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Abstract: The Czech forests occupy 33.7% of the total country area; thus, wood and non-wood forest
products (NWFPs) are important resources for the country. To date, the country has not adopted a
forest bioeconomy strategy. A forest bioeconomy is defined as all activities that relate to the forest
ecosystem services (FES). This study aimed to provide an initial evaluation regarding the use of forest
products and related factors, and to make recommendations on developing wood consumption and
promoting other FES for the adoption of a forest bioeconomy strategy in the country. The research
study was part of a nationwide survey in June 2019. An online panel of 1050 respondents aged
18-65 years old was recruited based on a quota sampling procedure. Wood products were the most
preferred material for furniture (96.3%) and building materials (46.3%). In total, 38.6% of Czech
residents used wood as a source of energy, mostly in the form of firewood. It is challenging to switch
the practice from using fossil-based heating to wood boiler energy source. The further development
of wood into products with a high added value is recommended. Picking mushrooms and berries
were among the popular activities in relation to NWFPs. The promotion of wood and NWEPs is
encouraged, starting with increasing awareness and knowledge of the strength of the forest-based
sector as a renewable energy resource and the importance of FES, using different channels as sources
of information.

Keywords: forestry; wood; non-wood forest products; bioeconomy

1. Introduction

As aresult of growing concerns about dependency on fossil-based energy-sources and their impact
on climate change, as well as increasing awareness of and preference for sustainable production and
consumption patterns, bioeconomy has become a significant solution. The European Commission (EC)
defined the bioeconomy as an economy that “encompasses the production of renewable biological resources
and their conversion into food, feed, bio-based products, and bioenergy”. Agriculture, forestry, fisheries, food,
pulp, and paper production, as well as some of the chemical, biotechnological and energy industries,
are expected to contribute to bioeconomy activities [1,2]. Many of the strategies were further developed
to improve the national economy and create job opportunities, and at the same time manage the forest
sustainably. In addition to the above definitions, Winkel [3] described the forest-based bioeconomy as
“all economic activities that relate to forests and forest ecosystem services, including biomass-based value chains
and the economic utilization of other types of forest ecosystem services (FES)”.

Forest-based wood production is leading the way to renewable energy sources, which are part of
a long tradition in European countries [4,5]. In addition to wood forest products, forests offer valuable
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forest ecosystem services and other benefits for the well-being of the people [6]. The services provided
include provisioning and regulating, as well as basic, supportive and cultural services. Provisioning
services cover the products obtained from ecosystems, e.g., food, water, construction and firewood,
and fiber, while regulating services cover the benefits obtained from the regulation of ecosystem services,
such as erosion control, climate regulation, and precipitation. Cultural services are defined as all
nonmaterial benefits obtained from the forest, including spiritual, aesthetic, religious, and recreational
values, all of which contribute to our well-being, social and cultural functions. Forests also provide
supporting services that are necessary for the production of all other ecosystem services, e.g., nutrient
and water cycling, soil formation and retention, and photosynthesis. [6-14].

In the Czech Republic, forests cover about 2.7 million ha (33.7%) of the total country area,
lower than all European Union (EU) countries together (40.3%) and Austria (45%), but comparable to
the German forested landscape (+31%) [15-18]. Forests are an important part of Czech history and
culture. Based on the 2017 Czech forest report, forestry (forestry and logging) and the wood processing
industry’s shares accounted for 1.180% of the gross value added (GVA) at basic prices, not including the
paper and furniture industries, which would add a contribution up to 2.018% of the GVA. The share of
the forestry and wood processing industry alone was slightly lower than agriculture’s share (1.713%),
indicating the importance of the forest-based sector in the country [19].

Due to a growing global concern to replace fossil-based fuels with renewable energy sources,
the forest-based sector has become a backbone for bioeconomy strategy. A shift in wood production
from weakly regulated forests toward sustainable forest management is accompanied by third-party
certification, as promoted in forest strategies in EU countries like Finland, Sweden, Germany,
and Austria, that has changed the demand for wood in these regions. In 2014, Sweden became
the top producer of primary wood products among EU countries by approximately 70 million m?,
followed by Finland (+ 57 million m?) and Germany (about 54 million m?), while the Czech Republic
and Austria contributed about 15 and 17 million m?, respectively [20]. The Czech Republic was also
named as one of the main roundwood exporter countries in 2016 [21]. In 2017, timber production
in the Czech Republic resulted in 19,387 million m3, of which roundwood production amounted
to 11,488 million m®. Most of timber production, including softwood-roundwood, and pulpwood,
is exported, mainly to Austria and Germany, for further processing. However, the supply for sawmills
and pulp mills in some regions is still insufficient, and this has caused the country to import from
Slovakia, Germany, and Poland [19,22].

Although the bioeconomy strategy has not been mentioned in the Czech National Forest
Programme (NFP) [16], bioeconomy has been mentioned in the 2018 draft strategy of the Ministry
of Agriculture (MoA). In addition to timber production as one of the fundamental priorities in the
Czech forest-based sector, non-wood products, like forest fruits and mushrooms, are also considered
important FES [22]. Thus, it is important to provide a view of the current situation of forest products’
utilization and preferences by the Czech public. The results can be used to inform policymakers and
other stakeholders to offer better understanding, and as a baseline to make recommendations on
further actions for the adoption of the forest bioeconomy strategy and the promotion of FES.

2. Materials and Methods

2.1. Study Area

The Czech forests cover about 33.7% of the total country area. In 2017, 71.9% of the total Czech
forests consisted of coniferous trees, 50.3% of them being Norway spruce (Picea Abies). Deciduous trees,
such as beech (8.4%) and oak (7.2%), covered 27% of the total forested region, and the rest (1.1%) was
forested land without trees [19].
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2.2. Design of the Study

The research study was part of a nationwide survey. The survey itself was part of the “Advanced
research supporting the forestry and wood-processing sector’s adaptation to global change and the 4th
industrial revolution” and the “Diversification of the Impact of the Bioeconomy on Strategic Documents
of the Forestry-Wood Sector as a Basis for State Administration and the Design of Strategic Goals”
research project. The study was carried out in June 2019 in co-operation with an external market
research company, REMMARK, a.s (Prague, Czech Republic). The company used the computer-assisted
web interviewing (CAWI) technique to recruit the online respondents. No private information was
required, and the respondents were anonymous. The online participants aged 18-65 years were
recruited proportionally based on age, sex, education level, region, and village size. This technique
generates emails and sent the questionnaires to the potential respondents based on the company’s
list through different online platforms, (e.g., Yahoo email). We have no information on the number
of sent-out questionnaires. The survey was terminated after reaching the minimum required sample
size. All returned questionnaires were included in the analysis (100%). The respondents were asked to
answer a closed-ended questionnaire consisting of socio-demography characteristics and information
on FES utilization. Additional information could be written/typed, in order to explain the answer
option “others”. The answers were later grouped and coded for further analysis.

2.3. Data Analysis

Descriptive data for the general characteristics of the respondents were used for single traits.
Frequencies were presented by absolute numbers and their proportions. A group comparison of traits
that determine the FES was made via a chi’s square test or the Fischer exact test for categorical data.
The age of the respondents was checked against an expected normal distribution using quantile-quantile
(Q-Q) plot.

The target respondents of the survey were within a productive age. The age of the respondents
was categorized as 18-24 (youth employment), while 25-54 and 55-65 years were defined as prime and
mature working age, respectively [23,24]. The education levels of the respondents were categorized as
elementary school, secondary school without official graduation or with vocational training (secondary
school/vocational training), graduated from high school, or university level. In this article, the place of
residence was grouped based on region. To fulfill further data analysis, we combined the respondents
that never visited the forest with those who went one or two times per year and created a dummy
variable of 0 = frequent visitors and 1= never/rarely. The frequency of forest visits is considered as one
of the indicators of utilization of FES.

Two scoring systems were used to define the preferences and opinions of the respondents. The first
method used five categorizations of opinions as follows:

(1) Certainly not;
(2) Rather not;
(3) Neither;

(4) Rather yes;
(5) Certainly yes.

The second method applied five degree of preferences, in which 1 (one) is most preferred and 5
(five) is least preferred.

Binary logistic regression with a forward stepwise approach was applied to identify potential
predictors of the frequency of forest visits and utilization of forest products and ecosystem services.
The following covariates associated with the dependent variables were included in the initial model:
age, education level, and characteristics of the place of residence.

To designate the statistical significance in all analyses, a p-value of less than 0.05 was used.
Statistical analysis was performed using IBM SPSS statistics version 25 (IBM Corp., Armonk, NY, USA).
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3. Results

In total, 1050 respondents age 18-65 years were recruited in the study. As the samples were
proportionally drawn by population size per region and village, the proportions of the residential
locations of our respondents were similar to the national statistics office [25].

3.1. Forest Visitor General Characteristics

Respondents to the survey were from different education levels and age groups, of people aged
between 18 and 65 years (Table 1). Respondents at the elementary school level were mostly from the
younger age group. The respondents’ data on education levels were similar (p = 0.373) to those from
the Czech statistics office in 2011. The proportion of Czech citizens who graduated from elementary,
secondary school without official graduation, high school, and university level that were reported by
the national statistics office were 17.2%, 33%, 27.1%, and 12.5%. [26].

Table 1. General characteristics of the respondents (N = 1050).

Characteristics Percentage (n) or Mean + sd (Min-Max)
Gender (female) 49.2 (517)
Age (years), 424 +13.5 (18-65)
Age group

- 1824 years 10.0 (105)
- 25-54 years 65.4 (687)
- 55-65 years 27.0 (283)
Education level

- Elementary school 10.4 (109)
- Secondary school/vocational training 37.7 (396)
- High school graduates 36.3 (381)
- University 15.6 (164)
Place of residential (region)

- Prague (capital city) 13.9 (146)
- Bohemia 53.5 (562)
- Moravia 32.6 (342)
Size of the city

- up to 1000 inhabitants 16.2 (170)
- 1001-5000 inhabitants 20.8 (218)
- 5001-20,000 inhabitants 18.2 (191)
- 20,001-100,000 inhabitants 21.5 (226)
- >100,000 inhabitants 23.3 (245)
Frequency of forest visits

- Several times/week 17.0 (178)
- Once a week 27.0 (283)
- Once a month 33.2 (349)
- One or two times/year 21.8 (229)
- Never 1.0 (11)

The majority of respondents reported that they visited the forests regularly (about 77.1%), 21.8% of
them admitted they rarely went to a forested region (one or two times per year), and only 1.0% of them
never visited the forest. Those who had never visited the forest came from lower education levels
(three from elementary and eight persons from secondary school/vocational training), aged between
25-54 years.

When we used binomial groups of forest visitors (0 = frequently, 1 = never and one or two
times per year) and correlated the groups with other characteristics of the respondents, we found that
significantly more people visited forests regularly across the regions than those who never went or went
once or twice per year (p = 0.048). However, 46.7% of respondents from secondary school/vocational
training graduates were found to be in the group of never to rarely visiting the forest, which was
significantly higher than other groups of education levels (p = 0.004). Binary logistic regression revealed
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the predictor of secondary school/vocational training were about 1.6-fold more likely (95% confidence
limit of 1.21-2.17) to rarely to never visit the forest (p = 0.001).

3.2. Wood-Based Forest Products

In total, 46.3% of respondents considered that wood is a better material for building construction
than other non-wood materials. The reasons for selecting wood as a material used in building
construction are presented in Figure 1. The major positive reasons were its short preparation and
environmentally-friendly material, followed by it being an energy saver and having a reasonable price.
In contrast, its short lifespan and non-fireproof material prevented respondents from selecting wood as
a building material.

Short preparation IEEEEE—————— .0
Environmental friendly HE S 2.3
Need less energy IEEE————————— .[
Reasonable price IEEEEEEGEG—EN .6
Thermal insulation IS
Longer lifespan I 3.1
Fire resistant IEEEEEEE—EEE. 3.3

Wood 2.5
Metal 2.8
Glass 2.9
Plastic 3.4

Firewood mmmmmmm 1.6
Wood Chips ]
Briquettes I — 3.7
Pellets I
Branches I 4.0
Sawdust I 4.2

1.0 2.0 3.0 4.0 5.0

most preferred least preferred

- : Reasons for selecting wood as a building material (n = 1050)
: Preferences of furniture material (n = 1050)
- : Type of wood preferences for source of energy (n = 450)

Figure 1. Reasons for selecting wood as a building materials (n = 1050), preferences of furniture
material (n = 1050), and type of wood preferences for source of energy (n = 450).

Woods are the most preferred material for furniture over metal, glass, and plastic. As many as
96.3% of the respondents answered with a score of one (1) or two (2) for a preference of wood materials.

In total, 38.6% (n = 405) of the respondents were users of fireplaces, wood stoves/burners, or wood
boilers. Firewood was the most favoured, while sawdust was the least preferred compared to other
types of fuelwood (Figure 1).

3.3. Selected Non-Wood Forest Products Utilization

In this study we used the terminology of non-wood forest products based on the Food and
Agriculture Organization (FAO) definition that excludes all woody raw materials [27]. Table 2 presents
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information about the NWEFPs’ utilization by the respondents and/or their family members. Mushrooms
were the most favoured NWFPs (58.5% and 27.4% of the respondents certainly and rather used them,
respectively), followed by forest berries. Forest herbs and flowers were among the least utilized
NWEPs. The preferences were similar across age groups and education levels.

Table 2. Utilization of non-wood forest products.

Non-Wood Utilization

Forest Products % (n)

(N =1050) 1 2 3 4 5
(Certainly Not)  (Rather Not) (Neither) (Rather Yes)  (Certainly Yes)

Mushrooms 2.5 (26) 3.5(37) 8.1 (85) 27.4 (288) 58.5 (614)

Berries 2.8 (29) 6.6 (69) 12.1 (127) 30.7 (322) 47.9 (503)

Forest honey 15.6 (164) 15.6 (164) 19.1 (201) 27.0 (284) 22.6 (237)

Forest herbs 9.1 (96) 23.7 (249) 24.6 (258) 23.5 (247) 19.0 (200)

Forest flowers 26.6 (279) 27.1 (285) 18.8 (197) 16.5 (173) 11.0 (116)

In total, 46.7% of the respondents reported that they did not consume meat from game animals,
followed by 18.6% and 21.4% of them, who consumed it less than two times and two to four times per
year, respectively. A few of the respondents reported the frequent consumption of game animals of
five to eleven times per year (7.1%), once a month (3.7%), and more than once a month (2.5%).

Among respondents who utilized NWFPs, gender played a role in their preferences.
Female respondents utilized herbs (54.6%) and flowers (54.7%) significantly more than male respondents
(45.4% and 45.3%, respectively). Additionally, more male respondents were engaged in the consumption
of game animals. The youngest age group and elementary school graduates were major forest flower
collectors for decoration.

3.4. Sources of Information

The main sources of information about forests were collected to identify the means of
communication utilized by the respondents. We discovered that television (55%), followed by
friends and families (39.6%), were the main sources of information. Online news (32.2%) was used
as a source of information in almost the same proportion as social media (29.6%). Radio and printed
media as two conventional sources of news were still used by 14.6% and 13.3% of people in the country,
respectively. Out of 4.4% (n = 46) of respondents who reported gathering information about forests
from other sources, almost half of them (n = 20) said they had gained it from their own experiences after
visiting the forest, followed by seven respondents who had obtained it from an official forestry website.

When correlating age and education level with source of information, the proportion of TV
viewers (n = 578) was dominant across all age groups and education levels (Figure 2). The young age
group of 18-24 years old, and respondents with a higher education level, were the major users of all of
the provided sources of information.

Especially within older age groups of respondents, the preference for receiving information from
TV was more than 60%. A high proportion of respondents of secondary school/vocational training were
TV viewers (61.1%). The majority of respondents within the age group of 18-54 years utilized online
news and social media as their primary sources of news. Among users, male respondents (56.5%)
were online media readers (p = 0.012), while the women were social media users (55%, p = 0.018).
Peer groups and families were considered an important source of information, especially within the
age group of 18-24 years old. Although radio and printed media were at the bottom two of the sources,
retired respondents still considered radio as an important information provider.
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Figure 2. Sources of information based on age group and education level.

4. Discussion

As the main forest product, woods are utilized for different purposes, for instance roundwood for
industrial purposes, pulp and paper, housing, and furniture material. [28]. Wood for building materials,
furniture, and energy sources were considered to be commonly used in the Czech Republic [19].
Between the years 2000 and 2018, the Czech statistical office reported an increased trend (up to 15%)
in wooden house/building constructions [29]. In this survey, 46.3% of the respondents reported that
they considered wood a better material for housing than other materials, due to the short duration
of material preparation, its environmentally friendly factor, the reasonable price, and its thermal
insulating character. In contrast, wood’s short lifespan and non-fireproof characteristics were in the
bottom two of the reasons. Our results revealed that the strength and weakness of wood could either
discourage or encourage customers to buy wood materials. By aiming to find solutions that could
produce wood materials with a long lifespan, that are fireproof and sustainable at a reasonable price,
wood consumption in the country can be improved. Additionally, the Czech statistical office also
reported that utilization of wood as a furniture material (excluding kitchen furniture) in the country
was similar over the years, especially 20172018 [30]. Our survey presented a preference for wood for
furniture materials, which gives an opportunity for the development of value-added products in this
sector, too. This can be seen also as a potential market for producers of the local wood furniture, with the
caution of a potential change in consumption patterns from roundwood to, e.g., plywood furniture.

In 2015, the Czech statistical office reported that about 25% of utilized energy was from renewable
resources. From 1995 to 2015, the trend of using energy from renewable resources nearly doubled.
Use of renewable energy source was mostly at household levels (66.5%), followed by industry (25.2%)
and other sectors (8.3%) [31]. Wood as a renewable energy resource was used by 38.6% of our
respondents. Firewood was the most preferred type of wood as a source of energy. The results
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imply that the simple use of wood as an energy source was still favourable. In this survey, we did
not ask further questions regarding the respondents’ reasons for selecting an energy source at home.
About two million m? per capita of wood was used as a source of energy in the country, which was
lower compared to the roughly twelve and six million m?
indicating that it is challenging to change the practice of using a fossil-based heater to a wood boiler

users in Germany and Austria, respectively,

energy source.

Studies from Finland, Germany, and Austria reported growing economic activity in rural areas,
which includes biomass-based value chains and the economic utilization of other types of FES [32-34].
In comparison to Austria and Germany (about 14,800 and 19,900 full-time equivalent (FTE), respectively),
the country had 42,500 FTE employmen in forest-based sectors. However, the annual change rate of
FTE decreased in the Czech Republic (— 6.85%) [35]. In the Czech Republic, the number of employees
in the forestry sector has systematically decreased in the last two decades, mainly due to low wages
in this sector. This mainly concerns workers, and started to manifest itself negatively in the last two
years in connection with the bark beetle outbreak. There is a lack of staff both in logging activities
(inability to remove infested trees within the legal deadline), and especially in planting activities (there
are not enough workers to plant trees). Therefore, the promotion of production in the bioeconomy,
and changing the consumption pattern of the Czech people in the future, could potentially improve the
employment situation in the forest-based sector and its value chains. The new challenge is to launch a
better use of biological renewable resources in the Czech Republic in a suitable form for the future of
society in sustainable manner.

To date, only wood forest products are considered to provide significant economic value for the
Czech forest owners. Through the adoption of the forest bioeconomy strategy, it is expected that
other FESs will also be promoted. NWEFPs, especially mushrooms and different varieties of berry,
were important for the recreational activity and socio-economic value of the Czech public [36,37].
The Czech MoA [22] reported that mushrooms were the most picked NWFPs (21,900 kg per year),
and, altogether, collected berries amounted to 17,000 kg per year. Our current study also found
a similar trend in preferred NWFPs (mushrooms and berries), which suggests the importance of
further promoting this FES. In this survey, we did not ask how the respondents obtained the NWFPs
(e.g., self-picking or buying the berries, honey, etc.). However, we discovered the importance of
the respondent’s gender and their preferred NWFPs, with women preferring more diverse NWEFPs
than men, such as collecting forest flowers and honey. In Switzerland, women were also reported as
potential consumers of NWFPs [38].

In contrast, hoof game meat seemed to be of more interest for males compared to females.
The Czech statistical office reported that consumption of game meat was still considered to be low (1.2%
from the total consumed meat per year per capita). Additionally, the statistical office also reported
an increasing trend of game animal consumption, from 0.5 kg per capita per year in 2006 to 0.9 kg
in 2013 [39]. Game animals, such as wild boars and deer, are raised more naturally than livestock
on a farm. The potential increase in game meat consumption due to hunting activities could cause
problems in the forest, such as damage to the growth of young shoots. Additionally, the argument
surrounding the function of hunting game as a recreational activity (e.g., getting a trophy, as a type of
sport) and wildlife management [40] is an ongoing discussion among associated stakeholders in the
Czech Republic, in addition to the problem of too high a stock of hoofed game [22].

By visiting the forests, the people utilize the recreation services of the forests. Access to the Czech
forest is a public right. At the moment, there are no official data regarding the frequency of the forest
visits of the Czech general population. However, concerning mushroom and berry picking, 90% of
Czech visitors visited the forests at least once a year, of which 20% visited on a weekly basis [36].
Our study reported that a very high proportion (99%) of respondents aged 18-65 years visited the
forest at least once per year (Table 1), which was higher than the 90% of Czech forest visitors in
2005 [36]. The reason for this was probably due to the age range of our respondents, which was at a
productive age, and not including those below 15 and above 65 years, who are less active and more
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dependent. Meanwhile, 66.67% of the German general population went to forests at least once a
year [17], while 40% of Austrians visited forests every week [41]. Out of the 99% of forest visitors in our
survey, 77.1% of them visited the Czech forest frequently. However, detailed reasons for visiting the
forest were not asked for in this survey. In another national survey (The Market & Media & Lifestyle),
walking and doing sport were the largest drivers of the Czech forest visits [42]. By understanding
the drivers of forest visits, programs concerning the promotion of FES could be well targeted and
developed by the respective forest owners and enterprises.

Our results also revealed that the proportion of respondents that have graduated from secondary
school/vocational training (46.7%) was significantly higher in the group of never or rarely visited
the forests than other education levels (p = 0.004). Based on the results of binary logistic regression
analysis, respondents that have graduated from secondary school/vocational training had a 1.6 times
odds ratio of not visiting or rarely going to the forest (p = 0.001). The education plans of the secondary
vocational schools involve more practical and physical work than regular high schools, which lead to
more physical jobs and rotating work schedules (shift). In this study, we did not collect information
on the type of occupation of the respondents. It was likely that the respondents who had graduated
from the secondary school/vocational training had time constraints to do recreational activities due
to the type of occupation (excluding those who graduated from a forestry or agriculture secondary
vocational school).

In order to increase public awareness with regards to the adoption of a bioeconomy strategy,
it is important to select an appropriate information provider, since changes in consumer behavior
are expected. Respondents in this national survey still favoured TV and the peer group/family as
major information channels. Online news and social media were the next most frequently selected
information providers, especially for the respondents below 55 years old. We also found that gender
influenced preferences in utilizing online news (male) or social media (female). The internet has been
predicted to win over more traditional information providers [43]. But, since a high proportion of
respondents in this survey selected TV as the source for information, therefore, TV should still be
considered as an important channel, together with other selected mediums.

5. Conclusions and Recommendations

The results of the survey presented wood products as the most preferred material for furniture
(96.3%) and building materials (46.3%). We found that 38.6% of Czech residents used wood as a
source of energy, mostly in the form of firewood. It is challenging to change the practice of using
fossil-based heaters to wood boiler energy sources. However, by addressing the positive attributes of
wood and their impact on the future environment, it is likely that an increase in awareness and changes
in consumer patterns can be expected. As the country has not yet adopted a bioeconomy strategy,
a review study on the forest bioeconomy in other European countries is recommended, in order to
give a better understanding of the impacts of bioeconomy strategies on a country’s economic growth,
particularly in the forest-based sector. The promotion of wood and non-wood forest products is
encouraged, starting with increasing awareness and knowledge of the strength of the forest-based
sector as a renewable energy resource and the importance of forest ecosystem services for recreation,
health, and the well-being of the people. The increasing trends in NWFPs’ utilization can be further
promoted by creating different events in relation to respective FESs, while being careful to regulate the
sustainable and shared responsibility aspects of protecting the forest. We also propose to investigate
the reasons for visiting the forest and design a targeted program for a specific population (based on age,
education level, type of occupation, or gender) in the country. It is important to utilize all channels as
an information source for the importance of FES and the bioeconomy, depending on the target groups.
We also propose to include forestry extension programs at school, especially in secondary vocational
schools, aiming to inform people about and link people with forests, and to improve their participation
in safeguarding the environment.
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