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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 (1Ho): 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).

Baranano and his team (Baranano, 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,

¢ 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 primyslu 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),

e 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 (Heteméki 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 (Espana 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; Hiasny 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; Ramé 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,

o 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:

e 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 A01

Forestry A02

Fishing A03

Food, beverages and tobacco industry C10; C11;C12
Bio-based textiles* C13*; C14*; C15*
Wood products and furniture* C16*; G31*
Paper and paper products C17

Bio-based chemicals, pharmaceuticals and plastics .. .. .
(excl. biofuels)* C207; G217, C22
Liquid 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,

o financial contributions for forest management granted from the budget

of the Ministry of Agriculture,

o 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,

¢ 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 f;bbrewatlo
CZ010 Prague, the Capital City PRG
CZ020 Central Bohemian Region CBR
CZ031 South Bohemian Region SBR
CZ032 Plzeri Region PLR
CZ041 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
CZz071 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 jtem4.A, i.e. forestland,

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 =00+ B1X1+ 2X2 + 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,

e examination of the bioeconomy labour market,

¢ 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,
¢ 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:

o 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 detalil

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

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 forestland,

e 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:

e forestland,

e wood biomass production,

o 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,

o 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 Repubilic, 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 occurrence of extreme weather events bring new challen-
ges at a global leved, not just in forestry. In response to the current situation, modified economic models such as ciroolar
eOonHmy, green sconomy, bic-based economy, or biceconomy, are expected to move society towards a more sustainable
future. The main zim of this paper was to evaluate forestry employment and its drivers within the bioeconomy 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 a mixed methods approach, using literature 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 Bepublic
was identified. Fegarding the drivers of the forestry labour market, based on the results, employment in the forestry

sector is positivaly dependent on wages/salaries and negatively dependent on GDP and forest land.

Keywords: bio-based economy; economic indicators; employment in foresiry; 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
change. At the same time, most of the world’s 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 worlds
major forest regions. The study (Kim et al. 2017)
represents the impact of climate change on global
forests and based om climate system modelling,
concludes that climate mitigation can bring ben-
efits as well as costs. Based on Hansen et al. (2001},
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consideration of climate, land use, and biological
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
Enowledge Platform 2011). The forest bioecono-
my can contribute to the Paris Agreement's aim
to achieve a balance between anthropogenic green-
house pas 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-

385



Original Paper

Jovrnal of Forest Science, 68, 2022 (10): 385394

est biveconomy, the most important challenges are
to find innovative approaches to managing forest re-
sources in & way that simultaneously increases wood
and non-wood prodoction (Marchetti et al. 2014).

Climate change, biodiversity loss and the in-
creased ooccurrence 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 European induostry as well
a5 climate neutrality by 2050. We can speak about
this issue as highly topical and with a global im-
pact. The Paris Agreement {United MNations 2015b),
the European Climate Law (EL 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 preenhouse 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 inancially
support sustainable forest management across ELT
countries. The New EU Forest Strategy for 2030
{European Commission 2021) can be considered
as part of the package.

The sustzinable economy policy package is com-
plemented by the EU Bioeconomy Strategy (Eu-
ropean Commission 2018}, and the Mew EU
Circular Economy Action Plan (Furopean Com-
mission 2020). Further, the US Sustainable De-
velopment Goals (United Mations 2015a), and the
European Forests for biodiversity, climate change
mitigation and adaptation (Science for Environ-
mient Policy 2021) have already been developed.

In the Czech Republic, the fArst strategic frame-
work for the circular economy (Ministry of Envi-
ronment 2021} was approved by the end of 2021.
A significant area of interest of the Circolar Czech
Republic 2040 (Ministry of Environment 2021)
is the development of the Czech biceconomy, which
should create new jobs across the Enropean country.

Globally, pressure is increasing on the demand
side for food, feed. biomaterials, and biocenergy
resources, putting more pressure on natural re-
sources. The transformation from a linear eco-
nomic system to a more sustainable one has begun
We can observe modified economic models such
as circular economy, greem economy, bio-based
economy, or biceconomy. The circular biceconomy
has a significant impact on sustainable develop-

386

32

https:/dol.org/10.17221 /843022 -TFS

ment. The bioeconomy (European 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 bioeconomies of the EU states
can be divided into four groups of countries such
as agricultural biceconomies (Slovenia, Greece,
Romaniza), agro-food industry and bio-based
chemical industries (Italy, France, Germany), for-
estry bioeconomies (Finland, Sweden, Estomia),
and non-specialised biceconomies (Czech Re-
public, Slovakia, Hungary). Ronzon et al. (2020}
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 focusing on biceconomy is-
sues, there is still a lack in this field. The most easily
available scientific studies are national case studies.
However, the socio-economic effects of the bio-
economy, such as employment, turnover, and GDP,
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 calculation of effects inclodes indica-
tors such as the number of enterprises, emploved
persons, and value added. Subsequently, the high
employment values in the individual biceconomy
sectors are caused by natural and geographical
conditions in each country (Drejerska 2017). Ac-
cording to & study performed by Hetemiki 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 uwse the by-
product as 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 bioeconomy 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 bioeconomy. Regarding the multiplying effects
of the biveconomy (Mainar-Causapé et al. 2017},
each EUR million spent on bioeconomy 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 Hijek 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 Perunova (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 bioeconomy 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, biceconomy sectors, features of such
sectors, and forestry were used from the Furostat
database (Eurostat 20232), the Czech Statistical Of-
fice (CZ50 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,
umits, and roles of the variables.

The key dependent variable 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, Mordhaus
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} [t 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 in Table 1. For each
variable, minimum and maximum valoues, 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
bioeconomy labour market in the Czech Republic.

Tabde 1. List of variables

Variable Abbreviation Units Rale
_:Empln}:numt FORE thousand dependent
in forestry persons
Gross domestic
product GO
at market prices
Wages current prices,
and salaries WAGE  million EUR
Subsidies SLIBS independent
_Em"i.'n:-n.mmul NV
imvestmients
Forest land FORL ha
Time TIME YEATS
Source: Authors’ own elaboration
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Table X. Owarview of the data statistics
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Variahl= Minimum Mlaximum Standard deviation Median
FORE 21 37.66 5ATT 2583
[ETR] &7 0315 I35 MGR.T 6 1560 157 9108
WAGE 199803 77 3BD.Z 16 651.B5 5 3286
ELIRE 1 4707 TOT5E 1 B33.277 3B575
INV 5967 1 G044 150,520 93964
FORL 2 63T 28D 2 677 329 12 458.08 2 G657 376
TIME 000 2030 - 2010

FIIRE - employment in forestry; GIOF — gross domestic product at market prices; WAGE — wages and slaries; SUES — sub-
sidies; INV — environmental investments; FORL — forext land; TIME - time

Source: Authors, based on Eurostat {2022) and CESO (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?

R2: What are the main drivers of employment
in the forestry sector in the Crech Republic?

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

To answer R}, the following methodological
approach was uwsed: 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 Eorostat, the
Data-Modelling platform of resource economics,
and the Czech Statistical Office.

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 (European Commission 2021).

Considering the sectoral approach, employment
data were listed by the NACE rev. 2 Classification.
Agriculture, forestry, fishing, the manufacturing
of food, beverape, tobacco, and paper were used
as pure biveconomy sectors. Other sectors, such
as the manufacture of textiles, wearing apparel,
leather, wood products, furniture, chemicals, phar-
miaceuticals, plastics and rubber, and electricity
production, represent hybrid segments with a bio-
based share of employment.

388

34

To answer R(Q2, 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 and 2). The authors use the linear regres-
sion models. The key one is the regression model
MOD] which calculates the relation between em-
ployment in forestry and all other variables.

The general regression equation of MOD1 is as fol-

lows [Equation {1)]:

¥=p80+F1X1 + F2X2 + F3X3 + g4X4 +
+ B5X5 + feXo + u

whara:

¥ — employment in the forestry sector (FORE);

pO-P& — regression coefficients that reflect the impact
of the independent variable on the dependent
variabls;

— random element of the model;

- GDP (G0N

— wage | WAGE]);

— subsidies (SLIES);

— environmental investments (INV);

— forest land (FORL);

— time [ TIME).

Regression model MOD2 includes all variables like
MOD1, except for TIME. MOD3 represents the more
fcused and statistically significant model. MOD2
and MOD3 are described in more detail in Results.

(1)

SRR R R

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 20102019 are presented in Figure 1; sev-
eral catepories were used, namely agriculture; food,
beverage, and tobacco; forestry; wood products and
furniture; paper; fishing and aquaculture; bio-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 bioeconomy 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%—E%. 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 bioceconomy labour

market was around 5%—6%. The highest share of for-
estry in the biveconomy labour market in the Crech
Republic was observed in 2011 (6.98%). In contrast,
its lowest value was in 2019 {5.42%). Based on the fig-
ures, 3 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 (GDP, 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
2016
2015 m forestry
2014
0 PEper
2013
1 bic-bazed textiles
22
.Hn—h.ml chemicals,
2011 1 icale. olestics and
rubber (excl. binfusls)
2010 @ fishing and aquacubiure
1] e % &0 BiFe 1%

Figure 1. Changes in the structure of the bioeconomy employment in the Crach Republic in 2000-2019
Source: Authors’ cwn processing, based on Eurostat {2022) and European Commission
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Table 3. Forestry in the bioeconomy labour market (%)

Employed persons  Employed persons  Share of the biceconomy Employed persons  Share of forestry in the

Year in total in the bioecomnomy sectors in forestry bieconomy sectors
{thousand persons) (thoosand persons) %) (thousand persons) %)
2010 & BE5.200 3B5.535 T.R9 25.96 6.3
011 & 871400 3B4.3718 T.B9 I5.B3 [ ]
Iz & B90.100 3BB. 548 704 14.64 .34
2013 & 937.100 ZB5.610 T.E1 540 (]
2014 4974300 ZB4.1BG 772 1761 5.B9
2016 5 (41900 3B5.228 T4 2262 5.B7
2016 5 138,600 3B3.2B1 T 21.60 K |
207 5 221600 3R6. 1446 T 21.BT GG
018 5 293800 305 281 TA7 21.82 B.52
e 5 303.100 3BT 510 7.5 .00 5.2

Source: Crech Statistical Office [2022), European Commission (20Z1), own processing

Table 4. Correlation analysis

Variahle FORE GOP WAGE SLIBS v FORL TIME
FORE 1 - - - - - -
Gop -0.943 1 - - - - -
WAGE -0.933 0596 1 - - - -
SLIBS =544 ne39 949 1 - - -
INV -DEDS [ el 0723 n7en 1 - -
FORL —{9R2 962 963 na72 0.B26 1 -
TIME —{.3B0 968 269 0ae73 0.823 0999 1

FORE - employment in forestry; GIWP — gross domestic product at market prices; WAGE — wages and slaries; SLES — sub-
sidies; INV - environmental investments; FORL — forest land; TIME - time
Source; Authors’ own elaboration

Table b. Regression analysis

. - MOD1 i MOD2 . MIOD3
sig. coef. =g coel. sig. coef.

X1 (=005 (.00542 —0.017 0.0:034596 —000017 00320889 — (.00 6
X2 (WAGE) 0.00320 0.0{055 0.002104713 DS EE 0001752668 O.0004T
X3 (SLIBS) .52854 —0.0{033 0.0247242726 =003 - -

X (INWV) 025074 0.00007 0.191729396 BOGSE-05 - -

XB (FORL) 015738 =00 6.99925E-D5 —0uD0052 LO3&6TE-O7 — kLR
X6 (TIME) 0.7E291 037617 - - - -
Constant 0.22402 1 159.B6084 0.00005 1 405418 OO 1 315.08900
Obsery. 2l - 21 - 21 -

e 099167 - 0.99163 - 0590408 -
Signil. 0.00000 - 0. 00000 - OO -
W 246538 - 2374555 - L191%86 -

MOD1-3 — model 1-3; GDP - gross domestic product at market prices; WAGE — wages and salaries; SUES - subsidies;
INV - environmental investments; FORL — forest land; TIME — time; DW — Durbin-'Watoon 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 significant, but not all
selected variables are statistically significant.

MOD2 represents the same variables as MOD]1,
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 31508900 — (LO0016X] + QUDODET X — @
— LOOD4EXS
Employment in the FORE sector is positively de-
pendent on wapges/salaries and negatively depen-
dent on GDP and forest land.

DISCUSSION

The Czech Republic was identified in Ronzon's study
{Ronzon et al. 2015) as a non-specialised bioecono-
miy, 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 sbove-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 Furopean bioeconomy. Regard-
ing Jonsson et al. (2021}, support of logging 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 = negative relationship between GDP
and forest land. Social indicator {(employment)
as a dependent variable was used in many stodies,
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
miodernisation, 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
modernisation 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 Furope, including forestry. We can expect an in-
crease in new jobs connected with renewable en-
ergy sources and/or bio-based produocts.

Regarding the methodology and methodologi-
cal approach, correlation and regression analyses
provide interesting and wvaloable results. On the
other hand, the lack of quality primary and second-
ary data sources in suitable 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.

CONCLUSION

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

391



Original Paper

Fovrnal of Forest Science, 68, 2022 (10): 385394

feedbacks im the Earth system and the potential
of forests to mitigate climate change. Concerning
the forest bioeconomy, wood production 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 bioeconomy can provide negative emissions
or carbon sinks. Subsequently, 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 RQ1 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 socic-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 Czech Republic, especially
in forestry.
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The forest bioeconomy becomes a feature of a cimate-neuwtral economic system,
while effective finandal support is orucial for sustainable forest management.
The main goal of this paper is to explain the impact of economic and financial
instrurments on the development of the forestry sector in the Czech Republic in
the period 2000- 20200 For research objectives, the methods of Bterature review,
data analysis, correlation analysis, and regression analysis were used. Several
models were established and tested. This paper presents the forest land model
{FOLM) and wood biomass preduction miodel (WEIOM). In the monitored period,
there was an increase in forest land in hectares in the Czach Republic, which was
positively influenced by environmental investments in biodiversity and nagatively
by subsidies from the Rural Development Programme and the price of European
Unicn Allowance. Based on the FOLM model results, 100 milion CIH (4.07
million ELUR} of environmental investments in bicdiversity would contribute to an
increase of 228 hectares of forest land. Concerning wood biomass production in
cubic meters, it was influenced positively by the whole mizture of economic and
financial instruments, such a= emission trading, emvircnmeantal taxation, financial
contributions for forest management, state financial obligations, and subsidies.
Bazed on the WEBIOM model results, an increase in the price of an emission
allowance by 100 CZK Mg—! (approx. 4 EUR Mg~} would increass wood biomass
production by approximately 934,614 cubic meters. Generally, the economic
and financial nstruments in the Czech Republic have an environmental impact
and cam influence the forest bioeconomy, 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 in the case of wood biomass production positive. Therefore, focusing
on the policy recommendations, we should underline economic and financial
instrurments connected with positive motivation in the forestry sector, such as
grant schemas, subsidies, and imestrments in biodiversity.

EEFNDADS

financlal Instruments, economic Instruments, forest management, subsidles, climate
change, forestry, forest biceconomy, Czech Republic
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1. Introeduction

Environmental and dimate policy wses a2 oumber of
environmental protection tools. The combination of economic
and fmancial instroments, along with other mechanisms, i
organired by countries depending on  their enviroomental
paolicy preferences. Financial sugport for forestry is an essential
toal to drive the biceconomy growth and is expected to shift
society to a more sustaimable economic regime (Libert- Amico
and Larson, 2000). Firsly, hnancial support for the Furopean
hiceconomy is deliversd through the Horwon Forope ressarch
and innowvation program. Ten trillion soros are earmarked for
the bioeconomy onder Closter &-food, biceconomy, natural
resources, agriculture, and enwironment (Foropean Commission,
2021h). Secomdly, the Foropean Circular Bioeconomy Fund {2021)
targeted the Furopean bicecomomy and the circubr bineconomy.
Thindly, the Hic-bassd Indusiries Joint Underaking {2023)
represents a 3.7 billon EUR public-private partnership inwalving
the Enmpﬂn 'I.Jl:um :1|:1. Bio-based ]':n-dnﬂ.nﬂ Cmmmn
the risk owt of investing in inoowative, circular bio-based
production plants and engaging stakeholders along the value
chaims.

Following the resulis of Stichiing Wageningen Research
Metherlands (2021), the taxes, tax relief, grants, subsidies, feed-
in tariffs, loans, direct public funding, and tradable permits
represent major categories of economic and financial instruments
that allow the promotion of the biecomomy. The repart
[Lecussis and Breericka, 2017) onderlines the role of fmancial
mp}l:rlﬁrhmdl:rmmdﬁ:rﬂrjm Rin-based Industriss
Consortiom's (2007} report disphys the symergy effects of
funding programs across the Eoropesn Union In addition,
most frequent ones {Lovric et 2l 2000). Another study poblished
by Liagre et ol {2071} dealing with forestry fmancial support i
ohserved.

Rapidly, human behavior has altered the dimate system in
recent decades (1700, 2002). In general, pon-homan dimate
changes are slower and less destructive than anthropogenic ones
(Ford et ol | 2007). The concentration of greenhons: gasses in the
atmosphere has been on the rise since the pre-industrial spoch.
It is evident that atmospheric carbon dioxide and global surface
temperatare are deeply inteclinked ('Webh et al, 2013} Climate
change driven by homan activities shifts a variety of dimate system
companents (Kirilerkn and Sedjo, 2007). Global warming has
caused an ohserved higher frequency, intensity, and duration of
extreme weather events, soch as drosghis, windthrow, heatwaves,
et (Scinocca et 2, 20014). Regarding the ARS Synthesis repart
{Intergovernmental Pane on Climate Change, 2023), the ghobal
surface temperature reached 1.17C abowe 18501900 in 200 1-2030.
Muoreoves, the current econoomic system running on linear flows of
materials and energy generates anthropogenic greechouss gas and
accelerates ongoing climate change. Climate models offer a variety
of “what if” scerarios with insight into what the foture might lock
lih-d.epmd.h‘unlmmmdutmhﬂpinthWENﬂ!
dimate system works (Kim et al., 2007 Giorgl, 2
021}

1019; Hlisny et al,
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Globally, cumulative greenhouss gas emissions amounted to
an average of 544 gigatonnes of OO equivalent between 2000
and M9 {United Nations Exvircnment Programme, 3023), with
the highest share represented by fossil 00, methane (CH,),
and mitrous axide (M0, Global atmospheric C0; concentrations
continned to speed up and achieved an annnal average of 420 parts
per million in 2022 {Scripps Instiation of Oceanography, 2023).
Forests contribute to the carbon oycle throngh photosynthesis. In
the Kreling curve (Keeling, 1958, 19605 Keeling et al, 1974, 1996],
O concentration reaches a peak in May and hits 2 minimum at
the end of the growing ssason in September. Simultaneously, the
anmual {0 cecillations are repeating with a rising trend While
about half of the C04 from fossil fuel burning is in the atmosphere,
the second half & dissobred in the oceans, driving down the pH
(Keeling et 21, 2011} Por examgle, C07 emissions reconstroctions
over the past 65 million years provides a study by Fae =t al {2021).

Reversing this trend, multipls initiatives with a vision io
decarbonise the economy have been laumched For example, in
2015, United Mations introduced 17 Sostinable Development
Goals [United Mations, 2023} A sustainable pathway for forests
and the forestry sector can be found notably in 500G 3—Indusiry,
innovation and infrastrsctore; 500G 13—Climate actions; and S[HG
15-Life on land. An analysis of the imgacts of the sustainable
development goals on forests and society is carried out in a
publication by Katila et al. {2015).

Within the FEoropean Union, the Paris Agreement (United
Bations, 2027} is designed to oot greenhowse gas emissions and
limit the rise of global temperature The Green Deals wision
is a dimate-nentral Furopean economy by 2050 (European
Commission, 20150 The legal obligation to move toward dimate
newtrality is further defined in the Eoropean Climate Change
Act [Eoropean Commission, 2021l The Pit bor 55 package
[Eoropean Commission, 2021d) identifies milesiones to bring
down greenhouss gas emissions by 55% by 2030. Regarding
forestry, the revision of the legislation calls for increassd
adaptability of forests and natural regeneration of forests, together
with financial support for sustainable forest management. The new
EL Porestry Strategy 2000 {Earopesn Commission, 2021c), part of
the Fit for 55 package, requires cascading utilivation of biomass and
firancial support for forest owners and rural arsas. The sustainable
economy policy package complemenis the first EU Rineconommy
Strategy (Eurcpean Commission, 2017, the Mew EU Biseconommy
Strategy (Eurcpean Commission, 2015}, and the New EU Circular
Economy Action Pl (European Commission, 2002a). Then the
synergies of the varions frameworks offer a way toward 2 more
ethcient transformation of the European sconomy.

The bineconomy is a bridge linking the above concepts and
a held with the cpacity to face a series of global challenges.
on different stakeholders, sources, or geographic kocations {Caros,

201%; van Leewwen = al, 20014; Loissam et al, 2016 D' Amato
et al, 20017 ‘r‘-'..sm'_t_' and von Bramn, 20017% Birmer, 2015
Bracco et al, 2018 Ramdlovic-Soominena _r_d Piikdh, 2015;

Mittra and .-"a:-u.nm. 2000 Barafiano et al, 2021; Kardung and
Dirabik, 2021} The European Commision pr:lml.nd. the frst
hiceconomy definition in 3012 {Furopean Commission, 2':'."]
and later updated it in 2008 (Europesn Commission, 200E).
Alongside the Eurcpean bioeconcomy definition and strategy, we
«can obsarve countless others, mainky at the national level in Ttaly
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(Comitato Marionale per ka Biosicurerza, le Biotecnologie e le
Scienie della Vita [CHBESY], 2019), Finland (Luoma et al, 2011},
Metherands (Langeveld et al, 2016), Germany (Federal Ministry
of Education and Research [BMEBF], and Federal Minisiry of Food
and Agriculture [BMEL], 2020}, or Spain {Ministerio de Economia
¥ Competitvidad, 2021}, Biosconomy consists of traditional sectors
{Fonzon =t al, 2017), such as agricalture, forestry, agquacoliare,
and the production of paper and wood-related goods. On the
other hand, innovative ssctors emerged, especially bioenengy,
hiafaels, and binchemicals. A comprehensive summary of national
hioeconomy policy developments since 1018 displays the ELT
Bipeconomy Strategy Progress Report (Buropean Commission,
2022h).

As a renewable segment of the circular sconomy, the
hineconomy incorporates forestry as one of its pillars. Then, the
forest bioeconomy becomes a feature of a climate- neutral economic
system {Harrizon et 2, 2027). Besides carbon sinks in the form of
carbon sequestration in soils and wood products, forests sobstitate
fossil and non-renewable sources of biomass (FHetemalki ot al,
2022). The economic, ecological, and social value of the forests,
multifunctional matural renewahble resournces, can be seen in market
and non-market services, such as water control, soil protection,
climate regulation, recreation, landscape formation, and wildlife
{Farmworth =t 2l, 1981). In many cases, the valuable bensfis
ecosystem services analyred Medo and Croitons (2005), Sk
{2006}, Ciocarese et al. (2012), Barner et al. (301 7}, and Winkel et al
{2027}, The corrent state of forests s summarized in the Global
Forest Goals Report (United Mations Department of Economic and
Sacial Afhirs, and United Mations Forum on Porests Secretariat,
H2IL

Althowgh climate change is an issae that reguires addressing
and the biceconomy, particularly the forest bicecomomy, is
relevandt, it is still not sufficiently recognized and promoted in some
countries { European Commission, 2022h). In this respect, these are
mainly Central and Eastern European countries, and the Crsch
Repablic i one of them. Biceconomy as well as forest bioeconoamy,
is dedicated to the sustainable management of natural resources,
increased use of renewnble resources {wood hiomas), and the
creation of new jobs whils striving to adapt and mitigate climate

the biseconomy continwes to ke a worldwide chall=nge, not least in.
forestry (Hetemilki o al | 2022). Por this reason, this study focuses
on the Crach Bepublic and iis analysis of the forest biceconomry.
In general, the Crech Republic is dassified as a non-specialined
hioscopomy (Fonzon et al, 2015), and has not yet developed a
hineconomy strategy at 2 national level. However, there are several
docoments that address the biceconomy in a marginal manmer.
For example, 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 Agricoliore of
the Crech Republic with an Outlock op to 2050 (=Agri 2023k),
Research and Innewation Strategy for the Smart Spacialisation of
the Caach Republic (Ministerstvo primysiu a obchodn, 2022},
and The Crech Republics Innovatinn Strategy for 2019-2030
{Urad vlidy, Rada pro vizkam, vivoj a inovace, 2019). The forest
hineconomy performs an essential sk in such national strategies.
The Ciech Republic operates a rather complex and extensive
system aof inancial sappart for forestry. The core hnancial sapport
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scheme for forestry is compossd of two principal funding soarces:
{1} national sources based on the Porestry Act Mo, 28971995
Caoll, on forests and on the amendment and addition of certain
brws {=Agri, 2003a), and (2) European funds within the Rural
Development Programme {Ministry of Agriculture, 2021)

In the case of the national sources, 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 fnancial contributions or subsidies. We can monitor various
subisichy programs. (Ministry of Agricalture of the Crech Repuoblic,
10272} of the Ministry of Agriculture for forestry, such as (1)
financial contribations for forest management granted from the
budget of the Ministry of Agriculture; (2) state financial obligations
under the Porestry Act-mandatory expenditures; (3) subsidies for
protection and reproduction of the gene poal of forest trees;
{4) support from the Agricubtural and Forestry Support and
Guarantes Pund; (5) services with which the state supiports forest
management; (£) 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 Swmmary of tha Minancial support from national
sources for fonasiry.

Financial support Specific type
Financial mnéribeSons for Fmancal oomirfetions for  reforesiaiion,
forest management granizd establishment, and Lending of Sorest stands
from Lae budgel of the Fmanchl mesbainnE fr geen and
Minsiry of Agricuther ¥ riemdly e i
Fmancial mnirbetions or the claboration of
forest management plans
Fmanrial oonirimtions for foresl profecion
Slaie firamcnl chiyatioos Improvement and siresgiheming of wood
wmuder the Forestry eies
Ad-mandsory erpesdiiurs | Actvities of 2 profesional fonest mamager
o : g fiorest managesent plans
Improvement and damming of streams =
Toerss
Sutwidhes for protection and Ciene base sepporl.
Teproduction of the gese poal | Support of plant parents, orieis, 2 cones
of foeust oes Suppart for seed sets 2 cone mins
Suppart for The acivities of the Mational Bank
of Esxrls and Explanis of forest rees
Support from B Inlerest support {reduction of feres burden)
Agriculierl amd Fonsiry of mvestmaent oams
Supporiand Guarmiee Fumd | [irect provslon of prelseoiml  Soresiy
ireed=eni loans
RppOrs fmst management meatioring
Assial Srefighting amd Sre brigade
Mmiormg and fercsting the ponsTemce
and development of Barmial agenis
Consaltancy
Oither services
Partial refund cxcise detyon
dhese] sl onsumsd during
fores! management
Sourc: ssthors, bl on Mirsiy of Agricaliar of the Cach Repoblic, 20032
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Concerning European funds within the Rural Development
Programme, financial sapport is directed toward diverse agects
of forestry. Specific topics of Anancial sopport onder the Rural
Development Programme 2014-2020 and 2007-2013 are listed in
Table

Besides subsidies, the Crech Republic implements also other
economic and financial instruments, such as emission trading
(since 2005, as a part of EU emission trading system ETE),
environmental tamtion, and feed-in tarifs for renewable enengy
sources. Feed-in tariffs are distinguished, based on the fpe of
renewable energy source, and are published every year by the
Energy Regulatory Office of the Crech Republic.

T]:timtofﬁmncia]mp]hrlﬁ:rﬁ:rulrjlnﬂmfhtdi
I.q}u‘bh:]:ubﬂnh]tmﬂlmmﬁ]mﬂ:n.mnﬂy
|:-' 7, 2013), 2 (2014), Kotedey (2015), and B r

}&haqumﬂf &:Cmeptuf&ht:quﬁfh]:qmﬂ
zm5{~ . 2070 aims
mmbmdnmﬂ:fandnmlnpulnﬂﬂ!tfufﬁnatm
Mkupu.ngm]mmu&hlﬂng Ln].l.n.l:'wﬂ]!ﬂmgumg
cdimate change Sustninable forest management and fmancial
sapport for owners to manage their forests in a sustinable manner
Lll]:ﬂtﬁ:rtalnng—l:m:mhmmlngm:ml,ﬂuhhnnﬂ?d'
.ll.pnulh.m:repm-t{ AT

}Iﬂ:m:m:m]rmnﬁ]unmmmh:nfﬁnmu]mﬁ}mtm
r.'h.:CZ‘r.n:'hRepuH.rL

Financial support is necessary for the development of the
forestry sector of the bivecomomy. On the other hand, other
represent a suitable mix for infuencing the behavior of economic
subjects. Based on the literalure review, the analysis of the
simultaneons impact of all sconomic and Arandial nstruments on
the forestry sector in the Crech Repoblic is still missing. This stody
tries to Gl this gap.

2. Materials and methods
2.1. Materials

For the period 2000-2020, we collected detiled secondary
instruments on forestry in the Cmech Republic. Forestry is
repiresented by 2 indicators, the first is forest land in hectares,
and the second is wood biomass production in cobic meters.
Act, financial contributions for forest management granted from
the budget of the Ministry of Agricalture, subsidy for protection
and reproduction of the gene pool of forest trees) and (2) fnancial
aid co-fmanced by the Furopean Union (Roral Development
Programme 2007-2013, Rural Development Programme 2014-
2020). Regarding other sconomic and financial instroments, they
are represented by eovironmental investments in biodiversity,
environmental taxes, and the price of EUA (European Union

Allowance). A variety of data mvmn:unphgﬂl. in particular

E'mnlh:hlmn'h'yofngtu]mn_ﬁmt[ 27}, Crech
Statistical Office (Cx Statistical (M } md
l‘E“hmfIﬂ'lﬁcz{--- }IJ'_‘\WE
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an outline of all datvarisbles invalved in correlation andior
regression analyses reported in this paper, specifying abbreviations,
units, and the roles of the variables.

The first key dependent variable i= "POL.” ie, forest land,
in total, in hectares. The second ome s “WBIDY ie. wood
hicmass production, in total in cobic meters These wariahles
represent the forestry sector. Forest land is an indicator of the
total area of forest and wood biomas production represents total
roundwood removals.

Independent variahles are selected with respect to their
-upactuliuﬂumczﬂmnndnﬂupmm.lnfﬂmﬁwﬂtbdnﬂmmy.
instruments currently applied in the bicsconomy ssctor in the
Czech Republic, such as sinte fmamcial chlgations under the
Forestry Act, financial contributions 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 Develogment Programme, tradable emission allowances
[the Price of EUA) and enwiroomental taxes (ncome from
environmental taxes imposed in forestry sector).

Iable 4 shows the expected impact of variables. Regarding the
first dependent variahle, forest land, we can expect o positive impact:
of all grants and sobsidies (national public financing of forestry
and Boral Development Programme), and a positive impact of
:mmm.lalmmumhn:lrmmj ll.nnh'lnlh.dl.ﬂl:ry

pafia et al (2022}, or Rinn and Jarsky (2027). Cobceming the:
unpnd.nfmnmﬁmemumu]m:ndEUﬁprum
Enrﬂtlmd,“anmgutthlunnmd:ﬂr
mmhmmlunmadmlnmenfhanuﬂng.mnlhﬂughmu
are supposed to motivate the sconomic use of forest resources.

1 L {2017) demonsirate that forestry income taxes might
be ineffective in limiting forest loss. On the other hand, carbon
payments can effectively reduce forest clearing. It is similar to the
resulis of ¥err et 2l (2017), noting the efect of incorporating
forestry into the ETS. Howewver, Fvizon (2017} concloded that
particigiation in the Mew Zealand Emission Trading Scheme (MZ
ETS) is unlikely to debver positive long-term effects on the
forestry sector and appears not to be the appropriste nstrument to
encoarage the plnted forest increment. kala (2020} anakyzed
the carbon pricing impact on optimal forest management and
highlighted that rising carbon prices boost the mate of carbon
mquﬂh:ﬁm.hlﬂmapnjmmtnflmmperlﬂa'Lnf
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 Rural Development
Programme), and environmental imvestments in hu:ld:v:rm]'
positive. Such expeciation i based on Fanvian o
{2013}, Modseyey et al. (2014), amed Locob et 2l (2 "]‘

Wmdhunmpuudnchmrq]rﬂnbrmmﬂﬂundmn]sa
a mative form of wood evtracted from forests from planned
harvesting and incdental logging (Forest Furope, 200201
Pirstly, wood materidl can replace emission-intensive ones
whhrh:rmambmmlunr]:ndhruﬂadmudpuudn:h
{Ex }Thcpnmmcﬁnﬂs:fmdﬂ'n]
mphcunmtlhmdq]mdnnﬂmuubrunﬂmﬁm{

t al, 2 }Ih:makrn]mdmdhrmasnﬂpmmﬁm’
a drcular biceconomy and cscading wse of wood biomass,
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TABLE Z Summmary of tha Europaan funds within the Fural Dessdopmeant Programma 20142020 and 2007- 2003,

Rural Development Programme 2014-2020

Specific support

Rural Development Programme 2007 -2013

M. Specific support

432 Foresiry mirastuciune Lz Imvestmend n Soress
art Afforestziin nd reforesta Hom Lz Farestry aquipsenl
LER] Impiementation of preventve acions in L2 Teahni olth
fores
adl Restoration of fonests alter calamsitios 123 Foresiry méastmaciure
242 Anod damage repair nzz Haiisa 3000 papments @ fsis
a5 Investmest tn bse protection of nz3 Forestry-covrmmmen] paymests
=izl and reindoncmg rees
152 Mo produciive vestments in forests s Improving the species mmposton of
fooest sands
453 (Comeension of replacement tree x4 Restoring forest potesiml afler calamities
plantatiore and promoting IBe sochl femchons of
Focess
a5l Forestry machinery and technology 1241 Restoring forest potesiml afler calamities
and tntmdscing prevestive measere:
443 Techeiral equipment for wood procesmg | 11242 Hoz-producdive imees=ents in foress
planis
L5110 Preservation of the sand fype of the
economic maembic
%3 | ‘Peoiection and reproductions of Lhe Sorest
mue gene poal

Sowrce: mthors, besed on Miziviry of dgriculian of the Caxch Bepablic, M15,

TABLET Listof variables

Variakble Abbreviations

Wood binmass producion WEND {Cubic mefers (m*] Dependent

Frice of Enpeas Uinion Alowasce ELI& o My~ ooy Independent

Esvrmmmental mvestments in biodhversity Y MiBon (2K Independent

Revenues from esviroamenial B impossd in forsiry TAX MBon (2K Independent

Slaie fimamcial chigations under the Fosestry Acl {mandatory oL MiBon (K Independent

expendiiurs)

Financtal conesitesons for foret management oM MBon (K Independent

Subsidies for prolection and reprodaction of e gene pool of forest SUE Milion (2K Independent

trees

Subsidies oo Rural Develnpment Frogramse HDF MiBon (K Independent

T TIME Teasms Control
Source mathan

where  closed luupl of materials are oeated, the added
value of ioputs is maximired, and the lifetime of ocutputs is
extended (Hister = al, 20046). A symergy of wood biomass
msage in downstream indusiries such as textiles, chemicals,
and pharmaceutics is evident and boosts the foresi-bassd
bioeconomy (Martiner de Aranc et 2l, 20150 Secomdly, wood
(GHG) emismions cots and asmist in the decarbonisation of
the economy (IUFRO, 2005L The valoe of wood biomass
production is maximited by meeting both material and energy
requirements wsing the same mw material (IUFRO, 2004)
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In this respect, scaling w) GHG removals by harvested wood
products, as well as decreasing GHG emissions by material and
energy substifution can mitigate climate change {*abhoasrs et al,
W17L

In terms of material and energy use of wood biomass, the
following studies can be found, Martiner de Arano et al (2018}
deal with Anancing approaches for forest-based products. Lenglet
et al (2017) work with implications of subsidies and taxation
oo material Sows within the forest wood supply chain. Based on
raw wood products, Fhai and Koosela (2027) highlight that taxes
generate revenue whils resulting in losses in the forestry sector.
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‘Wariable Abbraviations Expected impact
WBIOM
Frice of Faropean Usion Allwance EUA Mol diear Fosttive
Envirommental mvestments: i iodteersity NV Poaitive Fosttive
Bavenues Smm emvirnmental lses impaosed = foresty TAX Mol dieas Kol der
Stale Snanctal obilgesons under B Foresiry Act (masdainry OEL Poaitive Fosttive
rrzendeies|
Financial comtritetions for Soresd management oM Poaitive Fostlive
Sabsilies lor protection and reproduction of the gene pool of forest sUB Poaitive Fostlive
rees
Sabslies from Rural Development Frogrmme EDF Poaitive Fosttive
T TIME Poaitive Fostiive
Sowrns it

TAELE 5 Owardow of tha data statistics.

Wariable Abbreviations Minimum Maximum Standard
deviation

Foresi and FOL 537,000 LETREM.16 12067.30 1,558 506 50
Wiod biomass production WEND 14,374,000 35,753, 55900 £,179,530.76 15382 D1 0ES
Frice of Earopean Uston Allowance ELIA dL5d 135560 36T EIT
Enviroemental myestments i bodteersity IN¥ 17763 154900 3853 0158
Firvenes Smm envimnmental Les TAX 51607 EILE 63 G502
tmpassd in larastry
Stals Enandial nbllgsons under B 0EL 18550 690 579 I3ITED
Forestry Al {mandatory expendibees)
Financl costribations for Sorest ooN 17600 4,137.:00 L913.57 1565
managemenl
Subsidies for protection and reproduction SUR 383 W0 537 15,13
o the gene pood of lrest ees
Suhslies from Riral Development ADFP ] 95 2T A2 0353
Frogrnmme

Seeror mibeey

linggang and Peichen (20017} display that a higher carbon price
would tend to higher forest carbon stocks. Concerning the impact
of revenues from environmental taxes and EUA price on wood
biomass production, we can suggest that in the case of tazation, it
is not dear. Regarding EUA price, the expected impact is positive.
Moiseyew et al {2014) indicate that a high C0; price can suppart
wood hiomass producion. Caurls = al (2013) undedined that
up the price of wood products. The combination of a carbon tax
with sactoral policies i necessary. Based on Lawri =t al. {2002), a
higher carhon price can increass wood-hased energy production.
Sasaki (2021) conchades that facilitating global policies, upcoming
sustainability markets, and Anancial stimolos via a carbon tax,
environmental tax, and energy tax are able to promote sustainable
forest management for loog-term timber production and dimate
} s

Time represents the control variahle. Based on statistics, the
expected impact is positive (both forest bnd and wood biomass
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Tahle 5 summarizes the parameters of all variables described in
Table 1. The minimum and maximom valoes, standard deviation,
and median are given for each variable.

2.2. Methods

The main goal of this pager is to explain the impact of sconomic
development of the forestry secior in the Crech Republic in the
periad 2000-2020.
the research questions were set as follows. The frst research
question focuses on forest biceconomy development (RQ1}: Do
palicy have a positive impact on the development of the foress
hineconomy in the Crech Republic?

The second research question observes the drivers of
hineconomy renewable resowrces (BQ2): Are current sconomic
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drivers for the incresse in the use of biseconomy renswahle
resources, such as wood hiomass?

The third ressarch gquestion deals with the enviroomental
effectiveness of sdecied policy imstruments (RQ3E  Are
ecomomic and fmancial instruments of the dimate change
policy environmentally effective?

To accomplish the research objectives, we followed the
following workflow: (1) literature review and data collection; (2]
quantitative analysis; (3} results evaluation and discission.

Firstly, we conducted a rigorous literature 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 o format
suitable for Excel.

In the next step, we performed quantitative analysis, specifically
The data and time series were analyred and their characteristics
wereevaluated Since the data have a linear relationship and normal
distribution, correlation analysis was performed using Pearson’s
correlation coetficient { Fimmermannova et al, 200 8). The bivariate
correlation i used to obtain a correlation cosfficient that describes
the messure of the relationship betwesn two linear wvariables.
Subsequently, we perform more compler regression analysis and
comstrisct regression models to obsarve also partial relationships
of variables. Regression analysis enables to obtain the relationship
betwesn the depiendent variables and all cther variables.

Corsidering ahove-defined research questions, the following
regression models were constructed and tested:

(1) forest land model (FOLM), focused in particular on the
development of the forest binsconomy;

(2} wood biomass production model (WBIOM), fooased in
particular on the use of biceconomy renewahble resownces, sudh
as wood biomass.

The regression equation of such maodels is as follows:

FOL/WEID = 0 + PI*EUA + B2'INV + p3*TAX
+M'OBL + 500N + BE'SUB +
BFRDP + BE'TIME + u n

where:

T-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 Allowance)y ¥X2—INV (eovironmental investments in
biodiversity); X3—TAX (revenues from eovironmental taxes
imposed in forestryl X4—OBL (state financial obligations under
the Porestry Actk X5—O0ON (fnancial contributions for forest
management); X6—5UB (subsidy for protection and reproduction
of the geoe pool of forest treesk X7—ROP (subsidies from Rural
Development Frogramme); XB—TIME (time in yearsk n—random
element of the model.

Firstly, the model comtining all sconomic and Bnancial
instruments {BOLM or WENIM) was created. FOLM/WEBIOM is
the composition of all independent variables (ELUA, INV, TAX,
OBL, CON, SUE, ROP, and TIME)L Secondly, alternative models
were run ko seek the statistically most significant mode] with a high
index of determination.
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Finally, all resulis were verified using muoltiple tests. Based on
the tests performed, the modds were adjusted to be statistically
significant, free of autocorrelation, and with a high degres of
determination. In particular, the FPtest and Durbin-Waison test
were msed to test the models developed. The F-test of owerall
significance examined the it of the regression models. The Durhin—
Watsom test (W) was performed to test for autocorrelation, using
Durbin-Watson significance tables {Durbin-Watson Significance
Table, 2023). The Darbin-Watson test is a frequently nsed method
for testing autocorrelation, which generates a test statistic within
the rmnge of 0 to 4. If the valoe & close to 2, then the data indicates
less antocorreation. On the other hand, if the value i closer to
0 or 4, it implies stronger positive or negative antocorrelation,
respectively.

The details of each model and the corresponding tests are
described helow in the section *3. Resulis.”

3. Results

%1 Forest land model

Firstly, Figare | provides the development of total forest land
in the Crech Republic in the period 20002020, Regarding data, a
positive trend is visible. In detail, forest land bas a sBght growing
tendency, and 268 million hectares are indicated at the end of the
monitoring periad.

Secondly, all of the selscied variables that were considered to
affect forest land were chosen for correlation analysis. In Table 6,
the outcome of the correlation analysis is presented. According to
negative correlation between FOL and TAX Besides the above
such as INV.
case of SUE and contral variable TIME. Besides the above links,
COM, EUA, and RDF.

For regression amalyss, the regression modd BOLM was
instruments {FOLM) was verified Secondly, alternative models
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were run to seek the statistically most significant modsl with a high
index of determination (FOLM1 and POLM2).

Forest land model (FOLM) = the compesition of all
independent variables (EUA, INV, TAX, OBL, COM, SUE, RDF, and
TIME}). While the entire model is statistically significant, not all of
the selected variables are statistically significant. The result of the
Durbin-Watscn test (D'W) for POLM is acceptable (1.722)

FOLMI and FOLMZ represent selected wariables with a
statistical significance of p « 0.05. These models are statistically
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and the entire model is statistically significant as well. In Table 7,
the outcomes imply a high coefficient of determination in both
models. Meaning that for FOLMI and FOLM?Z, the general formula
than 5% of random deviations. Variables with a p-value of below
5% are EUA, INV, TIME, and the constant (FOLM1) and EU®,
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% (FOLM1 and BOLMI) levels of significance.
The Anding of the Durbin-Watson test (W) for FOLM] shows

no positive antocarrelation (DW 2,180 > upper critical walue
1816}, and for POLMZ also oo positive autocorrelation (W
1747 = upper critical value 1.710).

According to the POLM] outpuis {Table 7), a statistically
significant negative relationship betwesn POL and EUA and a
statistically significant positive relationship between FOL and INV,
and TIME is observed.

T{POLMI) = — 1,469, 453.780 — 2.498 EUA + 2282 INY

+ 2,053.154 TIME + u (z)

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

Y (FOLMI) = — 1,453, 074 — 0.B09 EUA — 1.038 RDPF

+ 2, M5 M3TIME + u 3]

Based on the resulis, it can be stated that in the monitoned
period there was an increase in forest bind in hectares in the
investments in biodiversity (CZE million) and negatively by
subsidies from the Bural Development Programme (CFK million)
and the price of EUA {CZE). Thus, 100 million CFK (4.07 million
EUR) (ki nérodni banka, 2023) of environmental investments
in bindiversity would contribute o an increase of 228 hectares of
forest land.
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3.2. Wood biomass production model

All of the selected variables that were comsidered to affect
wond hiomass production were chosen for correlation analysis. In
Tahle 8, the outcome of the correlation analysis is presented.

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

Besides the above Enks, oegative correlations with lower
statistical significance sxist, such as IN'V and TAX.
developed. Firstly, the model containing all sconomic and financial
instruments was werified (WEBIOM). Secondly, alternative
maodel with a high index of determination. Therefore, the
following fve submodds were developed: WERIOMI—EUA
and TIME WEBIOMI—TAX and TIME, WBIOM3—OEL and
TIME

The results are presented in Table 5.

WEIOMI-WEIOMS represenis selectsd variables with a
statistical significance of p < 005, These models are statistically
significant models—all of the variables are statistically significant,
and the eotirr model is sotistically significant a5 well In
Tahle 9 the outcomes imply a high coatficient of determination
in models. Meaning that the general formuola that is specifsd
explains almost 84% (WEIOM1), around 56% (WBIOMZ), almost
E7% (WBIOM3), almost %1% (WEIOMA4), and almost B1%
{(WBIOMS) of the variance with less than 5% of random
deviations Warishles with a p-valse of below 5% are ELIA, TIME,
and the constamt (WBIOMI1); TAX, TIME and the constant
(WEBIOM2) OBL, TIME, and the constant (WEIOB3); COM,
TIME, and the comstant (WEIOM4) and RDP, TIME, and the
constant (WBIOMS)L To the results of the overall P-test, the
estimated regression wood hiomass mode]l WENOM1-WEBIOMS

s statistically significant at o 5% level of significance The
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result of the Durbin-Watson test (DW] & acceptable only for
WEIOM], for other models WEBIDM2-WEIOMS the resulis show
paositive autocarreation, and DW is under the lower critical
value.

According to the WBIOMI-WEBIOMS outputs, the following
regression eqguations can be buile:

¥ {WBIOMI) = — 1, 546,584, 115 + 9,346,138 EUA

+ 776, 395806 TIME 4 u (1)

¥ {WBIOMI) = —4, 352,833, 128 + 41, 667.350 TAX

+ 2,177, 209912 TIME + u (sh

¥ {WBIOM3) = — 1, 365, 170, 547 + B3, 999409 OBL

+ 67B,4B6.466 TIME 4 u (&)

Y (WBIOM4) = — 783, 415,440.5 + 2, 008576 CON

+ 398,034 953 TIME + u (7

Y (WBIOMS) = — 1,629, 508,248 + 11, 193.306 RDFP

+ B17,573. 254 TIME + u (&)

On the basis of the results, it can he conduded that in
the monitored perind thers was an increase in wood biomass
production in cghic meters in the Crech Republic, which was
paositively influenced by a mixture of all sconomic and fnancial
instruments, such as emission trading, environmental tazation,
fnancial contributions for forest management, state fnancial
emission allowance by 100 CZK Mg~! (approcimately 4 EUR
Mg~} (Ceski nirodni banka, 2003) would increase wood biomass

production by approzimately 934,614 cubic meters.

4. Discussion

Based on the results presented in the previous chapter, we can
fnc1es om amswering our research questions gradually:

RQ1: Do corrent economic and fnandal instroments of
the dimate change policy have a positive impact on the
development of the forest hiceconomy in the Crech Repoblic?

Faor this ressarch guestion, the forest biceconomy is represented.
by the indicator “forest land™ The regression analysis results
displayed a statistically significant negative relationship between
forest bnd and the price of the European Union Allowance
and HRural Develogment Programme On the cootrary, a
statistically sigmificant positive relationship between  forest
land and enviroomental investments in biodversity was ohserved.

Regarding “forest hnd™ variable, we expectad a positive impact
of all grants and sobsidies (national public inancing of forestry
and Ruoml Development Programme), and a positive impact of
environmental investments in bindiversity, similar to stodies by
Espatia et al. {2022), or Rinn and Jarsky§ {2027). Concerning ithe
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impact af revenes from eovironmental tazes and EUA price on
forest land, we suggested that it is not clear, based on the scientific
studirsof BEarna et al {2002), Ersoy and Madk {200 2], Fvisan {2007),
Pukkala {2020), Zhurakovska et al {3021}, Espatia etal (2022}, and
Jemsen et al (2022}

Comparing expectations and results, the positive impact of
eovironmental investments in biodiversity is visible; meanwhile,
for the Ruoral Development Programme the negative impact is
demonstrated. The total influence of national public fnancing is
oot dear. Contrary to expeciations, the impact of the EUA price is
negative. The imgact of environmental taxes is not dear, which is
consistent with the expectation.
to the stady by Kerr et al (2002). Pukkala {2000) anabysed
the carbon pricing impact on optimal forest management and
highlighted that rising carbon prices boost the rate of carkon
sequestration. Moreoves, a payment of 150 EUR per Mg~ of
carbon stored in forests would lead to a2 stop to cutting. Based oo
Thurakowska et al. (2021), an increasing tax payment resulis in an
to motivate the sconomic ose of forest resources Barua et al
(2012} demonstrate that forestry income taxes might be ineffective
in limiting forest loss. Begarding forest land, the Mew Zealand
Emissicn Trading Scheme (MZ ETS) is unlikely to generate positive
long-term influences on the forestry sector and wouald oot be the
approgriats instrument o promote the planted forest exparsion
Evisom (201 7). Results {Espatia et al | 2022) display a statistically and
on forest cower, causing an expansion of the forested area by
approximately 13% in comparison with the alternative scenario
exchyding sabsidies Similarhy, the research (Ersoy and Mack, 2002)
identifies that subsidies have a positive influence on the technical
efficiency of public forestry firms. Further, [ensen e al {2022)
examine forest owners' voluntary subsidies in the presence of
imperfect information. On the ather 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 entities have lower levels of etficiency.

Generally, the Crech Republic its into the Eurogean temperate
forest pome (Rives-Martiner et al, 2004). Forest land area in
the Crech Bepublic is constantly rising {(Crech Statistical Office,
2022). In 2021, the area of forest land increased by 1,475 hectares
compared to 3020, Hence, the total forest land area was more than
2.68 million hectares in 2021, representing around 35% of the land
area {Ministry of Agricubiure of the Ciech Bepublic, 2027h). In
the Crach Republic, management forests dominate, 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, coniferous forests (69.6%) predominate over broadlessed
forests {28.7%]). The most abundant coniferous species are spruce
{48.1%) and pine {16%). For broadleaved forests, the dominant is
the beech {9.3%) and oak (7.6%) The ownership scheme differs,
while the majority of Crech foresis are owned by the state (56%).
This & followed by natoral persons (19.12%), municipabties and
mumicipal forests (17.19%), legal entities [3.41%), church forests
and forests of religions soceties [5.32%), and forest cooperatives
(1.10%).

In summing up the perspective of the forestry sector in the
Cxzech Republic, a farther increment in forest land and economic
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building on previons periods and positive trends (Minisoy of
Agriculture of the Crech Bepuhblic, 2027h) while strengthening the
role of sustainahle development and the biveconomy, bath at the
natiomal and European levels, is evident (L uoma =2 al |

201 1; Camas,

1012; European Commission, 3012, 2008, 2019, 2021b.c,d.e, 2023
van Lesuwen et al, _"ZII-I, Langeveld et al, 2016 Loiseau ot al,
W16 D' Amato ot al, 2007 Lois=an & al , 3016 D Amato =t al,

1017; Ronson = al, 2017; Wessder and von Braun, 2007 Birner,
1018; Bracoo et al., 2018 Ramcilovic-Suominena and Pialedb, 20018;
Comitate Marionale per b Biosicurerya, le Biotecnologie = le
Scienge della Vita [ € ‘\?IL“'.-". 10155 Federal Ministry of Education
and Hesearch [BMEE], .nd Federal Ministry of Food amd
Agriculture [BMEL], 2000 Mittra and Foukas, 2020 Barafiano
2021; Kardung .:'|d IIlr.:hlk. 202 1; Ministerio de Economia
¥ Competitividad, 2021; Harrison ot al | 2022; Hetemiaki et al,
2023; United Mations, 2021}, According to the economic and
financial instruments for the forest biseconomy, there are crucial
elements for moving forward, such as governmental sopport,
ariented research, and technology development {114jek =t 21, 2021).
Therefore, new knowledge and innovations can be seen as 2 major
driver of the forest biveconomy progres. This is expectsd to
stimulate an upturn in new jobs related to renewable energy andfor
hio-based produds (Permovi and Zimmermannowd, 2022).

et al,

B2 Are current economic and Anancial instraments of the
dlimate change policy stimulating drivers for the increase in the

e of bineconomy renewable resources, such 2= wood biomass?

and the price of Furopean Union Allowance, revenues from
environmental tazes-in foresiry, state financial obligations
under the Forestry Act, fnancial contributiors, and the
Rural Development Programme Howewer, the DW test is
acceptable only in the case of the price of Furopean Union
Allowance, other resultsfindicators show  characteristics  of
antocorrelation.

all gramts and subsidies (mational public fnancing of forestry and
Rural Development Frogramme), and environmental investments
in bicdiversity was positive. Soch expectation is based om
Kanyian and Kindermamn (2013}, Moiseyevr =t al {20014),
and Locoh =t al (200I). Comcerning the impact of revenoes
from envirommental tazes and EUA price oo wood hiomass
production, we can suggest that in the case of tamation, it
5 oot clear Regarding EUA price, the expected impact is
positive. Based on the following scientific studies Laori = al
(3012}, Caurla et al. (2013} Moiseyev ot al {2004), and Sasaki
(2021}

Comparing results and expectations, the positive impact of
all grants and subsidies [mational public financing of forestry
and Fural Development Programme) and BUA price is visible
Contrary o expectations, the influsnce of environmental taxes
is positive. The fndings are compatible with the summaries of
various studies. For example, Moiseyew et al (2004) indicate that
a high O0n price can suppoart wood biomas producton. Cawrla
et al {2013) onderlined that a carbon tax necessarily reduces
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consumer sarploses by pushing up the price of wood products.
The combination of a carban tax with sectoral policies is necessary.
Based om Lawri =t al (2002), higher carbon prices can increase
wood-based energy production. Sasaki (2021) condudes that
financial stimulus ¥ia a carbon tax, environmental tax, and energy
tax are able to promote sustairabls forest management for long-
term timber production and dimate change mitigation. In material
utiliration, wood biomass serves in the manufacture of all sarts
of producis 25 a mw material (Carus et al | 2000). In the circular
econamy, the cascading use of biomass (Feegan et al | 2013} occurs
when biomass is converted to 2 final product and then reussd
at lesst ome more time as materials or energy. Cascading nse
leads to increassd resource efhciency if compared to direct energy
use. Maoreover, from an environmental point of view, long-lhing
cascading use can expand Ol ssquestration (FHong et al , 20210

B3 Are economic and financial instruments of the dimate
change paolicy environmertally effective?

Based on our resuolts, we can observe a relationship betwesn
some economic and financial instruments (subsidies, grants,
investments, and emission trading) and indicators commected with
the gquality of the environment The influence of the emission
trading is ambiguous—in the case of forest band negative, and
in the case of wood biomass production positive. Generally, the
econaomic and Anancial instroments in the Crech Bepuhlc have an
environmental impact and can influence the forest biceconomy, at
least in the long-term period.

Accomding to van Valkengoed and wvan der Werdf {2022)
subsidies worked predominantly as an impulse to act 1t seems that
subsidy schemes are useful to stimulate early adopters who are
already motivated to take action, rather than to mobilize individisals
who are mot yet willing to undertake concrete dlimate action.
Regarding forest carbon, Fvisan (Fvison, 201 7) considered that the
Kew Zealand Ermimion Trading Scheme (NZ ETS) is unlikdy to
achieve positive long-term effects on the forestry sector and seems
not to be the appropriate tool to foster carbon sequestration by
forests. [inggang and Peichen (2007} show that a higher carbon
price would drive higher forest carbon stocks and early o sabsidy-
induced net carbon storage diminishes.

Forests are a crocial carbon ssquestration and storage
contributor. Trees process carbon dioxide through photosynthesis
and store carbon in woody biomass. Forests thos repressnt sssantial
carbon sinks in the dlimate system The difference between gross
GHG emissions and gross GHG removals is the net fux, then
sink (negative) is defined Based om Farris et al {2021), betwesn
2001 and 2021, Crech forests emitted 12 SMPCOpetyear, on the
ather hand, removed —19EMHO0zeiyear. This represents a net
carbom sink of —7. 1988000/ year. Forest carbon Suxes are forther
anabyzed by Hansen et 2l (2013) and Hong = al. (2021). Roughly, a
Larger forest area leads to a higher amount of carbon removed from
the atmaosphere, which seems to be an effective instroment in the
effort to mitigate dimate change. Long-life wood constroction and
furpiture can be used as temparary carbon sinks (390004 - Instinste,
20171 In European forests, the biomas stock has increassd since
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1580, by abowt 1-2% per year, but its growth has stagnated due to
aging processes, the rising impact of natural disturbances, and other
dimatic factors in the kst years (Avitabile et 2l, 2003). Regarding
environmental impacts, scaling up GHG removals by forest land
and harvested wood products, as well a5 decreasing GHIG emissions
by material and energy substitution ssems to be an effective way o
mitigate dimate change (Mabuars =t 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 drought-related tree morstality
[Mubareka et al, 2023). Porest distarbances are climate sensitive.
For example, S=idl et al. (2017) provide an analysis of the impact of

Conclusion

The main goal of this paper was to explin the impact of
economic and financial instruments of the dimate change policy
on the development of the forestry sactor in the Credh Bepublic in
the period 2000-2020. To accomplish the ressarch objectives, the
correlation analysis, and regression analysis. Several models were

Regarding the findings, and to answer the research questions,
a statistically significant negative relationship between forest land
and the price of the European Union Allowance and subsidies
positive r:h'unn:hql between forest land and envirommental
inwestments in hiodiversity was ohserved (RQ1). Subssquently,

a statistically significant positive relationship betwesn wood
hiomass production and the price of Furopean Union Allowance,

revenues from environmental taxes in forestry, siate fnancial
(RO2). Overall, ecomomic and Enancial instroments in the Crech
the emission trading on the forestry ssctor in the Crsch Republic
is ambiguous—in the case of forest lnd negative, and in the
case of wood biomass production positive. Therefore, focusing on
financial instroments connectsd with positive motivation in the
foresiry sector, such as grant schemas, subsidies, and investments
in hindirersity.

Regarding the following research, we should focus in
more depth on the differences betwesn uorbam and rural
areas. The forest bioeconomy affects the carhon budget and
has the potential to contribute to decarshoniring ecomomies,
and regions, heoce mitigating dimate change. In addition o
environmental benefis, it also infuences socio-economic aspects,
such as employment. Ecomomic and fnancial instruments are
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in the Ciech Republic, and their effective uiilization 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 bioeconomy links to a climate-newiral econonty for which effective economic and financisl
promation is essential fo sustainable development. The mam purpose of the study was to examine the effects of
financial support on the development of the forest bieeconomy in the Czech Bepublic in the period 2000—2021.
Fesearch objectives were met by applying literamre review, time series snalysis, spatial data anatysis, cartogram
and cartodiagram method, comrelation smalysis, and regression snalysis. Firstly, regional divergences in fimancisl
flows were obhserved Owing to the bark beetle calamity, the peak of the finandisl sources was detected in the
Vysofing Region (CZE 4,658 EUR 190 per hactare), and the Olomonc Begion (CZE 2 TREUR 113 per hactare)
in 2020, Anupward trend - more than §-fold growth of fnemcial flows to forestry was found. Secondly, the forest
carbon model was discovered and tested. Financial contribution for reforestation, establishment, and tending of
forest stands mcresses met carbon sinks while finsncial commbubion for green and environmentally frendby
technologies increases net carbon sources. Fegional carbon reservoirs offer the potential to confribute to climate
targets and achieve sustainable progress.

Eeywords: forest carbon; financial support; forsstry; bipeconeonny, ciroolar econonyy; spatial anatysis; regional analysis

INTRODUCTION

(5ripps Instimtion of Ocesnography, 2023). The
amplifying feedbacks deflect the climate system m
the same ditection as the inifis] distwbance {(Cramer
et al, 2018). Global warming delivers negative
repercussions in the form of extreme weather events,
especially droughts, windthrows, heatoraves, et
(Thrppleton =t al, 2022; Scnocca ef al, 2018
Finally, the carbon budget (Matthews et al, 2017) is
3 promising method for setting out the challenge of

mnd constimute considersble threars to  sociery.
Corrently, the carbon pewirality of the Buoropean
Uniom by 2050 (EC, 2019), compliant with the
ambitions of the Paris Apreement (UM, 2022), is a
global challenze and would require a lomg-ferm
engapement, predominsntly at the regional scens.
Flobal greemhowse gas (GHG) emissions (IPCC,
2023), result fiom an unsmstainable approach in

I ; L
enerEy nsage. land unse, and lsnd-use change, i .
c ion orjand taction behavi The carbon cycle explains the flow of carbon into

regions and national economics. The smdy by Rae et and out of the stmosphere and o living crpanisms
sl (2071} refers reconstaction of carbon dioxide (Porfiric et al, 2010). A commilative effect displays

net i carbon  levels amd
emizsions gver the past 6§ million years. sources  escalating

The long-term = GHG . hed concenfration, due fo a linear ecomomy System
am all-tims ]E ufnﬂf.}g per million in 2021 (Tyson et al, 2001; Wesche and Amitags, 2014).
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Anthropogenic carbon sources, such as buming
since the pre-indusmial era (Ford etal, 2012). On the
contrary, forests tend to be net carbon sinks (FISE,
2023; Eesling et al, 2011). However, forests can
become & met carbom source due to unsustzinables
manazement (EC, 2023). Smdies centered on forest
carbon m specific remions were discovered, such as
Zald et al. (2016), Liski et al. (2002}, Moser et al.
(2022), Moller et al (2012), and Earppinen et al
(2018).

In each region, forests have different environmental
festures, stabes, biodiversity, and challenzes in
addressing climate change (UN Depariment of
Economic and Social Affairs, and UM Forum on
Forests Secretariat, 2021). Simultsneonsly, regions
made (Zimmermannova, 2008; Allen et al, 2010;
CEMIA, 2022). A mange of closer-to-namre
spproaches are aleady i use, such as manoral
regeneration leaving deadwond, snd abandoning the
use of pesticides (Hlasny et al., 2017). However, the
philosophies are diverse from region to region
{Larsen ot al., 2022

Moreover, ongoing climate chanpe is placing
pressure on boilding the forest’s ability fo floarish in
the face of cwment and chanping conditions,
enhancing its resilience while storing carbon in rees
as well as in the forest soils (TUFFR.O, 2014a).
Effiorts at both regional and global scales are needed
while synergies between climatic, forest-based, amd
societal polices will sireambine the process
(Mabwurs et al, 2017; Bowditch et al., 2022). The
shift from fossil fuels to bicenergy or from carbon-
inftemsive materials to biomass ftends fo mitigate
climate change (IUFRD, 20140). This requires the
development of four key domains Focksodm et al
{2017), such as investment, innovation, insttrtons,
and infrasmociure.

An miegral component of sustainable development
includes the bioecononty concept at the European
Union level (Ewropean Comumission 2018b).
Bioecomomny is prmarily reofed i the raditional
seciors of the economy, namely aznoulture, forestry,
aquacultumandﬂepmﬁtﬂnnnfpma’mdwmd

sigpificance is sitengthening over time (Fonzon et
al, 2017). The smdy presented by Fonzon et al

60

MANUSCEIFT

(2015) segregates the national economies under (17
agricultural biceconomies, () agro-food industry
and bio-based chemical mdusmies, (3) forest
bioecomomies, and (&) non-specislizad
Currently, the forest biceconomry i= gaining
promimence and is part of a comprehensive set
referred o as the Fit for 55 package, a toolbox of
proposed revisions and new initiatives fo ensure that
(European Commission, 2021c). In detail, the Mew
EU Forest Strategy (Ewropean Commission, 2021k}
fioruses on the cascading principle of biomass usage,
forest restoration, financial support for forest owmers
and mural areas, and protection of forest ecosystems.
Alongzide the environments] benefits of carbon
capture and storage, multifione iona] forests fulfll a
countless array of ecosystemn serwvices, smch as
wildlife. recreation, et (Winkel et al., 2022 ; Bomer
et al., 2017; Masiero et &l., 2018). Frequently, such
advantage: are delivered ac puoblic poods amd
extermalities (Sisak, 2004) while the total economic
wvalue indicator attempts to reflect the apeTegate
quantification of beneficiaries (Merle and Croitorm
2005). Topically, forest bathing of shintin-yokn, as
a mindful visit to the forest, mproves human
physical smd ments]l health and prevemts the
development of vanous diseases (Wen et al, 2019;
Puira et al, 2018; Antonelli et al 2021; Mao et al
2017; and Farkic et al , 2021}

The Czech Bepublic and its regions are 3 part of the
European temperate forest zone (Rivas-Martimez et
al  I004). Forests cover 3T% of the temitory,
approximately 268 million hectares in 2022 (CES0,
2023). Considering the owmership strocture, 54% is
owned by the state, 21% by individuoals, 16% by
mumicipalities, and %% by other owners. In addition,
T4.1 % of Czech forest land is classified as
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