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Abstract

The main aim of the dissertation thesis is to carry out the evaluation of the socio-
economic impacts of global change on the forestry sector. To accomplish the key
purpose, both the qualitative and quantitative methods were applied to the research
and the following methods were utilized, namely literature review, desk research, data
collection, time series analysis, comparative analysis, spatial data analysis, cartogram
and cartodiagram method, and correlation and regression analysis. The objective of
the dissertation thesis was achieved through three original research papers published
in scientific journals with impact factors. The studies were consistent with the
dissertation theme and focused on various aspects of socio-economic impacts of
global change on the bioeconomy, including the forestry sector. The first study aimed
to evaluate the development of the bioeconomy labour market in the Czech Republic.
The second study focused on the explanation of the impacts of economic and financial
instruments of the climate change policy on the development of the forest bioeconomy
in the Czech Republic. The third study dealt with regional divergences and the impacts
of financial support on the development of the forest bioeconomy in the Czech
Republic. The dissertation thesis highlighted the priority of developing the social and
economic aspects of the bioeconomy. The findings of the dissertation thesis can
contribute to the development of national and regional bioeconomy strategies,
economic and financial priorities, and the achievement of the European Green Deal
vision. The results carry wider implications of the socio-economic impacts of global
change on the bioeconomy, including the forestry sector, and the framing of further
research agendas for the Czech Republic. The dissertation thesis and doctoral study

completed the picture of the circular bioeconomy in the Czech Republic.

Keywords: forest bioeconomy; circular economy; renewable resources; social

impacts; economic impacts; carbon sequestration, Czech Republic
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1 Introduction

The global challenges confronting humanity at present encompass climate
change, the rapid depletion of natural resources, the degradation of ecosystems, and
the significant loss of biodiversity that co-exist with the growth of urbanization and
human population (IPCC, 2023). Overcoming these circumstances, it is essential to
identify novel models for the production and consumption of commodities respectful
of the planet's scarce resources (European Commission, 2022). As global demand
for food, feed, biomaterials, and bioenergy resources continues to rise, there is an
increasing likelihood of pressure on natural resources and conflicts between supply

and demand.

In response to the challenges posed by this situation, modified economic models,
which include the circular economy and bioeconomy, are expected to facilitate a shift
towards a more sustainable future (Mougenot and Doussoulin, 2022). It is also
important to emphasize the concept of green economy, bio-based economy, or
Sustainable Development Goals, which are closely related to the concept of circular
bioeconomy. All these initiatives have a shared vision to ensure the sustainable
development of society and the well-being of current and future generations
(European Commission, 2019a). Furthermore, it is the bioeconomy that has links to
the concepts mentioned earlier and is considered to be an area with the potential to
achieve the set of global challenges (Lier et al., 2018; Loiseau et al., 2016). Currently,
the global challenge is to unlock the potential of the bioeconomy, not just in the forestry
sector (Nabuurs et al., 2017).

Forests are generally accepted as a multifunctional natural resource and its
economic, ecological and social importance lies in a wide range of market and non-
market services (Merlo and Croitoru, 2005). Forests represent important objects of
public interest and apart from timber provide many other ecosystem services (Wen et
al., 2019; Putra et al., 2018; Antonelli et al. 2021). However, the forests have been
significantly altered by human land use, and nowadays sustainable management
should contribute to the adaptation and mitigation on climate change and provide
environmental and social benefits (Harris et al., 2021; Kim et al., 2017). In the Czech
Republic, forests and forestry sector face unprecedented challenges, such as climate
change and the consequences of the bark beetle calamity that require a holistic

approach and coordinated actions (Hlasny et al., 2021).



2 Objective

The main aim of the dissertation thesis was to carry out the evaluation of the
socio-economic impacts of global change on the forestry sector in the Czech
Republic.

Firstly, employment can be considered the leading social identifier of the
bioeconomy. A trend of bioeconomy employment and forestry employment within the
bioeconomy labour market was explored, and the evaluation of forestry employment
drivers was examined.

Secondly, financial support can be identified as a crucial economic factor of the
bioeconomy. The impacts of economic and financial instruments on the development
of the forestry sector were examined.

Concerning the principal aim of the research, the following hypotheses were
defined:

Null hypothesis (1Hg): There is no statistically significant relationship between

economic growth and forestry employment in the Czech Republic.

Alternative hypothesis (1Ha): There is a statistically significant relationship
between economic growth and forestry employment in the Czech Republic, with

economic growth impacting either positively or negatively on forestry employment.

Null hypothesis (2Ho): There is no statistically significant relationship between
economic and financial instruments and the development of the forestry sector in the

Czech Republic.

Alternative hypothesis (2Ha): There is a statistically significant relationship
between economic and financial instruments and the development of the forestry
sector in the Czech Republic, with economic and financial instruments impacting

either positively or negatively on the development of the forestry sector.

Null hypothesis (3Ho): There is no statistically significant relationship between

national financial support and forest carbon in the Czech Republic.

Alternative hypothesis (3Ha): There is a statistically significant relationship
between national financial support for the forestry sector and forest carbon in the
Czech Republic, with national financial support for the forestry sector impacting either

positively or negatively on forest carbon.
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3 Literature review

Bioeconomy

A bioeconomy driven by biological inputs carries the potential to mitigate the
consequences of climate change and enhance food and energy security while
improving the well-being of humankind (Mougenot and Doussoulin, 2022). The
European Union gives the following definition (European Commission, 2018) of the
bioeconomy: “The bioeconomy covers all sectors and systems that rely on biological
resources (animals, plants, micro-organisms, and derived biomass, including organic
waste), their functions and principles. It includes and interlinks: land and marine
ecosystems and the services they provide; all primary production sectors that use and
produce biological resources; and all economic and industrial sectors that use
biological resources and processes to produce food, feed, bio-based products,

energy, and services.”

Broadly, a coherent definition of the bioeconomy is still absent. Several
characterizations were formulated in the field of differing stakeholders, resources, or
geographical locations (Ellen MacArthur Foundation, 2013; Loiseau, et. al., 2016;
D’Amato, et. al., 2017; Bracco, et. al., 2018; Ramcilovic-Souminen, 2018; Birner,
2018; Carus, et. al.,, 2018; Kardung, et. al., 2019; Mittra, 2020). Alongside the
European meaning, countless definitions both at global and national levels were

developed.

For example, bioeconomy definitions were created by the OECD (2009), the
Food and Agriculture Organization of the United Nations (2021), the White House
(2012), and the Global Bioeconomy Summit (2018). At the national level, there is a
bioeconomy definition builded by the government of Italy (CNBBSV, 2019), Ireland
(Department of Communication, Climate Action & Environment and the Department
of Agriculture, Food and the Marine, 2019), France (Ministére de I'Agriculture et de
I'Alimentation, 2021), Spain (Ministerio de Economia y Competitividad, 2021),
Germany (BMBF and BMEL, 2020), Argentina (Ministerio de Ciencia, Tecnologia e

Innovacion Productiva, 2012), and Malaysia (Bioeconomy Corporation, 2021).

Barafiano and his team (Barafiano, 2021) introduced the modified bioeconomy
definition: ,The sustainable production and conversion of renewable biological
resources and generated wastes into products and services, which fervently
embraces ethics and circularity to simultaneously promote human well-being and

nature conservation”.
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In detail, the European definition of the bioeconomy was launched in the first
bioeconomy strategy in 2012 (European Commission, 2012) and later in the updated
bioeconomy strategy in 2018 (European Commission, 2018). The revision established

three principal lines of intervention to unlock the potential of the bioeconomy, namely:

e strengthen and scale up the bio-based sectors, investments, and markets,
e deploy local bioeconomies across Europe,

e understand the ecological boundaries of the bioeconomy.

Firstly, renewable resources, bio-based value chains and innovation, green public
procurement, the environmental footprint of products, plastic-free oceans, and a
thematic investment platform for a circular bioeconomy are covered. In the second
area, can be observed a Strategic Deployment Agenda that supports a blue
bioeconomy, rural areas, carbon farming, and education. The last domain concerns
the establishment of a monitoring system to ensure comprehensive knowledge, data,

and information on the European bioeconomy sectors.

Policymakers worldwide are striving to develop unique bioeconomy strategies that
seem necessary to deliver economic, environmental, and social sustainability. On a
national scale, bioeconomy strategies were discovered, specifically in Italy (CNBBSV,
2019), Spain (Ministerio de Economia y Competitividad, 2021), Finland (Luoma et al.,
2011), Germany (BMBF and BMEL, 2020), and others.

The Czech Republic, likewise to Central and Eastern European countries, lacks a
specific bioeconomy strategy at the national level. On the other hand, bioeconomy is
incorporated in the first strategic plan for circular economy so-called Circular Czech
Republic 2040, specifically in domain 3 - bioeconomy and food (Ministry of
Environment, 2021). Besides, various policy materials covering the bioeconomy are
available, such as the Strategic Framework of the Czech Republic 2030 (Ministry of
the Environment of the Czech Republic, 2021), the Strategy of the Department of the
Ministry of Agriculture of the Czech Republic with an Outlook up to 2030 (eAgri, 2023),
Research and Innovation Strategy for the Smart Specialization of the Czech Republic
(Ministerstvo pramyslu a obchodu, 2022), and The Czech Republic’s Innovation
Strategy for 2019-2030 (Ufad vlady, Rada pro vyzkum, vyvoj a inovace, 2019). To
sum up, policy interventions should be geared towards the reduction of environmental
pressures along the entire value chain and provide bioeconomy strategies (European

Environment Agency, 2018).

Although the Czech Republic has no official national bioeconomy strategy, several

initiatives aimed at supporting the progress of the bioeconomy can be observed. At
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the macroregional level, the Central-Eastern European initiative for bio-based
agriculture, aquaculture, and forestry. The BIOEAST (2024) activities target (1) the
establishment of a national circular economy and bioeconomy strategies, (2) creation
of the value-added jobs, notably in rural areas, (3) the circular usage of biomass, and
(4) evidence base support. At the national level, the Bioeconomy platform of the
Czech Republic (2024) aims to (1) deepen knowledge related to the bioeconomy via
research and education, (2) foster its practical implementation in the private and public

sectors, and (3) contribute to sustainable development.

Bioeconomy is primarily rooted in the traditional sectors of the economy, namely
(1) agriculture, (2) forestry, (3) aquaculture, and (4) the production of paper and wood-
related goods. Nonetheless, innovative sectors are also included, bioenergy, biofuels,
biotextiles, and biochemicals while their significance is strengthening over time
(Ronzon et al., 2017). The study presented by Ronzon et al. (2015) segregated the

national economies of the Member States following:

e agricultural bioeconomies (Romania, Greece, Poland, Slovenia, Ireland, and
Croatia),

e agro-food industry and bio-based chemical industries (Netherlands, Belgium,
France, Denmark, Germany, Italy, Spain, Luxembourg),

o forest bioeconomies (Finland, Sweden, Latvia, and Estonia),

e non-specialized bioeconomies (Bulgaria, Czech Republic, Hungary, and

Slovakia).

Currently, the forest bioeconomy is gaining prominence and is part of a
comprehensive set named the Fit for 55, targeting a series of proposed revisions and
new initiatives to ensure the achievement of the climate-neutral vision (European
Commission, 2021d). In detail, the New EU Forest Strategy (European Commission,
2021c) focuses on the cascading principle of biomass usage, forest restoration,
financial support for forest owners and rural areas, and protection of forest

ecosystems.

A circular economy, a regime in which waste becomes a source or input for further
production while material and energy efficiency are maximized, has a major role in
the transition to a low-carbon economy (European Commission, 2022). The circular
economy replaces the original, linear economy, which operates on the principle where
resources are turned into products, sold, consumed, and after a very short lifespan
burned, or landfilled (Yang et al., 2023; Halog and Anieke, 2021). The bioeconomy,

as a renewable segment of the circular economy, includes forestry as one of its
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priorities. Biodiverse and resilient ecosystems underpin a circular bioeconomy that
delivers social well-being concerning the ecological boundaries of the ecosystems on
which it depends (Palahi et al., 2020). The butterfly diagram, a system diagram of the
circular economy, visualizes the flow of materials within the biological and technical
cycle (McDonough and Braungart, 2002). In the biological loop, nourishment from
biodegradable materials can be reinvested to help recover the environment (Ellen
MacArthur Foundation, 2019).

Globally, renewable materials constitute roughly 25% of all material inputs (Circle
Economy, 2023). Additionally, end-of-life materials flowing back into the global
economy equated to 7.2% of all material inputs in 2023. Regarding the study by
Bocken et al. (2016), four essential strategies, such as narrow, slow, regenerate, and
cycle can contribute towards a more sustainable economic paradigm. To unlock the
potential of the circular economy a holistic approach incorporating the economic,
social, and environmental dimensions should be applied (Lozano et al., 2021; Reich
et al., 2023).

Social aspects

According to the European Union calculations, the bioeconomy employs
around 18 million people and by 2030 up to 2 million new jobs could be created
(European Commission, 2018). The high employment numbers in the subsectors of
the bioeconomy are the result of natural and geographical conditions (Drejerska,
2017). Drivers of bioeconomy job creation are the forestry, fishing, and wood sectors
(Philippidis et al., 2014). Wood logging, the manufacture of wood products, and
sectors using the by-product as a feedstock show the potential to boost bioeconomy
employment (Jonsson et al., 2021). Comparing material and energy use of biomass,
material utilization generates higher employment, mainly due to longer and more

complex value chains (Carus, 2012).

Rakowska (2011) displays that tertiary education in the bioeconomy seems to
be a crucial element in the development of an innovative and more sustainable
society. The overview (Hetemaki et al., 2016) displays a significant need to increase
academic research and education according to bioeconomy. The study (Ludvig et al.,
2019) highlights the great potential of social innovations in the forest bioeconomy,
which can provide economic, educational, and cultural opportunities and support

people in rural areas.

The bioeconomy sectors seem to be crucial in the case of employment

increment and household income at the national and regional levels (Dammer et al.,
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2017; Pasnicu et al., 2019; Jurga et al., 2021). To track the progress, several
indicators were used, namely (1) the total number of bioeconomy employees and the
bioeconomy share in the labour force (Efken et al., 2016; Piotrowski et al., 2019;
Ronzon et al., 2020; Capasso and Klitkou, 2020), (2) labour productivity (Ronzon et
al., 2017), (3) employment multipliers (Philippidis et al., 2014; Jurga et al., 2021); (4)
direct, indirect and induced employment (Rajendran et al.,, 2016), (5) full-time

equivalents (Debergh et al., 2016), and (6) location quotient (Ronzon et al., 2018).

Monitoring of social indicators provides important insight into the size, impact,
and evolution of the bioeconomy (Kardung et al., 2019). At the same time, uniform
tools, metrics, and indicators that can reliably measure the development and state of
the bioeconomy are necessary (Kuosmanen et al., 2020). However, the monitoring
indicators are hampered by a lack of statistical data (Parisi et al., 2016). To be able to
monitor and measure the bioeconomy, it is essential to define the sectors belonging
to the bioeconomy. Based on the NACE classification, there are several studies
(Ronzonet al., 2017; Kardung et al., 2019; Efken et al., 2016; Piotrowski et al., 2019)
which include various NACE sectors to measure and monitor the development of the

social aspect of the bioeconomy.

Regarding studies focusing on the Czech Republic, besides the
abovementioned studies (Ronzon et al., 2017; Philippidis et al., 2014; Pasnicu et al.,
2019) there is research presented by Purwestri et al. (2020), and Hajek et al. (2020).
However, studies lack attention directly to the bioeconomy labour market in the Czech

Republic.

To sum up, research findings according to the bioeconomy labour force are
constantly developing. However, a very low number of studies focused particularly on
the labour market of the forestry sector were observed, especially in the Czech
Republic (Sanz-Hernandez et al., 2019). A notable knowledge gap exists in the
current understanding of the employment potential of the bioeconomy in the Czech

Republic.
Economic and financial aspects

Regarding scientific studies, the issue of economic and financial instruments
and their impacts on the bioeconomy is not sufficiently analyzed. Studies focused on
financial support of the bioeconomy that ensure economic, environmental, and social
sustainability can be found (D’Amato et al., 2020). Financial instruments are crucial
factors in achieving a climate-neutral economic system in the European Union by

2050 (European Commission, 2019a). Investments in research and innovation can
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improve European competitiveness and accelerate the transformation of the economy
to a green and sustainable pathway (Ritter et al., 2024). At the European level, several
economic and financial instruments to support and boost the bioeconomy are
provided. Funding opportunities include the research and innovation program Horizon
Europe 2021-2027, the European Circular Bioeconomy Fund, the Circular Biobased
Europe Joint Undertaking, the European Structural and Investment Fund, and the

European Fund for Strategic Investments.

Focused on bioeconomy, Horizon Europe 2021-2027 allocated in pillar 2 —
Global challenges and European industrial competitiveness, namely in cluster 6 —
Food, bioeconomy, natural resources, agriculture, and environment EUR 52.7 billion
(European Commission, 2021b). The main aim of investments in research and
innovation concerning food, bioeconomy, natural resources, agriculture, and
environment is knowledge development, capacity building, and demonstrating
innovative solutions to accelerate the transition to a more sustainable and circular

system.

Economic and financial instruments can support also innovations (Lovric et al.,
2020), the most frequent types are within the development of production methods,
followed by innovations in goods and services. There are few innovation cases in the
later stages of development, and more disruptive and complex innovations are usually
more successful ones. Regarding the innovations in forestry, we can observe several
studies focus on digitized forest management (Klitkou, 2021), wooden skyscrapers
(Tollefson, 2017), drivers in forestry (UNECE, 2018), the role of new wood-based
products (Hurmekoski, 2018), forest biomass (Bottcher, 2013), and new value chains
and climate-smart forestry (Verkerk, et al., 2020). The study (Nayha, 2014) provides
insight into existing traditional forest products, new forest products, bioenergy, and

forest services.

The main types of financial instruments enabling bioeconomy development
include taxes, tax relief, grants, subsidies, feed-in tariffs, loans, direct public funding,
and tradable permits (Stichting Wageningen Research Netherlands, 2016). To assess
the contribution of economic and financial instruments to the development of the
bioeconomy, diverse variables were considered, in particular, environmental taxes
(Zhurakovska et al.,, 2021; Sasaki, 2021), carbon payments (Kerr et al., 2012;
Pukkala, 2020; Barua et al., 2012; Evison, 2017; Moiseyev et al., 2014; Caurla et al.,
2013; Lauri et al., 2012), and national subsidies (Espafa et al., 2022; Ersoy and Mack,
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2012; Aoyagi and Managi, 2004; Jensen et al., 2022; van Valkengoed and van der
Werff, 2022).

Simultaneously, there is no comprehensive system to support the
development of the bioeconomy from initial research to the commercialization stage
(Mubareka et al., 2023). Implementation of that system can ensure that the right
financing solutions and targeted advisory support in the bioeconomy will be available.
The lack of private investments is displayed, so the challenge to mobilize private
financial sources to scale up innovations still exists (Becker et al., 2024). The risk-
sharing finance facility presents a possibility to address the needs of bioeconomy
projects and attract private capital (World Business Council for Sustainable
Development, 2019). However, further barriers such as high and risky costs, a lack of
bio-based technologies, uncomprehended policies, and customer perceptions of bio-

based materials and products can be recognized (Borzacchiello et al., 2024).

National financial sources in the Czech Republic to support forestry are
regulated by Section 46 of the Forest Act no. 289/1995 Coll. on forests and on the
amendment and addition of certain laws. In the long term, the financial support
mechanism is complex, imprecise, and administratively intensive, which reduces the
overall effectiveness of financial support for forest owners in the Czech Republic
(Ministry of Agriculture, 2022). Financial contributions for forest management granted
from the budget of the Ministry of Agriculture provide a wide range of financial support
for forestry (Ministry of Agriculture, 2023). Additionally, in the period 2020-2023, the
National Recovery Plan (European Commission, 2019b) offered CZK 8 billion for Title
B - financial contributions for reforestation, establishment, and tending of forest

stands.

Except for the national programs named above, there are other possibilities
open to forest owners, such as (1) subsidies for the protection and reproduction of the
gene pool of forest trees, (2) support from the Agricultural and Forestry Support and
Guarantee Fund, (3) services with which the state supports forest management, and
(4) partial refund excise duty on diesel fuel consumed during forest management
(Ministry of Agriculture, 2023).

Forest adaptation to climate change contribution was introduced in 2022,
establishing a voluntary commitment beyond the binding requirements of the Forest
Act for a period of at least five years. Currently, there is a short duration and a lack of
data, however, it will be relevant to examine the effect of named contribution on the

forestry sector.
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State financial obligations under the Forest Act are a further option for the
national financial sources for forestry. Four categories of mandatory expenditure can
be identified, namely §24 improvement and strengthening of timber species, §26
costs for processing forest management plans, §35 improvement and damming of
streams in forests, §37 activities of a professional forest manager. Based on the
National Recovery Plan (European Commission, 2019b), CZK 300 million (EUR 12
million) between 2020-2023 was targeted for financial support under §35 of the Forest
Act.

To sum up, a review of the existing literature reveals several avenues for further
research as a knowledge gap is evident regarding the economic and financial

instruments to support the bioeconomy in the Czech Republic.
Environmental aspects

The bioeconomy, in particular the forest bioeconomy, constitutes a component
of a climate-neutral economy. Cumulative emissions of greenhouse gases are on the
rise (Rae et al., 2021) and their concentration in the atmosphere continues upwards,
driving up the global average temperature (Scripps Institution of Oceanography,
2023). The carbon budget and various emission scenarios are discussed, along with
their impacts on ecosystems and humanity (IPCC, 2023; Kim et al., 2017; Giorgi,
2019; Hlasny et al., 2021). The Kyoto Protocol initiated the monitoring of national
emissions of greenhouse gases (UNFCCC, 2023) and is not losing its relevance even

in the effort to keep warming below 2 degrees Celsius (United Nations, 2016).

Forests are of great importance in the carbon cycle, as they participate in the
process of photosynthesis (Keeling et al., 2011). Forests as net carbon sinks were
examined by several authors, namely Kauppi et al. (2020), Assmuth and Tahvonen
(2018), Meeussen et al. (2021), and Bradford (2011). Besides carbon sequestration
and storage, other positive externalities and forest functions are explored (Wen et al.,
2019; Putra et al., 2018; Antonelli et al. 2021; Mao et al. 2017; and Farkic et al., 2021).

Natural solutions for carbon storage in forest ecosystems were analyzed.
Generally, monetary compensations constitute a significant positive incentive (Horne,
2006; Ramo et al.,, 2013; Markowski-Lindsay et al., 2011; Tian et al., 2015).
Simultaneously, negative links with forest carbon were explored by Dickinson et al.
(2012), Fletcher et al. (2009), Wade and Moseley (2011), and Khanal et al. (2017).

Finally, the mixture of policy materials and strategies that shape the direction of

the development in the field of circular bioeconomy appears, namely the Paris
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Agreement, the European Green Deal, or the Bioeconomy Strategy. European
bioeconomy has the potential to create new green jobs, turn forests into value-added
innovative products support renewable resources, and increase carbon storage. The
bioeconomy is intended to scale up the bio-based sectors, unlock investments, and
deploy regional bioeconomies. In parallel to fostering investment, the bioeconomy is
stimulating the emergence of new high-skilled green jobs in rural and coastal areas.
Supporting the bioeconomy has enormous potential to meet a major challenge to
meet not only the European Green Deal (European Commission, 2019a) but also the

Sustainable Development Goals (United Nations, 2015).
In summary, there is especially a knowledge gap in:

o studies to assess the development of socio-economic indicators of the
bioeconomy,

e clear bioeconomy definition,

¢ clear identification of the bioeconomy sectors,

e comprehensive bioeconomy data and statistics,

e comprehensive bioeconomy education,

e comprehensive bioeconomy financial support.

Based on the literature review, it is obvious that there is an opportunity for
improvement. There are still significant knowledge gaps in the European circular
bioeconomy. The dissertation thesis and doctoral study completed the picture of the

circular bioeconomy in the Czech Repubilic.
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4 Methodology
4.1 Materials

Extensive secondary data was collected for the period 2000-2021. According to
data linked with bioeconomy, various data sources were applied. The key data
sources are Eurostat, the Czech Statistical Office, the Ministry of Agriculture of the
Czech Republic, the Ministry of the Environment of the Czech Republic, the Energy
Regulatory Office, the official websites of the European Union and the United Nations
Framework Convention on Climate Change (UNFCCC), and data published in

scientific studies (databases Web of Science, Scopus, etc.).

According to labour market data, the development of the bioeconomy relates to
its subsectors. To identify the relevant data on employment in the bioeconomy in the

EU-27 and the Czech Republic, two crucial sources of data can be found:

¢ Eurostat database (Eurostat, 2021) and
o Data-Modelling platform of agro-economics research (European Union,
2021a).

Based on the employment in the bioeconomy sectors, the thesis operates with
specific sectors based on Ronzon et al. (2020), namely agriculture, forestry, fishing,
the manufacture of food products, beverages and tobacco, the manufacture of bio-
based textile, the manufacture of wood and wood products, the manufacture of paper,
the manufacture of bio-based chemicals, the manufacture of bio-based
pharmaceuticals, the manufacture of bioplastics, the manufacture of liquid biofuels

and the production of bioelectricity.

Concerning employment data, the sectoral approach was used, and the key
methodology has been carried out by the Data-Modelling Platform for Agri-Economic
Research (European Union, 2021). Some sectors may be entirely biobased, whilst
others are displayed as hybrid sectors and only the biobased part is included in the

calculations. The sectoral approach is introduced in Table 1.
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Table 1 List of pure and hybrid bioeconomy sectors

Bioeconomy sector NACE Code
Agriculture AO01

Forestry A02

Fishing A03

Food, beverages and tobacco industry C10; C11; C12
Bio-based textiles* C13*, C14*, C15*
Wood products and furniture* C16*; C31*
Paper and paper products C17

Bio-based chemicals, pharmaceuticals and plastics . . .
(excl. biofuels)* C20% €21 C22
Liguid biofuels (bioethanol and biodiesel)* C2014*, C2059*
Bio-based* electricity D3511*

*hybrid sectors
Source: own processing, based on methodology European Commission (2021a).
According to economic and financial instruments, a mixture of data sources can
be observed. Especially, two categories of data were obtained from the Ministry of
Agriculture of the Czech Republic. First, several datasets were generally available
from public repositories. Second, obtaining data regarding financial support for the
forestry sector proved challenging. The data used are not widely accessible and are
available only on request. From the extensive datasets obtained, selected data for the
period 2000-2020 were extracted and harmonized. Searched data were divided into

several categories, such as:

(1) national public financing

o state financial obligations under the Forestry Act,

¢ financial contributions for forest management granted from the budget

of the Ministry of Agriculture,

¢ subsidy for protection and reproduction of the gene pool of forest trees,
(2) financial aid co-financed by the European Union

¢ Rural Development Programme 2007-2013,

e Rural Development Programme 2014-2020.

The comprehensive dataset contained financial flows with regional resolution.
In particular, the nomenclature of territorial statistical units - NUTS level 3 (NUTS3)

was chosen. The list of regions in the Czech Republic is set out in Table 2.
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Table 2 Overview of the regions of the Czech Republic

NUTS3 Name ,rb]\bbrewatlo
Cz010 Prague, the Capital City PRG
CZ020 Central Bohemian Region CBR
Cz031 South Bohemian Region SBR
CZ032 Plzeri Region PLR
CzZ041 Karlovy Vary Region KVR
Cz042 Usti nad Labem Region ULR
Cz051 Liberec Region LBR
Cz052 Hradec Kralové Region HKR
Cz053 Pardubice Region PAR
Cz063 Vysocina Region VYR
Cz064 South Moravian Region SMR
Czo71 Olomouc Region OLR
Cz072 Zlin Region ZLR
Cz080 Moravian-Silesian Region MSR

Source: authors, based on Eurostat (2023).

Turning to economic and financial instruments, additional sources of data were
explored, notably Eurostat (Eurostat, 2022), Czech Statistical Office (CZSO, 2022),
and Energy Regulatory Office (Energy Regulatory Office, 2021). These sources

delivered secondary data on topics including:

e environmental investments in biodiversity,
e environmental taxes,

e price of European Union Allowance.

Besides this, additional data regarding the forest land, roundwood removals, gross
domestic product, and wages/salaries can be observed. Concerning environmental
inputs, the United Nations Framework Convention on Climate Change database
(UNFCCC, 2023) covered greenhouse gas (GHG) emissions/removals from the Land
Use, Land Use Change, and Forestry (LULUCF) sector. Figures regarding carbon

fluxes consisted of selected sub-categories of the LULUCF sector, mainly:

e item4.A, i.e. forest land,

e item 4.G, i.e. harvested wood products (HWPs).
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4.2 Methods

To accomplish the key purpose, both the qualitative and quantitative methods

were applied to the research. The following is a summary of the methods utilized.

Desk research

Desk research is an alternative term for secondary research (Manu and Akotia,
2021). Desk research is a method of the assembly, collation, and analysis of
information which have been already published (Armstrong, 2002). Desk research
allows to synthesize already available details from diverse sources, such as articles,

books, reports, or databases (Kulachinskaya and Bencsik, 2023).

Data collection

The method of data collection was applied with the purpose of obtaining the
inputs for pilot analysis and evaluation of the socio-economic impacts of global
change on the forestry sector which are based on the data from the Czech Repubilic.
According to the source (Joiner Associates Staff, 1995), data collection displays a
five-step process that is able to ensure that the collected data are meaningful and
appropriate for research needs. The first section looks at how to collect data to meet
our data collection goals. Then we focus on developing operational definitions to
define what we are trying to evaluate. The third section consists of a plan for data
consistency and stability. Begin data collection and continuing to improve
measurement consistency are the last parts of the data collection process. Data
collection describes the systematic way of collecting and evaluating relevant
observations or measurements from multiple sources (Groenland and Dana, 2019).
Data collection is a fundamental component of all forms of research, analysis, and

decision-making activities (van Delden et al., 2023).

Time series analysis

Time series analysis is a tool for examining and interpreting data points
gathered over time (Nielsen, 2019). The main aim of the technique is to identify
patterns and trends in a given data set (Palma, 2016). Data points are measured at
regular intervals to find out changes over time intervals (Blume and Durlauf, 2016).
Additionally, time can be seen as an essential variable as it provides evidence of links
within the data (Bleikh and Young, 2014). Time series analysis requires robust data

points to guarantee its consistency and reliability (Dinesh and Mangey, 2021).

Comparative analysis
Comparative analysis is a technique for enabling items to be compared and

contrasted to detect commonalities and disparities (Perry, 2019). Comparative
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analysis takes the application of a concept, problem, theory, or question getting a
more in-depth insight into the issue and framing the responses (Kahwati and Kane,
2018). Comparative analysis refers to the analysis of data to investigate the
interaction of conditions with outcomes (Ge, 2019). Thorpe and Holt (2007) identified
that comparative analysis involves a systematic process employed by evaluating and
comparing two or more entities, variables, or possibilities in order to offer a structural

decision-making basis.

Spatial data analysis

Spatial data analysis is a procedure of simulation of data with geographic
characteristics (Kanaroglou and Delmelle, 2016). Spatial data analysis displays links
that exist among objects, humans, or aspects through space (Brunsdon and
Comber, 2014). The method turned out to be the backbone system for Geographic
Information Science (Gokceoglu and Pourghasemi, 2019). Spatial analysis can be
exploited to visualize both micro and macro place-based digital information
(Fotheringham and Rogerson, 2008). This technique has considerable potential in
tackling complex challenges such as the current global climate change (Maantay and
McLafferty, 2011).

Spatial data analysis was performed using QGIS 2.26.3 software. The layer
'Boundaries' from the Topographic database of the Czech Republic (Data200) served
as a topographic base. A regional analysis approach was undertaken to document
regional differences in the allocation of national financial resources to the forestry
sector in the Czech Republic. It was decided to utilize the terminology of territorial
statistical units, specifically NUTS level 3 (NUTS3).

Cartogram and cartodiagram method

The cartogram and cartodiagram method represent a key method of economic
geography simultaneously depicting several phenomena (Couclelis et al., 2011). The
cartogram and cartodiagram method display a theme map of a collection of
components (Fritz and Carver, 2016). Cartogram and cartodiagram method is a map
illustrating geographical statistics of some sort, typically through shading, curves, or
points (Kessler and Battersby, 2019). Cartogram and cartodiagram can be created as
a unique map in the sense of its integration of statistical features with geographic

positioning data (Ballas et al., 2017).

Correlation and regression analysis
Correlation analysis refers to a statistical method for the study of the

relationship between two or multiple variables (Russell, 2018). It evaluates the
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intensity and direction of the relation by measuring the correlation coefficient, ranging
from -1 to 1 (Agarwal and Kaushal, 2021). A correlation coefficient of 1 denotes a
positive correlation, while -1 stands for a negative correlation. Nevertheless,

correlation analysis does not mean causality (Marr, 2015).

As the data show a linear relationship and a normal distribution, correlation
analysis was performed using Pearson's correlation coefficient (Zimmermannova et
al., 2016). Bivariate correlation is adopted to achieve the correlation coefficient, a
measurement that represents the degree of relationship between two linear variables
(Armitage et al., 2014).

Subsequently, more complex regression analysis was performed, and
regression models were built to be able to observe the partial relations of the variables
(Cohen et al., 2014). Regression analysis is a method for investigating the functional
relationships among variables (Arkes, 2023). The relationship is expressed in the form
of an equation or a model connecting the response or dependent variable and one or
more explanatory or predictor variables (Chatterjee and Hadi, 2006). In general, the
regression analysis focuses on the relationship between a dependent variable and an
independent variable (Hall, 2021). The dependent variable is called the regresand.
The independent variable is called the regressor. The regression function combines
a dependent and an independent variable (Hendl, 2012). The general regression

equation (Thrane, 2019) is as follows:
Y =0+ B1X1 + f2X2 + B3X3+ ........ pnXn + u

In this equation, parameters B0 - Bn represent regression coefficients that
reflect the impact of the independent variable on the dependent variable. In each
regression model, the variable Y represents the dependent while the X1 — Xn shows
the independent variables. The parameter u represents a random element of the

model.

Regarding the dependent variable (Y), forestry employment, forest land, wood
biomass production, and forest carbon were established. Independent variables (X1
— Xn) can be divided into categories, such as gross domestic product, wages/salaries,
environmental investments, environmental taxes, the price of European Union
Allowances, national financial sources for forestry, and European financial sources for

forestry.

Given the hypotheses previously determined, the following regression models

were designed and tested:
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o forestry employment model (FORE), dealt with the development of the forest
bioeconomy,

o forest land model (FOLM), focused on the development of the forest
bioeconomy,

e wood biomass production model (WBIOM), focused on the use of bioeconomy
renewable resources, such as wood biomass,

o forest carbon model (FORCM), targeted at the environmental aspect, such as

forest carbon storage.

4.3 Workflow

This dissertation employs several methodological approaches and the
methodology is divided into various sections. The dissertation as a whole was
evaluated according to the methods of description, systematic sampling, comparison,
analysis, and synthesis. A workflow procedure has been implemented and is outlined
below:

e literature review,

¢ examination of the bioeconomy labour market,

e examination of the economic and financial instruments,

e data visualization,

e final evaluation of results.

Firstly, a literature review was conducted by analyzing selected secondary
sources and professional publications related to the socio-economic aspects of the
bioeconomy. The literature search was categorized into the following subparts. The
initial section addressed the fundamental elements of the bioeconomy and provided
a knowledge base for further activities. The bioeconomy was evaluated at both the
European and Czech levels, with particular emphasis placed on the definition,
scoping, strategic frameworks, policy materials, and monitoring system.

Furthermore, bioeconomy-related concepts such as the circular economy and
sustainable development were also considered. The second pillar explored the social
dimension of the bioeconomy. Social aspects such as employment, green jobs, and
education were investigated. The third pillar concerned the economic segment of the
bioeconomy. In particular, the literature review focused on the analysis of economic

and financial instruments, both at the European level and at the national one.

Secondly, an assessment of the bioeconomy labour market was carried out. In the
first step, data collection and processing were applied and the data linked with

bioeconomy employment were collected and analyzed. For each record, there were
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two kinds of data considered - textual and numerical. In specific, the particular items

were as follows:

e NACE code,
e name of bioeconomy sector,

e number of employees.

In the next step, a quantitative approach was applied to evaluate the development
of the bioeconomy labour market. For this, methods of time series analysis, sectoral
comparative analysis, correlation and regression analysis were used. The following
indicators were considered, such as:

e the share of the bioeconomy labour market in the total labour force,

the evolution of employment in the bioeconomy labour market,

changes in the structure in particular bioeconomy subsectors,

drivers of the bioeconomy employment.

The aforementioned indicators were monitored in several categories, in detail

European Union, bioeconomy groups, Visegrad Four countries, Czech Republic.

Thirdly, the evaluation of the effectiveness of the economic and financial
instruments was realized. In the first step, data collection and processing were applied

and various datasets were collected and analyzed, namely:

e price of European Union Allowance,

e environmental investments in biodiversity,

e revenues from environmental taxes imposed in forestry,
e forest land,

¢ roundwood removals,

e carbon fluxes in selected sub-categories of the LULUCF sector.

The subsequent stage displayed communication with the Ministry of Agriculture of
the Czech Republic, specifically with the Department of Forestry Economic
Instruments. Extensive datasets of financial flows in the forestry sector in the Czech
Republic for the period 2000-2020 were obtained. The core financial flows were
constituted by (A) national sources based on the Forestry Act No. 289/1995 Coll., on
forests and on the amendment and addition of certain laws, and (B) European funds

within the Rural Development Programme. An overview is given in Annex 1.

Regarding both groups of data, each record contained two kinds of data

considered - textual and numerical. In specific, the particular items were as follows:
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e number of financial contributions or subsidies,

¢ name of the financial contributions or subsidies,
e the amount of the contributions or subsidies,

e year,

e region.

In the next step, a quantitative approach was adopted to evaluate the impact of
the economic and financial instruments on the development of the forest bioeconomy.
Multiple methods were exploited, especially time series analysis, comparative
analysis, correlation, and regression analysis. A series of indicators included:

o forest land,

e wood biomass production,

e forest carbon.

Fourthly, data visualization was utilized to examine the evolution of national
financial sources within the forest bioeconomy in the Czech Republic. To demonstrate
regional divergences in the allocation of national financial sources, spatial data
analysis, the cartogram and cartodiagram method were employed. The following
indicators were selected, concretely:

e regional differences in financial contributions for forestry granted from the

budget of the Ministry of Agriculture per hectare,

e regional differences in financial contribution to mitigate the impact of the bark

beetle calamity per hectare.

Finally, the evaluation of results was realized. Based on the findings of the
preliminary analyses and pilot models, additional data were collected to ensure the

completeness of the final form of the dissertation.
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5 Results synthesis

The objective of the dissertation thesis was achieved through three original
research papers published in scientific journals with impact factors (IF). The studies were
consistent with the dissertation theme and focused on various aspects of the socio-

economic impacts of global change on the bioeconomy, including the forestry sector.

The first study aimed to evaluate the development of the bioeconomy labour

market in the Czech Republic, including the forestry sector (subchapter 5.1):

Perunova, M., Zimmermannova, J. (2022). Analysis of the forestry employment
within the bioeconomy labour market in the Czech Republic. Journal of Forest Science.
68: 385-394. DOI: 10.17221/84/2022-JFS.

The second study focused on the explanation of the impacts of economic and
financial instruments of the climate change policy on the development of the forest

bioeconomy in the Czech Republic (subchapter 5.2):

Perunova, M. and Zimmermannova, J. (2023). Economic and financial
instruments of forest management in the Czech Republic. Front. For. Glob. Change.
6:1237597. DOI: 10.3389/ffgc.2023.1237597.

The third study dealt with regional divergences and the impacts of financial
support on the development of the forest bioeconomy in the Czech Republic (subchapter
5.3):

Perunova, M., Zimmermannova, J., Schovankova, T. (2024). Forest carbon and
a regional perspective on the effectiveness of financial instruments within the forest

bioeconomy. Journal of Forest Science. In Press.
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Abstract: Climate change, biodiversity loss, and the increased ocourrence of exireme weather events bring new challen-
ges at a global level, not just in forestry. In response to the current sitwation, modified economic models such as circular
EOONMNY, green sconomy, bio-based economy, or biceconomy, are expected to move society towards a more sustainabls
future. The main gim of this paper was to evaluate forestry employment and its drivers within the biceconomy labour
market in the Crech Eepublic. The partial target was to provide a general view of the development of forestry employ-
ment within the bioeconomy labour market. The authors applied 8 mixed methods approach, using iterature review,
data analysis, correlation analysis, and regression analysis. A decreasing trend of the share of forestry employment in to-
tal bioeconomy employment and of the share of biceconomy employment in the labour markst in the Czech REepublic
was identified. Regarding the drivers of the forestry labour market, based on the results, employment in the forestry

sector i positively dependent on wages/salaries and negatively dependent on GDP and forest land.

Keywords: bio-based economy; economic indicators; employment in forestry; regression analysis; Crechia

Global change (Watson et al. 1998) is often per-
ceived as human-indoced modifications in climate.
Indeed, human activities have undeniably altered
the atmosphere, and probably the climate as well
Mon-human climate changes tend to be slower
and less destructive than anthropogenic climate
chanpge. At the same time, most of the worlds for-
ests have also been extensively modified by human
use of the land. Global climate change is predicted
to bring a different climatic future to the world's
major forest regions. The study (Kim et al. 2017)
represents the impact of climate change on global
forests and based on climate systemn modelling,
concludes that climate mitigation can bring ben-
efits as well as costs. Based on Hansen et al. {2001},

31

consideration of climate, land use, and biclogical
diversity is a key to understanding the forest re-
sponse to global change.

The forest bioeconomy plays a significant role
in capturing carbon in sostainably managed for-
est ecosystems and their products (Green Growth
Knowledge Platform 2011). The forest bioecono-
my can contribute to the Paris Agreement’s aim
to achieve a balance between anthropogenic green-
house gas emissions by sources, and removals
by sinks (UNFCCC 2015} by increasing the car-
bon stocked in forest land and in harvested wood
products. A sustainable forest bioeconomy plays
an essential role in the carbon cycle and provides es-
sential environmental and social values. For the for-
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est biveconomy, the most important challenges are
to find innovative approaches to managing forest re-
sources in 3 way that simultaneously increases wood
and non-wood production (Marchetti et al. 2014).

Climate change, biodiversity loss and the in-
creased occurrence of extreme weather events
bring new challenges at a global level, not just
in forestry. At the global level, the European Union
has now taken the lead and critical objectives have
been identified, such as ensuring the long-term
competitiveness of Furopean industry as well
as climate neutrality by 2050. We can speak about
this issue as highly topical and with a global im-
pact. The Paris Agreement {United Mations 2015b),
the Furopean Climate Law (ELN 20018/1999), the Eu-
ropean Green Deal (European Commission 2019,
and other environmental visions are being followed
up by the latest Fit for 55 packages. A legislation re-
vision aims to reduce net greenhouse gas emissions
by at least 55% by 2030 {European Commission
2021), increase the adaptability of forests and the
natural restoration of forests, as well as financially
support sustainable forest management across EU
countries. The New EU Forest Strategy for 2030
{European Commission 2021} can be considered
as part of the package.

The sustainable economy policy package is com-
plemented by the EU Bioeconomy Strategy (Eu-
ropean Commission 2018), snd the New EU
Circular Economy Action Plan (European Com-
mission 2020). Further, the US Sustasinable De-
velopment Goals (United Mations 20015a), and the
FEuropean Forests for biodiversity, climate change
mitigation and adaptation (Science for Environ-
ment Policy 2021) have already been developed.

In the Czech Republic, the first strategic frame-
work for the circular economy (Ministry of Envi-
ronment 2021) was approved by the end of 2021
A sipnificant area of interest of the Circolar Czech
Republic 2040 (Ministry of Environment 2021)
is the development of the Crech bioeconomy, which
should create new jobs across the European country.

Globally, pressure is increasing on the demand
side for food, feed, biomaterials, and bioenergy
resources, putting more pressure on natural re-
sources. The transformation from a linear eco-
nomic system to 2 more sustainable one has begun.
We can observe modified economic models such
as circular economy, green economy, bio-based
economy, or bioeconomy. The circular biceconomy
has a significant impact on sustainable develop-
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ment. The bioeconomy (Ewropean Commission
2018) covers all sectors and systems that rely on bi-
ological resources, their functions, and principles.
It interlinks land and marine ecosystems, all pri-
mary production sectors and all sectors using bio-
logical resources to produce food, feed, bio-based
products, energy, and services.

Based on scientific literature {Ronzon et al
2015), the national biceconomies of the EU states
can be divided into four groups of countries such
as agricultural biceconomies (Slovenia, Greece,
Romaniz), agro-food industry and bio-based
chemical industries (Italy, France, Germany), for-
estry bioeconomies (Finland, Sweden, Estomial,
and non-specialised biceconomies (Czech Re-
public, Slovakia, Hungary). Ronzon et al. (30200
defined the following subsectors of biceconomy:
agriculture, forestry, fishing, manofacture of food
products, beverage and tobacco, manofacture
of bio-based textile, manufacture of wood and
wood products, manufacture of paper, manufac-
ture of bio-based chemicals, manufacture of bio-
based pharmaceuticals, manufacture of bioplastics,
manufacture of liquid biofuels and the produc-
tion of bioelectricity. Forestry represents the key
sector of the bioeconomy.

In scientific studies forusing on biceconomy is-
sues, there is still a lack in this field. The most easily
avzilable scientific studies are national case studies.
However, the socio-economic effects of the bio-
economy, such as employment, turnover, and GDE
have not been very well researched. For example,
Carus (2012) provided an overview of the quan-
titative dimensions of the European bioeconomy
and displayed the first-ever collection and analy-
sis of bioeconomy data across the EU-27 Member
States. The caloulation of effects inclodes indica-
tors such as the number of enterprises, employed
persons, and value added. Subsequently, the high
employment values in the individual bioeconomy
sectors are caused by natural and geopraphical
conditions in each country (Drejerska 2017). Ac-
cording to a study performed by Hetemaki and
Hurmekoski (2016), at the European level is still
a lack of studies that develop an area such as the
forest labour market. Regarding the Jonsson et al.
{2021} support of logging wood, the production
of wood products, and sectors that wse the by-
product a5 a feedstock seem to be an opportunity
to boost bioeconomy employment. Another study
{Efken et al. 2012) assessed the macroeconomic
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impact of the biveconomy in Germany and anal-
ysed four indicators such as the number of compa-
nies, employment, turnover, and gross value added.
The study (CEP1 2012) refers to direct and indirect
value added and employment in the European pulp,
paper, and paperboard industry. On the contrary,
Dammer et al. (2017) showed the new estimation
of employment and turnover figures of the Europe-
an biceconomy. Regarding the multiplying effects
of the biceconomy (Mainar-Causapé et al. 2017),
each EUR million spent on biceconomy products
newly generates 12 employed persons in the bio-
economy sectors, especially in agriculture, in the
food and paper industry. The highest direct em-
ployment effects are represented by expenditure
on forestry and agricultural products.

Regarding the studies focusing on the Czech Re-
public (Purwestri et al 2020), opportunities for
sustainable forest biomass and high-added value
products opened in the forestry market. Based
on the study performed by Hajek et al. (2021), health
conditions in sectors such as forestry, agriculture,
and food industries seem to be necessary for the de-
velopment of a circular economy at the local level.
Zimmermannova and Perunovd (2022) evaluated
employment and its trends in selected sectors of the
bioeconomy as the main drivers of the labour market
and identified GDP, wage, and subsidy development.

Based on the literature review, we highlight a lack
of studies that would address the topic of forestry
employment within the biveconomy labour mar-
ket in the Czech Republic. The analysis presented
in this article will try to fill this gap.

MATERIAL AND METHODS

Material. To achieve the aim, various data sourc-
es were used, both from scientific databases and
official institutional online sources. The essential
data sources are represented by the data published
in scientific studies (scientific databases Web of Sci-
ence, Scopus, Research Gate, etc.), as well as the
official websites of the European Union. For the pe-
riod 2000—2020, detailed data connected with bio-
economy, bioeconomy sectors, features of such
sectors, and forestry were used from the Eurostat
database (Eurostat 20232), the Czech Statistical Of-
fice (CZS0 2022) and the Data-Modelling platform
of agro-economic research {European Comission
2021). Table 1 shows the overview of all data/vari-
ables used for correlation and regression analyses
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presented in this paper, including abbreviations,
units, and roles of the variables.

The key dependent wvariable is “employment
in forestry”. The "employment” is a suitable indica-
tor characterising the labour market (Blais 1986
Samuelson, Nordhaus 2009}, Regarding indepen-
dent variables, they were chosen based on their ex-
pected influence on employment in forestry. Based
on the labour market theory {Samuelson, Nordhaus
2009}, wages and salaries influence employment
and unemployment. Simultanecusly, an increase
in GDP represents transformation of the economy,
increases in digitisation, and the creation of new
jobs (Toth et al. 2019). It can cause the movement
of employed people from forestry and other tradi-
tional sectors to other, up-to-date sectors. Envi-
ronmental investments are necessary for transition
to cleaner technologies (Toth et al. 2019). Together
with subsidies (Blais 198&), they can support en-
vironmentally important sectors of the national
economy, such as forestry. Forest land is an im-
portant indicator, wood is a renewable natural re-
source, and we can expect an increase in demand
for this energy source {Hijek et al. 2021). Time rep-
resents the control variable.

The following Table 2 summarizes the param-
eters of variables described im Table 1. For each
variable, minimum and maximum values, standard
deviation, and the median are indicated.

Methods. The main aim of this paper is to evalu-
ate forestry employment and its drivers within the
biceconomy labour market in the Crech Republic.

Table 1. List of variables

Variahle Abbreviation Units Raole
_:E1'|1|:||.-n-r.|11.ent FORE thoumnd dependent
in forestry persans
Gross domestic
product GDp
at market prices
Wages current prices,
and slaries WAGE  million EUR
Subsidies SLIBS independent
-:ETI'I"i.TI:-I:I.II'Iﬂ'II‘.Il INV
imvestmients
Forest land FORL ha
Time TIME YEATS
Source: Authors’ own elaboration
387



Original Paper

Jowrnal of Forest Science, 68, 2022 {10): 385-354

Table 2. Owwerview of the data statistics
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Yariable Minimum Maximum Standard deviation Median
FIMRE I1 3766 5477 I6.E3
G 67 0325 126 hER.T 36 15696 157 900B
WAGE 199893 77 3BD2 16 66285 5 3T8.5
SLIHS 14707 79758 1 833.277 3B57H
INWV 5967 1 6044 150,520 93964
FORL 2 637 289 27T 329 12 45B.08 2 657 3T
TIME fil 1] 2030 - 2010

FRE - employment in forestry; GOF - gross domestic product at market prices; WAGE — wages and salaries; SIS - sub-
sidies; INV - environmental investments; FORE - forest land; TIME - time

Source: Authors, based on Eurostat (2022) and CZS0 (2022)

Based on the above literature review and linking
up with the paper objectives, the following research
questions should be answered:

R()1: Can we observe a decreasing trend of em-
ployment in the forestry sector within the bioecon-
omy labour market in the Czech Republic?

R)2: What are the main drivers of employment
in the forestry sector in the Crzech Republic?

For the achievement of the main aim of our re-
search and to answer the research questions, we used
the following methods: literature review, data analy-
sis, correlation analysis, and regression analysis.

To answer R(Q1, the following methodological
approach was used: based on the set target, the
statistical data were collected, and the sectoral ap-
proach was applied. Regarding the statistical data,
the main data sources for employment in the bio-
economy reported in the figures are Eurostat, the
Data-Modelling platform of resource economics,
and the Czech Statistical Ofhce.

Focusing on the sectoral comparative analysis,
changes in the structure of the employment in par-
ticular bioeconomy subsectors were analysed and
compared. The key methodology was performed
by the Data-Modelling platform of agro-economic
research (Evropean Commission 2021).

Considering the sectoral approach, employment
data were listed by the MACE rev. 2 Classification.
Apriculture, forestry, fishing, the manufacturing
of food, beverage, tobacco, and paper were used
a5 pure bioeconomy sectors. Other sectors, such
a5 the manufacture of textiles, wearing apparel,
leather, wood products, furniture, chemicals, phar-
maceuticals, plastics and rubber, and electricity
production, represent hybrid segments with a bio-
based share of employment.
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To answer R()Z, the following methodological
approach was used: correlation analysis (Pearson’s
correlation coefficient) and regression analysis
were carried out based on the above-described data
{Tables 1 amd 2). The authors use the linear regres-
sion models. The key one is the regression model
MOD]1 which calculates the relation between em-
ployment in forestry and all other variables.

The general regression equation of MOD] is as fol-
lows [Equation {1)]:

¥Y=p580+ B1X1 + F2X2 + F3X3 + B4N4 +
+ B5X5 + fodb +

whara:

¥ — employment in the forestry sector (FORE);

p0-p6 — regression coefficients that reflect the impact
of the independent variable on the dependent
variable;

— random alement of the model;

— GOP (ZD0m;

—wage [WAGE)

— subsidies (SLIES);

— environmental investments (INV);

— forast land (FORL);

— time (TIME).

Regression model MOD2 includes all variables like
MODI1, except for TIME. MOD3 represents the more
forused and statistically significant model. MOD2
and MOD3 are described in more detail in Resalis.

(1)

Hel--l<l-l

RESULTS

Employment in the forestry sector within the bio-
economy labour market. The changes in the struc-
ture in particular bioeconomy subsectors in the Czech
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Republic in 2010—2019 are presented in Figure 1; sev-
eral categories were used, namely agriculture; food,
beverape, and tobacco; forestry; wood produocts and
furniture; paper; fishing and aquaculture; bic-based
textiles; bio-based chemicals, pharmaceuticals, plas-
tics, and rubber. The highest share of biceconomy
employment was represented each year by traditional
economy sectors, such as agriculture; food, beverage,
tobacco; wood products and furniture. Based on the
results, about two-thirds of biceconomy employment
in the Czech Republic comes from agriculture and
food, beverage, and tobacco.

Table 3 shows that the share of the biceconomy
sectors in the labour market in the reported period
was approximately 7%—8%. The highest share was ob-
served in 2012 (7.94%) and the lowest share in 2019
{7.31%). We can observe a declining trend. Conse-
quently, the share of forestry in the biceconomy labour

market was around 5%—&%. The highest share of for-
estry in the biveconomy labour market in the Czech
Republic was observed in 2011 {6.98%). In contrast,
its lowrest value was in 2019 (5.42%). Based on the fg-
ures, a declining trend can be observed in the share
of forestry in the bioeconomy labour market in the
Czech Republic in the period 2010-2019.

Correlation analysis. Table 4 shows the results
of the correlation analysis. The variables are de-
scribed in more detail in Tables 1 and 2.

Focusing on employment in forestry (FORE},
we can observe negative correlations with all other
selected variables (GIDF, WAGE, SLIBS, INV, FORL,
and TTME). To identify the drivers of the forestry la-
bour market, we will use linear regression analysis.

Regression analysis. Table 5 presents models
MOD1, MOD2, and MOD3 with forestry employ-
ment (FORE) as a dependent variable.

2018
g food, beverage and tobacco
207
m wood products and furniture
2014
2015 m farestry
2014
W Fapsr
2013
1 bic-bazed textiles
2012
m bic-based chemicals,
2011 1 ks, olstics and
rubber (excl. binfusls)
2010 p fishing and agquacubure
0 % &% G006 BiFe 1%

Figure 1. Changes in the structure of the bioeconomy employment in the Crech Republic in 2000-2019
Source: Authors’ own processing, based on Furostat (2022) and Furopean Commission
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Table 3. Forestry in the biosconomy labour market (%)

Employed persons Employed persons  Share of the biveconomy Employed persons  Share of forestry in the

Year in total in the bioeconomy sectors in forestry bineconomy sectors
(thousand persons) (thousand persons) %] (thousand persons) (%)
010 4 BER200 3B5.535 T.B9 1596 673
2011 4 B72.400 3B4.328 7.9 25.83 608
2012 4 Bo0.100 3ER. 348 T4 .64 634
2013 4 937.100 3B5.620 T.EL 21340 [
2004 & 974300 3B4.1B6 772 2261 5.B9
2015 5 (k41,900 3B5.228 Tid 2262 5.B7
2016 5 13B.600 3E3.2E1 FE 21.560 |
7 5 221600 3B6. 146 T I1.ET Bubb
018 5 293,800 305281 TAT 21.E2 562
o9 5 303.100 3E7 510 7.5 .00 Bd2

Source: Crech Statistical Office [2022), European Commission (3021), own processing

Table 4. Corralation analysis

Variahle FORE GO WAGE SLIBS v FORL TIME
FORE 1 - - - - - -
GOp -0.943 1 - - - - -
WAGE -0.933 [ER: 1 - - - -
SRS =0.944 0.539 0.949 1 - - -
INWV —0.B05 0728 0713 0790 1 - -
FORL ~0.982 (IR 0963 na7rz 0.E26 1 -
TIME —{LGR [ER A 0.969 0a73 0.B23 0900 1

FORE - employment in forestry; GOF - gross domestic product at market prices; WAGE — wages and slaries; SUES — sub-
sidies; INV — environmental investments; FORLE — forest land; TIME — time
Source: Authors” own elaboration

Table b Bepression analysis

. . MOD1 i MOD2 . MIOD3
sig. coef. sy, coek. sig. coef.

X1 {ED0m 000542 0017 0.00H034596 =000 7 0/ IERS =001 &
XT (WAGE) 000320 0.DM55 0.002104713 DUDODE 56 0D T5966E OD0ET
X3 (SLIAS) D&HIR94 =033 0647247736 E L IR - -

X (INV) 025074 000007 0091720394 BGE-D5 - -

X& (FORL) 015738 — O e 659925 E-05 —000052 LO3B&ETE-D7 —(hODD4E
X6 (TIME) 078291 027617 - - - -
Constant 0.22402 1 159.B6084 0.00005 1 405418 0 DO 1 315.0B900
Obsar. 21 - 21 - 21 -

R? 099167 - 0.99163 - 0530408 -
Signif. (0000 - 0.00000 - (L] -
Dw 26538 - 2374555 - 21919864 -

MOD1-3 - model 1-3; GOP - gross domestic product at market prices; WAGE — wages and salaries; SUES — subsidies;
INV - environmental investments; FORL — forest land; TIME — time; DWW — Durbin-Watzon test
Source: Authors’ own elaboration
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MOD 1 consists of all independent variables
(GDP, WAGE, SUBS, INV, FORL, and TIME). The
whole model is statistically sipnificant, but not all
selected variables are statistically significant.

MOD?2 represents the same variables as MOD1,
excluding TIME as the variable with the statisti-
cally lowest significance.

MOD3 represents variables with P < 0.01 statis-
tical significance from MOD]1 and MOD2 (GDP,
WAGE and FORL). This last model MOD3 is the
statistically significant model — all variables are sta-
tistically significant and the whole model is also
statistically significant. DW was calculated for this
miodel, and it is also acceptable (2.19). We can write
the following regression eguation:

¥ =1 315.08900 — 0.00016X1 + 0LDDD4TXZE — (@)
— LOOD4EXS
Employment in the FORE sector is positively de-
pendent on wages/salaries and negatively depen-
dent on GOF and forest land.

DISCUSSION

The Czech Republic was identifed in Ronzon's study
{Ronzon et al. 2015) as a non-specialised bioecono-
my, together with other Visegrad countries, namely
Slovakia and Hungary, Considering the structure
of the biceconomy labour market in the Czech
Republic in the observed period, we can confirm
such a result. Based on the above-presented analy-
sis, about two-thirds of biceconomy employment
come from traditional sectors of the national econ-
omy, such as (1) agriculture, and {2) food, beverage,
and tobacco.

Regarding forestry, the share of forestry employ-
ment in the bioeconomy employment decreased
in the observed period, it was 5.42% in 2019. This
result is similar to the study performed by Toth
et al. (2019). On the other hand, due to the Green
Deal and new environmental policy, we can expect
an increase in the number of new jobs in forest-
ry. According to Philippidis et al. (2014), the for-
estry, fishing, and wood sectors represent segments
with the most significant impact on the creation
of new jobs in the European bioeconomy. Regard-
ing Jonsson et al. (2021}, support of lopging wood,
the production of wood products, and sectors that
use the by-product as a feedstock seem to be an op-
portunity to boost biceconomy employment.
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Focusing on the drivers of employment in the for-
estry sector in the Czech Republic, there is a posi-
tive relationship between employment and wages/
salaries, and a negative relationship between GDP
and forest land. Social indicator {employment)
a5 a dependent variable was used in many studies,
such as Parisi and Ronzon (2016), Lier et al. {2018},
Berkel and Delahaye (2019), Bracco et al. {2019,
Kardung et al. (2019}, Capasso and Kiltkou {2020),
Alviar et al. (2021), and Ronzon et al. (2022). For
example, Ronzon et al (2022) concluded that
modernisation, innovation, and employment re-
allocation are factors influencing changes in the
development of biceconomy employment. Some
Morthern and Western EU Member States are
working on bioeconomy transformation through
miodernisation and structural changes in the na-
tional economies (Ronzon et al. 2021). However,
Eastern and Central EU Member States are still
in the early stages of a biceconomy transition.
Based on the last CBE JU policy (CBE JU 2022},
a total of EUR 120 million will be dedicated to ad-
vancing competitive circular bio-based industries
in Europe, including forestry. We can expect an in-
crease in new jobs connected with renewable en-
ergy sources and/or bio-based products.

Regarding the methodology and methodologi-
cal approach, correlation and regression analyses
provide interesting and valuable results. On the
other hand, the lack of quality primary and second-
ary data sources in suwitable structure in forestry
{Robert et al. 2020) appears to be a limiting factor
for properly evaluating the forestry labour market.
Simultaneously, there is a crucial need for innova-
tive methods of measuring the development of the
bioeconomy sectors {Sanz-Hernandez et al. 2019,
including forestry.

COMNCLUSION

Forests are under tremendous pressure from
global change. To tackle global challenges, it seems
to be important to improve and innovate the way
we produce and consume food, products, or mate-
rials. It requires investments, innovation, strategies
as well as systemic changes across different eco-
nomic subsectors, not just in the forest bioecon-
omy. Interdisciplinary science that integrates the
knowledge of many interacting climate services
of forests with the impacts of global change is nec-
essary to identify and understand as yet unexplored
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feedbacks in the Earth system and the potential
of forests to mitigate climate change. Concerning
the forest bioeconomy, wood prodoction can in-
crease as long as we manage our forests sustainably.
Then a sustainable forestry bioeconomy provides
essential environmental and social values. From
the environmental point of view, a sustainable for-
est bioveconomy can provide negative emissions
or carbon sinks. Subseguently, employment can
be considered the leading social identifier of the
forest bioeconomy. The main aim of this paper was
to evaluate forestry employment and its drivers
within the biceconomy labour market in the Czech
Republic. The partial target was to provide a gener-
al view of the development of forestry employment
within the bioeconomy labour market. Focusing
on our research questions ROQ1 and RO2, we can
conclude that there is a decreasing trend of the
share of forestry employment in total biceconomy
employment in the Czech Republic with the share
of forestry employment in the bioeconomy labour
miarket being around 5%—6%. Employment in the
forestry sector is positively dependent on wages/
salaries and negatively dependent on GDP and for-
est land.

Monitoring and evaluating socio-economic in-
dicators provide an essential insight into the size,
impact, and development of the forestry bioecon-
omy. Based on the results, a significant knowledge
gap still exists in the forestry bioeconomy labour
market at both European and national levels. This
research fulfilled the picture of the bioeconomy
employment in the Crzech Republic, especially
in forestry.
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The forest bioeconomy becomes & feature of a cimate-newtral economic system,
while effective finandal support s oucial for sustainable forest management.
The main goal of this paper is to explain the impact of economic and financial
instruments on the development of the forestry sector in the Czech Republic in
the period 2000-2020. For research objectives, the methods of Bierature revienw,
data amalysis, correlation analysis, and regression analysis were used. Several
miodels were established and tested. This paper presents the forest land model
{FOLM) and wood biomass production model (WEIOM). In the monitored pericd,
there was an increase in forest land in hectares in the Czech Republic, which was
positively influenced by environmental investmenits in biodiversity and negatively
by subsidies from the Rural Development Programme and the price of European
Union Allowance. Based on the FOLM model results, 100 milion CZK (4.07
million EUR) of environmental investments in bicdiversity would contribute to an
increase of 228 hactares of forest land. Concerning wood biomass production in
cubic meters, it was influenced positively by the whaole mixture of economic and
financial instruments, such as emission trading, envircnmental @xation, financial
contributions for forest management, state financial oblgations, and sub=idies.
Based on the WEBIOM model results, an increase in the price of an emission
allowance by 100 CZK Mg—! (approx. 4 EUR Mg~} would increase wood biomass
production by approximately 934,614 cubic meters. Generally, the economic
and financial instruments in the Czech Republic have an environmental impact
and can influemce the forest bioecomomy, at least in the long-term period.
Conceming the complex influence of the emission trading on the forestry sector
in the Czech Republic, it is ambiguows—in the case of forest land rather negative,
and im the case of wood biomass production positive. Therefore, focusing
on the policy recormmendations, we should underline economic and financial
imstruments comnected with positive motivation in the forestry sector, such as
grant schemas, sub=idies, and imestrments in biodiversity.

KEVWORDS

financial INSLUMENts, eCconomic nstruments, forest management, subsidies, clmate
change, forestry, forest biceconomy, Czech Republic
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1. Intreduction

Eovironmental and dimate policy uses a oumber of
environmental protection tools. The combination of economic
and financial instruments, along with other mechanisms, i
organited by countries depending on their environmental
policy preferences. Financial support for forestry i an essential
toal to drive the biceconomy growth and is expected to shift
society 0 a more sustainable sconomic regime (Libert-Amico
and Larson, 2020). Firstly, financial suppart for the European
biceconomy is deliversd throwgh the Horizon Eorope research
and innovation program. Ten trillion suros are earmarked for
the bioeconomy under Cluster &-food, hinsconomy, natural
resources, agriculture, and enwironment (Eoropesn Commission,
2021h). Secomdly, the: Enropesn Circular Binsconomry Fund {2021}
targeted the Furopean biseconomy and the circular biceconomy.
Thindly, the Bic-based Indusiries Joint Undertaking (2003)
represents a 3.7 hillon EUR public-private partnership invalving
the En.mpsm 'I.Jl:m:n ::u:l Bio-based In-dnd.r.ﬂ Cmm‘tru.m
the risk owt of investing in inoovative, circular bio-based
prodoction plants and engaging stakeholders along the valoe
chains.

Following the resulis of Stichiing Wageningen Research
Metherdands (2021), the taxes, tax relief, grants, sobsidies, feed-
in tariffs, loans, direct public fonding, and tradable permits
represent major categories of economic and financial instruments
that allow the promotion of the bisecomomy. The report
[Leoussis and BEreericka, 2017) onderlines the role of fmancial
mpjhrlﬁm'hndnmand.ﬁ:r:ﬂrjm Rio-bassd Industries
Consortinm’s {2017} report displys the synergy effecs of
funding programs across the Foropesn Union In addition,
most frequent ones {Lovric et al, 2000). Another study poblished
by Liagre et 2l {2001) dealing with forestry financial support is
chserved.

Ragidly, human behavior has altersd the climate system in
recent decadss [IFOC, 2002 In general, pon-homan dimate
ch::.gﬁm:hn‘ﬂ'lndl:nd:m:hnmﬂnupupu:u:ﬂ
(Ford et al | 20012). The concentration of greenhouss gasses in the
atmosphere has been on the rise since the pre-industrial epoch.
It is evident that atmospheric carbon dsoxide and global surface
temperature are desply intedinked (Webb et ol 20130 Climate
change driven by human activities shifts a variety of dimate system
companents (Eirilenko and Sedio, 2007} Global warming has
caused an ohserved higher frequency, intensity, and duration of
extreme weather events, such as drowghts, windthrow, heatwaves,
et (Scinocca et 2, 2006). Regarding the ARS Synthesis report
{Intergovernmental Pand on Climate Charnge, 2023, the ghobal
surface temperature reached 1.1°C abowe 1850-1900 in 201 1-2020.
Muoregver, the current economic system running on linear flows of
materials and energy generates anthropogenic greechouse gas and
accelerates ongoing climate change. Climate models offer a variety
of “what if " scemarios with insight into what the foture might lock
lihdepmdi:‘nulmmmdmi:mhﬂpdngmu:hiimlhwﬂt
dimate system works (Kim et al, 20017 Giorg, 2
2021}

301%; Hlisny et al,
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Globally, cumulative greenhouse gas emissions amounted o
an average of 544 gigtonnes of CO; equivalent between 2000
and 2019 {United Mations Eovironment Programme, 2022), with
the highest share represented by fossl 0. methane (CH,)
and nitrous axide (M;0). Global atmospheric ©0; concentrations
comtinned to speed up and achieved an annual average of 420 parts
per million in 2022 {Scrigps Institution of Oceanography, 2023).
Forests contribute to the carhon cycle through photosynthesis. In
the Keeling curwe {Eeeling, 1958, 1960; Keeling et al, 1976, 1996],
i concentration reaches a peak in May and hits a2 mizimum at
the end of the growing season in September. Simultansously, the
anmm] (i cecillations are repeating with a rising trend. While
abaust half af the 0 from fossil foel burning is in the atmosphere,
the second half is dissobved in the oceans, driving down the pH
[Keeling et 2l 2011} For example, C; emissions reconstmoctions
over the past 66 million years provide a study by Fae =t al (2021).

Reversing this trend, multiple initiatives with 2 vision to
decarbonise the sconomy have been launched For example, in
2015, United Mations introduced 17 Sustainahle Develogment
Guoals [United Mations, 2023} A sustainable pathway for forests
and the forestry sector can be found notably in 500G 9—Industry,
innovation and infrastrsctore; SDG 13—Climate actions; and SDNG
15-Life on land. An analysis of the impacts of the sustainable
development goals on forests and society is carried out in a
publication by Katila et al. {2015).

Within the Eoropean Union, the Paris Agresment {nited
Mations, 2027) is designed to oot greenhouse gas emissions and
limit the ris= of global temperature The Green Deals vision
is a dimate-neatral Furopean economy by 2050 (European
Commission, 20150 The legal obligation to move toward dimate
peutrality is further defined in the Eoropean Climate Change
Act [Eoropean Commission, 2021e). The Fit for 55 padkage
[Eoropean Commission, 2021d) identifies milesiones to briog
down greenhouss gas emissions by 55% by 2030. Regarding
forestry, the rewision of the legishition calls for increased
adaptability of forests and natural regeneration of forests, together
with financial support for sustainahle forest management. The new
EL! Forestry Strategy 2030 {Foropean Commission, 2021 c), part of
the Fit for 55 package, requires cascading wtilisation of biomass and
Erancial sugiport for borest owners and rural areas. The sostainable
economy palicy package complements the fimt EU Bissconomy
Strategy (European Commission, 2012), the Mew EU Biosconomy
Strategy (European Commission, 2701E), and the Mew EU Ciroular
Economy Action Plan (European Commission, 2022a). Then the
synergies of the various frameworks offer a way toward a more
efficient tracsformation of the European sconomy.

The biveconomy i a bridge linking the above concepts and
a field with the cpacity to face a series of global challenges.
om different stakeholders, sources, or geographic locations {Caros,

201%; van Leswwen et al, 2014; Loiseam =t al, 3016 DFAmato
et al, 20017 ‘r‘-'..sm'_t_' and vom Bramn, 20017% Birmer, 2015
Bracco et al, 2008 Ramdlovic-Snominena _r_d Piikdh, 2015

Mittra am«d J'a:-u.nm. 2000 Barafiano et al, 2021; Kardung and
[irabik, 20210 The European Commission pr:lml.nd. the frst
hiseconomy definition in 2012 (Furogean Commission, 20

and later updated it in 20018 (European Commission, 2008)
Alongside the European biceconomy definition and strategy, we
can obsarve countless others, mainky at the national leve] in Taly
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{Comitato Marionale per ka Bicsicurerza, le Biotecnologie = le
Sciente della Viga [CNBESV], 20019), Finland {Lusoma et al. 2001),
Metherbmds (Langeveld et al, :'Ill!'}. Germany (Federal Ministry
of Eduction and }u.s..ar..l' BMBF], and Federal Ministry of Food
and Agriculture [BMEL], 2020), or Spain {Ministerio de Economia
¥ Competitividad, 2021 }Emymofuﬂmmlm
(Honzon =t al, 2017), such as agricolture, forestry, aguacoaliare,
and the production of paper and wood-related goods. Om the
other land, innovative sectors emerged, especially bioenengy,
biohaels, and biochemicals. A comprehensive summary of national
hioecanomy policy developments since 2018 displays the EUJ
Einu:mnmy Strategy Progress Report {Eorofean Commisson,
2027h).

As a remewable segment of the circular economy, the
hioeconomy incorporates forestry as ome of its pillars. Then, the
forest bineconommy becomes a feature of a dlimate- neutral sconomic
system {Harriszon et 2, 2022). Besides carbon sinks in the form of
carbon sequestration in soils and wood products, forests sabstitute
fossil and non-renewable sources of hiomass (FHetemilki et al,
2022). The economic, ecalogical, and social value of the forests,
multifunctional natural renewable resonrces, can be seen in markst
and non-market services, such as water comirol, soil protection,
climate regulation, recreation, landscape formation, and wildlife
(Farmworth =t 2l, 1981). In many cases, the valuable benshts
provided by the forests are public goods and externalities. Forest
eCosysiEm  Services ann}pud. Medo and Croitora (2005), Sisak
{2006), Ciocarese et al. (20011), Baroer et al. (20171, and Winkel =t al
{2027). The carrent state of forests s summarired in the Global
Forest Goals Report (United Mations Department of Economic and
Social Affirs, and United Mations Forum on Forests Secretariat,
021L

Althowgh climate change i an issoe that requires addressing
and the biceconomy, particulardy the forest biceconomy, is
redevant, it is still not sufficiently recognized and promoted in some
mmlri:l{E:Lr\c-F-:an Commissaon, _":I]_".':I.Inﬂi.'i:rn]kct.ﬂmn:m
mainly Central and Eastern European countries, and the Crech
Republic is one of them. Bineconomy as well as forest bioeconomy,
i dedicated to the sustainable management of natural resources,
increased use of renewsble resources (wood biomass), and the
mﬂﬁnndu’wjubuwﬂlﬂ:m:itmg ter adapt and mitigate climate
change (Furopean Commission, 201 8). Unlocking the potential of
I]i:l:inmmumj’m:ﬂ:nlﬂtobclworﬁwﬂedﬂllmg:,nﬂtl:ﬂt m
forestry (FHe=temiki = al | 2022). Por this reason, this study focuses
on the Crech Republic and its analysis of the forest bineconomry.

In general, the Crach RepubBc is dassified as 2 non-specialized
bineconomy (Fonron =t al, 2015), and has not yet developed a
hineconomy strategy at a national level. However, there are several
docnments that address the biceconomy in 2 marginal manmer.
For examgile, the Strategic Framework of the Crech Republic 2030
{Ministry of the Environment of the Crech Republic, 2021), the
Sirategy of the Department of the Ministry of Agricoliure of
the Crech Republic with an Outlock np to 2030 {e4gm, 20235,
Besearch and Innovation Strategy for the Smart Specialiration of
the Cxech Republic {(Ministerstvo primysly a obdhodu, 2027),
and The Ciech Republics Innowation Strategy for 2019-2030
{Ufad vlidy, Rada pro witkom, vjvoj a inovace, 2018). The forest
hineconomy performs an essential task in such national strategies.

The Crech Republic operates a rather complex and extensive
system af inancial sapport for forestry. The core Anancial sapport
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scheme for forestry is compossd of two principal funding sources:
{I}Mmbﬂdmh%ﬂyﬁdﬂm!ﬂﬂﬁS
Coll, on forests and on the amendment and addition of certain
bows (=Agri, 2023a), and {2) European funds within the Rural
Development Programme {Ministry of Agriculture, 2021

In the case of the national sowrces, the ability to support forest
management is specified in Section 46 of the Forestry Act This
establishes that the State, in particular through the Ministry of
and fmancial contributions or subsidies. We can monitor varoos
subuichy programs. (Ministry of Agricalture of the Crech Repuoblic,
_.__Juflhclﬁnmyufﬂgrtnlnmhhmy such as (1}
financial contributions for forest management granted from the
budget of the Ministry of Agriculiure; (2) state inancial obligations
under the Porestry Act-mandatory expenditares; (3) subsidies for
protection and reproduction of the gene poal of forest trees
{4) support from the Agricubtural and Forestry Support and
CGuarantes Fund; (5) services with which the state supports forest
management; [5) partial refond excise duty on diesel foel consumed
during forest management Table | shows the comprehensive
summary of financial support from national sources for forestry in

TABLE 1 Swummary of tha financial support from national
sources for fonesiry.

Financial support Specific type
Fmnandial monirbueSions for Fmancal oonirfetions for  rdfonestaiion,
forest management grantrd esblishment, and Lending of forest stands
from Lae budget of the Fmanchl metbatons for geeen and
Minisiry of Agriculhee ¥ riemdly foc
Fmancial contribetions for the lﬂnﬁﬂ:ld'
fooest management plans
Fmancial coniribations for foresl profecion
Slate firemcal obbgations Improvemen! and siresgiheming of wood
imider the Faresiry speries
Ac-mandmory expemdiurs | ACTFERS Of 2 profssonal fonst mamager
o : g fiorest managessent plans
Improvement and dumeming of sireams =
fomems
Subsidus for protection and. | (Gene hase sappor
meprodechion of the gese ponl | Suppord of plant parents, oriels, 2d clones
of forest ees Suppart for saed srisand clong mines
Suppart fior The acovities of the Mational Bank
of Sexis and Explanis of forest rees
Suppt from e Inierest supporl {reduction of wiest burden)
Agriculteral aad Foresiry of mvestment loass
Suppariand Guarasfee Fumd | Diredd provsion of prefeeniial  Soresy
imreesimenl oans
suppars fores management ‘meniioaing
Aszial Srefighting and Sre brigade
Mmiorsg and foecsing the ooOsTeERce
and dewelopment of Earmdal agenis
‘Conseliancy
‘Oither services
Parrtial refund excise duty on
dhese] Ml corsumed daring
forest management
Semrer anthesrs, hased on Minivey of Agricaltar of ih Fepohiiz, x
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Concerning European funds within the Fural Devdogment
Programme, financial sagport is directed toward diverse aspects
of forestry. Specific topics of financial sopport uoder the Rural
Dievelopment Programme 2014-2020 and 2007-2013 are listed in
Table 2
economic and financial instruments, such as emission trading
(since 2005, as a part of EU emission trading system ETE),
environmental tamation, and feed-in tarffs for renewahble energy
sources. Feed-in tariffs are distinguished, based on the type of
renewable energy source, and are published every year by the
Energy Regulatory (fhce of the Crech Bepublic.

The issue of financial mppnrlﬁ:rﬁ:rulryintbechd:
l@l‘bﬁ:hsbﬂm.dﬂ]tmﬂ:.mmi:]:hﬂ;qnﬂmﬂl}'

E-' 7. 2013, 2 (2014), Kotscky (20015), and B r

}5|:|]:lnq'u=|:|ﬂf tLeCmeptuf&ht:FmahTFo]Iqmﬂ
1::35{* 1) aims
mmbmﬂnmltfandﬂmlupuhﬂﬂitfufﬁxutm
while keeping indusirial manufacturing in line with ongoing
cdimate change. Sosininable forest management and fmamcial
sapport for owners to manage their forests in a sustainable manner
ulhﬂtﬁ:m:lnng—km:mhmmlngm:mlﬂuhlmnﬂ?of
.H.a:r.l:l.l]l:.l.l':repnrt{ Agr

}ﬁm:mm]rmﬂ&:nmﬂmunfﬁnmulmmm
r.'h.:CZ‘r.nd:R:puHIL

Financial sapport is necessary for the development of the
forestry sector of the bivecomomy. On the other hand, other
represent a saitable mix for infuencing the behavior of economic
subjects. Based on the literature review, the analysis of the
simultanesons impact of all economic and Grandal instruments oo
the forestry sector in the Credh Republic i still missing. This stody
tries to Al this gap.

2. Materials and methods
2.1. Materials

For the pericd 2000-2020, we collacted detailed secondary
data regarding the imgact of cwrrent econcmic and fmamcial
instruments on forestry in the Crech Republic. Forestry is
represented by 1 indicators, the first is forest land in hectares,
and the sscond is wood biomass production in cobic metsrs.
Sobsidies are represented by (1) national public financing of
Act, hmancial contribations for forest management granted from
the budget of the Ministry of Agriculture, subsidy for protection
and reproduction of the gene poal of forest tress) and (2) Enancial
aid co-fnanced by the Euwropean Union (Roral Develogment
Programme 2007-2013, Rural Deveopment Programme 2014-
mmprmmadhy:nmmma]mmumhn&mmr
environmental tazes, and the price of EUA (Euwopesn Union
Allowance). A variety of data sources were employed, in particular

E'ml]uhhnu'u"'of.ﬂ.ptu]mn.ﬁmtl: srostat, 2022), Crech
Statistical Ofice (O Statistical (O 2022), and Energy
Regulatory Office (- 2021). Table 3 gives
Fromtiars In Forests and Giobal Changa
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an outline of all datafvarishles invalved in correlation andfor
regression analyses reported in this paper, specifying abbreviations,
urits, and the roles of the variables.

The first key dependent wariable is “POL." ie., forest land,
in total, in hectares. The second ome is “WBID, e, wood
biomass production, in total in cobic meters. These variables
regiresent the forestry sector. Forest bind is an indicator of the
total area of forest and wood biomas production represents totl

Independent variahles are selected with respect to their
expected infuence the on development of the forest biceconomy.
instruments currently applied in the biosconcomy sector in the
Czech Republic, such as sinte fmancial chlgations under the
Forestry Act, financial contribotions for forest management
granted from the budget of the Ministry of Agriculture, subsidies
for protection and reproduction of the gene pool of forest trees
and Roral Develogiment Programme, tradable emission allowances
(the price of EUA) and enwironment] txes (income from
environmental taxes imposed in forestry sector).

T'ahle 4 shows the expected impact of varishles. Regarding the
frst dependent variahle, forest land, we can expect o positive impact:
of all grants and sbsidies {national public financing of forestry
and Buoral Development Programme), and a positive impact of
:mmmhm ll.nnh'lulh.dl.ﬂl:ry

pafia et al (2022}, or Rinn and Jarsky (2027). Cooceming the:
unpnd.nfmnuuﬁmeummu]mlndEmprum
Enrﬂ'tlmd,u!anmmutthlunnmd:ﬂr

Based on Fharakows {2021}, an increasing tax Payment
mnllhmmlunmadmlnmenfhanuﬂng.mnlhﬂughmﬂ
are sufposed to motvate the sconomic wse of forest resources.

1 L {2017) demonstrate that forestry income taxes might
be ineffective in miting forest loss. On the other hand, carbon
payments can effectively reduce forest clearing It is similar to the
results of ¥err et ol (2012), noting the effect of incorporating
forestry into the ETS. Howewver, Fvizon {2017) concloded that
particigation in the Mew Zealand Emision Trading Scheme (NZ
ETS) is unlkely to debver positive long-term effects on the
forestry sector and appears not to ke the appropriate instrument to
encoarage the plnted forest increment 2la (20200 anakyzed
the carbon pricing impact on optimal forest management and
highkighted that rising carbon prices boost the rate of carbon
sequestration. Moreoves, a gayment of 150 EUR per Mg—' of
carbon stored in forests would lead to 2 stop to cutting.
production, the expected impact of all grants and subsidies
(mational public financing of forestry and Bural Development
Frogramme], and environmental investments in hnd:rmm)'
positive. Such exgeclation & based on Fantian o
{2013}, Moiseyew et al. {(2014), and Locoh et al (2 "}

Wood biomass production regresents roundwood removals as
a mative form of wood exiracted from forests from planned
harvesting and incidental logging (Forsst Furope, 20200
Firstly, wood material can replace emission-intensive ones
wﬁ;kmrmgmlhmmhnghhndhrnuadwmd'puﬂdnm
(Ex mE }Ih:pnmm:&:uimn]
mﬂla:ﬂnu:tlhmdq}mdnnﬂ::lubrunﬂmﬁm{
et al, 2 }Th:makrn]mufmdhrmasuﬂpmmfm'
a drcular biceconomy and cascading wse of wood biomass,
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TABLEZ Summmary of tha Buropsan funds within the Rural Dewslopment Programme 20142020 amd 200720035,

Rural Development Programme 20142020

Specific support

Rural Development Programme 2007 -2013

Mo. Specific support

LR Forestry mirassuciune L Imvestmiesd in Soresis
aLr Aorestaiam and refresiation Lzl Foresiry equipmenl
aal Impiementalios of prewsiee admns in L2 Techme olth
foresy
aal Restworation of Moresis afler ot LL13 Foresiry mSmstmaciune
3412 Aood damage repair iz Mty 00 paymends i fvesis
a5 Investmiest tn Use prodection of nz: Farestry-cvrmmmen| paymests
Fmoliicraive and reimsincsg rees
4512 Mo productive vestments in frests nxan Improving the species mmposton of
fooest sands
253 Cormeersion of replacement bree nxd Restoring forest pobesil afler calamities
plantations and promoting lBe sochl mcions of
Fooess
a6l Faresiry machinery and bechnoingy Ixdd Restoring foredt polesinl afler clamities
and tntmduecing prevestive measere:
4432 Technical equipment for wood processimg | 11242 Hom-produdive tmeesimenis in foresis
planis
L5111 Freservation of the sland typeof the:
EConomic maemble
(%3 | Peoilection and reproduction of the Sorest
e gene poal

Sowrce mathors, basd on Mizivery of Agricultare of the Cacdh Repablic, 3137,

TABLET Listof variables.

Wariakle Abbreviations

FOL

WEID
Frice of Eimpeas Linion Alowasce ELIA orE My~ ooy Independent
Esvrmmmcnial mvestiments in biodversty Y BN (2E Independent
Revenues from esvroemenial s imposad in forstry TAX MiBon (X Independent
Slate fimanctal chigations under the Foresiry Act {mandatory O8L iiBion (X Independent
expendiiures)
Financial congsibeSons for fores! management CON MiBon (TE Independent
Subsidies for prolecion and reproduction of b gene pool of forst 5UE MiHon (X Independent
s
Subsidies (e Rural Develnpment Progasse HoF BN (2E Independent
Tme TIME Frass Contral

Sorane: mathar

where closed loops of materials are oeated, the added
value of inputs is maximired, and the lifetime of ootputs is
extended (Hiter = al, 2006). A symergy of wood biomass
usage in downstream indusiries such as texiiles, chemicals,
and pharmacentics is evident and boosts the forest-hased
bicecomomy (Martine: de Arano et 2l, 2018 Secondly, wood
{(GHG) emissions ocats and assist in the decarbonisation of
the ecomomy ([UFRO, 20050 The walue of wood biomass
production is maximired by mesting both material and energy
requirements wsing the same mw materal (IUFEO, 20040
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In this respect, scaling up GHG removals by harvested wood
products, as well as decreasing GHG emissions by material and
energy substifution can mitigate climate change (Mabuurs et al,
2017h

In terms of material and energy use of wood biomass, the
following studies can be found, Martinez de Arano et al. (2018)
deal with Enancing approaches for forest-based prodocts. Lenglet
et al (2017} work with implications of subsidies and taxation
oo material Bows within the forest wood supply chain. Based on
raw wood prodocts, Fhai and Koosela (2022) highlight that tazes
generate revenue whils resalting in losses in the forestry sector.
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TAELE 4 Expacied impact of variables n FOLM and WEIDM.

10 35ESgc. 2023, 1237597

Variable Abbreviations Expected impact
WBIOM
Frice of Exropean Usion Allowance LA Mol cieas Fositive
Envirommental mvestments i hodiversity NV Positive Fositive
Evenues Sm crvirenmental bxes imposd i forestny TAX Mol cieas Biol dear
Stale Snancial obdigasions under S Foresiny Ad (memdainry (VL Positive Fositive
CIRENARLETs]
Financol comtribetion for fores mangemens oM Poatthve Foattive
Sahei ies for profection and reproduction of the gene pool of forest SUB Positive Fositive
roes
Shei ies from Riral Development Frogramme EDP Poaitive Fosttive
Tme TIME Poaitive Fosttive
Sewrns miton

TAELES Owardiaw of tha data siatistics.

Variable Abbreviations Mimirmum Maximum Standard Median
deviation

Forrst land FOL LE37,3E9.00 LETREM. 16 12067.39 1,558 506 50
Wood biomass prodartion WEID 14,374,000 35,753, 55900 £,379,530.76 15382 D1 065
Frim of Exropean Uston Allowance ELIA 4154 135569 36T HEIT
Enviroamental myvestments i todheersily INW 7763 154900 895 0158
EEvennos Sum envirmnmental Lses TAX 53607 LS 3263 GA502
tmpased in fonestry
Stale Snancial ohilgaBions under e 0EL L8500 30690 579 13780
Forestry ol {mandatory expendihses)
Financil costribations for Sorest oo 7600 ,187.00 I35 3565
managemenl
Sahsi les for protection and reproduction SUB 353 0 537 15,13
of the gene pood of rest irees
Sahey les from Reral Development AP ) EIA5 2ATAZ 0353
Prograsme

Sowror mithom

Jinggng and Peichen (2017) display that a higher carbon price
would tend to higher forest carbon stocks. Concerning the impact
of revenues from environmental taves and EUA price oo wood
hicmass production, we can suggest that in the case of taxation, it
i mot clear. Regarding EUA price, the expected impact is positive.
Moiseyey et al (2014) indicate that a high ©D price can supgart
wood bicmass produdtion. Caurla =t al {2013} undedined that
iy the price of wood products. The combination of 2 carbon ax
with sactoral policies is necessary. Based on Lawri = al (2002), a
higher carbon price can increase wond-based energy production.
Sasaki (2021) conchades that facilitating global policies, upcoming
environmental tax, and energy tax are able to promote sustainable
forest management for long-term timber production and dimate
expected impact is positive (both forest bnd and wood biomass
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Tahle 5 summarires the parameters of all variables described in
Tahble 1. The minimum and maximom valoes, standard deviation,
and median are given for each variahle.

2.2. Methods

The main goal of this paper is bo explain the impact of sconomic
development of the forestry secior in the Crech Republic in the
perind 2000-2020.
the research questions were set as follows The frst research
guestion focuses on forest biceconomy development (RQ1}: Do
policy have a positive impact on the development of the forest
bissconomy in the Crsch Repablic?

The second research question ohserves the drives of
bissconomy reneswable resowrces (BQ2): Are current sconoamic
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drivers for the incresse in the use of biceconomy renswahle
resoarces, such as wood biomass?

The third ressarch question deals with the environmental
effectiveness  of sdected policy imstruments [ROQ3):  Are
economic and financial instruments of the dimate change
policy ecvironmentally effective?

To accomplish the ressarch chjsctives, we followsd the
following workflow: (1) literatuore review and data collection; (Z)
quantitative analysis; (3} results evaluation and discussion.

Firstly, we conducted a rigorous bterature review and collectsd
the necessary data. The data are described in detail in the section
“11. Materials.” We adapted the data and time series to a format
suitable for Excel.

In the next step, we performed quantitative analysis, specifically
The data and time series were analyred and their characteristics
were evaluated Since the data have a linear relationship and normal
distribution, correlation analysis was performed wsing Pearson’s
correlation coefficient {7 immermanmora et al, 2016). The bivariate
correlation is nsed to obtain a correlation costhcent that describes
the measure of the relationship betwesn two linear wariables.
Subsequently, we perform more comples regression analysis and
construct regression models to observe also partial relationships
of variables. Kegression analysis emables to obtain the relationship
hetwesn the dependent variables and all cther variables.

Corsidering ahove-defined research questions, the following
regression models wers constrocted and tested:

(1} forest land modsl (FOLM), focused in particular on the
development of the forest hineconomy;

(2} wood biomass production model (WBIOM), foosed in
particular on the use of biseconomy renewable resounces, such
as wood biomass.

The regression squation of such models is as follows:

FOL/WEBID = p0 + PI*EUA 4+ E2'INV 4 B3"TAX
+ M"0BL + p5*CON + pE'SUB +
ET'RDP + BE*TIME + un {1

where:

Y-FOL [forest land, in total, in Ha) ar Y-WBID {wood biomass
production, in total, in m ) X1—EUA (the price of the European
Union Allowancel; XZ—INV (eovironmental investments in
bindiversityl; X3—TAX (revenues from eovironmental tazes
imposed in forestryl X4—OBL (state fnancial obligations under
the Forestry Acty X5—O0MN (fnancial contributions for forest
mamagsmentl; X6—5UB (subsidy for probection and reproduction
af the gene pool of forest treesk X7—RDF (subsidies from Rural
Development Programme); KB—TIME (time in years); n—random
element of the mod=l

Firstly, the model contining all sconomic and Anancial
instruments (BOLM ar WEIOM) was created. FOLM/WERIOM is
the composition of all independent variables (EUA, TNV, TAX,
OBL, CON, SUE, RDF, and TIME). Secondly, alternative modzls
were run io seek the statistically most significant mode] with a high
index of determination.
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Finally, all resulis were verified using multiple tests. Based on
the tests performed, the modds were adjusted to be statistically
significant, free of autocorrelation, and with a high degree of
determination. In particular, the Ftest and Durbin-Watson test
were wsed to test the models developed. The F-test of owerall
significance examined the ft of the regression models. The Durbin—
Watson test (IVW) was performed to test for autocorrelation, using
Durbin—Watson significance tables {Durbin-Watson Significance
Takle, 2023). The Dharbin-Watson test is a frequently nsed method
for testing autocorrelation, which generates a test statistic within
the mnge of I to 4. If the valoe & cdose to 2, then the data indicates
le=s antocorrelation. On the other hand, if the value i closer to
0 or 4, it impliss stronger positive or negative autocorrelation,
respectively.

The details of each model and the corresponding tests are
described below in the section ™3, Resulis.”

3. Results

3.1. Forest land model

Firstly, Figure | provides the development of total forest bnd
in the Ceech Republic in the period 2000-2020. Regarding data, a
positive trend is visible. In detail, forest land has a slight growing
tendency, and 268 million hectares are indicated at the end of the
monitoring period

Secondly, all of the salscted variables that were considered to
affect forest land were chosen for correlation analysis. In Table 6,
the outcome of the correlation analysis is presented. Accarding to
negative correlation between FOL and TAX Besides the abowe
such as INV.
case of SUE and control variable TIME. Besides the above links,
COMN, EUA, and RDP.

Far regression amalysis, the regression modsl BOLM was
developed. Firstly, the model containing all economic and financial
instruments (FOLM) was verified Secondly, alternative models
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were rman to seek the statistically most significant model with a high
index of determination (FOLMI] and POXLM2I).

Forest land model (POLM) & the composition of all
TIME). While the eatire model is statistically significant, not all of
the sescted variables are statistically sigmificant The result of the
Drurhin-Watson test (VW) for POLM is accepiable (1.722)

POLMI and FOLMZ represent selected wvariables with a
statistical significance of p < 005, These models are statistically

Fromtiars In Forests and Giobal Changs

49

and the entire model is statistically significant as well. In Table 7,
the outcomies imply a high coethcient of determination in both
models. Meaning that for FOLM] and FOLM?2, the general formula
than 5% of random deviations. Variables with a p-value of below
RDF, TIME, and the constant (FOLMZ). To the results of the overall
F-test, the estimated regression forest land models are statistically
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significant at 5% (POLM1 and POLMI) levels of significance.
The finding of the Durbin-Watson test (W) for FOLM1 shows
no positive antocorrelation (W 2180 > upper critical value
1816}, and for BOLM? also oo positive autocorrelation (DY
1.747 = upper critical value 1.710).

According to the FOLM1 outpuis (Table 7), a statistically
significant negative relationship betwesen POL and EUA and a
statistically significant poaitive relaticnship hetween FOL and INV,
and TIME is observed.

TI{EOLMI) = — 1,469, 453.780 — 2498 EUA + 2.2B2 INV

+ 1,053.154 TIME + u (2

According to the FOLM2 outpuis (Table 7), a statistically
sigmificant negative rebtionship betwesn BOL and EUA and RDP
and a statistically signihcant positive relationship between FOL and
TIME is observed

Y (FOLMI) = — 1,453,004 — 0LB09 EUA — 1.038 RDP

+ 1,045 343 TIME + u (30

Based on the results, it can be stated that in the monitoned
period there was an increase in forest land in hectares in the
investments in biodiversty (CZK million) and negatively by
subsidies from the Rural Development Programme (CZK million)
and the price of ELUA (CZK). Thas, 100 million CZE (4.07 million
EUR) {("eskd nirodni banka, 2073) of environmental investmeants
in biodiversity would contribute to an increase of 228 hectares of
forest land.
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3.2. Wood biomass production model

All of the selscted variables that were comsidered to affect
wood bicmass production were dhosen for correlation analysis In
Tahle 8, the outcome of the correlation analysis is preseoted.

According to the correlation analysis findings, we notice a
SUB, EUA. RDF. OEL, and control varible TIME.

Besides the above Enks, oegative correlations with lower

madel with 2 high index of determination. Therefore, the
following fve submodds were developed: WERIOMI—EUA
and TIME, WBIOMI—TAX and TIME, WBIOM3—O0OBL and
TIME.

The results are presented in Table 5.

WEBIOMI-WEIOMS represents selectsd varishles with a
statistical significance of p < (05, These models are satistically
significant models—all of the variables are statistically significant,
and the eotire model is statistically significact as well In
Tahle 9 the ostcomes imply a high coefficient of determination
in madels. Meaning that the general formola that is specified
explains almost B4% (WBIOMI), around 86% (WBIOM2), almost
E7% (WBIOM3), almost 90% (WEMOM4), and almost B1%
(WEBIOMS) of the variance with less tham 5% of random
deviations. Variables with a p-value of below 5% are EUA, TIME,
and the constant (WBIOMI1) TAX, TIME and the constant
(WBIOM2) OBL, TIME, and the constant (WEIOM3); CON,
constant (WBIOMSL To the reslts of the overall F-test, the
estimated regression wood bicmass model WEIOR1-WBIOMS
is statistically significant at a 5% lewel of significance The
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result of the Durbin—Waison test (O'W] & acceptable only for
WEIOMI, for other models WEBIOM2-WEIOMS the resulis show
positive antocorrelation, and DW is under the lower critical
value.

According to the WBIOMI-WERIOMS outputs, the following
regression equations can be built:

T (WBIOMI) = — 1,546, 584, 115 + 9, 346,138 EUA

+ T76,395B0S TIME + u )

T (WBIOMI) = — 4,352 833, 128 + 41, 667.350 TAX

+ 2,177, 209912 TIME + u (5)

T (WBIOM3) = — 1, 365,170, 547 + B3, 999,409 OBL

+ 67B,4B6A56 TIME 4 u 3]

¥ (WEIDM4)

— TE3, 415, 440.5 + 2, 008576 CON

+ 398,0M.953 TIME + u {7

T (WBIOMS) = — 1,625, 508,948 + 11, 193.506 RDFP

+ BI7, 573294 TIME + u 3]

On the basis of the results, it can be conduded that in
the monitored pericd thers was an incresse in wood biomass
production in oobic meters in the Crech Republic, which was
positively influenced by a mixture of all sconomic and fnancial
instruments, such as emission trading, environmental tazation,
fnamcial contributions for forest management, state Anancial
ohligations and subsidies. Thus, an increase in the price of an
emission allowance by 100 CZK Mg—! [approximately 4 EUR
Mg~} [Ceskd nérodni banka, 2023) would increass wood hiomass
production by agproximately 934 614 cubic meters.

4. Discussion

Based on the results presented in the previowus dhapter, we can
fvc1es o answering our research questions gradually.

RQl: Do corrent ecomomic and fnandal instroments of
the climate change policy have a positive impact on the
development of the forest bicsconomy in the Crsch Republic?

For this research guestion, the forest biseconomy is represented
by the indicator “forest land™ The regression analysis results
displayed a siatistically sgrificant negative relationship hetween
forest bind and the price of the European Union Allowance
and Hural Development Programme On the cootrary, a
statistically significant positive relationship  between  forest
land and enviroomental investments in biodiversity was ohserved.

Regarding “forest bind™ variable, we expected a positive impact
of all grants and sobsidies (national public financing of forestry
and Ruoral Development Programme), and a positive impact of
environmental investments in biodiversity, similar to stodies by
Espatia et al. (2022), or Rinn and Jarsky§ (3021} Concerning ihe

Frontiars In Forests and Giobal Changa 10

51

10 3389 TgC. 20231757597

impact of revenues from emvironmental taxes and EUA price oo
forest land, we suggested that it is not clear, based on the scientific
sindies off Barna et al. (2002), Ersoy and Macdk {2012), Evison {2007),
Pukkala (20200, Zhurakowska et al (2021}, Espafia et al. (2022), and
Jersen et al (2022)

Comparing expectations and resnlis, the positive impact of
eovironmental investments in biodiversity is visible meanwhile,
for the Bural Development Programme the negative impact is
demonstrated. The total influence of national public Anancing &
niot disar. Contrary to expectations, the impact of the EUA price &
negative. The impact of environmental taxes is not dear, which &
consistent with the expectation.
to the stody by Kerr et al {2002) Pukkala (2000) analyzed
the carbon pricing impact on optimal forest management and
highlighted that rising carbon prices boost the rate of carbon
sequestration. Moreover, 2 payment of 150 EUR per Mg~ of
carbon stored in forests would lead to 2 stop to cutting. Based oo
Thurakowska et al. (2021], an increasing tax payment resulis in an
to motivate the economic use of forest resources. Borua et al
(2012} demonstrate that forestry income tazes might be ineffective
in limiting forest loss. Regarding forest land, the New Fealand
Emission Trading Scheme (N2 ETS) is unlikely to generate positive
long-term influences on the forestry sector and would not be the
approgriate instrument fo promote the planted forest exparsion
Evwisom (201 7). Results {Espatia et al, 2022) display a statistically and
on forest cower, causing an expansion of the forestsd area by
approximately 13% in comparison with the alternative scenario
exchuding subsidies Similarly, the research (Ersoy and Mack, 2012)
identifies that subsidies hawe a positive influence on the technical
efficiency of public forestry firms. Further, [ensen e al (2002)
examine forest owners' voluntary subsidies in the presence of
imperfect information. On the other hand, the study by Aoyagi and
Managi (2004} conchodes that government subsidies have a negative
influence on the sconomic activity of the forestry sector and more
subsidized ectities have lower levels of efficiency.

Generally, the Crech Republic hts into the European temperate
forest rome (Rivas-Martinse et al, 2004). Forest land area in
the Crech Republic is constantly rising (Crech Statistical Office,
2022) In 2021, the area of forest land increased by 1475 hectares
compared to 3020, Hence, the total forest land area was more than
2.58 mallion hectares in 2021, refresenting around 35% of the land
area {Ministry of Agricubinre of the Crech Republic, 2022h). In
the Crech Republic, management forests domimate, covering 74.1%
of forest land. This is followed by special purposs forests (23.9%)
and protective forests (2.1%). Considering the composition of the
forests, coniferons forests (59.6%) predominate over broadlesved
forests (28.7%]. The most abundant coniferous species are spruce
[48.1%) and pine (16%). For broadleaved forests, the dominant is
the beach (23%) and oak (7.6%) The ownership scheme differs,
while the majority of Crech forests are owned by the state (56%).
This is followed by natural persons (19.12%), muonicipalities and
municipal forests (17.19%), legal entities (3.41%), chorch forests
and forests of religious sodeties (5.32%), and forest cooperatives
[1.19%).

In summing up the perspective of the forestry ssctor in the
Cxech Republic, a farther increment in forest land and economic
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building on previous periods and positive trends [Ministry of
Agriculture of the Crech Regublic, 2027h) while sirengthening the
role of sustainable development and the biceconomy, bath at the
natiomal and European levels, is evident (L noma = al | 201 1; Carus,
2018, 2021b,.c,de, 20225
Lesuwen et al, 2014; Langeveld et al, 2016 Loisean o al,
016 I Amato et al, 2007 Loisean ot al, 2016 ¥ Amato =t al,
1017; Ronton ot al, 2017; Wessder and von Braun, 2007 Biroer,
H018; Bracco et al, 7018 Ramcilovic-Suominena and Pildb, 2008;
Comitate Marionale per b Biosicurerra, le Biotecnologis e l=
Scienge della Vita [CHMBBSV], 201% Paderal Ministry of Education
and HResearch |[BMEF], and Pederal Ministry of Food and
Agriculture [BMEL], 200% Mittra and Foukas, 2000; Barafiana
et al, 2021; Kardung and Drabik, 2021; Ministerio de Economia
¥ Competitividad, 2021; Harrison et al, 2022; Hetemaki et al,
102%; United Mations, 2021). According to the economic and
financial instruments for the forest biseconomy, there are crscial
elements for moving forward, swch as governmental sappart,
ariented research, and technology development (Hajek et 21, 2021].
Therefore, new knowledge and innovations can be seen as a major
driver of the forest bioeconomy progres This is expectsd to
stimulate an upturn in new jobs related to renewable energy andfor
hio-based prodscts {Perunovd and Zimmermannod, 2002).

1012; Eurcgean Commission, 2012, ZDLE,

¥an

RO2: Are current economic and financial instroments of the
climate change policy stimulating drivers for the increase in the
use of bioeconoomy renewahble resources, sudh as wood biomass?

and the price of Furopean Union Allowance, revenues from
environmental fazes-in  foresiry, state financial ohligations
under the Forestry Act, fnandal contribotions, and the
HBural Development Programme However, the DW test is
acceptable only in the case of the price of Eoropean Union
antocorreltion

all grants and subsidies (national public fnandng of forestry and
Rural Development Programme), and environmental irvestments
in hipdiversity was positive. Soch expectation is bassd on
Kanrian and Kindermamn (2013}, Moiseyer et al (2004),
and Locoh =t al (2002) Concerning the imgpact of revenoes
from environmenta] taxes and EUA price on wood biomass
production, we can suggest that in the case of tamation, it
= oot clear Regarding FUA price, the expectsd impact is
positive. Based on the following scientific studies Lauri =t al
(2012}, Caurla et al. {2003}, Moiseyev =t al (2014), and Sasaki
{021}

Comparing resulis and expectations, the positive impact of
all grants and subsidies (national public fnancing of forestry
and Rural Develogment Programme) and EUA price is visible.
Contrary to expectations, the influence of environmental taxes
is positive. The findings are compatible with the summaries of
various studies. Por example, Moiseyev et al {2004) indicate that
a high 00 price can suppart wood biomass production. Cawrla
et al {2013) onderlined that a carbon tax necessarily reduces
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consumer sarpluses by pushing op the price of wood products.
The combination of a carbon tax with sectoral policies is necessary.
Based on Lawrietal (2002), higher carbon prices can increase
wood-based enengy production. Sasaki (2021) condudes that
financial stimulus via a carbon tax, environmental tax, and energy
tax are shls o promote sustairahle forest management for long-
term timber production and dimate change mitigation. In material
atiliration, wood biomass serves in the manufacture of all sorts
aof producis as a raw material {Carus et al | 2000). In the circular
econaomy, the cascading use of biomass (Feegan e al, 2013) occurs
when biomass is converted to a final product and then reussd
at least ome more time as materials or emergy. Cascading ose
leads to increassd resource efhiciency if compared to direct energy
use. Moreaver, from an environmental point of view, long-living
cascading use can expand O sequestration (Fong et al, 20210

R}3: Are economic and financial instruments of the dimate
change palicy environmentally efective?

Based on oor resalts, we can observe a relationshig betwesn
some econamic and financial instruments (sobsidies, grants,
investments, and emission trading) and indicators conmected with
the guality of the environment The influence of the emission
trading is amhbiguous—in the case of forest lnd negative, and
in the case of wood biomass production positive. Generally, the
economic and financial instroments in the Crech Republic have an
environmental impact and can infuence the forest bioeconomy, at
least in the long-term period.

According to van Valkengoed and wvan der Werdf (2022)
subsidies worked predominantly as an imgulse toact 1t seems that
subsicly schemes are nseful to stimulate sarly adopbers who are
already motivated to take action, rather than to mobilize mdividuals
who are oot yet willing to undertake concrete dimate action.
HRegarding forest carbon, Evison (Evison, 2017} considered that the
Mew Zeabmd Emision Trading Scheme (NZ ET5) is unkkely to
achieve positive long-term effects on the forestry sector and seems
niot to he the appropriate tool i foster carbon sequestration by
forests. [inggang and Peichen {2007) show that a higher carbon
price would drive higher forest carhon stocks and early taxd sobsidy-
induced net carbon storage diminishes.

Forests are a crocial carbon sequestration and siorage
contributor. Trees process carbon dicxide through photosynthesis
and store carbon in woody biomass. Forests thos repiresent essential
carbon sinks in the dimate system. The difference between gross
GHG emissions and gross GHG removals is the net Sux, then
based on the balance of gross fows, a net source {positive) or net
sink (negative) is defined Based om Farris =t al (2021), betwesn
3000 and 2021, Crech forests emitted 12 6MBCDzefyear, on the
other hand, removed —19EMHC0zeivear. This represents a net
carbon sink of —7_ 19800 e/ pear. Porest carbon fuxes are further
anabyzed by Hansen et 2l. (2013) and Hong =t al. (2021). Roughly. a
larger forest area leads to a higher amount of carbon removed from
the atmosphere, which seems to be an effective instroment in the
effart to mitigate dimate change Long-life wood constroction and
furniture can be used as temporary carbon sinks (F0WA-Tnstitte,
2017) In European forests, the biomass stock has increased since
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1590, by abowt 1-2% per year, bust its growth has stagnated duoe to
aging processes, the rising imgact of natural disturbances, and other
dimatic factors in the kst years (Avitabile et 2l 2023). Regarding
environmental impacis, scaling up GHG removals by forest land
and harvested wond produocts, as well as dacreasing GHG emissions
by material and energy substitution ssems to be an effective way o
mitigate dimate change (Mabuwars et al | 2007).

In contrast, ongoing climate change is a driver of many changes
in forest ecosystems, resulting in negative conssquences, such
as species distribution shifis or drooght-related tree mortality
(Mubareka et ol 2023). Porest disturhances are climate sansitive.
P-nrmmpl:_kcd et al {2017} provide an analysis of the impact of
,_1 -1 ge on abioti {En_drnl.ght_umd,m and ice) and

Conclusion

The main goal of this paper was to explin the impact of
econaomic and financial instruments of the dimate change policy
om the development of the forestry sector in the Crech RBepublic in
the period 2000-2020. To accomplish the research ohjectives, the
correlation analysis, and regression analysis. Several models were

Regarding the findings, and to answer the research questions,
a statistically significant negative relationshig betwesn forest land
and the price of the European Union Allowance and subsidies
paositive  relationship between forest land and enwironmental
investments in biodiversity was observed (RQ1). Subssquently,
a statistically significant positive reltionship between wood
hinmass production and the price of European Union Allowance,
revenues from environmental tazes in forestry, state Anancial
[RQZ). Owverall, sconomic and fmancial instroments in the Crech
the emission trading on the forestry sector in the Crech Republic
is ambiguous—in the case of forest lnd negative, and in the
case of wood bicmass production positive. Therefore, focosing on
fnancial instroments connected with positive motivation in the
forestry sector, such as grant schemas, subsidies, and investments
in biodiversity.

Regarding the following research, we should focns in
more depth on the differences between worbam and rural
areas. The forest bioeconomy affects the carshon bucdget and
ha= the potential to contribute to decarboniring economies,
and regions, hence mitigating dimate change. In addition io
environmental benefits, it also infuences socio-economic aspects,
such as employment Ecomomic and financial instruments are
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in the Crech Republic, and their effective utilivation is crudal
Therefore, a spatial analysis of corrent financial instruments
in forestry with a focus on the regions of the Crech
Republic is desirable.
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Abstract: The forest biceconomy links to & climate-nemral scononty for which effective economic and Snancisl
promotion is essential fo sustainable development. The mam purpose of the study was to examine the effects of
financisl sopport on the development of the forest biceconomy i the Czech Bepublic in the period 2000—2021.
Fesearch objectives were met by applying literamre review, time series analysis, spatial data anatysis, carogram
and cartodiagram method, comelation snalysis, and regression snalysis. Firstly, regional divergences in financisl
flows were observed Crwing to the bark beetle calamity, the peak of the financisl sources was detected in the
Vysofing Region (CZE 4,658/EUR 190 per hactars), and the Olomonc Begion (CZE 2 TREUER 113 per hactare)
in 2020, An upward trend - more than §-fold growth of fmemcial Sows to forestry was found. Secondly, the forest
carbon model was discovered and tested Financial contribution for reforestation, establishment, and tending of
forest stamds incresses met carbon sinks whils fnancial comtribution for gresn and environmentslly friendly
technologies increases net carbon sources. Rerional carhon reservoirs offer the potential to contmbute to climate
targets and achieve sustainable progress.

Eeywords: firest carbon; financial suppart; ferestry; bigerononty, ciroular econonzy; spatial anabysis; regional anahysis

INTRODUCTION

(Sripps Instimtion of Ocesmopraphy, 2023). The
amplifying fesdbacks deflect the climate system im
the same divection as the mital distwrbance {(Cramer
et al, 2013). Global warming delivers nmegative
Tepercussions in the form of extremes weather events,
especially droughis, windthrowrs, hestwaves, efc.
(Thrippleton et al | 2022; Scnocca et al, 20018
Finally, the carbon budget (Marthews et al | 2017) is
a promising method for setiing out the challenze of

mnd constitute considerable threats to  society.
Currently, the carbon peuwirality of the European
Union by 2050 (EC, 2019), compliant with the
ambitions of the Paris Apreement (UK, 2022), is a
global challenge snd would require a lomg-ferm
engapement, predominantty at the regiomal scens.
Global zreenhounse gas (GHG) emissions (IPCC,
2023), result from an unsustainable approach in

g o o
:"HE’ o E*mﬁmi“.d]m”“.e change, The carbon cycle explsins the flow of carbon into
resions and national economics. The smdy by Rae et and out of the atmasphere and into living organisms

(Porfirio et al, 2010). A cumulative effect displays

al (2021} refers reconstroction of carbon dioxide
(2021) c net sources escalating carbom  levels amd

emissions over the past 68 million years.

The long-term = GHG . hed concentration, due fo a linear ecomomy Systerm
an all-fime ]Enf.uug per million in 2021 (Tyson et al, 2001; Wesche and Amitags, 2014).
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Anthropogenic carbom sources, such as buming
since the pre-indusirial era (Ford etal, 2012). On the
contrary, forests tend to be net carbon sinks (FISE,
2023; Eeeling ot al., 2011). However, forests can
become 3 met carbom source due to unsustaimsble
management (EC, 2023). Sadies centered on forest
carbon in specific regions were discovered, such as
Zald et sl (2016), Liski et al. (2002), Moser et al.
(2022), Miller et al (2012), and Earppinen et al
(2018).

In each region, forests have different emvironmental
features, states, biodiversity, and challenges in
addressing climate change (UMW Department of
Economic and Social Affairs and UM Forum on
Forests Secretariat, 2021). Simultsneonsly, regions
stapmomt thronghout time Becamse of climae
made (Zimmermanngva, 2009; Allen et al, 2010;
CENIA  2022). A rmange of closer-to-mamme
spproaches are alesdy inm wuse, soch as namral
regeneration leaving deadwond, and sbandoning the
use of pesticides (Hlssny et al., 2017). However, the
philosophies are diverse from region to region
(Larsen et al., 202I).

Moreover, ongoing climate change is placdng
pressure on building the forest’s ability to floarish in
the face of owTent and changing comditions,
enhancing its resilience while storing carbon in rees
as well as in the forest soils (TUFE.O, 2014a).
Effforts at both regional and global scales are needed
while synergies between climatic, forest-based, and
societal policies will sireamline the process
(Mabumrs et al., 2017; Bowditch et al., 2022). The
shift from fiossil fisels to bicenergy or from carbon-
intensive materials to biomass tends fo mitizate
climate change (TUFFO, 2014b). This requires the
development of four key domaine Focksoom et al
{2017}, such as inwestment, ionovation, institutions,
and infrastocture.

An integral component of sustainsble development
includes the bicecononry comcept at the European
Union level (Ewropean Commission, 2018b).
Bicecomomny is prmarily rooted in the raditional
sectors of the econonty, namely agriculture, forestry,
aquaculiure, and the production of paper and wood-
related goods. Monetheless, innovative sectors are
also  inchided namely bicenergy, Thiofuels,
sigmificamce is strensthening over time (Fonzon et
al, 2017). The smdy presented by Fonzon et al
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{2015) segregates the national economies under (1)
agricultural bicecomomies, () agro-food industry
and bio-based chemical mdusmies, (3) forest
hipeconomies, and (4 non-specializad
Curently, the forest bicecomnonry is  gainimg
prominence and is part of a comprehensive set
referred o a5 the Fit for 55" package, a toolbox of
proposed revisions and new initiatives to ensure that
{(Europesn Commission, 2021c). In detail the Mew
EUI Forest Stratezy (Ewropean Commission, 2021k}
fiornses on the cascading principle of biomass usage
forest restoration, financial support for forest owmners
and rural sress, and protection of forest ecosystems.
Alongzide the emvironments]l benefits of carbom
capture and storage, munltifione tons] forests ful Gl 3
countless array of ecosystem services, such as
wildlife. recreation. efc. (Winkel et al., 2022; Bomer
etal. 2017; Maziero et 5l., 2018). Frequently, such
advantage: are delivered ac public goods amd
externalities (Sisak, 2004 while the total economic
value indicator attempts to reflect the ageTezate
quantification of benaficiaties (Merlo and Crottom
2005). Topically, forest bathing of shimrin-yokn, as
8 mumdfinl visit to the forest, improves human
physical =md mentsl health and prevemes the
development of vanous diseases (Wen et al, 2019
Puira et al, 2018; Anfonelli et al 2021; Mao ef al
2017; and Farkic et al , 2021).

The Czech Bepublic and its regions are a part of the
European temperate forest zone (Fivas-Martmer ef
al, Z004). Forests cover 37% of the temitory,
approceimately 268 million hectares in 2022 (CES0,
2023). Considering the owmership strocture, 54% is
cwmed by the state, 21% by individosls, 16% by
mumicipalities, and %% by other owners. In addition,
741 % of Czech forest lanmd is classified as
manzrement forests, while 23.9% as special parpose
forests and 2 1% as protective foresis. The tree
species  Composition coofsins A significant
proportion of spmoce (48.1%), pine (16%)]), beech
(93%), and oak (7.6%). The Czech Republic
(Fonzon et al., 2015). However, social (Hajek et al.,
2021; Peramova and Fimmermannova, 2022) and
2023) of the forest bicecomonry can be seen
Additionally, the npationsl fnancisl support
mechanicm  for foresty i inprecice, amd
adminictratvely intensive which reduwes the
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effectiveness of financial flows for forest owners in
the Czech Bepublic (WMod  2020).

Typically, the Czech Fepublic is struggling with the
unprecedented negative consequences of the bark
beetle calamity (MoA, 2022), rated to be the most
devastating in history (Brazdil et al , 2022). A swiich
from wind-drven to drooght-doven outhresk
dynamics was observed (Hlasoy et al., 2021). For
example, the stody by Safafik et al (2027) provides
further cuttings according to coniferous stands in the
Czech Republic. Secondly, Michalec et al (20209
analyzed the sale of bark beetle-affected sawmoill
timber. Fimally, Toth et al (2020) display the
relaticnship linking the imcidents]l harvest volome
mnd the drop im the prnce of spmce tmber.
Additionally, since 2015, there have been continmous
incresses in several indicators, such as the totsl
vobome of mees killed by bark beetles. and the total
volome of salvage logeing (CZ50, 2023; Mod,
2022). These are the principal drivers of the
LULUCF sector emissions balance (IPCC, 2023),
which have camsed pegative environmental effects.
For this, forest restoration is one of the cwrent
regional challenges i the Czech Republic (Mod,
20199.

The litersture review identfified a range of smdies
dealing with narional fimding for forestry in the
Czech Republic, for instance, Si3ak (2002, 2007,
2013), Lojda and Ventrubova (2015), Eotecky
(2015), Penumova and Zinmmermannova (2023). The
and/or other financial and economic meruments st
the national level, with no consideration of regional
differences. Sinmltansously, the smdiss, such as
Hlasny et al (2021), Brézdil et al. (2027), Safafik et
gl (2022), Michalec et al (2020), and Toth et al
(2020 examined bark beetle calamity in the Czech
Eepublic, with no regard fo regional disparities in
financial support To sum up, smdies investizating
regional sspects of the national financisl sources
and/or stedies dealing with the economic aspects of
differences in the Czech Fepuoblic are still absent.
This smdy tries to fll this gap.

MATERTATS AND METHODS

Materials
Matonal finanmcial sources are represenmted by
financial comfributions for forest management
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provided by the budget of the Ministry of
availshle and are accessible on request From the
extensive datmsets received, selected dats were
extracted and hamonized for the given monitored
period.

inchuding the Eurostat (Burostat, 2023), the Czech
Bepublic Statistical Office (CEZ50, 2023), and the
United Mations Framework Comvention on Climate
Change (UWFCCC, 2023). All fizures have besn
converted according to the EURSCZE exchange rate
applicable on December 17, 2023 {f:N'B, 2023).

To determine the impact of different natonal
finding titles om forest carbon storage, several data
were collected for the period 2000-2021. The data
sources were the CZS0 (2023), the UNFCOCOC
database (2023), and the Mimistry of Agricultore
(dats om request).

The presented model operates with GHG
emicsions Temanvals of salected sub-categories of the
LULTCF sector, namely forest land and harvested
wiood products.

financial sowces mmplemented in the bioecononmy
sector in the Czech Republic, such as finsmcial
coniribution fo the restoration of forests damaged by
immiscion, financial contribution for reforestation
establishment and tending of forest stands, financial
coniribntion to an association of owners of small
forest aress, financial contmibution for green amd
environmentally friendly technologies, fnancial
contribmticn  for the elaboration of forest
manarement plans, financial contmbution for forest
protection, financial conmbubion to mitizate the
impact of the bark beetle calamity (Table 1).

The expected impact of all natiomal fnsncing
sources is positive (Table 7). Such expectation is
assumed from He and Ben (2023), Jinggang amd
Paichen (2017), Pukkslas (2020), Dong-Ho er al
(2018), and Bowditch et al. (2022).

Forest carbon (Figure 5) displays a negative range
between 1000-2017, which stands for the nef sink,
and carbon caphwe and storage in forests amd
harvested wood products (HWPs) is observed. The
reverse tendency chows the timeframe 2018-2021,
positive figures denote a net source boosting fotal
GHG emissions.

Tabls 3 collects the parameters of all variables. The
mininnm and maomum vales, standarnd deviation,
and median are given for each variable.
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Tshle 1 List of variables
Variable Abbreviation Uniits Rale
megatonnes of carbon diexide
Forest carbon FORC . Dependent
equivalent (W0 2eq )
Financizl contribution o the restoration of .
F 3 Sp—— A million CZE Independent
Financial conmibations for reforestation, .
hlic} i, and tending of f ] B million CZE Independent
Financial contributions to an sssocstion of -
owmers of small forest areas c million CZE Independent
Financial contributions for green and .
. Tiv Friendby technolowies D million CZE Independent
Financial contributions for the elsboration of .
forest mans gement plans H million CZE Independent
Financial contritutions for forest protecton I million CZE Independent
Financial contributions to mitigate the impact of .
the hark beatle calami L million CZE Independent
Time TIME VEATS Contral
Source: suthors.
Table I Expected impact of variables in FORCAM
Expected
Variable Abbrev. mmpact
FORCM
Financial conmibution to the restoration of forests damaged by mmission A Paositive
Financial contribution for reforestation, establishment. and tending of forest stands B Positive
Financial contribution to an association of owners of small forest areas c Positive
Financial contribntion for zreen and environmentslly fiendly technologies D Positive
Financial contribution for the elaboration of forest management plans H Positive
Financial contibution for fiorest protection I Positive
Finamcial contribntion to mitigate the impact of the bark beetle calamity L Paositive
Time TIME Positive

Source: suthors,

Tshle 3 Overview of the data statistics

Abbreviation Variable Minimum Marimuom Standard deviation Median
Forest carbon -0 462 330,390 12 719.417.07 6,358 628 517 -7,180,636.361
Fimancial confribution to the restoration of
forests d 1 by immission 2 206, 000 28,415,000 T.049 800 483 12 568,663.78
100,621,043 4 1,405 005249 287,604 4143 662
establishment snd ending of forest stands 00,621 405,006, e 122,662,500
Financial contribution to the associstion of
of 1,263 000 4,033 000 1,143 315680 2,761 000
- Il friend] Smalogies 14,250,217.22 180,785,676 446,290, 0046.61 24,768 000
Financial contribution for the elaboration of
1,500, 000 82,300,000 25318, 568.87 20 564,735
forest mansmement plans
Finanrial contribution for forest protection 1,154, 956 852 116321104 33,015,060.2 3,150,000
Financial contribation to mitigate the
. of the hark c . 970862, 761.1  T.027364,513 3,051,191 672 3,296,433 478
Source: suthors.
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Methods

The main purpose of the smdy is to examins the
effects of financial support on the development of
the forest biceconomy in the Czech Republic in the
period 20002021, With regard to the main target of
the research, the following research questions were
establizhed.

The fGrst research question deals with the
development of selecied national financial soorces
(BQ1): Can we observe an increasing trend in the
amonnt of inancial flows to foresiry in the Czech
Eepublic?

The secomd ressarch question observes the regional
acpect in the forest bioeconomy development (B0 ):
Can we observe repiomal differemces im the
amount of imancial flows to foresiry in the Czech
Eepublic?

The third research gqueston foouses on the
environmental aspect of the forest biceconomy
development (FQ3): Do financial flows have a
positive environmental impact in the Czech
Eepublic?

In order to mest the research objectives, a literature
review, time seres analysis, spatial data anabysis,
cartogram and cartodisgram method, comelation
smaly=is, and repression analysis were applied.
Firstly, a comprehencive litersture review and data
collection were carmied oot Dars and tme serjes
were modified into 3 format suitable for Excel.
Secondly, quantitative snalysis procesded, such as
time series mnaltysis, spatial data amalysis, the
cartopram amd cartodispram method, comelation
amalys=is, and regression analysis. The dats and tme
series  were mnalyzed together with  their
characteristics, Spatial dats anabysis was performed
using CNGI5 226 3 software. The layer Boundaries'
from the Topopraphic datshase of the Czech
Bepublic (Data?(i) served as a topographic base
To demonctrate regionsl differences in the allocation
of national financial spurces, a regiomal analysis
spproach was used, especially the nomenclafure of
territorial umits for stabistics — MWUTS level 3
(WUTS3) was spplied. The list of the regions in the
Czech Republic is infroduced in Table 4.
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Table 4 Overview of the regions of the Czech
Brepullic
NUTS3 Name Abbreviation
CZ010  Prague, the Capital City PRG
CZ020  Central Bohemian Region CBER
CZ031  South Bohemian Region SBE.
CZ032 Plzedi Region FLR
CZ041 Earlovy Vary Region EVE
CZ042  Ustinad Labem Region ULR
CZos51 Liberec Region LBR
CZ052  Hradec Erilové Region HER.
CZ053 Pardubice Region PAR
CZ063 Vysofina Region VYR
CZ064  South Moravian Region SME.
cZ071 Olomouc Region OLR
CZ072 Zlin Region 7R
CZ080 _ Moravian-Silesian Region MSE

Source: authors, based on Eurostat (2023).

A pomelation analysis using Pearson's commelation
coafficient was employed. Hence, 3 more complex
regression anabysis was developed and tested:

FORC = p0 + B1*A + f2*B + f3*C + B4*D + p5*H
+ B6*T + B7*L + BE*TIME +u

where:

Y-FORC (forest carbom, im total im MrO0Zeq);
H1— A (fmancial contribotion to the restoration of
fiorests damaged by immission); X2— B (finsncial
tending of forest stands); 33— (finsncial
coniribution o an asseciation of owners of small
forest aress); X4— D (financial comtribution for
green and environmentally friendly technologiss);
X5 — H (finsnris] contribwtion fior the elaboration of
forest managpement plans); X6 — I (fnsncial
coniribation for forest profection); X7 — L (financial
coniribtion o mitizate the impact of the bark beetls
calamaty); X8 — TIME (time]); —7random element of
the madal.

First, the model containing all ecomomic and
finsncial instruments (FPORCA) was developed.
FORCM is the composition of all independent
varshles (A B, C, D, H, [ L, and TIME). Second
alternative models were performed to identify the
statistically most sipnificant model with 3 high index
of d o
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Fimally, all outputs were validated via nmlfiple tests.
The F-test of overall sipnificance investizated the
adequacy of the regression models The Durbin-
Wason (DW) test was condocted to  test
sutccormelation employing Drurbin-WWatson
Sipmficance Tables (Durbin-Watson Significance
Table, 2023).

RESULTS

Temdency in the financial instroments

Figure 1 displays the development of the amoont and
simciure of financial flows o foresiry m the Czech
Feepublic m 2000-2021.

Bazed on the 2000-200% resulis, the fotal financial
support floctested from CFE 300 to 380 million
(from ELTR. 12.23 to 1540 million).

MANUSCEIPT

Since 20, there has been a dowmraard mend caused
by the economic crisis and the decline in economic
activity. In addiion, several subjects were
‘ransferred mnder regionsl budgets, which resmicted
In 2010-2016, the mesn financial flows stood at
CZE 185 million (EUE. 754 million). Becanse of the
hark bestle calamity, financial support mcreased n
the period 2017-2021.

An all-time maximum of CFE 1,715 million (EUE
70 million) was recorded in 2021. According oo the
somcmre, the hizhest share (1% - 81%) represented
Title B each year. Comparing the beginming and the
end of the monitoring interval two tendencies are
wisible, namely & dowmirend for Title A Title C, and
Title H and an upmend for Title B, Title I, and Title
L

Figure 1 Development of the amount and structure of national financial sources for forestry in the Czech Fepublic

in 2000-2021
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Figure 3 Financial confributions for forest management granted from the todzet of the Ministry of Agriculure in

the period 2019-20221
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Regional differences in finamcial mstroments
(Title A — Tifle I}

An increase n nationsl Snancial support Sowing to
forestry i 2000-2021 was found . Meverthelsss, the
national financial flows were not equally allocated
across regions. For this, the indicator of the Snancial
contributions for forestry gramted from the budget of
the Minisiry of Agnolure (Title A — Title I) per
hectare was set o detect regiomal divergences. In
Figure 2, regiomal differences in  financis]l
contributions for forestry pramted fom the budget of
the Minisiry of Agnolure (Title A — Title I) per
hectare are imestigated.

Baszed on the findings in 2004, the hizhect financisl
comtributions per hectsre were received in the
Ceniral Bohemian Regmion (CBER) CZE 177/EUR
T.22 par hectare, and the Pandubice Region (FAR)
CZE 165EUR 6.73 per hectare. From 2010 to 2014,
a fall in imdic ator was displayed in each region. Since
2017, the indicator continnonsly escalated across the
regions and reached a historical level in the Vysofina
Fegion (WVYE) CZE 1,528/EUFE 62 per hectare in
2021, In the reference period, the average national
financis] flows, Title A - Title I per hectare, were up
approximately 4.5-fold.

Regional differences in finamcial mstroments
(Title L)

In the momitoring period, 3 bark bestle calamity
ooomred m the Czech Republic, which led to
sigmificant changes in the financial flows o the
forestry sector. Figure 3 demonstrates that im 2019
the finsmrial conmibuton to mitzate the impact of
the bark beetle calamity (Title L) covered 58% of the
nationsal financial sources, which amoumted to CEE
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07086 million (EUE. 40 million). In the following
year, the share of Title L rose to a peak of 87% (CZE
7,027 36 millionEUE. 284 million) of the national
finamcial sources. Inm 2021, Titde L delivered CZE
3,296.43 million (EUE. 134 million), approimately
66% of the national financial sources. Generally,
there was 8 historical pesk of the fnsncial
conributions for forest mansgement sranted from
the tudget of the Mimstry of Azrioultre {national
financial sources) in 200

The indicator of the finsncial conmiboton o
L) per hectare was set to detect regional divergences.
In Figure 4, regional differences in the finsncial
coniribution o mitigate the impact of the bark bestla
calamity (Title L) are illusirated.

Begarding 2019, the pesk of ndicator emerged in the
Zlim Region (FLR), snd the Olomouc Region (OLE).
This year, the Karlovy Vary Region (EVE), and
Prague, the Capital City (FE.G) were not applying. In
2020, a historical outlier was documented m the
Vysodina Region (VYER) CZE 4 658FUR 180 per
hectare. Begions with an mdicator on the scale of
CZE 1,000-2,000 per hectare formed the most
mumesous category. Besides the Vysolina Region
(VYE) achieved the strongest support in 2021 the
South Bobemizn Region (SBR).

To sum up 2019-2021, the acoummilated flows of
Title L per hectare in maximpm were observed in the
Vysofing Fegion (VYE), the Olomouc Region
(OLR), and the Zlin Region (ZLE). Indeed, the peak
of both indicators, such as the sum of Titde A - Tide
I per hectare and Title L per hectare, weare granted in
2020 to the Vysofina Region (VYE), comprising
&5% of Tide L, 10% of Title B, and 4% of Title I.



Regional differences in financial contributions for forestry
granted from the budget of the Ministry of Agriculture (Title A - Title I) per hectare.

Financial contributions for forestry
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Regional differences in financial contribution to mitigate the impact of bark beetle

calamity (Title L) per hectare and share of financial contributions (Title A — Title I).

Financial contribution to mitigate
the impact of bark beetle calamity
[czk per hectare]

[ T T T
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. Finandal contribution to the restoration of forests damaged by immission (Title A)

M Finandal contribution for reforestation, establishment, and tending of forest stands (Title B)
M Finandial contribution for green and environmentally friendly technologies (Title D)

B Financial contribution for the elaboration of forest management plans (Title H)

B Financial contribution for forest protection (Title 1)

-

k exept financial contribution to mitigate the impact of bark beetle calamity
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Forest carbom model

Figure 5 deals with GHG emissions/‘removals of
selected sub-catepories of the LULUCE sector,
namely forest lmnd and harvested wood products
(HWPs).

Environmentally, forestry remains a net source of
GHG emissions a5 of 2018, The major contribator is
the forest land sobcategory (10997 MiDO2eq), a
consequence of the bark beefle calamity starting in
2015 and pesking in 2020. During soch a period,
random harvesting and clear-cutting dominated and
metma]whmeuflintﬂmdmsermﬂr
The Vysolna Fepion Olomour Repion and
Moravian-Silesian Region lost the largest percentage
of forest stands. Therefore, forest land was the fifth
most impaciful GHG emissions source in 2021,
Forest ecosystems thereby contribute §.50% to the
Czech toml GHG eomissioms 85 & mesult of
elements, drought, globsl waming, loss of
resilience, and bark beeile distorbance. The HWPs
sbcategory remains 3 GHG sink (-2 456 MirC02eq.)
and decreasing total LULUCF sector emissions
(8.358 MiCO2eq.).

Secondly, all the selected variables that were deemed
to influence forest carbon were sampled for
comelation analysiz. Table 5 shows the oufcome of
the comrelation analysis. Sourced from the results of

the correlation snalysis, we notced a stabisticalby
sigmificant negative comelstion between FORC and

MAMNUSCEIPT

C. In sddition to the shove comealations, there are also
significance, such as A, and H Sotstcally
sipnificant positive comelations ooour for B, D, L L,
and the conirol variable TIME.

For regression smalysis, the repression model
FORCM was developed. FORCM consists of all
independent varisbles (A, B, C, D, H, L L, and
TIME). While the enftire model i= statistically
sipnificant not all of the selected warables are
statistically significant The mesult of the Dharbin—
Watson st (DW) for FORCM iz acceptable (D
1.861 > upper citical vahae 0.863).

FORCMI1 represents selected wvaniables with a
statistical sipnificance of p < 005 This medel is
statistically significant—all of the variables are
statistically cignificant and the entite model is
statistically significant as well.

In Table 4, the outcomes imply a kigh coefficient of
determination in the model This means that for
FORCMI, the peneral formmla that is specified
explain: more than 99% of the variance with less
than 5% of random deviations. Varisbles with a2 p-
vahoe of below 5% are B, D, TIME, and the constant
(FORCKI).

To the results of the overall F-fest, the estimated
repression forest carbon model is  swtistically
significant at 5% (FORCMI) levels of sigmificance.
The finding of the Dhrbin—Watson test (DW) for
FORCMI shows positive sutecorrelation, and IV is

Figure 5 Development of the GHG emissionsremovals of selected sub-categories of the LULTUCE sactor in the

Czech Republic in 1900-2021

mesgaeonnes of ciebon. i e vk { MICO )

B OE b NN & N N NN

Source: suthors, based on UNFCCC (2023).
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Table 5 FORCM - correlation analysis

MANUSCRIPT

According to the PORCMI outputs (Table &), a
between FORC and B and a statistically sipnificant
positive relationship between FORC and D, and
TIME is observed.

FORCHM] refers fo 4 moedel that simultaneously
iovolves all 3 indspendent variables, namely B, I,
and TIME. If separataly (comelstion snabysis), the
impact on forsst carbon is positdve, independent
variables B and D both confribute to mcreasing GHG
emissions to the atmoesphere.

In the complex regression model (FORCMI), the
reverse effect of the independent variable B is noted,
mggecting 3 contribution to an increase in GHG
remavals from the atmosphere.

The following regression equation can be budlt:

Y (FORCMI) = -506,566,127.350 -0.011 B + 0.172
D +247,637.603 TIME +1u

Based on the repression analysis results, independent
varisble B (CZEK million) contributes to increasing
GHG removals from the smosphers. According o
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FORC A B C D H 1 L TIME
FORC 1
A -0.0039 1
B 07803 00371 1
[ 0. 7597 08328 00841 1
D 09260 00440 09404 40,3411 1
H 40,3940 0.1620 40,2192 000897 0.2714 1
I 08486 0.0391 0.9470 0.7308 0.9856 03471 1
L 09373 01677 0. 100 0. 0oy 0.7047 02287 0.6337 1
TIME 0. 7865 .2918 04773 08737 06043 0.6591 06504 037086 1
Source: authors.
Table &6 FOBRCM - regrﬁsiun analysis
FORCM FORCMI
Siz. Coel. Sig. Coef.
A 0506 0.033
E 0.013 0011 00046 -0.011
C
D 0.000 0,166 0.000 0.172
H 0.907 0,002
I
L
TIME 0.015 27T 214.287 0.002 247 637.603
Constant 0.014 -567,715,072.752 0.001 -506,566,127 350
Observ. 12 22
R2 0977 0.976
Signif. F 0,000 0.000
Durbin-Watson test 1.861 1.803
Source: authors.

forest carbon, forests fulfill the role of net sinks, and
therse iz carbon capiure and storage in forests and
harvested wood products (HWPs).

Conversely, the regression analysis fndings
indicated that mdependent variable D (CZEK million])
and conitod variable TOME coniribute to increasing
GHG emissions to the amnosphere. According o
forest carbon, forests fulfill the role of net sources.

DISCUSSION

RQl: Can we observe an imcreasing iremd of
financial flows to forestry in the Czech Republic?

Firstly, in the period 2000-2021, there was mn
increasing trend of national fnancial fows to
forestry in the regions of the Czech Republic. Due o
the bark heefle calamity, finsmcis]l support has
charply misen simce 2017 and recorded an all-time
maximum in 221, In detsil, two tendencies are
wisible, namely a dommirend for Tite A Title C, and
Title H and an uptrend for Title B, Title 1), and Title
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I According to the stachure changes, the hizhest
share (§1% - §1%) represented Title B each year.
work with nationsl fnancisl sources for forestry in
the Czech Republic, for instance, SiSak (2002, 2007,
2013), Lojda and Ventrubowa (2015), Eotecky
{2015), Permova snd Zimmermanmova (2023).
Simmiltaneonsly, smdies displaying the aconomic
aspects of bark beetle calamity im the Czach
Fepublic are still missing

Based om Sisak (2002 and 2007), various
mechsnizms are available m forestry, especially
ethical, nomafive, economic, and imstinotomal
aiming for rpeasonsble exploitstion of forest
mesources in the Czech Fepublic. According to
findings (Penmova snd Zimmermannova, 2023),
financis]l comtributions for forest managzement
pranfed from the bwdpet of the Minisory of
of hiceconomy renewable resources, such as wood
biomass.

Subsequently, natonal fimding sources can boost
biodiversity comservation and sustamable forest
manazement (Liagre, 2017). In addition the stwdy
by Sewinc (2022) analyzed finsncial support in line
with the behavior of forest owners. Leoussis and
Brzezicka (2017) stressed the emergency of financial
apport  for landowners and  forest ommers.
According to Ohomirs and Crentzborg (2021), the
effectivensess of ecomomic imstomments will wary
depending on the financial beneficianes mvoboed.
Moreover, soft policy inbervenfions, such as
wolintary commitments, become shightly attractve,
but depending om the type of forest owmnership
(Canley, 2019).

On the other hand  the smdy (Aoyagi and Managi
2004 concluded that pgovernment subsidies
adversely altered the economnc outlook of forestry.
In the Czech Fepublic, a proportdonately hizh
onumber of natonal fnancsl ttles and other
resources are limited im total fnancial ot
combined with diffiult orpanization  and
adminisration {Eiﬁt, 2013). Forestty makes a
considerable impact on mural development and the
Furzl Dievelopment Programme seems to be a8 more
effective ool than natonsl financial fimding (Lajda
and Ventrubova, 2015). Based on Eotecky (2015),
smbsidies for afforestation in the Czech Republic are
not optimsl and seem to be targeted to areas with
existing high forest cover. In certain regioms,
approaches are put m place to safepuard biodiversity,
water, and climate regulation and recreation
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(Sotiroy and Arrs, 2018; Mattioli et a1 2024).

R2: Can we observe repiomal differemces im
finamcial flows to foresiry in the Czech Republic?

Secondly, it can be concloded that national finamcial
flows o foresity were not egusally split among
regions and regional divergences were imvestigated.
First, the indicator of the financial coniributions for
forestry granted from the buedpet of the Minisoy of
Agmicultore (Tide A — Title I) per hectare was
applied (Figure ). From 2000 to 2021, the average
of the indicator was up by 447% while the indicator
reached a historical level in the Vysolna Region
(VYE) CEE 1,528/EUR 62 per hectare in 2021.
Second, the ndicator of the finemrial contribotion o
mitizate the impact of the bark bestle calamity (Title
L) per bectare was exsmined (Figure 4). In a
summeary of 2019-2021, the accommilated flows of
Title L per hectare in maximm were observed in the
Vysodna Region (VYR), the Olomouc Region
(OLE), and the Zlin Region (ZLE). Indeed, the peak
of both indicators, such as the sum of Title A-Title T
per hectare amd Title L per hectare, was granted m
2020 to the Vyseling Begion (VYER), comprising
&3% of Title L, 10% of Title B, and 4% of Title D.
Based on the hiterature review, stodies mvestigating
regional aspects of the nationsl financial sources
and’or sdies dealing with the economic aspects of
hark ‘Teetle calamity emphasizing regional
differences in the Czech Republic are stll absent.
For example, Brizdil et al. (2022), Safafik et al
(2022}, Michalec et al (2020 and Toth et al (2020)
examined bark beetle calamity in the Czech
Bepublic, with no regard to regional disparifies im
finsmcial support.

Previons forest manapement can be a precondition
for existing conditions in forests and consequently
influence pest outbreaks (de Groot et al., 2019). As
a consequence of ongoing climate change shifis m
the dishowbance regime caused by novel agents or
overlapping of the historical range of vanety ocour
(Tumer and Seidl, 2023). Forest recrganization
emerges 85 3 phase determining the long-term shapse
of forest ecosystems, which can either persist or face
Tegime shifts (Seidl and Tomer, 2022). Falcone et al.
(2020) suggest essential drvers to ensure a booming
forest-based biceconomy, ncinding the circular
principle. According to Hlismy et al (2021), an
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effective strategy to address bark bestle calamity is
to Teshape repional forest management

EQ3: Do financial flows have a posifive
in the Czech Republic?

bicecononty in our research is represented by the
ouiputs reveal that financial coniribotions for
reforestation, estsblishrnent, snd tending of forest
stands comtmbute to mcreasing GHG removals from
environmental impact, as forests fulfll the role of net
sinks, smd carbon captore and storage in forests and
hamvested wood products (HWPs) is observed.
Cooversely, the repression analysis fndings
environmentally fendly technologies contribwaie to
increscing GHG emissions to the amnosphers. This
implies adverse environmental mmpact, as forests
fulfill the role of net sources, and carbon caphmre and
storage in forests and harvested wood products
{HWPx) are not observed.

Fefeming to the wanable “forest carbom™ we
expected that all selected national financial sounces
lead o imcreasing GHG removals Som the
amosphere, as 3 net sink, a5 in sodies by He and
Fen (2023), Jingzang and Peichen (2017), Pukkala
(2020), Donz-Ho ef al. (2018), and Bowditch et al
(2022).

According to the findings, nll 2017 Czech forests
acted as net carbon sinks, while in recent years had
become 8 net source. Adversity is the effect of
of msect pests. Due to biotic distorbance, removals
gradually mose from 2017, maximizng in 2020 (34
million cubic meters), and falling to around 23
million cobic meters im 2021 (CZ50, 2023).
These mfluence reforestation, which has led to the
expansion of planting broadlesved tree species,
intending to svold monooaliures over a large area at
the same age Cwrently, afforestation and
thousand hectares in 2022 compared fo 20 thonsand
bectares (2018) (CZS0, 2023). Long-term,
comifercus free species have besn predomumant
whereas in the period 2019-2021, the end has
changed Considering the damaging impacts of the
bark beetle calamiry, the priority is on building more
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tesilient forests, sdapting to and mitizating climate
change, and sustsinably manazing natural resources
(Hlasny et al., 2017; Cramer et al. 2018; Thrippleton
etal | 223

Financial support is a precondition to developing a
support system for foresiry carbon sinks (Bowditch
et al (2022). Subsidies can strengthen forest carbom
capture and storage capacity and enhance the welfare
of actors i forestry (He and Fen, 2023). A payment
of EUR 150 per toone of carbon seguestered im
forests would bring 3 halt fo cufting, (Pukkala 2020).
The study (Tngzang and Peichen 2017}, fomsed on
EnCOUraFing carbon capture and storage in foresis
through subsidy. The advancement of co-benefits
such a5 cofporate social responsibility, social
cohesion of remional comommities, and posiive
environmental effects remeains the key to enhancing
the competitiveness of forest carbon credits (Dong-
Ho et al | 2018).

Morsover, Eilzore et al. (2007) noted that financial
simmhis appears to have the power to shape the
decision-msking of forest owmers related o
sustainable forest management and forest land
utilization. The resnlts (Espafa, 2022) show that
government subsidies constitute effective tools and
appear to have aided the rise of forest areas. In the
rcase of national financing mechanizmes in small-scale
foresity (Boscole et sl 2010), innowatom
The forest-based sector bas sewveral potentials im
mitigating climate change Firsily, notable forest
carbon stocks/pools include forest sodls snd living
bectare (Forest Ewrope, 2020, Cemiral-West and
Central-East Europe are the leaders. Secondly, in the
long term HWPs increase the carbon stock, while
reduring forest sinks in the short and medivm term
(Pilli et al , 2015). Begarding forest land and HEWS,
deforestation. and sustainable forest mana pement are
required Thirdly, wood materisls can reduce
emissions by replacing emission-infensive ODes
while mcressing removals by storing carbon
HWPs (BEC, 2021a). The positive effects of material
The material nse of wood brings opportonities for a
cincular bicecononty and cascading use of biomass,
where closed loops of materials are cyeated, the
added value of mputs is maximized and the lifetme
of outputs is extended (Eeogan et al., 2013).
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Innovatioms, bie-based fechnologies, and bio-hased
materials are generators for the development of
forest-based value chams and new business models
{European Commission and Joint Fesearch Centre,
2023). The symergy of wood blomsss usage in
downstream indusiries such as textiles, chemmicals,
mnd phammescentics = evident and boosts the
bicecononry. Finally, wood biomass n place of
fossil foels can achieve hope emissions oots.
Arcording to the Czech Bepublic, the energy mix is
wansforming, with a 2030 mrget of 28-30%
renewable sources, incleding wood biomass (EC,
201 8a).

Fepional forest carbon reservoirs offer benefits inm a
low-carbon economy, and a potential fo contribate to
climate goals. The target of the LULUCE secior
represents -310 MiCOZeq. by 2030 (EP, 2023a),
while the nationsl goal of the Czech Fepublic is
1,228 kC02eq. (EC, 2022c). Moreover, Carbon
Femoval: Cerificaton (EPF, 2023b) iz an
oppornmity for the forest-based sector. Carbon
caphore and storage in restoring forests and in long-
living wood materials and products constitnte namral
framework (EP, 2023c).

CONCLUSION

The main purpose of the smdy was to examine the
effects of financial support on the development of
the forest biceconomy in the Czech Fepublic in the
period JE—202]1. Research chjectives were met by
applying literatwe review, time series analysis,
methods, comelation analysis, and regression
analysis. Firstly, regional divergences in national
financial flows were observed. Owing fo the bark
beetle calamity, the peak of the national financial
sources was detected in the Vysofina Region (CZE
4658EUE 190 per hectare), and the Olomouc
Region (CEE 2, TRBWEUR 113 per hectars) in 2020,
An upward tend - more than 6-fold growth of
financisl flows to forestry was found. Secondly, the
forest carbon model was discovered and tested
establishment, and tending of forest stands increases
net carbon sinks while finencal contribution for
incTesses met carbon sources.

The imitations ocourred, such as a varying momber
dats and time series. The onginality of the data, as
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datasets are not commonly available and are
accessible on request.

should reflect on the key objective of financial
contributions, ie. emphasize the role of net carbon
sinks or others. We would recomomend that a regolar
provided should be carmied o, incloding 8 regional
grale, @33 it is obwious that the sifuation can differ.
The forest bioeconomry links to a climate-neutral
economy for which effective economic and financial
promotion is essentisl to sstainsble development
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6 Discussion

The dissertation thesis is presented as a collection of original research studies,
each of which contains a comprehensive discussion of the issue under investigation. The
following is a brief summary and reflection of the most relevant outcomes of the scientific

articles.

6.1 Development of the bioeconomy labour market

Regarding the findings, a diminishing tendency in the share of bioeconomy
employment in the whole labour market in the Czech Republic was identified. The figures
reflect values of around 7-8%, corresponding in absolute terms to 383-395 thousand
employees. A more detailed insight into the bioeconomy labour market exhibits slight
structural changes. A sectoral approach under the NACE rev. 2 classification yielded the
conclusion that the traditional sectors of the economy, namely (1) agriculture, (2) food,
beverage, tobacco, and (3) wood products and furniture constitute the largest proportion.
Several pathways emerge in the individual subsectors of the bioeconomy. The bio-based
electricity, liquid biofuels, bio-based chemicals, pharmaceuticals, plastics and rubbers,
and fishing and aquaculture sectors recorded a growth rate. On the other hand, forestry,
bio-based textiles, wood products and furniture displayed a negative trend. Thirdly,
agriculture, food, beverage, and tobacco, and paper sectors held constant employment

figures with no significant fluctuations.

As the results support the conclusions of the study (Ronzon et al., 2015), the Czech
Republic belongs to the non-specialized bioeconomies. In the Czech Republic, the
following sectors show powerful capacities, such as agriculture, forestry, chemistry, and
food industries that can benefit the local labour market (Hajek et al., 2020). At the
European level, the bioeconomy consists of more than 17 million employees with a
turnover of EUR 2.5 billion. In general, agricultural activities provide a significant
contribution to bioeconomy employment while there is a tendency for more capitalized
segments, such as biochemicals and bioenergy to create relatively fewer jobs in the
bioeconomy (Mainard-Causapé et al., 2017). Based on employment dynamics, it is
anticipated that there will be an upturn in novel jobs related to renewable energy sources
and/or bio-based products (Kardung et al., 2019; Lier et al., 2018). In contrast, a
reduction in employment levels may have an imbalance effect on specific sectors, as
skilled workers may leave and their non-replacement could bring discontinuity in the
knowledge flow (Toth et al., 2021). It is suggested that the promotion of wood-based

construction could be an effective way to enhance wood production and employment
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across the EU Member States (Jonsson et al., 2021). Additionally, carbon storage in
harvested wood products (HWPs) and material substitution lead to climate mitigation
solutions (Pilli, 2015). Therefore, several factors, including increased productivity and
reduced demand for graphic paper, have contributed to the drop in employment in the
wood-based sector (Robert et al., 2020).

With a focus on drivers, forestry employment in the Czech Republic was positively
affected by wages/salaries and negatively impacted by gross domestic product and
forest land. Over the period under focus, employment in the forestry sector decreased.
However, positive fluctuations in employment were caused by the peak of the bark beetle
calamity and activities such as logging and reforestation. According to the Czech
Statistical Office (2023), the forestry sector employed approximately 13.6 thousand
persons in 2022. The highest ratio of employees is typically in the private sector, followed
by the public and municipal segments. Generally, the forestry sector is facing a
permanent shortage of employees, especially for manual forestry positions, including
middle management positions. Secondly, the upward trend in average wage in the
forestry sector was observed. In 2022, the average wage in the forestry sector reached
CZK 38.88 thousand, exceeding the average wage in the national economy. However,
the high rate of inflation has reduced real wages in the forestry sector by more than 7%.
It could be argued that the public sector has relatively high average earnings compared

to other sectors.

Shifts in bioeconomy employment trajectories can be caused by modernization,
innovation, and employment reallocation (Ronzon et al., 2022; Lovric et al. 2020). To
promote employment opportunities in the rural bioeconomy, it is vital to foster multi-
sectoral cooperation, business diversity, and education (Purwestri et al., 2020). The
outputs (Dordmond et al., 2021) suggest that the setting up of quality institutions and the
promotion of financial resources positively shape the creation of green jobs. Moreover,
varying stages in the bioeconomy progress, including social aspects are present across
the European Union (Ronzon et al., 2021; Patani et al., 2024). For example, in the
Northern and Western Member States, a bioeconomy transition is underway, which is
associated with modernization and structural changes in national economics. On the
other hand, Eastern and Central Member States are still in the initial steps of a
bioeconomy revolution. For this, the BIOEAST initiative was established to empower
bioeconomy potential in 11 European countries. The macro-regional initiative is
considered an essential part of the bioeconomy development in Central and Eastern
Europe (BIOEAST, 2024).
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Building an in-depth understanding of the existing and emerging jobs and skills
needs of the European bioeconomy is necessary (Philippidis et al., 2014). Currently,
green jobs and green skills remain poorly defined, making it challenging to compare
trends across countries (Cedefop, 2019). In parallel, multiple definitions of green jobs
can be found in the International Labour Organization (ILO, 2013), the United Nations
Environment Program (UNEP, 2008), and the Bureau of Labour Statistics (2020). For
this, the Green Jobs Initiative aims to examine the impacts of climate change on
employment shifts and promote solutions for mitigation, especially in rural areas (ILO,
2019).

Green jobs show both higher levels of analytical skills and human capital
indicators, such as non-formal education, or vocational education and training (Consoli
et al., 2016). At the same time, the content of green jobs tends to be less routine than
the content of non-green ones. Eco-innovation of products and services appears to be a
driver in generating green jobs (Cecere and Mazzanti, 2017). Notable employment
expansions are anticipated in resource recovery, earthmoving, and environmental
research (Babugura, 2020). Based on Woods et al. (2023), public funds are factors
related to the uptake of green jobs. Linkages between green jobs and sustainable

development goals are evident (Sulich and Sotoducho-Pelc, 2022).

Regarding the forestry sector, “green forest jobs provide forest-related goods and
services while meeting the requirements of sustainable forest management and decent
work” (ECE/FAQO, 2018). As the bioeconomy labour market evolves, green jobs have the
ambition to thrive in non-traditional forestry-related sectors, especially in industries linked
to new wood-based products, urban and social forestry, human health, or green

chemistry (da Silva and Schweinle, 2022).

With a focus on the bioeconomy workforce, the composition of skills required is
assumed to be changed, resulting in considerable tensions for a reaction from education
and training. On the other hand, there is uncertainty about the scenarios surrounding
further patterns of pathways in specific skills. Drivers of such uncertainty include the
impossibility of accurately predicting human behavior in terms of the direction of
environmental policy developments, as well as demographic or economic and

environmental tendencies.

Moving the world towards sustainable patterns, both green reskilling and upskilling
have a major role also in the circular economy and bioeconomy (Bozkurt and Stowell,
2016). Bioeconomy is expected to deliver up to a million green jobs, predominantly in

rural and coastal areas (Ronzon et al., 2018). Unlocking such potential together with
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environmental and social benefits requires the proper combination of skills in the
bioeconomy workforce. As the bioeconomy is not homogeneous, a diverse range of skills
is needed to fulfill the requirements of particular sectors and regions (European
Commission, 2022). Moreover, in the implementation of circular bioeconomy principles
together with green skills and jobs, agents such as jobs, age, size, turnover, or sector
can determine the success of economic units (Bassi and Guidolin, 2021). Based on
European predictions, people with higher levels of qualifications are expected to keep
rising in demand, while that for those with medium levels of qualifications seems to be

constant.

Green skills can be termed as values, knowledge, experiences, attitudes, and
abilities essential for green transformation (UNIDO, 2024; European Commission,
2020c). Boosting a net-zero resource-efficient economy, specific green skills can be
needed and defined. Firstly, transdisciplinarity is frequently named as one of the core
green skills, as global climate change requires a community-wide effort and a
comprehensive perspective at the global scale (Jahn et al., 2012). Transdisciplinarity
can be considered as an opportunity to converge scientific disciplines and promote know-
how sharing, and capacity building (Sixsmith et al., 2021). Transdisciplinarity is able to
stimulate multidimensional attitudes leading to analytical and problem-solving skills
combining multiple viewpoints, assist in detecting possible synergies, and promote win-
win responses (Miller et al., 2011). The transdisciplinarity delivers a holistic approach
and generates a novel form of working that transcends the initial disciplinary frontiers
(van Bewer, 2017).

Secondly, systematic thinking (Arnold and Wade, 2015) can be introduced as “a
set of synergistic analytic skills used to improve the capability of identifying and
understanding systems, predicting their behaviors, and devising modifications to them to

produce desired effects. These skills work together as a system”.

Moreover, long-term thinking (Chen et al., 2020) allows one to make investments
to create things with lasting value. Collaboration (Mulligan and Nadarajah, 2008;
Edelman, 2009) can provide dialogue among a variety of stakeholders regardless of
geographies, cultures, and generations. Adaptability (Strachan et al., 2022) can refer to
a continued desire to develop both dynamic and resilient schemes. Countless other
green skills are defined, in detail what-if thinking, creativity, and awareness for

continuous learning (Miller et al., 2010).

Circular economy and bioeconomy, as concepts of sustainable development,

prioritize a balance between economic growth, social well-being, and environmental
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stewardship to transform the economy and move away from linear flows of energy and
materials. The evolving bioeconomy and circular business models highlight technological
aspects, namely Artificial Intelligence, Big Data, or advanced materials, which place
additional pressure on the digital and technological skills of employees (Santoalha et al.,
2021). The role of digital, quality management, and strategic thinking skills appears to

be significant across Member States (Ramalho Ribeiro et al., 2023).

Currently, a mismatch is noted regarding the existing skills and the expected future
skills that will be demanded in the bioeconomy sectors. This gap calls for an up-grading
in the educational process. In the Czech Republic, a comprehensive bioeconomy
education system is absent, stepping up from primary schools to higher education
institutions. Nevertheless, individual courses are found targeting the bioeconomy or
circular bioeconomy. At the European level, the European Bioeconomy University was
established to build a knowledge-based bioeconomy and contribute to green transition
(EBU, 2024). Vocational education and training is promoted as a kind of long-life learning
across Member States. VET assists youth in finding first jobs and empowers adults to

reskill or upskill and boost their careers (European Commission, 2020d).

Based on the European prediction (European Commission, 2021e), people with
higher levels of qualifications are expected to keep rising in demand up to 2030, while
that for those with medium levels of qualifications seems to be constant. However,
developments are likely to be divergent across bioeconomy sectors. In the traditional
sectors of the bioeconomy, medium and high -levels qualifications are anticipated as a
requirement. Emerging sectors, such as bioenergy, biotechnology, or biotextiles, call for

a deeper engagement of individuals with high-level qualifications.

To monitor the progress of the European bioeconomy jobs, a study by Ronzon et
al. (2020) was developed. Based on the latest figures, there were approximately 17.19
million employees in the bioeconomy sectors across the European Union in 2021,
whereas the sectors with the highest proportion included, (1) agriculture, and (2) food,
beverage, and tobacco. Around 381 thousand employees were reported at the national
level of the Czech Republic. The predominant sectors were also represented in the
traditional bioeconomy sectors, namely (1) agriculture, (2) food, beverage, and tobacco,
(3) wood products and furniture, and (4) forestry. Between 2008 and 2021 a downward
trend in forestry (-23%), wood products and furniture (-28%), and bio-based textiles (-
46%) is evident. In contrast, fishing and aquaculture and liquid biofuels marked an

increment.
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At the European level, the estimated evolution of the educational background of
the population and the workforce is calculated (Cedefop, 2024). Overall, meaningful
demographic changes will affect the labour force in the Czech Republic. For example,
there should be a slight increase in the whole labour force, while the largest growth will
occur in the over-60 age group. On the other hand, the 30-59 age category experiences
a fall. In terms of gender, the female category tends to show higher growth. The 2021-
2035 predictions suggest several trends for employment in particular sectors in the
Czech Republic. For example, decline pathways can be observed in sectors, such as
forestry (-1.2%), wood and wood products (-3%), and construction (-0.7%). In these
sectors, medium-level qualifications display the highest decrease. The situation differs
in sectors such as fishing (2.4%), water supply (0.1%), research and development
(2.4%), and education (0.7%).

Circular economy and bioeconomy both contribute to delivering on the vision of
the European Green Deal (European Commission, 2020a). The prognosis of the effects
of the European Green Deal on employment (Cedefop, 2021) displays a 1.2% extra
employment rise, certainly including disparities among sectors and urban and rural
areas. Integral contributions to make in the transition to a low-carbon economy show
highly skilled occupations, such as researchers. Additionally, positive dynamics of

employment in engineering and administration services are anticipated.

Finally, for the transition to a low-carbon system to be effective, it is necessary to
build a green mindset (Shakil et al., 2023) across society and thus increase the
willingness of stakeholders (OECD, 2014) to engage in global change. To flourish in the
green and digital transition, a skills revolution is a precondition (European Commission,
2020Db).

6.2 Impact of economic and financial instruments on the

forestry sector

Regarding the results, both statistically significant positive and negative impacts of
economic and financial instruments of the climate change policy on the development of
the forest bioeconomy in the Czech Republic were observed. The forestry sector was
presented by 3 indicators, namely forest land, wood biomass production, and forest
carbon. In the period 2000-2021, a rising tendency was found in the case of the variables
forest land and wood biomass production. Concerning forest carbon, the situation has
shifted over time. Whereas until 2017 forests were removing more carbon dioxide than
they were emitting, in 2018 this trend has reversed and forests have become a net source

of carbon.
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National financial sources, namely financial contributions for forest management
granted from the budget of the Ministry of Agriculture and the Rural Development
Programme have shown an accelerating pattern, mainly due to the bark beetle outbreak
(Figure 1).

Figure 1 Development of the financial contributions for forest management granted from
the budget of the Ministry of Agriculture and the Rural Development Programme
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However, differences in funding flows across regions of the Czech Republic were
examined a noted. According to a national financial source, the historical peak rate was
recorded in the Vysoc€ina Region in 2020 (Figure 2). Regarding the Rural Development
Programme, a maximum value of support was achieved in the Olomouc Region in 2019
(Figure 3).
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Figure 2 Financial contributions for forest management granted from the budget of the
Ministry of Agriculture in the regions of the Czech Republic
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Figure 3 Rural Development Programme in the regions of the Czech Republic
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Carbon storage in forests seems to be positively influenced by multiple factors,

such as the profitability of wood production (Tian et al., 2015), high non-timber revenues

(Miller et al., 2012), a large area of forest land (Khanal et al., 2017), an understanding of
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the precise impact of forests on the mitigation of climate change (Markowski-Lindsay et
al., 2011; Miller et al., 2012), safeguarding of property rights (Ramé et al., 2013; Wade
and Moseley, 2011), and innovative mindset of forest owners (Thompson and Hansen,
2013). Time emerges as an essential determinant as well (Koskela, 2011; Urquhart et
al., 2012). Both willingness and motives for engaging in forest carbon storage are diverse
across various types of forest owners. For example, subsidies are a vital criterion in the
case of large-scale forest land ownership, however, as the educational background
improves, subsidies move into the complementary category of advantage (Karppinen et
al., 2018).

On the other hand, low levels of carbon pricing (Fletcher et al., 2009), insufficient
promotion of carbon trade (Wade and Moseley, 2011), challenge to adhere to instructions
(Wade and Moseley, 2011), and necessity of management expectations (Dickinson et
al., 2012; Markowski-Lindsay et al., 2011; Khanal et al., 2017) are barriers that negatively

interact with forest carbon.

The expansion of forest area is accompanied by a more substantial increase in
forest carbon stocks per hectare (Kauppi et al., 2006). Hence, afforestation and effective
forest management of the existing stands constitute elements improving the carbon sinks
(Kauppi et al., 2020). Forest carbon can be affected also by factors, such as tree species,
stand density, or selective harvesting methods (Assmuth and Tahvonen, 2018).
Moreover, forest carbon levels may be greater in locations in close proximity to forest
edges (Meeussen et al., 2021). The age of forest stands is influenced by the harvesting
regime employed, which in turn leads to various regional carbon stock scenarios
(Bradford, 2011).

Firstly, opposing approaches may occur, leaving forest stands to be grown further
or cutting to store carbon in harvested wood products. Then, carbon sequestration
should consider the quantity, longevity, and persistence of the carbon accumulated in the
forests (Keith et al., 2014). Since the risk of forest damages arising from climate change-
driven events persists (Bontemps, 2021). Additionally, the occurrence of extreme
weather events, such as hurricanes, droughts, and windstorms disrupt the forests's

function as carbon sinks (McNulty, 2002).

It is noted that there are linkages between the various disturbance events. Some
events occurring in sequences may produce a synergy of their particular impacts (Gower
et al., 2015; Harvey et al., 2013; Kleinman et al, 2019). On the other hand, the attributes
of the first disturbance event can shape the characteristics of the event that follows

(Simard et al., 2011; Stevens-Rumann et al., 2016). Therefore, it is vital to discover an
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understanding of the implications of disturbance history on the carbon storage capacity
of forests (Bradford et al., 2008).

Linked to climate change, disturbance regimes alter and there are some ways
that novelty can arise. First, it may be the consequence of disturbance regime properties,
namely patch size, frequency, severity, or intensity moving outside their historical ranges
of variation (Keane et al., 2009; Keeley and Pausas, 2022). Thereafter, forest
ecosystems are disconnected from stability and the probability of regime shift scaling up
(Turner and Seidl, 2023). Second, it could be the occurrence of new disturbance drivers,
both abiotic (Griinig et al., 2023; Witze, 2020; Bergstrom et al., 2021; Holz et al., 2015)
and biotic (Buotte et al., 2016; Herms and McCullough, 2014) ones.

Concurrently, novel responses of the forest ecosystems may take place after the
disturbance events (Senf and Seidl, 2022; Falster et al., 2017; Hacket-Pain and
Bogdziewicz, 2021). The main triggers of ecological answer variation can be classified
as the condition of the ecosystem at the outbreak moment (Bowman et al., 2016),
disturbance event characteristics and material legacies (Gill et al., 2022; Hoecker and
Turner, 2022), post-disturbance forest management approach (Senf, 2019), as well as

conditions of specific location (Hansen and Turner, 2019).

Reorganization can be identified as a crucial element of the recovery process that
influences post-disturbance forest development. In that stage, both the structure and/or
composition of the forest ecosystems can be changed, while resiliency can be
maintained or a nonforest ecosystem is formed (Albrich et al., 2021; Zeppenfeld et al.,
2015; Johnstone et al., 2020; Kitzberger et al., 2016). The nature of the disturbance
event, the availability of seeds and resprouting, the presence of biotic and abiotic
aspects, altered light regime or microclimate, and the presence of pests and pathogens
are all variables driving the outcome of the reorganization (Seidl and Turner, 2022).
Climate change has a great effect on the dynamics of the forest ecosystem, meanwhile,
considerable uncertainty persists in the responsiveness of systems to these changes
(McDowell et al., 2020).

Secondly, harvested wood products contribute to the mitigation via material and
energy substitution. Firstly, the potential of wood biomass as a renewable source to
substitute emission-intensive materials is significant, while simultaneously providing a
temporary carbon storage facility (Carus et al., 2012). Application of wood biomass is
opening up in sectors such as furniture manufacturing, and construction (Pilli et al.,
2014). However, the proper application of the cascading principle is relevant (Keegan et

al., 2013). Initially, inputs tend to be used to manufacture outputs with higher added
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value. During the product life cycle, the preference is to reuse the same raw material,
although for producing a lower value-added outcome. Such a principle prolongs the
residence time of biomass in the economic system, which pursues the rational usage of
scarce resources and leads to increased efficiency (Hong et al., 2021). Meanwhile, the
carbon footprint of the wood product needs to be tracked and evaluated from the
beginning to the end-of-life stage (Jasinevicius, 2017). Life cycle assessment has a vital

significance there (Hauschild et al., 2018).

Besides biomass carbon, forest ecosystems also facilitate soil carbon storage
(Lal, 2005). The forest soils represent an integral component of the forest carbon budget
(Liski et al., 2002). The type of soil has a significant impact on the amount of carbon
stored within it. Forest soils occupy a particularly crucial position in this regard, in

comparison to other soil types (Baritz et al., 2010).

For the above-mentioned, forests tend to be net carbon sinks (Forest Information
System for Europe, 2023). Land use, land use change and forestry (LULUCF) sector
usually add to the reduction of cumulative emissions, meeting the Paris Agreement target
(United Nations, 2022), which replaced the Kyoto Protocol in 2020. Forest carbon
reservoirs offer demonstrable benefits in climate questions and a low-carbon economy,
and therefore LULUCF emissions and removals display a potential to contribute to
climate goals. The European target of the LULUCF sector by 2030, as a net carbon sink,
represents -310 MtCO2eq. of which the national vision of the Czech Republic is 1,23
ktCO2eq. (European Parliament, 2023a; European Commission, 2022c).

In the Czech Republic, total emissions between 1990-2021 continuously
decreased by 41% and reported 118 MtCO2eq. in 2021, with the LULUCF sector
contributing additional net emissions of 8.36 MtCO2eq. (UNFCCC, 2023). However, in
closer detail, the transport and waste management sectors demonstrate an upward
trend. Simultaneously, as a response to the bark beetle calamity, forest land was a net
carbon source as of 2018. Across the Member States, the Czech economy is the fourth
most emissions-intensive in the case of population and the second most emissions-
intensive in the case of gross domestic product (International Energy Agency, 2023).
Hence the appeals for decarbonization, circular economy, and bioeconomy to transform
the economic system in the Czech Republic (Ministry of Industry, 2023; Ministry of
Environment, 2021).
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Forest land and wood biomass

Based on the impacts of the economic and financial instruments on forest land
development several studies were observed. Instruments such as carbon payments
(Pukkala, 2020; Kerr et al., 2012; Evison, 2017), taxes (Zhurakovska et al., 2021; Barua
et al., 2012), and subsidies (Espafia et al., 2022; Ersoy and Mack, 2012; Jensen et al.,
2022; Aoyagi and Managi, 2004) were analyzed.

According to forest land, an extension of 1.5% was detected in the Czech
Republic over the period 2000-2021 (CZSO, 2023). In detail, the forest land indicator
was the highest for regions, such as the Liberec Region (43%), the Karlovy Vary Region
(42%), the Plzen Region (40%), the Zlin Region (39%), and the South Bohemian Region
(37%) by the end of the reporting interval. The indicator exhibits an upward trend with a

diminishing rate at the European level as well (Forest Europe, 2020).

Generally, the tree species composition contains a significant proportion of
spruce, pine, beech, and oak. Based on the age category the drop was seen in category
IV (61-80 years) at 13.3% in 2021 compared to 18.8% in 2000, and in category V (81-
100 years) at 15.9% in 2021 compared to 17.3% in 2000 (Ministry of Agriculture, 2022).

Reforestation was influenced by the bark beetle outbreak, which has led to the
expansion of planting broadleaved tree species, intending to avoid monocultures over a
large area at the same age. For this, afforestation and reforestation activity are more
intensive, with 40 thousand hectares in 2022 as against the 2008-2018 period with
approximately 19-20 thousand hectares per year (CZSO, 2023). Long-term, coniferous
tree species have been predominant, whereas in the period 2019 to 2021 the trend has
changed, and more broadleaved tree species were planted. According to financial
consequences, the national financial resources were boosted by CZK 8 billion from the

National Recovery Plan to support reforestation (European Commission, 2019b).

Based on the impacts of the economic and financial instruments on wood
biomass production, the following studies were found (Kanzian and Kindermann, 2013;
Moiseyev et al., 2014; Locoh et al., 2022; Lauri et al., 2012; Caurla et al.; 2013; Sasaki,
2021). A mixture of instruments was examined, namely national subsidies, carbon

payments, and environmental taxes.

Regarding the wood biomass production in the Czech Republic, the coniferous
roundwood removals gradually rose, reaching a peak in 2020 with around 34 million
cubic meters, and then decreased to around 23 million cubic meters in 2021 (CZSO,

2023). At the regional scale, the Vysocina Region, Olomouc Region, and Moravian-
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Silesian Region lost the greatest proportion of forest stands during the bark beetle
calamity. The indicator exhibits an upward trend with a diminishing rate at the European

level as well (Forest Europe, 2020).

In the Czech Republic, the sale of significant volumes of wood biomass to foreign
countries with low added value occurred. Furthermore, there is a shortage of a wood
recycling infrastructure to guarantee the reverse flows and reuse of wood biomass and
hence close the loop of renewable material. A further challenge is the adoption of eco-
design for wooden products which would offer a longer lifetime and the possibility of
reusing the material sustainably in a non-toxic recycling process (Reich et al., 2023).
Concerning wood construction, regulatory restrictions hamper the growth of wood
material utilization. In addition, there is a pressing issue to improve awareness across
Czech society of the benefits of a circular bioeconomy and to stimulate demand for wood
products. The potential of circular business models opens up here (Ellen MacArthur
Foundation, 2019).

Specific indicators, such as forest land and roundwoood removals are integral
factors of the sustainable forest management concept (Forest Europe, 2024). Monitoring
and the management of such indicators can enhance the adaptive capacity and
mitigation of forest ecosystems. The relevance of sustainable development is intensifying
with declining forest health, soil and air pollution, extreme droughts and heat waves,

expanded bark beetle infestations as well as forest fires.

Overall, diverse socio-economic scenarios will bring different levels of wood
biomass production, which will imply alternative forest management approaches
(European Commission, 2024). In the forestry sector, a challenge to find innovative
management approaches persists (Rockstrom et al., 2017). A broad appeal to apply
closer-to-nature approaches in forests, such as natural regeneration, leaving deadwood,
and abandoning the use of pesticides, to prevent and prepare forests for a changing
climate and boost their adaptive potential (Hlasny et al., 2017). The guiding principles of
development are linked to the environmental, economic, and social pillars of sustainable
development, namely wood production, biodiversity conservation, the protection of water

quality, carbon sequestration, and storage (Muys et al., 2022).

Adaptive forest management that respects the productive function of forests,
biodiversity, and other ecosystem services poses challenges for climate-smart forestry
(Nabuurs, 2017). For forest owners, the concept of climate-smart forestry provides
several indicators, however, stronger guidelines are needed (Bowditch et al., 2022).

Moreover, to achieve positive macroeconomic impacts and emission reduction a
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stimulus by the public sector (CO2 taxes, and R&D policies) is necessary (van Meijl,
2016).

To sum up, according to the abovementioned results null hypotheses 1Hq: There is
no statistically significant relationship between economic growth and forestry
employment in the Czech Republic, 2Ho: There is no statistically significant relationship
between economic and financial instruments and the development of the forestry sector
in the Czech Republic, and 3Ho: There is no statistically significant relationship between

national financial support and forest carbon in the Czech Republic can be rejected.
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7 Conclusion and recommendations

The main aim of the dissertation thesis was to carry out the evaluation of the socio-
economic impacts of global change on the forestry sector. The aim of the dissertation
thesis was achieved through three original research papers published in scientific
journals with impact factors. The studies were consistent with the dissertation theme and
focused on various aspects of the socio-economic impacts of global change on the

bioeconomy, including the forestry sector.

Firstly, a general view of the development of forestry employment within the
bioeconomy labour market as well as the evaluation of forestry employment and its
drivers within the bioeconomy labour market in the Czech Republic were explored. A
diminishing tendency in the share of bioeconomy employment in the whole labour market
was identified. A more detailed insight exhibits slight structural changes and several
pathways emerge in the individual subsectors of the bioeconomy. The traditional sectors
of the economy, namely agriculture, food, beverage, tobacco, and wood products and
furniture constitute the largest proportion and held constant employment figures with no
significant fluctuations. The bio-based electricity, liquid biofuels, bio-based chemicals,
pharmaceuticals, plastics and rubbers, and fishing and aquaculture sectors recorded a
growth rate. On the other hand, forestry, bio-based textiles, wood products and furniture
displayed a negative trend. According to forestry employment drivers, employment in the
forestry sector was positively dependent on wages/salaries and negatively dependent

on gross domestic product and forest land.

Secondly, both statistically significant positive and negative impacts of economic
and financial instruments of the climate change policy on the development of the forestry
sector in the Czech Republic were observed. The forestry sector was presented by 3
indicators, namely forest land, wood biomass production, and forest carbon. An increase
in forest land was positively influenced by environmental investments in biodiversity and
negatively by subsidies from the Rural Development Programme and the price of
European Union Allowance. An increase in wood biomass production was influenced
positively by the whole mixture of economic and financial instruments, such as emission
trading, environmental taxation, financial contributions for forest management, state

financial obligations, and subsidies.

According to the impact of national financial support for forestry on forest carbon,
financial contribution for reforestation, establishment, and tending of forest stands

increases net carbon sinks while financial contribution for green and environmentally
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friendly technologies increases net carbon sources. Additionally, an upward trend in
national financial support for the forestry sector was found and regional divergences
were observed. Owing to the bark beetle calamity, the peak of the national financial
sources was detected in the Vysocina Region (CZK 4,658/EUR 190 per hectare), and
the Olomouc Region (CZK 2,780/EUR 113 per hectare) in 2020.

On the basis of all the above results, it can be concluded that the main aim of the
dissertation thesis was fulfilled. According to the obtained results, the following domains
of recommendations for research and practice in the field of bioeconomy can be

formulated.

Bioeconomy strategy development - bioeconomy strategy at the national level
is @ mandatory step for the integration of the concept into the economic system. The
Czech Republic stands up to the challenge of developing a comprehensive strategic
framework for the bioeconomy at the national level respecting regional disparities. The
systematic promotion of local bioeconomies can generate new jobs, business

opportunities, and socio-economic development not only in rural areas.

Bioeconomy monitoring system - to develop a comprehensive mechanism
containing quantitative and qualitative data regarding the European bioeconomy. An
essential parameter is to ensure comparability of data and a disaggregated insight at the
national levels. A holistic assessment is needed that captures the economic, social, and
environmental dimensions of the bioeconomy. The definition of the bioeconomy and the
related definition of the bioeconomy sectors primarily need to be aligned. According to
social aspects, qualitative details on bioeconomy employment by economic activity,

gender, age, or level of education, are required.

Bioeconomy financial support - a comprehensive financial mechanism to
promote the development of the bioeconomy from the initial research to the
commercialization phase needs to be established. Investments in the bioeconomy can
drive research and development, new jobs, innovative technologies, and products relying
on renewable biomass, thereby diminishing dependence on scarce resources.
Bioeconomy financial support can assist in the switch from a fossil-based to a more

resilient economy while tackling critical environmental and social challenges.

Promote the transdisciplinarity - global change is a complex set of interacting
agents, and this requires a transdisciplinary approach. The synergistic effect of
disciplines will generate scope for holistic answers with novel solutions. A
transdisciplinary attitude in the bioeconomy is demanded in various fields, especially in

education, science and research, communication, policy-making, and elsewhere.
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Stakeholders involvement - the transformation to a green economy requires
effective communication with stakeholders with clear messages and devoid of
greenwashing. The necessity for cross-sectoral communication is evident. The
knowledge-based bioeconomy should foster socially engaged research to strengthen the

willingness of stakeholders to collaborate toward change.

Youth engagement - a special status in the bioeconomy development is occupied
by the young generation. The challenge is to raise awareness of concepts such as
sustainable development and circular bioeconomy and to equip students with the green
skills required for the future demands of the labour market. For youth engagement to be
successful there is a pressing need to improve working conditions, especially in
traditional bioeconomy sectors such as forestry, while ensuring equal opportunities and

closing the gender pay gap within the whole bioeconomy labour force.

Bioeconomy education - education constitutes a bridge between current and
future knowledge and skills demanded by the labour force. Ensure upskilling of existing
skills, including green skills while reskilling for emerging bioeconomy sectors and
associated new jobs, including green jobs. A novel education program and courses that
will establish a set of skills, such as long-term thinking or adaptability, and will build a
green mindset are the challenges. Moreover, promotes cooperation among educational
institutions and enterprises as well as establishes or revises vocational education and

training to fulfill shifting skills requirements.

International cooperation - to address global change, international cooperation
can drive knowledge sharing, examples of good practices, and capacity building.
International cooperation across the economic sectors at the macroregional and global
levels is an essential factor in the bioeconomy development. Cooperation can stimulate
economic growth by enhancing trade in bio-based products and establishing new
markets. In the social sphere, international partnerships can contribute to the creation of
new jobs, ensure that the bioeconomy benefits will shared worldwide, and reduce

disparities between countries as well as regional inequalities within countries.

Cascading use of biomass - for the bioeconomy to be a sustainable path for
progress, it requires circularity at its core. The challenge is to replace fossil-based and
carbon-intensive materials with bio-based inputs. These biological resources such as
wood biomass should be employed in a multiple cascade to extend their life cycle and
increase efficiency of usage. Harvested wood products, such as furniture or
constructions simultaneously boost carbon sinks, thus reducing overall emissions. In the

synthetic cycle, it is then important to ensure reuse, repair, remanufacture, and recycling.
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The challenge for the circular bioeconomy remains the closed energy and material loops.
In the Czech Republic, a wood collection and recycling system needs to be built to ensure
a reverse flow of wood biomass and to allow waste to become a resource for further

production.

Circular business models - the bioeconomy represents a renewable segment
of the circular economy and imposes models that are renewable and regenerative in
design, use renewable energy, and avoid toxic chemicals. Setting up supply chains that
encourage the circular use of bio-based materials and secure ethical production
practices is crucial. Application of circular principles, such as waste valorization to
transform waste into energy, materials, or chemicals, product as a service, product life
extension, design for recycling, and modularity needs to be supported. Shifting to a
circular bioeconomy calls for technological innovation, as well as a change in mindset

and business behavior.

The findings of the dissertation thesis can contribute to the development of
national and regional bioeconomy strategies, economic and financial priorities, and the
achievement of the European Green Deal vision. The results carry wider implications of
the socio-economic impacts of global change on the bioeconomy, including the forestry
sector and the framing of further research agendas for the Czech Republic. The
dissertation thesis and doctoral study completed the picture of the circular bioeconomy

in the Czech Republic.
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Annex

Annex 1. National financial support for forestry (A) and European funds within the

Rural Development Programme (B).

A.1 State financial obligations under the Forestry Act

A.1.1 Improvement and strengthening of wood species
A.1.2 Activities of a professional forest manager
A.1.3 Costs for processing forest management plans

A.1.4. Improvement and damming of streams in forests

A.2 Financial contributions for forest management granted from the budget of the
Ministry of Agriculture
A.2.1 Financial contributions

A.2.2 Financial contributions for reforestation, establishment, and tending of forest
stands

A.2.3 Financial contributions for green and environmentally friendly technologies
A.2.4 Financial contributions for the elaboration of forest management plans
A.2.5 Financial contributions for forest protection

A.2.6 Financial contributions

A.3 Subsidy for protection and reproduction of the gene pool of forest trees

A.3.1 Gene base support
A.3.2 Support of plant parents, ortets, and clones
A.3.3 Support for seed sets and clone mixes

A.3.4 Support for the activities of the National Bank of Seeds and Explants of Forest
Trees
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B.1 Rural Development Programme 2007-2013

B.1.1 Investment in forests

B.1.2 Forestry equipment

B.1.3 Technical equipment of the establishments

B.1.4 Forestry infrastructure

B.1.5 Natura 2000 payments in forests

B.1.6 Forestry-environment payments

B.1.7 Improving the species composition of forest stands

B.1.8 Restoring forest potential after calamities and promoting the social functions of
forests

B.1.9 Restoring forest potential after calamities and introducing preventive measures

B.1.10 Non-productive investments in forests

B.2 Rural Development Programme 2014-2020

B.2.1 Forestry infrastructure

B.2.2 Afforestation and reforestation

B.2.3 Implementation of preventive actions in forests

B.2.4 Restoration of forests after calamities

B.2.5 Flood damage repair

B.2.6 Investment in the protection of ameliorative and reinforcing trees
B.2.7 Non-productive investments in forests

B.2.8 Conversion of replacement tree plantations

B.2.9 Forestry machinery and technology

B.2.10 Technical equipment for wood processing plants

B.2.11 Preservation of the stand type of the economic ensemble

B.2.12 Protection and reproduction of the forest tree gene pool
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