.000 1.000
DM4 0.667 1.000 1.000 1.200 1.300 1.350 1.450 1.500 0.667 0.333 0.400 0.500 0.222 0.250 0.286 1.200 1.300 1.350 0.667 1.000 1.000
DM5 0.667 1.000 1.000 1.200 1.300 1.350 1.450 1.500 0.667 0.333 0.400 0.500 1.400 1.600 1.650 1.200 1.300 1.350 0.667 1.000 1.000
DMé6 0.667 1.000 1.000 1.200 1.300 1.350 1.450 1.500 0.667 1.400 1.600 1.650 1400 1.600 1.650 0.667 1.000 1.000 0.667 1.000 1.000
DM7 0.667 1.000 1.000 1.200 1.300 1.350 1.450 1.500 0.667 1.300 1450 1.500 1400 1.600 1.650 0.500 0.667 1.000 0.500 0.667 1.000
DM8 0.667 1.000 1.000 1.200 1.300 1.350 0.400 0.500 0.667 0.333 0.400 0.500 1.400 1.600 1.650 0.667 1.000 1.000 0.667 1.000 1.000
DM9 0.667 1.000 1.000 1.200 1.300 1.350 1.450 1.500 0.667 0.333 0.400 0.500 1.400 1.600 1.650 0.667 1.000 1.000 0.667 1.000 1.000
DM10 0.667 1.000 1.000 1.200 1.300 1.350 0.400 0.500 0.667 1.300 1.450 1.500 1.400 1.600 1.650 0.667 1.000 1.000 0.667 1.000 1.000
GM 0.667 1.000 1.000 1.200 1.300 1.350 1.128 1.190 0.650 0.817 0925 1.000 1.176 1345 1399 0947 1.162 1220 0.634 0.933 1.000
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Table A6. Calculation and results of the Weakness Sub-criteria (F PIPRECIA- Inv. F PIPRECIA).

C1 1.000 1.000  1.000 1.000 1.000 1.000 0232 0196 0.176  0.199
c2 1160 1240 1290 0840 0760 0710 1190 1316 1408 0276 0258 0248  0.260
C3 0236 0268 0310 1764 1732 1691 0675 0760 0.833 0.156 0.149 0.147 0.150
C4 0236 0265 0303 1764 1735 1.697 0383 0438 0491 0.08 008  0.087  0.087
C5 1150 1225 1275 0850 0775 0725 0450 0565 0.677 0.104 0.111 0119 0.111
Cé6 0236 0268 0310 1764 1732 1.691 0255 0326 0401 0.059 0064 0071 0.064
Cc7 0.667 1.000 1.000 1333 1.000 1.000 0191 0326 0401 0.044 0064 0071  0.062
C8 0870 1105 1125 1.130 0.895 0.875 0169 0365 0458 0.039 0.072 0.081  0.068
SUM 4314 509 5669 1.000 1.000 1.000  1.000
PIPR.-1 s;” Ky q; w;’ DF
C1 0.634 0933 1.000 1366 1.067 1.000 0766 2801 3280 0.01 018 0208 0.175
2 0947 1162 1220 1053 0838 0780 1.047 2988 3280 0.138 0.198 0208 0.189
C3 1176 1345 1399 0825 0.655 0.601 1102 2505 2558 0.145 0.166 0.163  0.162
C4 0.817 0925 1.000 1184 1.075 1.000 0909 1.641 1538 0120 0.108 0.098  0.109
(€5 1128 1190 0650 0872 0810 1350 1.076 1764 1538 0142 0117 0.098 0.118
C6 1200 1300 1350 0.800 0.700 0.650 0938 1429 1538 0.124 0.094 0.098 0.100
Cc7 0.667 1.000 1.000 1333 1.000 1.000 0750 1.000 1.000 0.099 0.066 0.064 0.071
C8 1.000 1.000  1.000 1.000 1.000 1.000 0.132 0.066 0.064 0.077
SUM 7.588 15127 15.733
Table A7. Assessment of the Opportunity Sub-criteria by DMs (F PIPRECIA- Inv. F PIPRECIA).
PIPR  C1 2 C3 c4 Cs C6 c7 cs
DM1 0.667 1.000 1.000 0500 0.667 1.000 0400 0500 0.667 0333 0400 0500 0286 0333 0.400 0.250 0.286 0.333 1.000 1.000 1.050
DM2 0.667 1.000 1.000 0500 0.667 1.000 0400 0500 0.667 0.333 0400 0500 0286 0333 0.400 0.250 0.286 0.333 1.000 1.000 1.050
DM3 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333 1.000 1.000 1.050
DM4 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333 1.000 1.000 1.050
DM5 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333 1.000 1.000 1.050
DM6 0.667 1.000 1.000 0500 0.667 1.000 0400 0500 0.667 0.333 0400 0500 0286 0333 0.400 0.250 0.286 0.333 1.000 1.000 1.050
DM7 0.667 1.000 1.000 0500 0.667 1.000 0400 0500 0.667 0.333 0400 0500 0286 0333 0.400 0.250 0.286 0.333 1.000 1.000 1.050
DMS8 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333 1.000 1.000 1.050
DM9 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333 1.000 1.000 1.050
DM10 0.667 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.333 0.400 0.500 0.286 0.333 0.400 0.250 0.286 0.333 1.000 1.000 1.050
GM 0.667 1.000 1.000 0500 0.667 1.000 0400 0500 0.667 0.333 0400 0500 0286 0333 0.400 0.250 0.286 0.333 1.000 1.000 1.050
PIPR-I  C8 c7 Cé Cs c4 a3 C2 c1
DM1 0.667 1.000 1.000 1.100 1.150 1.200 1.100 1.150 1.200 1.200 1.300 1.350 1.300 1.450 1.500 1.400 1.600 1.650 0.667 1.000 1.000
DM2 0.667 1.000 1.000 1.100 1.150 1.200 1.100 1.150 1.200 1.200 1.300 1.350 1.300 1.450 1.500 1.400 1.600 1.650 0.667 1.000 1.000
DM3 0.667 1.000 1.000 1.100 1.150 1.200 1.100 1.300 1.450 1.500 1.300 1.350 1.300 1.450 1.500 1.300 1.450 1.500 0.667 1.000 1.000
DM4 0.667 1.000 1.000 1200 1.300 1350 1.100 1.150 1.200 1.200 1.300 1.350 1.300 1450 1.500 1.100 1.150 1.200 0.667 1.000 1.000
DM5 0.667 1.000 1.000 1.300 1.450 1.500 1.100 1.150 1.200 1.200 1.300 1.350 1.300 1.450 1.500 1.400 1.600 1.650 0.667 1.000 1.000
DMé6 0.667 1.000 1.000 1.100 1.150 1.200 1.200 1.300 1.350 1.200 1.300 1.350 1.100 1.150 1.200 1.400 1.600 1.650 0.667 1.000 1.000
DM7 0.667 1.000 1.000 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 1.300 1.450 1.500 1.400 1.600 1.650 0.667 1.000 1.000
DM8 0.667 1.000 1.000 1200 1.300 1.350 1.100 1.150 1.200 1.200 1.300 1.350 1.300 1450 1.500 1400 1.600 1.650 0.667 1.000 1.000
DM9 0.667 1.000 1.000 1.100 1150 1200 1.100 1.150 1.200 1.200 1.300 1.350 1.300 1450 1.500 1400 1.600 1.650 0.667 1.000 1.000
DM10 0.667 1.000 1.000 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 1.300 1.450 1.500 1.400 1.600 1.650 0.667 1.000 1.000
GM 0.667 1.000 1.000 1.140 1210 1260 1.110 1180 1.240 1.210 1270 1.320 1.280 1420 1.470 1.360 1.540 1.590 0.667 1.000 1.000
Table A8. Calculation and results of the Opportunity Sub-criteria (F PIPRECIA- Inv. F PIPRECIA).
C1 1.000 1.000  1.000 1.000 1.000 1.000 0335 0252 0202 0257
2 0.667 1.000 1.000 1333 1.000 1.000 0750 1.000 1.000 0251 0252 0202 0.244
C3 0500 0.667 1.000 1500 1.333 1.000 0500 0.750 1.000 0.168 0.18 0202  0.188
C4 0.400 0500 0.667 1600 1.500 1333 0313 0500 0750 0.105 0.126 0152  0.127
(€5 0.333 0400 0500 1667 1.600 1500 0.188 0.313 0500 0.063 0079 0101  0.080
C6 0286 0333 0400 1714 1667 1.600 0.109 0.8 0313 0.037 0.047 0.063 0.048
Cc7 0250 0286 0333 1750 1714 1.667 0.063 0109 0.188 0.021 0.028 0.038  0.028
C8 1.000 1.000 1.050 1.000 1.000 0950 0.063 0.109 0197 0.021 0.028 0.040 0.029

SUM 2.985 3969  4.948
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Table A8. Cont.

PIPR.-I s’ ki’ a; wj’ DF
c1 0667 1000 1000 1333 1000 1000 2020 7926 13449 0179 0300 0331  0.285
c2 1360 1540 1590 0640 0460 0410 2692 7926 13449 0239 0300 0331  0.295
c3 1280 1420 1470 0720 0580 0530 1723 3.646 5514 0153 0138 0136  0.140
C4 1210 1270 1320 090 0730 0.680 1241 2115 2922 0110 0080 0072  0.084
c5 1110 1180 1240 0890 0.820 0760 0980 1544 1987 0087 0058 0049  0.062
cé6 1140 1210 1260 0860 0790 0740 0.872 1266 1351 0077 0048 0033  0.050
c7 0667 1.000 1.000 1333 1.000 1000 0750 1000 1.000 0.067 0038 0.025  0.040
c8 1000 1.000 1.000 1.000 1000 1.000 0.089 0038 0025  0.044

SUM 11279 26422  40.673

Table A9. Assessment of the Threat Sub-criteria by DMs (F PIPRECIA- Inv. F PIPRECIA).

PIPR C1 C2 C3 C4 C5 Cé C7 C8

DM1 1.000 1.000 1.050 1.000 1.000 1.050 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DM2 1.000 1.000 1.050 1.000 1.000 1.050 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DM3 1.000 1.000 1.050 1.000 1.000 1.050 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DM4 1.000 1.000 1.050 1.000 1.000 1.050 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DM5 1.000 1.000 1.050 1.000 1.000 1.050 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DMé6 1.000 1.000 1.050 1.000 1.000 1.050 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DM7 1.000 1.000 1.050 1.000 1.000 1.050 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DMS8 1.000 1.000 1.050 1.000 1.000 1.050 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DM9 1.000 1.000 1.050 1.000 1.000 1.050 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000

DM10 1.000 1.000 1.050 1.000 1.000 1.050 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
GM 1.000 1.000 1.050 1.000 1.000 1.050 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000

PIPR.-1 C8 Cc7 Cé6 C5 C4 C3 C2 C1

DM1 1.000 1.000 1.050 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 0.667 1.000 1.000 1.000 1.000 1.050 0.667 1.000 1.000
DM2 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 1.000 1.000 1.050 0.667 1.000 1.000 0.667 1.000 1.000
DM3 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DM4 1.100 1.150 1.200 1.000 1.000 1.050 1.100 1.150 1.200 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DM5 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 0.667 1.000 1.000 0.667 1.000 1.000 1.000 1.000 1.050
DMé6 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DM7 1.100 1.150 1.200 1.100 1.150 1.200 1.000 1.000 1.050 1.100 1.150 1.200 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DMS8 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
DM9 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1200 1.100 1.150 1.200 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000

DM10 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 0.667 1.000 1.000 0.667 1.000 1.000 0.667 1.000 1.000
GM 1.090 1.135 1.185 1.090 1.135 1.185 1.090 1.135 1.185 1.013 1.120 1.160 0.700 1.000 1.005 0.700 1.000 1.005 0.700 1.000 1.005

Table A10. Calculation and results of the Threat Sub-criteria (F PIPRECIA- Inv. F PIPRECIA).

c1 1000 1.000 1000 1.000 1000 1.000 0165 0125 0111  0.129
2 1000  1.000 1050 1000 1000 0950 1000 1000 1053 0165 0125 0117 0.130
c3 1000  1.000 1050 1.000 1000 0950 1.000 1.000 1108 0165 0125 0123 0.131
C4 1000  1.000 1050 1.000 1.000 0950 1.000 1.000 1166 0165 0125 0130 0.132
c5 0.667 1.000 1.000 1333 1000 1000 0750 1.000 1166 0124 0125 0130 0.126
Cé6 0667 1000 1.000 1333 1.000 1.000 0563 1000 1166 0.093 0125 0130 0.120
c7 0667 1000 1.000 1333 1000 1000 0422 1000 1166 0070 0125 0130 0.117
c8 0.667 1.000 1000 1333 1000 1.000 0317 1.000 1166 0052 0125 0130 0.114

SUM 6052 8000 8992

PIPR.-T s’ ki’ a;’ wj’ i

c1 0700 1000 1.005 1300 1000 0995 0613 1756 2166 0073 0146 0153 0.135
&) 0700 1.000 1.005 1300 1.000 0995 0796 1756 2155 0.095 0146 0.153  0.138
c3 0700 1000 1005 1300 1.000 0995 1.035 1756 2144 0123 0146 0152 0.143
c4 1013 1120 1160 0987 0880 0840 1345 1756 2134 0160 0146 0151  0.149
c5 1090 1135 1185 0910 0865 0815 1327 1545 1792 0158 0128 0127  0.133
Cé6 1090 1135 1185 0910 0865 0815 1208 133 1506 0143 0111 0107 0.116
c7 1090 1135 1185 0910 0865 0815 1099 1156 1227 0130 009 0087  0.100
cs 1000  1.000 1000 1.000 1000 1.000 0119 0083 0071  0.087

SUM 8422 12061 14124 1000 1.000 1.000  1.000

Source: the authors.
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Table A11. Top 10 TOWS Strategies for laurel harvesting (Total Weight > 0.05).

Internal Factors External Factors Alternatives
Strength Weight Opportuni Weight .. Total Weight Strate .

& Wealf’ness (WH%;T) gszhreatty (WE;g(T) Combination (TW) ® Ranlg Y Described
S2 0.296 01 0.271 S2 x O1 0.08 1 Strategy-1
S2 0.296 02 0.269 S2 x 02 0.08 2 Strategy-2
S1 0.273 01 0.271 S1 x O1 0.07 3 Strategy-3
S1 0.273 02 0.269 S1 x O2 0.07 4 Strategy-4
W2 0.224 01 0.271 W2 x O1 0.06 5 Strategy-5
W2 0.224 02 0.269 W2 x O2 0.06 6 Strategy-6
W1 0.187 01 0.271 W1 x O1 0.05 7 Strategy-7
W1 0.187 02 0.269 W1 x O2 0.05 8 Strategy-8
S2 0.296 03 0.164 S2 x O3 0.05 9 Strategy-9
S1 0.296 (0) 0.167 S1 x O3 0.05 10 Strategy-10
S2 0.296 01 0.271 S3 x O1 0.04 11 -

S3 0.157 01 0.271 S3 x O2 0.04 12 -
S3 0.157 02 0.269 W3 x O1 0.04 13 -
W3 0.156 01 0.271 W3 x 02 0.04 14 -
W3 0.156 02 0.269 S2 x T4 0.04 15 -
S2 0.296 T4 0.141 S2 x T3 0.04 16 -
S2 0.296 T3 0.137 S2 x T2 0.04 17 -
S2 0.296 T2 0.134 S1 x T4 0.04 18 -
S1 0.296 T4 0.141 S1 x T3 0.04 19 -
S1 0.296 T3 0.137 W2 x O3 0.04 20 -
W2 0.187 (0) 0.167 S1 x T2 0.04 21 -
S1 0.296 T2 0.134 W2 x T4 0.03 22 -
W2 0.224 T4 0.141 W2 x T3 0.03 23 -
W2 0.224 T3 0.137 W1 x O3 0.03 24 -
W1 0.187 (0) 0.167 W2 x T2 0.03 25 -
W2 0.224 T2 0.134 W1 x T4 0.03 26 -
W1 0.187 T4 0.141 S3 x O3 0.03 27 -
S3 0.157 (0) 0.167 W1 x T3 0.03 28 -
W1 0.187 T3 0.137 W3 x O3 0.03 29 -
W3 0.156 03 0.167 W1 x T2 0.03 30 -
W1 0.187 T2 0.134 S3 x T4 0.02 31 -
S3 0.157 T4 0.141 W3 x T4 0.02 32 -
W3 0.156 T4 0.141 S3 x T3 0.02 33 -
S3 0.157 T3 0.137 W3 x T3 0.02 34 -
W3 0.156 T3 0.137 S3 x T2 0.02 35 -
S3 0.157 T2 0.134 W3 x T2 0.02 36 -

Source: the authors.
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