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Abstract: Forestry and the wood-based sector, including the wood industry, which is an important 

element of economic systems and a source of budget revenues for many countries in the world, 

found itself in the first quarter of 2020 in a situation of a serious threat of a prolonged crisis as a 

consequence of the pandemic. In this perspective, it is necessary to review existing sector strategies 

and look for new solutions to ensure first survival, then functioning and finally development of 

entities forming the wood market. In the scientific research, which is the subject of this work, an 

attempt was made to multi-criteria analysis of the selection of the optimal anti-crisis strategy for 

actors from forestry and the wood-based sector in the face of a pandemic. Preparatory studies were 

conducted on the example of Poland, where both forestry and the wood industry belong to the 

dominant sectors of the economy, conducting them at the turn of March and April 2020. The 

research was referred to the primary wood raw material market in Poland, which is the main link 

in the value chain, created first by the dominant owner: Państwowe Gospodarstwo Leśne “Lasy 

Państwowe” - the “State Forests” National Forest Holding (SFNFH), and then forest service 

entrepreneurs, to entities representing the wood industry. The work uses a concept modified for the 

purposes of the author's research scenario, based on the method of multi-criteria hierarchical 

analysis AHP (Analytic Hierarchy Process). The best possible decision was to be searched that 

would allow the selection of the optimal anti-crisis strategy for enterprises - actors of the sector 

concerned. Based on the collected results and their expert discussion, recommendations for sectoral 

policy for forestry and the wood-based sector were then formulated. The proposed solutions are 

located against the background of a dispute between the concept of institutional intervention and a 

model taking into account the effects of market factors. The work is both cognitive (optimization 

and adaptation of the research method) and practical up-to-date. An accurate development strategy 

for forestry and the wood-based sector is urgently needed and necessary to implement as quickly 

as possible. 

Keywords: forestry; wood-based sector; anti-crisis economic strategy; pandemic crisis; Analytic 

Hierarchy Process; Poland 

 

1. Introduction 
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Perhaps it was necessary to find ourselves in an exceptional situation, previously unprecedented 

on a global scale, to make sure that forests perform in the culture and economy of each state and 

nation specific functions that are integrally connected with each other. These include both natural 

(also called protective or ecological), social (including cultural) and productive (economic) functions. 

Indeed, the share of individual forestry functions in the economy of specific countries may vary. 

However, this does not change the perspective of any wood-based economic activity for which 

consideration of coexistence of economic, ecological and strictly industrial issues seems to be a 

necessity. It is worth noting that the concept of "sustainable development" comes directly from forest 

management. Hans Carl von Carlowitz [1, 2] defined the concept of economic activity in forestry, 

consisting in acquiring the appropriate, i.e. only the amount of industrial wood that can be 

reconstructed by means of natural forest regeneration. The von Carlowitz idea was propagated in 

19th century Europe as Sustained Yield Forestry [3]. Thus, the concept of "sustainable" made an 

extraordinary career, and not only in forestry, becoming the key word in the theory of sustainable 

development [4, 5]. Will the perspective outlined in this way prove sufficient? Maybe it is about more 

than just mathematical "balance"? Critical discussions about the traditional model of the economy are 

underway, waging a classical dispute between the model with a strong institutional profile (Keynes 

model and derivatives) [6, 7, 8, 9, 10] with the classic market model (Friedman model and derivatives) 

[11, 12, 13, 14, 15]. Is there a compromise that could show the way of coexistence, taking into account 

the specific, often very individual development ability of each of the market participants? At the same 

time, one sees the need to search for new development paths, rediscovering the so-called green 

development path [16, 17]. Important questions are posed about the social responsibility of 

subsequent generations, using the resources of the green economy as if on credit. A possible 

dispensation from this human responsibility for constant concern for the state of natural resources, 

including forests [18, 19, 20], and for the quality of life of future generations is no longer acceptable 

today. 

2. Starting Point – Competitive Situation  

In a completely new perspective, in Q1 2020, in view of the various currently identified 

symptoms of crisis crises, the forest-and wood-based sector in Poland was analyzed. They were 

looking for answers to the question of how entities should represent the sector from traditional 

forestry to the timber industry should face the threat of a global crisis. The general unknown is the 

time factor above all. So, the next questions are: how long will the epidemic debt last? how will the 

market change when exposed to irregular and asymmetrical factors? What will be the consequences 

of these changes for wood-based market participants? So what will this new market be like, created 

by foresters, entrepreneurs and users of wood and wood products? Will it be a relationship market 

whose essence is not only the exchange of goods and services, which does not operate "in the 

singular", but operates in the meta-perspective of cooperation and even coopetition? Perhaps such a 

market will best explain not only the law of balance, not anonymity, but personalization, expressed 

by the key word 'we'. 

The starting point for the designed research is the current state and special features of forestry 

and wood-based sector in Poland. The area of forests in Poland in 2018 was 9.46 million ha, which 

represents 30.9% of the total area - in% of forest land in land area. The area of forests per capita is 

0.241 ha (forest area per capita in ha 0.241), respectively. In turn, Poland's forest cover amounted to 

29.6% in the same period (forest cover in%). It is worth noting that in the eighteenth century, forest 

cover (forest cover), in relation to the then historical borders of Poland was almost 40% [21].  

76.9% of the total forest area is managed by the State Forests Board - the "State Forests" National 

Forest Holding (SFNFH). Another 19.3% of the area are private forests, and the remaining 3.8% are, 

among others forests in national parks and ownership of communes. All this proves the significant 

potential of forest management, which places Poland in the 7th place in the European Union. In 

addition, 45.6 million m3 of wood is obtained annually in Poland. At the same time, Polish wood 

resources in 2017 amounted to 2.03 billion m3 of thicknesses, the average volume of 286 m3 of 

thicknesses per 1 ha, and timber harvesting was 73.5% of the annual current increase. Forestry 
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together with the wood industry creates a strong wood-based economy sector. This sector employs 

approximately 350 thousand people, which represents almost 3% of the total employment in the 

whole economy. The wood-based industry, also including related parties, generates over 2.5 percent. 

Poland's GDP and around 11% of value added in manufacturing, with a value approaching up to 

USD 10 billion a year. It consists of, among others, a strong furniture industry, producers of wood-

based panels: chipboard, fiber and others, producers of cellulose and paper [21, 22].  

At the same time, the sector's strength lies in entrepreneurs producing sawn timber, wooden 

floors, pallets, garden architecture, wooden structures, wooden houses and many other wood-based 

products. Poland is the largest EU producer of wooden floors, HDF / MDF boards and garden 

equipment, the fourth furniture manufacturer, the second producer of chipboards, the eighth 

producer of sawn timber. It is worth noting that the majority of sawmill entrepreneurs (elemental 

wood processing) and furniture manufacturers that make up this result belong to the groups of small 

and medium-sized enterprises. Finally, it should be added that the Polish wood industry is almost 

entirely based on domestic timber resources obtained from Polish forests [22].  

 

 

Figure 1. The main segment of the forest-wood value chain. Sub-sector meso-orientation: blue-green-

red, based on the graphic concept proposed by Meskin and Borkowski [23] (p. 30). 

Source: Meskin, A.; Borkowski, P. State Forests in the Baltic Sea Region: Where experience meets 

challenges and future opportunities, In Liuhto, K. (eds.). The forest industry around the Baltic Sea 

region: Future challenges and opportunities, BSR Policy Briefing series, 1, 2020, p. 30, Centrum Balticum 

Foundation [23]. Available online: 

https://www.centrumbalticum.org/files/4638/BSR_Policy_Briefing_2020.pdf, accessed: 21 April 2020. 
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The Polish forestry and wood sector is characterized by a specific market organization. This is a 

typical model for an institutional structure based on a natural monopoly [16, 17]. The wood market 

is complementary economic sectors: forestry and wood industry. The structure of the sector is also 

determined by the market environment: institutional, business, social, demographic and cultural. It 

should be emphasized that mutual relations of wood market participants, especially the wood raw 

material market (primary segment), are only shaped to a small extent by the market mechanism [22]. 

It results both from the ownership structure of Polish forests (dominant state ownership), from real, 

objective barriers to entering the sector, but also from the wood sales model, in which only some 

aspects are subject to market law [23, 24]. However, this does not change the relationship in the forest-

wood value chain, initiated by raw forestry (resource management and protection), then through 

forest services (related primarily to the acquisition of wood raw material and its transport), to 

industrial, commercial processing of wood by the main branches of the wood industry and various 

production and service enterprises based on wood (see Figure 1) [23]. Of course, we are talking only 

about the first (primary) module of the entire chain, which can successfully fit into the circular 

economy model, integrating all stages all together: the blocks of the chain the stronger, the more 

human-oriented, anthropocentric. 

Because the development of the forest-wood sector in Poland, based primarily on the wealth of 

forest resources, is not programmed by the primacy (or dominance) of market competitiveness, space 

for "new" development factors is opening up [25, 26]. This applies in particular to cross-sectoral 

cooperation and coopetition, and even to a kind of "symbiosis" of green economy entities and its 

partners [27, 28]. It should be noted that forestry and the wood industry are an important element of 

economic systems and, as a result, a source of budget revenues for many countries in the world. The 

group of these countries also includes Poland, located in Central Europe, and more broadly in the 

economic zone known as the EMEA Region [29]. 

It would seem that on the example of Poland one can attempt to look for solutions only of a local 

or regional nature. Meanwhile, as noted in the economic literature [30, 31, 32, 33], the use of similarity 

criteria, and thus the extension of observations made, also other economies with a similar structure, or 

at least based on a similar value chain in forestry, provides an opportunity to formulate broader general 

applications [34, 35]. 

Like many industrial sectors, also the wood-based sector found itself in Q1 2020 in a serious threat 

of a prolonged crisis. This threat is not only an obvious consequence of the pandemic state, but also the 

effect of subsequent institutional and market decisions resulting from this state. Only this information 

indicates the need to revise current sector strategies, followed by business models and market structures. 

This revision process requires urgent search for new solutions [36]. Their goal seems to be firstly the 

survival and preservation of the status quo, then at least relatively proper functioning, and finally the 

development of enterprises and all actors involved in the wood market. For these reasons, an attempt 

was made in this study to seek an adequate anti-crisis strategy addressed to various partners from the 

forestry and wood-based sector, in fact participating in this sector, and necessarily operating in the 

realities of numerous restrictions resulting from the epidemic threat. 

3. The Concept, Resources and Research Methods 

3.1. The Concept of Research 

Uncertainty, as a category characterizing decision-making situations, is a common phenomenon 

in economic policy. In addition, in relation to the wood-based sector, it is characterized by a relatively 

high level of complexity, typical of systems based on natural management [37]. In the face of 

uncertainty, the decision-maker can take the following attitudes: 

- intuitive: making decisions based on intuition, 

- experimental: deciding based on measurement, experiment or modeling, using the available 

tools of the scientific workshop, including game theory (for example, strategic games, when there are 

more decision-makers in a decision-making situation who influence the final result), or theories of 
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making decisions in conditions of uncertainty (especially in a situation where the effects of decisions 

and actions taken as a result of them are decided by nature - the so-called play with nature), 

- active: attempting to reduce uncertainty. 

This work focuses on the problem of reducing uncertainty as one of the perspectives that allows 

to reduce the risk of decisions taken in a crisis situation. The main purpose of the work was an attempt 

to identify and evaluate a relatively simple, practical method of reducing uncertainty in sectoral 

policy, based on the example of forest- and wood-based sector in Poland. The selected sector, as one 

of the leading in the Polish economy, has found itself in a situation where it is necessary to choose 

adequate anti-crisis strategies, i.e. immediate economic decisions of various scales, in the face of a 

serious long-term threat of the effects of a global pandemic. An alternative to a possible abandonment 

of any decisions may be widespread bankruptcy and liquidation of many enterprises, jobs, and, as a 

result, a threat to economic, social and ecological security for the state, economy and people. 

For verification purposes, a hypothesis was adopted, which assumed that it is possible to choose 

the optimal anti-crisis strategy adequate to the identified market situation of the participating entities 

(stakeholders). Of course, this choice should take into account different perspectives of interest and 

actions of key participants (actors) of the examined industry market, rather reluctant under normal 

conditions to a strong consensus. In addition, it was assumed that as a consequence of the use of a 

method as simple as possible, understood by decision-makers, it is possible to at least partially reduce 

the level of uncertainty in the decision-making process (tantamount to obtaining much greater 

reliability of the response than when using the complicated method, sometimes requiring not only 

industry but also professional experience analytical knowledge from study participants). Such a 

hypothesis was verified on the example of the analysis of suggested strategic decisions proposed by 

participants (actors) of the primary wood raw material market in Poland. Based on the deliberately 

selected key criteria and the diverse, leading strategies corresponding to these criteria, potential 

decisions of market participants were identified using the tools proposed by the diagnostic survey 

method. The collected opinions of market actors, coded within the range of selectable decisions, were 

then verified using the method of multi-criteria hierarchical analysis (AHP), also referring to the 

general rules for making economic decisions [38], including the Pareto principle [39]. 

3.2. Methodical Basis of Research 

The starting point for multi-criteria analysis is the construction of a decision model, which in the 

case of this method is a hierarchical structure. The hierarchical model allows to gather in one place 

all factors affecting the decision goal. This avoids the difficulties pointed out by one of the precursors 

of modern thinking about the effects of the decision-making process - Benjamin Franklin [40]. He 

noticed that the difficulty of making decisions results from a limited perspective in the analysis 

process, because at the same time there are no key arguments "for and against" a particular solution 

[38]. A properly constructed hierarchy allows not only to see the most important (though we would 

like to say: all) aspects of the decision problem, but also to organize them into homogeneous sets of 

comparable elements. 

It is worth noting that the stage of construction of the hierarchical model is taken for granted in 

the literature [41]. At the same time, relatively little attention was paid to the process of defining and 

grouping its elements. It should be emphasized that building a hierarchical model, requiring the 

involvement of a large amount of time and resources, may be doomed to failure when the 

participation of experts - specialists, practitioners from various segments of the market under 

investigation is excluded. This is not so much about formal decision makers as about those who 

actually participate in market processes, who, if you can say so, "live what they do". It is they who, 

due to the obvious limitation in complementing the conditions of statistical representativeness of the 

sample, can decide and even prejudge the value and reliability of the information obtained. 

Validating the correctness of the hierarchical structure completes the first step of the research scenario. 

Then, the hierarchical model is subjected to analysis, consisting in comparing all pairs of elements 

created within individual groups, using the fairly commonly used so-called a bipolar, nine-point 

scale, proposed by Thomas L. Saaty, a professor at the University of Pittsburgh [42, 43]. Various 
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aspects of the practical application of the aforementioned nine-point fundamental scale of 

comparisons, the principles of creating sets of pairs of elements within a hierarchical structure, and 

practical issues related to the construction of the questionnaire, including the way of presenting and 

formulating questions, are quite widely discussed in the literature [44, 45, 46]. For the purposes of 

this study, generally accepted principles have been applied, adapting the procedure to the specifics 

of the industry market under investigation. 

 Another important element of research is the procedure for obtaining primary data from 

experts (respondents). Therefore, issues regarding the selection of respondents for research, 

obtaining grades from them based on comparisons of created pairs of elements and the rules for 

entering the results of these grades into the results matrix sheet were precisely defined. It should be 

added that obtaining information for the analysis of the hierarchical model is the stage that can 

generate the most problems in the whole process. Sometimes the problem of non-compliance of 

assessments causes that there may be premises for questioning the credibility of the results obtained. 

The next stage of AHP is the calculation part, consisting in mathematical determination of the 

value of weighting factors (priorities, weights). In principle, four different ways of calculating 

priorities are listed in the literature: using specialized software, as well as using matrix calculus, 

geometric mean and arithmetic mean. 

The determination of the weighting values does not end the analysis. For each comparison 

matrix, an analysis of its quality is carried out, i.e. verification of compliance (logic), which reflects 

the reliability of information indicated by experts (respondents). The measure of this compliance is 

an additional parameter called the consistency ratio (CR). Sometimes, in addition to measuring 

compliance, sensitivity analysis is also carried out. On this basis, the sensitivity of the values of the 

weighting factors obtained to the changes in individual assessments is checked [46]. 

After compiling the correct values of weighting coefficients, the next step is to aggregate the 

results in the case of group decisions (often reconciling the initially divergent preferences). AHP 

proposes the following ways of aggregating assessments: aggregation of individual judgments (AIJ) 

and aggregation of individual priorities (AIP). AIJ takes place at the stage of making comparisons in 

pairs and is used when the group makes a decision together, in the same place and time, while AIP 

consists in combining the values of weighting factors from independent experts (respondents). The 

selection of the results aggregation method therefore depends on how the data is obtained. 

The final stage of using the AHP method is to discuss the results, compile conclusions and try 

to formulate recommendations for the optimal decision [43]. The research process illustrates well the 

management dilemmas that are based on continuous decision making, increasingly complex and 

multifaceted. Therefore, the ability to practically apply an adequate method is one of the most 

important challenges of a modern manager. 

Why was the AHP method chosen? Making complex decisions usually requires a precise 

approach, consisting of considering successively each aspect ("criteria") of a given problem and 

determining the relative weight of these criteria. This approach forms the basis of many decision 

support methods, and is termed the term: Multiple-Criteria Decision Analysis (MCDA) [38]. As 

Hoghart (1987) noted, "our mind is unable to comprehend all the information that makes up the 

decision problem, and in particular those elements that are mutually exclusive. That is why all 

judgments based only on intuition are insufficient - they need support ” [37]. Many methods available 

today are based on complex formal procedures and require the use of complex calculation procedures 

or numerical methods. Therefore, various methods are selected from the MCDA collection, such as: 

ELECTRE, PROMETHEE & GAIA, MACBETH, TOPSIS, UTA, and VDA. Tools that refer to the AHP 

(Analytic Hierarchy Process) and ANP (Analytic Network Process) analysis are also increasingly 

used [47]. 

A research approach based on hierarchical analysis was proposed in the 1970s by the 

aforementioned Thomas L. Saaty [42]. The method would probably not have been developed and 

improved if Professor Saaty, as a lecturer at Wharton School, was not bothered by the lack of a 

practical solution supporting the decision-making process and setting priorities. The effect of this 

scientific "anguish" has become a relatively simple tool, supporting decision-makers in making 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 May 2020                   doi:10.20944/preprints202005.0231.v1

https://doi.org/10.20944/preprints202005.0231.v1


 7 of 25 

 

complex decisions [48]. In addition to numerous recommendations from other researchers [49, 50, 51, 

52], as well as flexibility and universality, this very advantage of the AHP method and the possibility 

of author's adaptation to the specific test conditions, decided on its choice for the purposes of this 

study. 

3.3. Data Sources and Research Materials 

The study was conducted on the example of Poland (spatial scope), where both forestry and the 

wood industry belong to important, and in some aspects even dominant sectors of the economy. The 

study was of a pilot nature and was carried out at the turn of March and April 2020 (time range). In 

terms of subject, the study was related to participants of the primary wood raw material market in 

Poland. This market segment is the basic link in the forest management value chain (it appears as one 

of the elements illustrated in Figure 1) [23]. This chain is created first by the dominant owner: The 

State Forests National Forest Holding, and then forestry service entrepreneurs, to entities 

representing the wood industry, and in this case elemental wood processing plants. The spatial 

structure of the study was referred to the administrative regional division of the State Forests in 

Poland. It separates the territorial areas of seventeen Regional Directorates of State Forests (RDSF), 

aggregating a total of 430 forest districts. This structure only partly overlaps with the official, 

administrative division of Poland into regions (so-called local government voivodships). The work 

uses the first division, reflecting the structure of Polish forestry, illustrated in Figure 2 [24]. 

The concept of hierarchical analysis modified for research purposes was used. The research 

scenario was built based on the methodological assumptions of AHP (Analytic Hierarchy Process) 

multi-criteria hierarchical analysis, however, "imposing" them on the specific structure of a selected 

segment of the sector under investigation [44, 53]. The best possible decision was sought: institutional 

or market, allowing selection of the optimal anti-crisis strategy for all participants of the industry 

market (scope). The study first used expert analysis to identify key factors affecting the real 

competitive situation of enterprises in the Polish wood-based sector. In connection with these factors, 

at the same time, possible strategies for action, both market-oriented and institutional, were sought. 

This selection allowed for the construction of a strategy matrix associated with intentionally selected 

influence factors. This set was then verified by means of a diagnostic survey. To a selected group of 

professional representatives of state forestry, forest services and wood industry entrepreneurs 

representing all institutionally designated forest areas in Poland (Regional Directorates of State 

Forests, marked abbreviations as above - RDSF), a professional questionnaire was addressed, based 

on it was conducted remotely , due to pandemic conditions, in-depth interviews. The answers 

obtained were collected and ordered. Then they were evaluated by multi-criteria hierarchical analysis 

(adapted AHP). 

The research was looking for the optimal strategy possible, adequate to the current economic 

situation, which would help at least reduce the impact of negative factors of the post-pandemic crisis. 

Therefore, questions were asked, demanding not only a professional but specific answer, and 

consequently a rational economic decision. Indeed, it was decided to first indicate, in the course of 

expert analysis, the main possible directions of action (strategy matrix). The proposed solutions are 

located against the background of a dispute between the concept of institutional intervention and a 

model taking into account the impact of market factors. The research was started with the awareness 

that the indication of an adequate development strategy for the forestry and wood-based sector is 

urgently needed not only on theoretical grounds, but as an example possible for real implementation. 
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Figure 2. Forests in Poland against the background of administrative borders of the Regional 

Directorates of the State Forests (territorial division into 17 RDSFs) and their forest districts, including 

the location of national parks (2018), based on Gołos and Hilszczański, and Forest Research Institute  

[24] (p. 40). 

Source: The map chart lists in turn: the boundaries of RDSF, the borders of the forest districts, national 

parks and forests, based on: Gołos, P.; Hilszczański, J. Social and economic importance of the forestry 

and wood sector in Poland, In Liuhto, K. (eds.). The forest industry around the Baltic Sea region: Future 

challenges and opportunities, BSR Policy Briefing series, No. 1, 2020, p. 40. Centrum Balticum 

Foundation. Spatial data based on: Instytut Badawczy Leśnictwa (Forest Research Institute), Poland,  

https://www.centrumbalticum.org/files/4638/BSR_Policy_Briefing_2020.pdf, accessed: 21 April 2020 

[24]. 

The decision problem occurs when a person faces the choice of one of at least two possibilities. 

The choice he makes depends on the decision criteria, i.e. the factors that influence that choice. In this 

context, the concept of the so-called rational decision [54]. Each decision has its consequences. Some 

of them are assessed positively (through benefits), others negatively (through expenditure), while 

others remain neutral (or there is a lack of certainty as to their assessment). The key postulate of 

rationality is to choose those variants that take into account the right relationship between positive 

and negative effects. The problem then arises of determining the strength of these relationships. 

Usually, therefore, the simplest approach is used, reducing the assessment to a common denominator, 

which is a numerical measure that reflects the weight of individual criteria [53]. This "common 

denominator", i.e. an adequate decision-making measure, is determined using the AHP method, on 

the basis of which the author's research scenario was designed. 
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4. Research Scenario  

4.1. Programming Research Stages 

Although different approaches can be found in the literature on the subject [55, 56, 57, 58], it 

seems justified to simplify the distinction in the process of hierarchical analysis of three basic levels 

of research (see Figure 3): identification of the decision problem (level 1), its structuring (level 2) and 

analysis (level 3) [59]. This process, finalized by analyzing the problem, closes the decision, i.e. the 

choice of the best solution. The whole can also be described in detail, distinguishing at least five 

research steps: problem hierarchy (research step 1), problem decomposition (research step 2), 

evaluation of the examined criteria by pair comparison (research step 3), determination of mutual 

preferences (weights) related to criteria (factors) and decision variants (research step 4), and finally 

choosing the optimal decision based on the result of the problem analysis (research step 5). 

Of course, when designing the author's research scenario, it is possible to distinguish main stages 

or specify them, according to the specific conditions of the study. In addition, solving a decision 

problem is a broader concept than the decision making process itself. It covers the implementation, 

i.e. the implementation of the decision (implementation of the chosen solution) and assessment of its 

effects (evaluation). However, the work focuses on this first perspective, aiming at identifying the 

optimal decision (choice of anti-crisis strategy) and the ability to make it. 

4.1.1. Research Step 1 

Research Step 1, i.e. hierarchy of issues, includes a detailed description of the problem, 

identification of study participants, determination of the main goal and expected results. The purpose 

of the work was to look for anti-crisis strategies necessary for implementation in the forestry and 

wood-based sector in Poland, in view of the serious long-term risk of negative economic effects of a 

global pandemic for entities participating in the studied sector. The hypothesis was verified, in which 

it was assumed that it is possible to choose the optimal strategy, adequate to the identified market 

situation of entities creating the primary wood market. 

Representatives of three subsectors, forming the primary wood market segment in the forest-wood 

value chain, were invited to the study (subject scope): 

• in the first group: foresters (here: competent, professional employees of the State Forests, directly 

related to the practice of forest use), 

• in the second group: forest-services entrepreneurs (as entities directly connecting economic 

relations of forestry with the wood industry, directly participating in the process of obtaining 

wood raw material, including cutting, skidding and transporting wood), 

• in the third group: representatives of woodworking plants (primarily practitioners involved in 

the management of elemental wood processing plants). 

In the spatial scope, the selection of professional study participants was diversified, assuming a 

minimum condition for obtaining answers from at least 3 representatives of each of the industry 

regions, designated by the territorial boundaries of 17 Regional Directorates of State Forests, 

including a minimum of one representative of each of the sub-sector groups. To this end, selected 300 

industry representatives (forestry and wood-based sector) were invited to research, giving them the 

status of professional experts. In fact, 179 positive responses were obtained from all subsectors 

(consent to participate in the study), on the basis of which, based on the author's own questionnaire, 

in-depth interviews were conducted with each of the experts by means of remote communication. 

This allowed for the efficient conduct of the study, and all doubts and nuances related to the 

specificity of the AHP method were clarified at this stage by the research team [59]. This avoided 

many errors and obtained relatively high reliability of results. Although interviews were conducted 

with specific individuals, their responses were given anonymous status. In this way, the influence of 

emotional factors, sometimes determining the decision-making process in situations where 
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anonymity cannot be preserved, has been eliminated. In fact, after rejecting the incomplete and 

containing questionnaires with the characteristics of "outliers" and inconsistent, the required 

minimum data was adopted for analysis. Thus, 103 sets of answers were added to the base of the 

spreadsheet, 51 from each group corresponding to selected subsectors (forestry, forestry services, 

wood industry), and 3 sets for each of 17 territorial units - Regional Directorates of State Forests in 

Poland. Experts, also referred to as respondents for the needs of the survey, also indicated the 

headquarters of their activity, also referring to the territory of Polish self-government voivodships 

(there are 16 of them, and their area does not cover directly with the territory of the forest 

management), and in the case of enterprises also their size (broken down for micro, small and 

medium and large companies). It is worth emphasizing the conscious, real participation in the 

analysis of the decision-making process of group representatives, rather reluctant in normal to 

decisive conditions. a simple consensus. 

4.1.2. Research Step 2 

Research Step 2, i.e. problem decomposition, consists in isolating the overarching goal, selection 

of key factors (impact criteria) as part of expert pre-analysis, and at the same time, in an analogous 

procedure, selection of considered decision variants (optimal strategies). It is the verified variants 

(decision options) that reflect the degree of implementation of the objective function, identified for 

each level of the hierarchical model being analyzed. 

The hypothesis set out at the beginning of the study was verified in the process of analyzing 

suggested strategic decisions (decision options), which should be made by participants of the primary 

wood market in response to the threat of serious consequences of the crisis. In order to identify 

strategic options reflecting the degree of implementation of the objective function, 9 professional 

experts, selected from the whole group invited to the study, were invited to their pre-selection, three 

representatives of each of the sub-sector groups: foresters, forest service entrepreneurs, 

representatives of the wood industry. Finally, five anti-crisis strategies of varying nature, from 

institutional intervention preferences to market orientation, were proposed as possible options to 

choose from [26, 28]. The following strategies have been identified, while at the same time describing 

their functional structure in a way understandable to practitioners: 

• S1: NEUTRAL strategy, as a model 0, market assuming taking into account the dominant 

influence of market relations on the situation of participants and actors; it was described as 

follows: "the market will do its own, who survives the crisis, we will cooperate with it"; 

• S2: EXTENSIVE strategy, as model 1, resource, assuming stimulation of development and 

possible support for economic activity, based on resources, own or borrowed; it is described as 

follows: we will grant a resource "loan" to our partners, we will make available resources and 

raw materials, materials, semi-finished products, we will extend payment deadlines, especially 

in a situation when we do not bear other costs ourselves than only expense fixed connected with 

administration and maintenance of resources "; 

• S3: INTENSIVE strategy, as a model 3, effective, assuming the separation from the business 

profile of the entity and stimulation of income activities, and the elimination of unprofitable; it 

is described as follows: "We optimize and conduct only those lines of business that are active 

and profitable, while the others are frozen or eliminated, allowing for possible retooling, as well 

as changing the business profile, provided that we remain in the industry, and in extreme cases 

we show readiness for solutions marginal, up to and including exit from the industry"; 

• S4: DIRECT INVESTMENT strategy, as a model 4, investment strategy, which is described as 

follows: "an industry partner with strong resources takes over or capital entry into a weaker 

entity, the investment is permanent or temporary, and after entering, and in the extreme case 

after the acquisition, implements the strategy intense"; 

• S5: Strategy for COOPERATION NETWORKS, as model 5, also called coopetitive, sharing and 

relationship, which is described as follows: "existing industry partners of varying sizes and 

potential, create cooperation networks, initiate resource clusters, mutually sharing those 
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resources that are necessary for business maintenance and development; they do not interfere 

in the partners' property relations, unless they result from the good will of the parties; on a 

network basis, they can then implement elements of an intensive and / or extensive strategy. 

 

Similarly, from the group of pre-identified economic, social and environmental factors, based on 

the current state of the art and own research, key factors were selected, which, according to experts, 

are of fundamental importance for the possible selection of anti-crisis strategy [26, 28]. Finally, 8 

factors were selected, giving them the rank of decision optimization criteria: 

• F1: enterprise location factor, as criterion 1, describing territorial location, regional dependencies, 

etc.; 

• F2: enterprise size factor, as criterion 2, indicating whether the decision maker is a micro, small 

and medium or large enterprise; 

• F3: factor of the enterprise profile, as criterion 3, describing the leading type of business, as well 

as the business model and market, supply orientation of the given enterprise; 

• F4: factor of cooperation history in the supply chain, as criterion 4, describing economic relations 

between market participants, in particular in the chain: suppliers - services - processing, 

emphasizing that it is of key importance in the current purchasing system of wood raw material 

in Poland; 

• F5: the ability to change factor, as criterion 5, characterizing the flexibility of the company's 

profile, its production or service offer and the degree of its ability to quickly modify or even 

transform it; 

• F6: investment potential factor, as criterion 6, informing about the entity's ability to implement 

new investments, as well as the creation and implementation of technological innovations; 

• F7: financial result factor, as criterion 7, characterizing the entity's current financial position, 

including financial result, financial liquidity, credit standing and possessed capital resources; 

• F8: the factor of sales market diversification, as criterion 8, characterizing the commercial 

competitive position and demand orientation of the enterprise, the portfolio of key clients, long-

term domestic and international trade agreements. 

 

It is worth noting that as a result of the discussion of a team of experts, positive criteria were 

selected for the research, because the desired solution is a positive strategy - continuation and 

development of economic activity in the conditions of the economic crisis caused by the impact of a 

pandemic on the industry market [59, 60, 61]. Next, selected decision options (S1, S2, S3, S4, S5) and 

decision optimization factors / criteria (F1, F2, F3, F4, F5, F6, F7, F8) were coded to enter them into 

the working database, enabling execution calculations, normalization, optimization, and then 

verification and final analysis. 

4.1.3. Research Step 3 

Research Step 3, i.e. the assessment of criteria, which consists in verifying the strength of the impact 

of selected factors (these are the criteria), in conjunction with decision options. 

Depending on the adopted assumptions, the assessed criteria are evaluated by pairwise 

comparisons by respondents or invited, deliberately selected experts (representing decision-makers). 

They compare in pairs the proposed decision options in relation to the criteria (factors), and at the 

same time the criteria in relation to the overarching goal. The comparison always consists of a 

subjective decision which of the factors (criteria) and to what extent is more important (stronger) than 

the other in the opinion of the expert.  

Relations between particular elements are usually determined by a 9-degree scale of Saaty [43]. 

Similar proportionality was also used in the conducted research, choosing between: equal 

significance (measure 1), small advantage (measure 2), strong advantage (measure 5), very strong 

advantage (measure 7), and absolute advantage (measure 9). Appropriate measures: 2, 4, 6, 8 - 
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showed intermediate values [44]. On the other hand, marks about opposite relations were marked as 

inverts of integers. This stage was finalized by creating a result matrix. 

4.1.4. Research Step 4 

Research Step 4, i.e. determining preferences, consisting in identifying and determining mutual 

preferences (weights) related to selected factors (criteria) and decision variants (options). 

After building the results matrix, weights were calculated for individual criteria. The normalized 

rows of the result matrix were added by calculating the matrix's vector. The inconsistency coefficient 

was also taken into account, while the coefficient of consistency and random index were taken into 

account. This operation verifies the logical value of the results obtained, enabling the elimination of 

inconsistent responses and outliers [62]. 

As a result, the relative preference scale was determined for individual data included in the 

study. In the process of comparing elements, the aforementioned 9-degree scale of relative preference 

of Saaty was used [44]. The following elements of the scale were distinguished: 5 basic stages (to 

which particular attention was paid) and, additionally, 4 intermediate stages (in the work the scale 

was simplified, bypassing these stages in the study). In the basic scale, 5 degrees of preference (P) 

were distinguished: 

• P1: Equivalence, as a grade 1, meaning no preference for compared objects; 

• P2: Weak preference, as grade 2, indicating that the first element is weakly preferred to the 

second, or vice versa; 

• P3: A significant preference, as a grade 3, that the first element is significantly preferred to the 

second, or vice versa; 

• P4: A clear preference, as grade 4, indicating that the first element is clearly preferred over the 

second, or vice versa; 

• P5: Absolute preference, as a grade 5, indicating that the first element is absolutely preferred 

over the second, or vice versa. 

4.1.5. Research Step 5 

Research Step 5, i.e. analysis of the results, finalizing the process, and consisting in choosing the best 

variant (decision option) that would correspond to the achievement of the overarching goal. 

At this stage, an algorithm adapted to the spreadsheet can be used, based on the mathematical 

assumptions of the AHP method, by normalizing the data and prioritizing decision options (for this 

purpose, of course, you can use utility or dedicated software (it can be both a spreadsheet, e.g. MS 

Excel, and professional tools, such as the R program, and "Super Decisions" or "Expert Choice" 

applications) [41, 44]. 

4.2. Selection of Evaluation Criteria in the Designed Research Model 

As it has already been mentioned, based on the deliberately selected key criteria and the diverse, 

leading strategies corresponding to these criteria, potential decisions of market participants were 

identified using the tools proposed by the diagnostic survey method. The collected opinions of 

market actors, coded within the range of selectable decisions, were then verified using the method of 

multi-criteria hierarchical analysis (AHP), also referring to the general rules for making economic 

decisions [44, 53, 59]. 

The research process is illustrated in the form of a 3-level relationship diagram combining 

selected factors (F1 ... F8) as decision optimization criteria and anti-crisis strategies (S1 ... S5) as 

decision options. Therefore, the research was simplified and optimized in the next step (see Figure3). 
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Figure 3. Visualization of the author's scenario of the anti-crisis strategies selection process - according 

to the AHP method - research levels. 

Source: Own study. 

Legend: [for level 2] List of factors: F1-location of the enterprise; F2-size of the enterprise; F3-company 

profile; F4-history of cooperation in the supply chain; F5-ability to change; F6-investment potential; 

F7-financial result; F8-diversification of the sales market (competitive position); [for level 3] List of 

anti-crisis strategies: S1-NEUTRAL strategy, market; S2-EXTRENSIVE, resource strategy; S3-

INTENSIVE, effective strategy; S4-DIRECT INVESTMENT strategy; S5-strategy COOPERATION 

NETWORKS. 

4.3. Identification of the Impact Strength of the Preferred Option (decision) in the Research Model 

In the next step of the designed scenario, an attempt was made to identify a measure of the 

ability to implement the optimal decision option, i.e. in the examined case, to effectively take the 

optimal strategy indicated by the respondents. Using the basic measures of descriptive statistics, 

classes were determined that corresponded to the measures (strength of influence) of the ability to 

choose the preferred strategy.  

The preferred strategy plays the role of a synthetic variable in this approach. One way to divide 

the analyzed objects into classes is to use the arithmetic mean and the standard deviation of the 

synthetic feature [63, 64, 65]. This allows us to distinguish 4 classes (C1 ... C4): 

• C1: high development level: Si ≥ S̅ + SD.  

• C2: upper-medium development level: S̅ ≤ Si < S̅ +SD 

• C3: lower-medium development level:  𝑆̅ − 𝑆𝐷 ≤ 𝑆𝑖 < 𝑆̅ and 

• C4: low development level: Si < S̅-SD. 

Individual symbols mean respectively: 

• 𝑆𝑖 designates the value of the synthetic characteristic for object i; 
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• S̅ is the mean value of the synthetic characteristic, and 

•  SD is the standard deviation of the synthetic characteristic [65].   

The research scenario is finalized by: summary of results, discussion and formal, substantive 

and descriptive analysis, followed by formulation of conclusions and recommendations. 

5. Presentation and Scientific Discussion of Selected Results 

As a result, based on the collected questionnaires, after rejecting the surveys (interview reports) 

found to be incorrect, 103 sets of responses were compiled in a uniform result sheet. The structure of 

the answers obtained was considered symmetrical, as 17 sets (3 questionnaires) from the territory of 

each of the 17 Regional Directorates of State Forests in Poland were accepted for analysis. In addition, 

each of the seventeen sets was adopted in the form of 3 separate surveys, representing in all forfeiture 

of each of the representatives of one of the key subsectors in the forest-wood value chain on the 

primary wood market: foresters, forestry service entrepreneurs, representatives of woodworking 

plants. Primary data material collected from the indicated sources was considered valuable. Of course, 

a question may appear here and immediately afterwards a complaint about the problem of sample 

representativeness. This allegation could be considered justified if the study were of a statistical 

nature. Meanwhile, in the process of hierarchical analysis, searching for the optimal decision, you can 

give the study an expert character, which was done in the presented case. Moreover, even if it were 

considered to be possible to conduct a statistical study, it would be very difficult to obtain possible 

results with a relatively high substantive value. In studies on a large scale (number) of respondents, 

it is usually not possible to conduct in-depth interviews combined with a detailed presentation of the 

assumptions and research scenario. Therefore, respondents treat surveys spontaneously, with a high 

degree of randomness. Such studies are usually burdened with relatively large errors. In turn, 

another threat to research objectivity is conducting official status surveys, surveying the formal 

representatives of specific institutions and management boards of enterprises, essentially eliminating 

the factor of anonymity.  

The scenario proposed in this paper tried to avoid these weaknesses by seeking a certain 

aggregation of expert knowledge in anonymous statements of real participants of the primary wood 

market, actually engaged in economic relations, invited to research. The respondents were given the 

status of experts in the study. The logical coherence of the statements was also verified by the tools 

proposed by the AHP method [48, 56, 65]. A high coherence rate was obtained, and hence at least the 

potential reliability of the results. Although the research sample appears to be modest in numbers, 

the expert status (on a nationwide scale of over 100) and the polarization of opinions of the three 

subsectors of the primary wood market constitute, even indirectly, the value and credibility of the 

final results. In addition, due to the special nature of the circumstances in which the research was 

conducted, i.e. in a state of real epidemic threat, they were given the rank of pilot studies in the scale 

obtained, which can or should be continued [61, 66, 67]. With such conviction, the presentation of 

selected research results began, because, despite the seemingly small research sample, the number of 

possible shots is very large. For these reasons, only the most important from the point of view of 

achieving the purpose of the work were selected. 

5.1. Identification of the strength of preferences for proposed anti-crisis strategies by market participants 

The basic question posed at work was the search for an optimal strategy for all entities 

participating in the primary wood market in Poland, represented by forestry, forest services 

companies and the wood industry [68, 69]. Table 1 summarizes the synthetic distribution of 

preference strength that was noted in the process of choosing the anti-crisis strategy. These measures, 

expressed as a percentage, reflect the decisions taken by representatives of various segments of the 

market under investigation. The results also illustrate the diversity of aggregate decision options that 

representatives of each of the three subsectors indicated for each of the five strategies proposed. 
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Table 1. Differentiation of the preference strength for the selection of the optimal anti-crisis strategy 

by forestry representatives, forest-services entrepreneurs and the wood industry in an aggregate 

system. 

 

No. 

 

 

Wood market 

participants 

 

Strength of preference for anti-crisis strategies 

(according to decision options, aggregated results in%) 

Strategy  

S1 

Strategy  

S2 

Strategy  

S3 

Strategy  

S4 

Strategy  

S5 

Checksum 

1. Foresters 

(State Forests) 11,47 16,00 16,14 19,90 36,49 100,00 

2. Enterpreneuers  

of wood industry 9,68 18,92 16,50 24,75 30,14 100,00 

3. Enterpreneuers  

of forest-services 12,83 12,81 16,17 14,98 43,20 100,00 

4. All   

(aggregation) 11,93 16,28 15,71 19,98 36,10 100,00 

Source: Own study based on pilot studies. 

Legend: S1-NEUTRAL strategy, market; S2-EXTRENSIVE, resource strategy; S3-INTENSIVE, 

effective strategy; S4-DIRECT INVESTMENT strategy, investment; S5-strategy COOPERATION 

NETWORKS, coopetitive. 

It is worth noting that all participants of the market studied agreed on the cooperation network 

strategy, designated S5, as preferred and dominant. This strategy has obtained a synthetic, 

aggregated preference strength of over 36 percentage points. To the greatest extent, preferences for 

S5 were indicated by forest-services entrepreneurs. In principle, this compliance also concerned the 

indication of the S4 investment strategy in second place, although in the forestry service group, 

priority would be given to the intensive S3 strategy. The least preferred strategy turned out to be the 

neutral, market strategy S1, for which the synthetic strength of preference was determined at the level 

of almost 12 percentage points. In addition, an interesting observation is the level of preference close 

to balance for the choice of S4 investment strategy and S3 efficiency strategy, although with an 

indication of S4 by representatives of the wood industry. 

5.2. Priority and hierarchy of choice of anti-crisis strategy 

Analysis of the preference vector in the process of identifying the optimal strategic decision has 

allowed the indication of priority ranking. This ranking turned out to be relatively orderly, again 

dominating, indicating priority for the S5 cooperation network strategy, preferred as the most 

optimal by over 82 percent of respondents (invited experts). This choice, if it were to be the only one, 

and seen from the perspective of individual decisions, dominated the other options. The S4 strategy 

proposed as the second in the order gained, as a possible preferred option, only 13 percent of 

responses. The S3 strategy came next, while the next in the S2 and S1 rankings were completely 

unacceptable as the preferred strategies. 
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Table 2. Preference vector, i.e. ranking of the order of selection of individual strategies and 

corresponding preference measures of this choice for each of the five proposed anti-crisis strategies. 

 

 

No. 

Ranking structure  

of indications  

(preference vector),  

i.e. the order of selection 

Preferences in the priority of choosing  

anti-crisis strategies 
[(S1 … S5) preference strength in%] 

Strategy 

S1 

Strategy 

S2 

Strategy 

S3 

Strategy 

S4 

Strategy 

S5 

Checksum 

1. First choice 0,00 0,00 4,58 13,07 82,35 100,00 

2. Second choice 10,46 7,19 26,80 45,10 10,46 100,00 

3. Third choice 13,07 33,33 30,72 15,69 7,19 100,00 

4. Fourth choice 11,11 43,79 27,45 17,65 0,00 100,00 

5. Fifth choice 65,36 15,69 10,46 8,50 0,00 100,00 

Checksum 100,00 100,00 100,00 100,00 100,00  

Source: Own study based on pilot studies. 

Legend: S1-NEUTRAL strategy, market; S2-EXTRENSIVE, resource strategy; S3-INTENSIVE, 

effective strategy; S4-DIRECT INVESTMENT strategy, investment; S5-strategy COOPERATION 

NETWORKS, coopetitive. 

Based on the results obtained, the preference vector analysis not only indicates the dominant 

strategy. The preference for the priority of cooperation networks also indicates the expected tendency 

that market participants are ready to adopt in order to minimize the possible effects of the economic 

crisis. 

5.3. Preferences for impact factors - criteria for the selection of anti-crisis strategy by market participants 

By analyzing the distribution of preference strength for impact factors, which are also the criteria 

for selecting the optimal anti-crisis strategy, he identified the dominant criteria used by 

representatives of various segments of the primary wood market in Poland, indicating the strategy 

that interests them. It turned out that from the perspective of each of the subsectors, as well as in the 

aggregate system, the dominant factor is F4. This factor reflects the history of cooperation in the 

supply chain: forest - forest services - wood industry. With the greatest strength, although very 

similar to the decisions of other entities, it was indicated by the wood industry enterprises. 

Experts also pointed to the importance of F6 and F7 factors in the process of making strategic 

decisions in the face of the threat of crisis. All market participants agreed on the importance of 

investment potential (F6) in the decision optimization process, and sometimes on the financial result. 

Foresters emphasized the importance of this parameter in a special degree (over 20 percentage points 

of registered indications). At the same time, a marginal influence of F1, F2 and F3 factors describing 

the company's basic resource parameters, its location, size and profile was observed. 
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Table 3. Differentiation of preference strength in the selection of criteria / factors [F1 ... F8] 

optimization of strategic decisions for representatives of individual subsectors of the primary wood 

market in Poland. 

 

No. 

 

Wood market 

participants 

 

Preferences in the selection of criteria / factors 

for optimization of strategic decisions 

[(F1 … F8) for the subsector in the industry in%] 

F1 F2 F3 F4 F5 F6 F7 F8 Checksum 

1. Foresters 

(State Forests) 2,73 6,60 3,58 32,25 9,04 19,50 20,03 6,27 100,00 

2. Enterpreneuers 

of wood industry 2,12 2,67 3,84 33,68 12,94 19,29 13,23 12,24 100,00 

3. Enterpreneuers 

of forest-services 3,80 3,64 5,16 33,56 14,12 16,40 16,96 6,36 100,00 

4. All  

(aggregated) 2,87 4,33 4,17 33,15 11,99 18,43 16,76 8,30 100,00 

Source: Own study based on pilot studies. 

Legend: F1-location of the enterprise; F2-size of the enterprise; F3-company profile; F4-history of 

cooperation in the supply chain; F5-ability to change; F6-investment potential; F7-financial result; F8-

diversification of the sales market (competitive position). 

5.4. Differentiation of the importance of impact factors - criteria for the selection of anti-crisis strategy in a 

spatial arrangement 

Then, analyzing the differentiation of the impact strength for individual factors - criteria for the 

selection of anti-crisis strategy in the spatial arrangement, defined territorially by the borders of the 

Regional Directorates of State Forests in Poland, analogous observations were obtained that were 

obtained for primary wood market entities [70].  

It turned out that from the perspective of each of the forest regions (regional directorates) as well 

as in the national perspective, the dominant factor is the history of cooperation in the supply chain: 

forest - forest services - wood industry (i.e. F4). His influence was observed with the greatest strength 

within the Gdansk, Cracow and Zielona Góra directorates. In addition, also in analogy to the sub-

sector system, the influence of F6 and F7 factors was identified.  

Particular attention was paid to the impact of investment potential (F6) in the area of the 

Katowice, Krosno and Warsaw Directorates, and the financial result (F7) mainly in Wielkopolska 

(Poznań and Szczecin Directorates) and in Warmia and Mazury (Olsztyn Directorate). Other factors 

played a marginal role in the decision-making process. Only in the Directorate of Lublin attention 

was paid to the impact of the sales market diversification factor (F8). 
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Table 4. Variation in the impact strength of individual factors [F1 ... F8] / criteria for optimizing 

strategic decisions in a regional system, for 17 areas of the Regional Directorates of State Forests in 

Poland. 

 

No. 

Regional 

Directorates    

of State Forests 

in Poland 

Diversity of preferences strength selection criteria / factors  

[F1 ... F8] optimization of strategic decisions in the spatial system 

F1 F2 F3 F4 F5 F6 F7 F8 
Checksum 

1 Białystok 3,01 3,38 4,58 34,25 12,77 21,08 12,94 7,99 100,00 

2 Gdańsk 2,84 3,62 4,25 36,49 10,24 19,81 14,49 8,27 100,00 

3 Katowice 2,81 4,68 4,44 32,38 11,55 23,37 12,17 8,61 100,00 

4 Kraków 2,94 4,07 4,30 36,20 10,94 16,09 17,65 7,81 100,00 

5 Krosno 3,62 4,28 4,64 28,59 13,59 25,65 10,34 9,29 100,00 

6 Lublin 3,08 3,47 4,64 30,31 15,01 21,95 11,29 10,25 100,00 

7 Łódź 2,84 4,72 3,99 33,72 11,71 18,31 18,14 6,57 100,00 

8 Olsztyn 2,31 4,89 3,91 33,04 10,75 12,36 25,09 7,66 100,00 

9 Piła 2,78 5,45 4,13 32,87 11,88 18,26 17,20 7,43 100,00 

10 Poznań 2,18 6,29 3,28 32,30 10,82 11,27 26,05 7,80 100,00 

11 Radom 3,18 3,33 4,10 32,18 13,53 16,64 17,45 9,60 100,00 

12 Szczecin 3,99 3,59 3,93 34,09 13,59 18,37 14,48 7,96 100,00 

13 Szczecinek 2,73 4,47 3,63 33,96 11,56 12,35 23,34 7,96 100,00 

14 Toruń 2,62 4,51 4,11 32,54 10,68 18,92 18,79 7,84 100,00 

15 Warszawa 3,00 3,61 4,99 32,06 12,96 22,29 12,45 8,64 100,00 

16 Wrocław 2,57 5,25 3,90 32,23 9,86 19,69 18,60 7,90 100,00 

17 Zielona Góra 2,28 3,96 4,14 36,30 12,19 16,98 14,63 9,51 100,00 

Checksum 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00  

Source: Own study based on pilot studies. 

Legend: F1-location of the enterprise; F2-size of the enterprise; F3-company profile; F4-history of 

cooperation in the supply chain; F5-ability to change; F6-investment potential; F7-financial result; F8-

diversification of the sales market (competitive position). 

5.5. Regional diversity of strength / ability to create cooperation networks by the surveyed participants of the 

wood market 

Because as the dominant conclusion from the analysis so far, the decisive tendency of the 

participants of the primary wood market to choose cooperation strategy (S5) was identified, based 

on the creation of cooperation and coopetition networks, it was considered appropriate to examine 

the diversity of this tendency in the spatial and regional system. For this purpose, the linear ordering 

method was used to analyze the collected data. Therefore, the respective values of the arithmetic 

mean and standard deviation were determined.  

Then, for each of the regions (i.e. territories designated by the Regional Directorates of State 

Forests), ranking positions were verified, determining 4 classes. In each class, regions were grouped 

for which the decisions taken by the experts corresponded to the strength of the dominant strategy, 

analogous to the degree/level of hierarchy. The obtained results are illustrated in Figure 4. 
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Figure 4. Differentiation of the ability to effectively choose the preferred anti-crisis strategy (according 

to the measure of preference strength) in the regional system (for territories designated by the area of 

each of the 17 Regional Directorates of State Forests in Poland), in 4 classes (C1 ... C4), reflecting the 

level of preference. 

Source: Own study based on pilot studies. 

Legend: * Classes (preference levels): C1-high level; C2-upper-medium level; C3-lower-medium level, 

C4-low level; ** Regional Directorates of State Forests in Poland (on the map numbered from 1 to 17 

in alphabetical order and identified by city name - headquarters): 1-Białystok; 2-Gdańsk; 3 Katowice; 

4-Kraków; 5-Krosno; 6-Lublin; 7-Łódź, 8-Olsztyn, 9-Piła, 10-Poznań, 11-Radom, 12-Szczecin; 13-

Szczecinek, 14-Toruń, 15-Warsaw, 16-Wrocław, 17-Zielona Góra. 

The calculated values of the arithmetic mean (36.49%) and standard deviation (2.86%) were 

grouped, assigning classes corresponding to the measures of the ability to create a cooperation 

network in each of the areas designated by individual Regional Directorates of State Forests. Each of 

the four classes corresponds to the category of potential cooperation strength of market participants 

in a given area. It is worth noting that the designated compartments are not symmetrical. Percentage 

limits were as follows:   

• Class 1: high power of cooperation level: 40,04% ≥ Si > 39,15%. 

• Class 2: upper-medium power of cooperation level: 39,15% ≥ Si > 36,49%. 

• Class 3: lower-medium power of cooperation level: 36,49% ≥ 𝑆𝑖 > 33,83%. 

• Class 4: low power of cooperation level: 33,83% ≥ 𝑆𝑖 > 31,1%. 

It was noticed that in the dominant group, showing the highest level of preferences for the 

strategy based on networking, it occurs in areas characterized by a relatively high degree of forest 
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cover. This applies above all to the territory of the Szczecin and Zielona Góra Directorates (area of 

western and northern Poland), but also of the Radom and Lublin Directorates (eastern Poland). On 

the other hand, three regions were identified at the medium-high level: the territory of the Białystok, 

Gdańsk and Warsaw Directorates. It seems that just for these areas, the promotion of network 

cooperation strategies may turn out to be particularly attractive and effective at the same time, due 

to the readiness to implement it by all market participants. At the same time, as many as seven forest 

regions, mainly from southern and central Poland, were classified at medium low. However, this 

does not mean a lack of interest in implementing coopetition strategies in the wood-based sector in 

these areas, and only this result indicates a weaker propensity to implement this strategy. Finally, it 

was noted that the regions least interested in the implementation of network cooperation strategies 

could be identified, although indicating this strategy as the preferred one during the crisis [71]. These 

regions include the territories of the Poznań, Piła and Olsztyn Directorates.  

In conclusion, it is worth noting that the additional analysis carried out by the method of linear 

ordering also reveals some behavioral aspects of decisions made by wood market participants. 

Conducting in-depth research in this area can be used both during the crisis and in the future, as a 

support for programming various regional policy instruments in the forestry and wood-based sector 

[72, 73], adequate for the specificity of these regions, identified as functional forest-wooded areas. 

6. Conclusions and Recommendations 

In the conducted research, the scope and results of which are documented in this paper, the 

optimal strategy for action was sought, adequate to the current economic situation, which would help 

participants in the forest and wood-based sector to reduce the impact of negative factors of the crisis 

resulting from a global pandemic. Symptoms of the crisis have already emerged, and only short-term, 

ad hoc measures have been implemented so far. There is no medium- and long-term vision, no 

strategy, and no industry policy directions for forestry. The questions posed at work are actually and 

not just hypothetically sought for answers. Therefore, referring to the conducted pilot studies, after 

analyzing and discussing the results, the following conclusions and recommendations were 

formulated: 

1) Participants of the researched wood market, aware of the economic threats resulting from 

restrictions in the functioning of the economy in pandemic conditions, confirmed, through readiness 

to participate of their representatives in expert research, the willingness to jointly search for specific 

solutions and indicate adequate action strategies. 

2) It turned out, despite initial concerns about the lack of a possible consensus of entities forming 

the first link in the forest-wood value chain, in the system: traditional forestry - forest services - wood 

industry, obtaining the answer to the question about the optimal anti-crisis strategy for the entire 

sector is possible. 

3) In addition, it was found that the process of identifying the optimal decision for a large group 

of market participants successfully supports the application, after adaptation, of selected hierarchical 

analysis methods. This was shown on the example of the AHP method, based on the targeted 

selection of study participants profiled for expert analysis. The analyzes carried out with this 

relatively simple method allowed to obtain satisfactory results, if referring to the requirements of the 

pilot study. 

4) It was found that among the five anti-crisis strategies proposed, with a varied profile, from 

market-oriented to institutional orientation, the respondents clearly defined their preferences, 

pointing to one dominant strategy. It was considered that in order to secure the interests of various 

participants of the primary wood market in Poland, the best solution would be to implement an anti-

crisis strategy based on the development of a cooperation network integrating entities in the sector. 

By using the coopetition mechanism, it is possible in this way, by making available resources 

mutually available, to secure, maintain and then develop the ventures carried out. 

5) In addition, it was noted that the selection of the next hierarchical investment strategy (based 

on development potential), as well as an intensive strategy, focusing on supporting effective business 

components, can complement the leading strategy of "networking" relationships in the industry. 
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6) This direction was also confirmed by the preferences of the selection of key factors for strategic 

decision optimization, among which priority was given to the history of cooperation in the supply 

chain and investment potential. As part of in-depth interviews, it was pointed out that the strength 

of this potential was determined not only by traditional resources, but also by innovation and 

coopetition. 

7) It should be noted, therefore, that the hypothesis set out at the beginning, which assumed that 

it is possible to choose the optimal anti-crisis strategy adequate to the identified market situation of 

entities participating in forestry and the wood-based sector, has been positively verified. 

8) It was further confirmed that by using a method that is as simple as possible, understood by 

decision-makers (on the example of AHP), it is possible to at least partially reduce the level of 

uncertainty in the decision-making process, especially when it comes to the need to urgently indicate 

the optimal strategic decision taken in the face of a real threat crisis. 

The advantages of the method used in the work include: flexibility, simplicity of use, the ability 

to compare both qualitative and quantitative factors, verification of logical correctness. Many 

decision-making processes in forestry and the wood-based sector can successfully refer to the 

assumptions of the Analytic Hierarchy Process (AHP) and Analytic Network Process (ANP) methods. 

For the usually analyzed subsystems: benefits, costs, opportunities and risks, it is possible to 

formulate organizational, production, technological and economic criteria for which, in turn, the 

values of priorities (weights) can be calculated. Thus, it becomes relatively simple and feasible to 

determine the optimal decision model (strategy), indicating significant benefits and threats. 

The obtained results also indicate, on the example of Poland, the need to revise the current 

development policy in forestry and the wood-based sector. It seems necessary to verify the 

relationship between market and institutional entities (in Poland, state forest management is a natural 

monopoly). This applies to both inter-sector and inter-sector links as well as institutional relations. 

Much clearer, precisely in the conditions of the epidemic crisis, one can also see the specific crisis of 

the traditional competitive advantage model. A new competitiveness model is emerging. It seems 

that it can be based on: the ability to plan development in the local and functional (territorial) 

dimension, on integration and building cooperation in the process of delivering products and 

services, and finally on striving for the efficiency of ventures and establishing lasting, 

multidirectional relationships. Such a model may have a structure not so much balanced as an 

integral one, and forestry and the wood-based sector may be a good example of an integral sector of 

the economy, aiming at the rational use of resources in the circular economy formula. 
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