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The proposed extent of the tiles is 

At least 80 standard pages. 

Keywords 

Circular economy, forest b ioeconomy; renevable resources, social impact; economic impact; adaptation 

measures; carbon sequestration 

R e c o m m e n d e d information sources 

B U G G E , M M , HANSEN, T., KUTKOU, A What Is the Bioeconomy? A Review of the Literature. 

Susta inability, 20161S): 2-22. 

European Commission. A sustainable t i ioeconomy for Europe: strengthening the connection between 

economy, society and the environment. Luxembourg: Publications Office of the European Union, 

2018. ISBN 978-92-79-94145-0. 

Food and Agriculture Organization of the United Nations. Climate change for forest policy-makers: An 

approach for integrating climate change into national forest policy in support of sustainable forest 

management - version 2.0. Food & Agriculture Org. , 2019. ISBN 9251310947, 9783251310946. 

KANT, S. - BERRY, R A . Economics, sustainabilfty, and natural resources : economics of sustainable forest 

m a n a g e m e n t ; e d i t e d by Shashi Kant, R.Albert Berry. Dordrecht: SPRINGER, 2005. ISBN 

H 0 2 0 - 3 4 6 5 - 2 . 

LACY, Peter. The circular economy handbook: realizing the circular advantage. London: Palgrave 

Macmil lan, 2020. ISBN 978-1349959679. 

LEWANDOWSKI, I. Ed . Bioeconomy. Shaping the Transition to a Sustainable Biobasecf Economy. University 

of Hohen heim Stuttgart, Germany: Springer, 201S. ISBN 978-3-319-68151-1. 

OECD. The Bioeconomy to 2030: Designing a Policy Area . Paris: OECD, 2009. ISBN 978-92-64-03853-0. 

VI A G G I, Davide; C.A.B. INTERNATIONAL, ISSUING BODY. The Bioeconomy: delivering sustainable green 
growth. Wallingford, Oxfordshire, UK: CABI, 2018. ISBN 9781786392770 

VOGT, K A . - VOGT, D J - E D M O N D S , R L. - H O N E A J M . - PATEL-WEYNAND, T. — SIG U RDARDOTT1R, R. -

A N DP, EU, M G. - C . A . B . INTERNATIONAL, ISSUING BODY. Forests and society : sustainabilrty and life 

cycles of forests in human landscapes. Wall ingford, Oxfordshire, UK: CABI, 2007. ISBN 1845930933. 

Official doajTiefit1 Czech Unwerchy of L"1t Sdencei Prague • Kanrycfcä 129; JjG3 OO Pratw - Suctictol 



Expected date 

2023/24 SS - F FWS - Doctors I Thesis 

The Dissertation Thesis Supervisor 

d o c Ing. Jarmila Z i m m e r m a n n o v á ŕst/ 
Supervising depar tment 

Department of Forestry and W o o d Econom 

Electronic approval: 3. 3. 2021 

doc . Ing. Miroslav Hajek, Ph.D. 

Head of department 

\\\ Electronic approval: 31. 8. 2022 

prof. Ing. Robert M a r u š a k , PhD. 

Dean 

Official dodjiiart1 CzEdi Univercny of Lift Sdcncxs Pra ĵE 1 KľnýckH 1Z5.. 1G1 DD Pralu -Suzhdul 
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1 I n t r o d u c t i o n 

T h e g l o b a l c h a l l e n g e s c o n f r o n t i n g h u m a n i t y a t p r e s e n t e n c o m p a s s c l i m a t e 

c h a n g e , t h e r a p i d d e p l e t i o n o f n a t u r a l r e s o u r c e s , t h e d e g r a d a t i o n o f e c o s y s t e m s , a n d 

t h e s i g n i f i c a n t l o s s o f b i o d i v e r s i t y t h a t c o - e x i s t w i t h t h e g r o w t h o f u r b a n i z a t i o n a n d 

h u m a n p o p u l a t i o n ( I P C C , 2 0 2 3 ) . O v e r c o m i n g t h e s e c i r c u m s t a n c e s , it i s e s s e n t i a l t o 

i d e n t i f y n o v e l m o d e l s f o r t h e p r o d u c t i o n a n d c o n s u m p t i o n o f c o m m o d i t i e s r e s p e c t f u l 

o f t h e p l a n e t ' s s c a r c e r e s o u r c e s ( E u r o p e a n C o m m i s s i o n , 2 0 2 2 ) . A s g l o b a l d e m a n d 

f o r f o o d , f e e d , b i o m a t e r i a l s , a n d b i o e n e r g y r e s o u r c e s c o n t i n u e s t o r i s e , t h e r e i s a n 

i n c r e a s i n g l i k e l i h o o d o f p r e s s u r e o n n a t u r a l r e s o u r c e s a n d c o n f l i c t s b e t w e e n s u p p l y 

a n d d e m a n d . 

In r e s p o n s e t o t h e c h a l l e n g e s p o s e d b y t h i s s i t u a t i o n , m o d i f i e d e c o n o m i c m o d e l s , 

w h i c h i n c l u d e t h e c i r c u l a r e c o n o m y a n d b i o e c o n o m y , a r e e x p e c t e d t o f a c i l i t a t e a s h i f t 

t o w a r d s a m o r e s u s t a i n a b l e f u t u r e ( M o u g e n o t a n d D o u s s o u l i n , 2 0 2 2 ) . It i s a l s o 

i m p o r t a n t t o e m p h a s i z e t h e c o n c e p t o f g r e e n e c o n o m y , b i o - b a s e d e c o n o m y , o r 

S u s t a i n a b l e D e v e l o p m e n t G o a l s , w h i c h a r e c l o s e l y r e l a t e d t o t h e c o n c e p t o f c i r c u l a r 

b i o e c o n o m y . A l l t h e s e i n i t i a t i v e s h a v e a s h a r e d v i s i o n t o e n s u r e t h e s u s t a i n a b l e 

d e v e l o p m e n t o f s o c i e t y a n d t h e w e l l - b e i n g o f c u r r e n t a n d f u t u r e g e n e r a t i o n s 

( E u r o p e a n C o m m i s s i o n , 2 0 1 9 a ) . F u r t h e r m o r e , it i s t h e b i o e c o n o m y t h a t h a s l i n k s t o 

t h e c o n c e p t s m e n t i o n e d e a r l i e r a n d i s c o n s i d e r e d t o b e a n a r e a w i t h t h e p o t e n t i a l t o 

a c h i e v e t h e s e t o f g l o b a l c h a l l e n g e s ( L i e r e t a l . , 2 0 1 8 ; L o i s e a u e t a l . , 2 0 1 6 ) . C u r r e n t l y , 

t h e g l o b a l c h a l l e n g e i s t o u n l o c k t h e p o t e n t i a l o f t h e b i o e c o n o m y , n o t j u s t i n t h e f o r e s t r y 

s e c t o r ( N a b u u r s e t a l . , 2 0 1 7 ) . 

F o r e s t s a r e g e n e r a l l y a c c e p t e d a s a m u l t i f u n c t i o n a l n a t u r a l r e s o u r c e a n d i ts 

e c o n o m i c , e c o l o g i c a l a n d s o c i a l i m p o r t a n c e l i e s i n a w i d e r a n g e o f m a r k e t a n d n o n -

m a r k e t s e r v i c e s ( M e r l o a n d C r o i t o r u , 2 0 0 5 ) . F o r e s t s r e p r e s e n t i m p o r t a n t o b j e c t s o f 

p u b l i c i n t e r e s t a n d a p a r t f r o m t i m b e r p r o v i d e m a n y o t h e r e c o s y s t e m s e r v i c e s ( W e n e t 

a l . , 2 0 1 9 ; P u t r a e t a l . , 2 0 1 8 ; A n t o n e l l i e t a l . 2 0 2 1 ) . H o w e v e r , t h e f o r e s t s h a v e b e e n 

s i g n i f i c a n t l y a l t e r e d b y h u m a n l a n d u s e , a n d n o w a d a y s s u s t a i n a b l e m a n a g e m e n t 

s h o u l d c o n t r i b u t e t o t h e a d a p t a t i o n a n d m i t i g a t i o n o n c l i m a t e c h a n g e a n d p r o v i d e 

e n v i r o n m e n t a l a n d s o c i a l b e n e f i t s ( H a r r i s e t a l . , 2 0 2 1 ; K i m e t a l . , 2 0 1 7 ) . In t h e C z e c h 

R e p u b l i c , f o r e s t s a n d f o r e s t r y s e c t o r f a c e u n p r e c e d e n t e d c h a l l e n g e s , s u c h a s c l i m a t e 

c h a n g e a n d t h e c o n s e q u e n c e s o f t h e b a r k b e e t l e c a l a m i t y t h a t r e q u i r e a h o l i s t i c 

a p p r o a c h a n d c o o r d i n a t e d a c t i o n s ( H l á s n y e t a l . , 2 0 2 1 ) . 
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2 O b j e c t i v e 

T h e m a i n a i m o f t h e d i s s e r t a t i o n t h e s i s w a s t o c a r r y o u t t h e e v a l u a t i o n o f t h e 

s o c i o - e c o n o m i c i m p a c t s o f g l o b a l c h a n g e o n t h e f o r e s t r y s e c t o r i n t h e C z e c h 

R e p u b l i c . 

F i r s t l y , e m p l o y m e n t c a n b e c o n s i d e r e d t h e l e a d i n g s o c i a l i d e n t i f i e r o f t h e 

b i o e c o n o m y . A t r e n d o f b i o e c o n o m y e m p l o y m e n t a n d f o r e s t r y e m p l o y m e n t w i t h i n t h e 

b i o e c o n o m y l a b o u r m a r k e t w a s e x p l o r e d , a n d t h e e v a l u a t i o n o f f o r e s t r y e m p l o y m e n t 

d r i v e r s w a s e x a m i n e d . 

S e c o n d l y , f i n a n c i a l s u p p o r t c a n b e i d e n t i f i e d a s a c r u c i a l e c o n o m i c f a c t o r o f t h e 

b i o e c o n o m y . T h e i m p a c t s o f e c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s o n t h e d e v e l o p m e n t 

o f t h e f o r e s t r y s e c t o r w e r e e x a m i n e d . 

C o n c e r n i n g t h e p r i n c i p a l a i m o f t h e r e s e a r c h , t h e f o l l o w i n g h y p o t h e s e s w e r e 

d e f i n e d : 

Null hypothesis ( 1 H o ) : T h e r e i s n o s t a t i s t i c a l l y s i g n i f i c a n t r e l a t i o n s h i p b e t w e e n 

e c o n o m i c g r o w t h a n d f o r e s t r y e m p l o y m e n t i n t h e C z e c h R e p u b l i c . 

Alternative hypothesis ( 1 H A ) : T h e r e i s a s t a t i s t i c a l l y s i g n i f i c a n t r e l a t i o n s h i p 

b e t w e e n e c o n o m i c g r o w t h a n d f o r e s t r y e m p l o y m e n t i n t h e C z e c h R e p u b l i c , w i t h 

e c o n o m i c g r o w t h i m p a c t i n g e i t h e r p o s i t i v e l y o r n e g a t i v e l y o n f o r e s t r y e m p l o y m e n t . 

Null hypothesis ( 2 H o ) : T h e r e i s n o s t a t i s t i c a l l y s i g n i f i c a n t r e l a t i o n s h i p b e t w e e n 

e c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s a n d t h e d e v e l o p m e n t o f t h e f o r e s t r y s e c t o r i n t h e 

C z e c h R e p u b l i c . 

Alternative hypothesis ( 2 H A ) : T h e r e i s a s t a t i s t i c a l l y s i g n i f i c a n t r e l a t i o n s h i p 

b e t w e e n e c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s a n d t h e d e v e l o p m e n t o f t h e f o r e s t r y 

s e c t o r i n t h e C z e c h R e p u b l i c , w i t h e c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s i m p a c t i n g 

e i t h e r p o s i t i v e l y o r n e g a t i v e l y o n t h e d e v e l o p m e n t o f t h e f o r e s t r y s e c t o r . 

Null hypothesis ( 3 H o ) : T h e r e i s n o s t a t i s t i c a l l y s i g n i f i c a n t r e l a t i o n s h i p b e t w e e n 

n a t i o n a l f i n a n c i a l s u p p o r t a n d f o r e s t c a r b o n i n t h e C z e c h R e p u b l i c . 

Alternative hypothesis ( 3 H A ) : T h e r e i s a s t a t i s t i c a l l y s i g n i f i c a n t r e l a t i o n s h i p 

b e t w e e n n a t i o n a l f i n a n c i a l s u p p o r t f o r t h e f o r e s t r y s e c t o r a n d f o r e s t c a r b o n i n t h e 

C z e c h R e p u b l i c , w i t h n a t i o n a l f i n a n c i a l s u p p o r t f o r t h e f o r e s t r y s e c t o r i m p a c t i n g e i t h e r 

p o s i t i v e l y o r n e g a t i v e l y o n f o r e s t c a r b o n . 

1 0 



3 L i t e r a t u r e r e v i e w 

B i o e c o n o m y 

A b i o e c o n o m y d r i v e n b y b i o l o g i c a l i n p u t s c a r r i e s t h e p o t e n t i a l t o m i t i g a t e t h e 

c o n s e q u e n c e s o f c l i m a t e c h a n g e a n d e n h a n c e f o o d a n d e n e r g y s e c u r i t y w h i l e 

i m p r o v i n g t h e w e l l - b e i n g o f h u m a n k i n d ( M o u g e n o t a n d D o u s s o u l i n , 2 0 2 2 ) . T h e 

E u r o p e a n U n i o n g i v e s t h e f o l l o w i n g d e f i n i t i o n ( E u r o p e a n C o m m i s s i o n , 2 0 1 8 ) o f t h e 

b i o e c o n o m y : "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." 

B r o a d l y , a c o h e r e n t d e f i n i t i o n o f t h e b i o e c o n o m y i s s t i l l a b s e n t . S e v e r a l 

c h a r a c t e r i z a t i o n s w e r e f o r m u l a t e d i n t h e f i e l d o f d i f f e r i n g s t a k e h o l d e r s , r e s o u r c e s , o r 

g e o g r a p h i c a l l o c a t i o n s ( E l l e n M a c A r t h u r F o u n d a t i o n , 2 0 1 3 ; L o i s e a u , e t . a l . , 2 0 1 6 ; 

D ' A m a t o , e t . a l . , 2 0 1 7 ; B r a c c o , e t . a l . , 2 0 1 8 ; R a m c i l o v i c - S o u m i n e n , 2 0 1 8 ; B i r n e r , 

2 0 1 8 ; C a m s , e t . a l . , 2 0 1 8 ; K a r d u n g , e t . a l . , 2 0 1 9 ; M i t t r a , 2 0 2 0 ) . A l o n g s i d e t h e 

E u r o p e a n m e a n i n g , c o u n t l e s s d e f i n i t i o n s b o t h a t g l o b a l a n d n a t i o n a l l e v e l s w e r e 

d e v e l o p e d . 

F o r e x a m p l e , b i o e c o n o m y d e f i n i t i o n s w e r e c r e a t e d b y t h e O E C D ( 2 0 0 9 ) , t h e 

F o o d a n d A g r i c u l t u r e O r g a n i z a t i o n o f t h e U n i t e d N a t i o n s ( 2 0 2 1 ) , t h e W h i t e H o u s e 

( 2 0 1 2 ) , a n d t h e G l o b a l B i o e c o n o m y S u m m i t ( 2 0 1 8 ) . A t t h e n a t i o n a l l e v e l , t h e r e i s a 

b i o e c o n o m y d e f i n i t i o n b u i l d e d b y t h e g o v e r n m e n t o f I t a ly ( C N B B S V , 2 0 1 9 ) , I r e l a n d 

( D e p a r t m e n t o f C o m m u n i c a t i o n , C l i m a t e A c t i o n & E n v i r o n m e n t a n d t h e D e p a r t m e n t 

o f A g r i c u l t u r e , F o o d a n d t h e M a r i n e , 2 0 1 9 ) , F r a n c e ( M i n i s t e r e d e l A g r i c u l t u r e e t d e 

l A l i m e n t a t i o n , 2 0 2 1 ) , S p a i n ( M i n i s t e r i o d e E c o n o m i a y C o m p e t i t i v i d a d , 2 0 2 1 ) , 

G e r m a n y ( B M B F a n d B M E L , 2 0 2 0 ) , A r g e n t i n a ( M i n i s t e r i o d e C i e n c i a , T e c n o l o g f a e 

I n n o v a t i o n P r o d u c t i v a , 2 0 1 2 ) , a n d M a l a y s i a ( B i o e c o n o m y C o r p o r a t i o n , 2 0 2 1 ) . 

B a r a h a n o a n d h i s t e a m ( B a r a h a n o , 2 0 2 1 ) i n t r o d u c e d t h e m o d i f i e d b i o e c o n o m y 

d e f i n i t i o n : „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 d e t a i l , t h e E u r o p e a n d e f i n i t i o n o f t h e b i o e c o n o m y w a s l a u n c h e d i n t h e f i r s t 

b i o e c o n o m y s t r a t e g y i n 2 0 1 2 ( E u r o p e a n C o m m i s s i o n , 2 0 1 2 ) a n d l a t e r i n t h e u p d a t e d 

b i o e c o n o m y s t r a t e g y i n 2 0 1 8 ( E u r o p e a n C o m m i s s i o n , 2 0 1 8 ) . T h e r e v i s i o n e s t a b l i s h e d 

t h r e e p r i n c i p a l l i n e s o f i n t e r v e n t i o n t o u n l o c k t h e p o t e n t i a l o f t h e b i o e c o n o m y , n a m e l y : 

• s t r e n g t h e n a n d s c a l e u p t h e b i o - b a s e d s e c t o r s , i n v e s t m e n t s , a n d m a r k e t s , 

• d e p l o y l o c a l b i o e c o n o m i e s a c r o s s E u r o p e , 

• u n d e r s t a n d t h e e c o l o g i c a l b o u n d a r i e s o f t h e b i o e c o n o m y . 

F i r s t l y , r e n e w a b l e r e s o u r c e s , b i o - b a s e d v a l u e c h a i n s a n d i n n o v a t i o n , g r e e n p u b l i c 

p r o c u r e m e n t , t h e e n v i r o n m e n t a l f o o t p r i n t o f p r o d u c t s , p l a s t i c - f r e e o c e a n s , a n d a 

t h e m a t i c i n v e s t m e n t p l a t f o r m f o r a c i r c u l a r b i o e c o n o m y a r e c o v e r e d . In t h e s e c o n d 

a r e a , c a n b e o b s e r v e d a S t r a t e g i c D e p l o y m e n t A g e n d a t h a t s u p p o r t s a b l u e 

b i o e c o n o m y , r u r a l a r e a s , c a r b o n f a r m i n g , a n d e d u c a t i o n . T h e l a s t d o m a i n c o n c e r n s 

t h e e s t a b l i s h m e n t o f a m o n i t o r i n g s y s t e m t o e n s u r e c o m p r e h e n s i v e k n o w l e d g e , d a t a , 

a n d i n f o r m a t i o n o n t h e E u r o p e a n b i o e c o n o m y s e c t o r s . 

P o l i c y m a k e r s w o r l d w i d e a r e s t r i v i n g t o d e v e l o p u n i q u e b i o e c o n o m y s t r a t e g i e s t h a t 

s e e m n e c e s s a r y t o d e l i v e r e c o n o m i c , e n v i r o n m e n t a l , a n d s o c i a l s u s t a i n a b i l i t y . O n a 

n a t i o n a l s c a l e , b i o e c o n o m y s t r a t e g i e s w e r e d i s c o v e r e d , s p e c i f i c a l l y i n I ta ly ( C N B B S V , 

2 0 1 9 ) , S p a i n ( M i n i s t e r i o d e E c o n o m i a y C o m p e t i t i v i d a d , 2 0 2 1 ) , F i n l a n d ( L u o m a e t a l . , 

2 0 1 1 ) , G e r m a n y ( B M B F a n d B M E L , 2 0 2 0 ) , a n d o t h e r s . 

T h e C z e c h R e p u b l i c , l i k e w i s e t o C e n t r a l a n d E a s t e r n E u r o p e a n c o u n t r i e s , l a c k s a 

s p e c i f i c b i o e c o n o m y s t r a t e g y a t t h e n a t i o n a l l e v e l . O n t h e o t h e r h a n d , b i o e c o n o m y i s 

i n c o r p o r a t e d i n t h e f i r s t s t r a t e g i c p l a n f o r c i r c u l a r e c o n o m y s o - c a l l e d C i r c u l a r C z e c h 

R e p u b l i c 2 0 4 0 , s p e c i f i c a l l y i n d o m a i n 3 - b i o e c o n o m y a n d f o o d ( M i n i s t r y o f 

E n v i r o n m e n t , 2 0 2 1 ) . B e s i d e s , v a r i o u s p o l i c y m a t e r i a l s c o v e r i n g t h e b i o e c o n o m y a r e 

a v a i l a b l e , s u c h a s t h e S t r a t e g i c F r a m e w o r k o f t h e C z e c h R e p u b l i c 2 0 3 0 ( M i n i s t r y o f 

t h e E n v i r o n m e n t o f t h e C z e c h R e p u b l i c , 2 0 2 1 ) , t h e S t r a t e g y o f t h e D e p a r t m e n t o f t h e 

M i n i s t r y o f A g r i c u l t u r e o f t h e C z e c h R e p u b l i c w i t h a n O u t l o o k u p t o 2 0 3 0 ( e A g r i , 2 0 2 3 ) , 

R e s e a r c h a n d I n n o v a t i o n S t r a t e g y f o r t h e S m a r t S p e c i a l i z a t i o n o f t h e C z e c h R e p u b l i c 

( M i n i s t e r s t v o p r ů m y s l u a o b c h o d u , 2 0 2 2 ) , a n d T h e C z e c h R e p u b l i c ' s I n n o v a t i o n 

S t r a t e g y f o r 2 0 1 9 - 2 0 3 0 ( Ú ř a d v l á d y , R a d a p r o v ý z k u m , v ý v o j a i n o v a c e , 2 0 1 9 ) . T o 

s u m u p , p o l i c y i n t e r v e n t i o n s s h o u l d b e g e a r e d t o w a r d s t h e r e d u c t i o n o f e n v i r o n m e n t a l 

p r e s s u r e s a l o n g t h e e n t i r e v a l u e c h a i n a n d p r o v i d e b i o e c o n o m y s t r a t e g i e s ( E u r o p e a n 

E n v i r o n m e n t A g e n c y , 2 0 1 8 ) . 

A l t h o u g h t h e C z e c h R e p u b l i c h a s n o o f f i c i a l n a t i o n a l b i o e c o n o m y s t r a t e g y , s e v e r a l 

i n i t i a t i v e s a i m e d a t s u p p o r t i n g t h e p r o g r e s s o f t h e b i o e c o n o m y c a n b e o b s e r v e d . A t 
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t h e m a c r o r e g i o n a l l e v e l , t h e C e n t r a l - E a s t e r n E u r o p e a n i n i t i a t i v e f o r b i o - b a s e d 

a g r i c u l t u r e , a q u a c u l t u r e , a n d f o r e s t r y . T h e B I O E A S T ( 2 0 2 4 ) a c t i v i t i e s t a r g e t (1 ) t h e 

e s t a b l i s h m e n t o f a n a t i o n a l c i r c u l a r e c o n o m y a n d b i o e c o n o m y s t r a t e g i e s , (2 ) c r e a t i o n 

o f t h e v a l u e - a d d e d j o b s , n o t a b l y i n r u r a l a r e a s , (3 ) t h e c i r c u l a r u s a g e o f b i o m a s s , a n d 

(4 ) e v i d e n c e b a s e s u p p o r t . A t t h e n a t i o n a l l e v e l , t h e B i o e c o n o m y p l a t f o r m o f t h e 

C z e c h R e p u b l i c ( 2 0 2 4 ) a i m s t o (1 ) d e e p e n k n o w l e d g e r e l a t e d t o t h e b i o e c o n o m y v i a 

r e s e a r c h a n d e d u c a t i o n , (2 ) f o s t e r i ts p r a c t i c a l i m p l e m e n t a t i o n i n t h e p r i v a t e a n d p u b l i c 

s e c t o r s , a n d (3 ) c o n t r i b u t e t o s u s t a i n a b l e d e v e l o p m e n t . 

B i o e c o n o m y i s p r i m a r i l y r o o t e d i n t h e t r a d i t i o n a l s e c t o r s o f t h e e c o n o m y , n a m e l y 

(1 ) a g r i c u l t u r e , (2 ) f o r e s t r y , ( 3 ) a q u a c u l t u r e , a n d (4 ) t h e p r o d u c t i o n o f p a p e r a n d w o o d -

r e l a t e d g o o d s . N o n e t h e l e s s , i n n o v a t i v e s e c t o r s a r e a l s o i n c l u d e d , b i o e n e r g y , b i o f u e l s , 

b i o t e x t i l e s , a n d b i o c h e m i c a l s w h i l e t h e i r s i g n i f i c a n c e i s s t r e n g t h e n i n g o v e r t i m e 

( R o n z o n e t a l . , 2 0 1 7 ) . T h e s t u d y p r e s e n t e d b y R o n z o n e t a l . ( 2 0 1 5 ) s e g r e g a t e d t h e 

n a t i o n a l e c o n o m i e s o f t h e M e m b e r S t a t e s f o l l o w i n g : 

• a g r i c u l t u r a l b i o e c o n o m i e s ( R o m a n i a , G r e e c e , P o l a n d , S l o v e n i a , I r e l a n d , a n d 

C r o a t i a ) , 

• a g r o - f o o d i n d u s t r y a n d b i o - b a s e d c h e m i c a l i n d u s t r i e s ( N e t h e r l a n d s , B e l g i u m , 

F r a n c e , D e n m a r k , G e r m a n y , I ta ly, S p a i n , L u x e m b o u r g ) , 

• f o r e s t b i o e c o n o m i e s ( F i n l a n d , S w e d e n , L a t v i a , a n d E s t o n i a ) , 

• n o n - s p e c i a l i z e d b i o e c o n o m i e s ( B u l g a r i a , C z e c h R e p u b l i c , H u n g a r y , a n d 

S l o v a k i a ) . 

C u r r e n t l y , t h e f o r e s t b i o e c o n o m y i s g a i n i n g p r o m i n e n c e a n d i s p a r t o f a 

c o m p r e h e n s i v e s e t n a m e d t h e F i t f o r 5 5 , t a r g e t i n g a s e r i e s o f p r o p o s e d r e v i s i o n s a n d 

n e w i n i t i a t i v e s t o e n s u r e t h e a c h i e v e m e n t o f t h e c l i m a t e - n e u t r a l v i s i o n ( E u r o p e a n 

C o m m i s s i o n , 2 0 2 1 d ) . In d e t a i l , t h e N e w E U F o r e s t S t r a t e g y ( E u r o p e a n C o m m i s s i o n , 

2 0 2 1 c ) f o c u s e s o n t h e c a s c a d i n g p r i n c i p l e o f b i o m a s s u s a g e , f o r e s t r e s t o r a t i o n , 

f i n a n c i a l s u p p o r t f o r f o r e s t o w n e r s a n d r u r a l a r e a s , a n d p r o t e c t i o n o f f o r e s t 

e c o s y s t e m s . 

A c i r c u l a r e c o n o m y , a r e g i m e i n w h i c h w a s t e b e c o m e s a s o u r c e o r i n p u t f o r f u r t h e r 

p r o d u c t i o n w h i l e m a t e r i a l a n d e n e r g y e f f i c i e n c y a r e m a x i m i z e d , h a s a m a j o r r o l e i n 

t h e t r a n s i t i o n t o a l o w - c a r b o n e c o n o m y ( E u r o p e a n C o m m i s s i o n , 2 0 2 2 ) . T h e c i r c u l a r 

e c o n o m y r e p l a c e s t h e o r i g i n a l , l i n e a r e c o n o m y , w h i c h o p e r a t e s o n t h e p r i n c i p l e w h e r e 

r e s o u r c e s a r e t u r n e d i n t o p r o d u c t s , s o l d , c o n s u m e d , a n d a f t e r a v e r y s h o r t l i f e s p a n 

b u r n e d , o r l a n d f i l l e d ( Y a n g e t a l . , 2 0 2 3 ; H a l o g a n d A n i e k e , 2 0 2 1 ) . T h e b i o e c o n o m y , 

a s a r e n e w a b l e s e g m e n t o f t h e c i r c u l a r e c o n o m y , i n c l u d e s f o r e s t r y a s o n e o f i ts 
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p r i o r i t i e s . B i o d i v e r s e a n d r e s i l i e n t e c o s y s t e m s u n d e r p i n a c i r c u l a r b i o e c o n o m y t h a t 

d e l i v e r s s o c i a l w e l l - b e i n g c o n c e r n i n g t h e e c o l o g i c a l b o u n d a r i e s o f t h e e c o s y s t e m s o n 

w h i c h it d e p e n d s ( P a l a h i e t a l . , 2 0 2 0 ) . T h e b u t t e r f l y d i a g r a m , a s y s t e m d i a g r a m o f t h e 

c i r c u l a r e c o n o m y , v i s u a l i z e s t h e f l o w o f m a t e r i a l s w i t h i n t h e b i o l o g i c a l a n d t e c h n i c a l 

c y c l e ( M c D o n o u g h a n d B r a u n g a r t , 2 0 0 2 ) . In t h e b i o l o g i c a l l o o p , n o u r i s h m e n t f r o m 

b i o d e g r a d a b l e m a t e r i a l s c a n b e r e i n v e s t e d t o h e l p r e c o v e r t h e e n v i r o n m e n t ( E l l e n 

M a c A r t h u r F o u n d a t i o n , 2 0 1 9 ) . 

G l o b a l l y , r e n e w a b l e m a t e r i a l s c o n s t i t u t e r o u g h l y 2 5 % o f a l l m a t e r i a l i n p u t s ( C i r c l e 

E c o n o m y , 2 0 2 3 ) . A d d i t i o n a l l y , e n d - o f - l i f e m a t e r i a l s f l o w i n g b a c k i n t o t h e g l o b a l 

e c o n o m y e q u a t e d t o 7 . 2 % o f a l l m a t e r i a l i n p u t s i n 2 0 2 3 . R e g a r d i n g t h e s t u d y b y 

B o c k e n e t a l . ( 2 0 1 6 ) , f o u r e s s e n t i a l s t r a t e g i e s , s u c h a s n a r r o w , s l o w , r e g e n e r a t e , a n d 

c y c l e c a n c o n t r i b u t e t o w a r d s a m o r e s u s t a i n a b l e e c o n o m i c p a r a d i g m . T o u n l o c k t h e 

p o t e n t i a l o f t h e c i r c u l a r e c o n o m y a h o l i s t i c a p p r o a c h i n c o r p o r a t i n g t h e e c o n o m i c , 

s o c i a l , a n d e n v i r o n m e n t a l d i m e n s i o n s s h o u l d b e a p p l i e d ( L o z a n o e t a l . , 2 0 2 1 ; R e i c h 

e t a l . , 2 0 2 3 ) . 

S o c i a l a s p e c t s 

A c c o r d i n g t o t h e E u r o p e a n U n i o n c a l c u l a t i o n s , t h e b i o e c o n o m y e m p l o y s 

a r o u n d 1 8 m i l l i o n p e o p l e a n d b y 2 0 3 0 u p t o 2 m i l l i o n n e w j o b s c o u l d b e c r e a t e d 

( E u r o p e a n C o m m i s s i o n , 2 0 1 8 ) . T h e h i g h e m p l o y m e n t n u m b e r s i n t h e s u b s e c t o r s o f 

t h e b i o e c o n o m y a r e t h e r e s u l t o f n a t u r a l a n d g e o g r a p h i c a l c o n d i t i o n s ( D r e j e r s k a , 

2 0 1 7 ) . D r i v e r s o f b i o e c o n o m y j o b c r e a t i o n a r e t h e f o r e s t r y , f i s h i n g , a n d w o o d s e c t o r s 

( P h i l i p p i d i s e t a l . , 2 0 1 4 ) . W o o d l o g g i n g , t h e m a n u f a c t u r e o f w o o d p r o d u c t s , a n d 

s e c t o r s u s i n g t h e b y - p r o d u c t a s a f e e d s t o c k s h o w t h e p o t e n t i a l t o b o o s t b i o e c o n o m y 

e m p l o y m e n t ( J o n s s o n e t a l . , 2 0 2 1 ) . C o m p a r i n g m a t e r i a l a n d e n e r g y u s e o f b i o m a s s , 

m a t e r i a l u t i l i z a t i o n g e n e r a t e s h i g h e r e m p l o y m e n t , m a i n l y d u e t o l o n g e r a n d m o r e 

c o m p l e x v a l u e c h a i n s ( C a m s , 2 0 1 2 ) . 

R a k o w s k a ( 2 0 1 1 ) d i s p l a y s t h a t t e r t i a r y e d u c a t i o n i n t h e b i o e c o n o m y s e e m s t o 

b e a c r u c i a l e l e m e n t i n t h e d e v e l o p m e n t o f a n i n n o v a t i v e a n d m o r e s u s t a i n a b l e 

s o c i e t y . T h e o v e r v i e w ( H e t e m a k i e t a l . , 2 0 1 6 ) d i s p l a y s a s i g n i f i c a n t n e e d t o i n c r e a s e 

a c a d e m i c r e s e a r c h a n d e d u c a t i o n a c c o r d i n g t o b i o e c o n o m y . T h e s t u d y ( L u d v i g e t a l . , 

2 0 1 9 ) h i g h l i g h t s t h e g r e a t p o t e n t i a l o f s o c i a l i n n o v a t i o n s i n t h e f o r e s t b i o e c o n o m y , 

w h i c h c a n p r o v i d e e c o n o m i c , e d u c a t i o n a l , a n d c u l t u r a l o p p o r t u n i t i e s a n d s u p p o r t 

p e o p l e i n r u r a l a r e a s . 

T h e b i o e c o n o m y s e c t o r s s e e m t o b e c r u c i a l i n t h e c a s e o f e m p l o y m e n t 

i n c r e m e n t a n d h o u s e h o l d i n c o m e a t t h e n a t i o n a l a n d r e g i o n a l l e v e l s ( D a m m e r e t a l . , 
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2 0 1 7 ; P a s n i c u e t a l . , 2 0 1 9 ; J u r g a e t a l . , 2 0 2 1 ) . T o t r a c k t h e p r o g r e s s , s e v e r a l 

i n d i c a t o r s w e r e u s e d , n a m e l y (1 ) t h e t o t a l n u m b e r o f b i o e c o n o m y e m p l o y e e s a n d t h e 

b i o e c o n o m y s h a r e i n t h e l a b o u r f o r c e ( E f k e n e t a l . , 2 0 1 6 ; P i o t r o w s k i e t a l . , 2 0 1 9 ; 

R o n z o n e t a l . , 2 0 2 0 ; C a p a s s o a n d K l i t k o u , 2 0 2 0 ) , (2 ) l a b o u r p r o d u c t i v i t y ( R o n z o n e t 

a l . , 2 0 1 7 ) , (3 ) e m p l o y m e n t m u l t i p l i e r s ( P h i l i p p i d i s e t a l . , 2 0 1 4 ; J u r g a e t a l . , 2 0 2 1 ) ; (4 ) 

d i r e c t , i n d i r e c t a n d i n d u c e d e m p l o y m e n t ( R a j e n d r a n e t a l . , 2 0 1 6 ) , (5 ) f u l l - t i m e 

e q u i v a l e n t s ( D e b e r g h e t a l . , 2 0 1 6 ) , a n d (6 ) l o c a t i o n q u o t i e n t ( R o n z o n e t a l . , 2 0 1 8 ) . 

M o n i t o r i n g o f s o c i a l i n d i c a t o r s p r o v i d e s i m p o r t a n t i n s i g h t i n t o t h e s i z e , i m p a c t , 

a n d e v o l u t i o n o f t h e b i o e c o n o m y ( K a r d u n g e t a l . , 2 0 1 9 ) . A t t h e s a m e t i m e , u n i f o r m 

t o o l s , m e t r i c s , a n d i n d i c a t o r s t h a t c a n r e l i a b l y m e a s u r e t h e d e v e l o p m e n t a n d s t a t e o f 

t h e b i o e c o n o m y a r e n e c e s s a r y ( K u o s m a n e n e t a l . , 2 0 2 0 ) . H o w e v e r , t h e m o n i t o r i n g 

i n d i c a t o r s a r e h a m p e r e d b y a l a c k o f s t a t i s t i c a l d a t a ( P a r i s i e t a l . , 2 0 1 6 ) . T o b e a b l e t o 

m o n i t o r a n d m e a s u r e t h e b i o e c o n o m y , it i s e s s e n t i a l t o d e f i n e t h e s e c t o r s b e l o n g i n g 

t o t h e b i o e c o n o m y . B a s e d o n t h e N A C E c l a s s i f i c a t i o n , t h e r e a r e s e v e r a l s t u d i e s 

( R o n z o n e t a l . , 2 0 1 7 ; K a r d u n g e t a l . , 2 0 1 9 ; E f k e n e t a l . , 2 0 1 6 ; P i o t r o w s k i e t a l . , 2 0 1 9 ) 

w h i c h i n c l u d e v a r i o u s N A C E s e c t o r s t o m e a s u r e a n d m o n i t o r t h e d e v e l o p m e n t o f t h e 

s o c i a l a s p e c t o f t h e b i o e c o n o m y . 

R e g a r d i n g s t u d i e s f o c u s i n g o n t h e C z e c h R e p u b l i c , b e s i d e s t h e 

a b o v e m e n t i o n e d s t u d i e s ( R o n z o n e t a l . , 2 0 1 7 ; P h i l i p p i d i s e t a l . , 2 0 1 4 ; P a s n i c u e t a l . , 

2 0 1 9 ) t h e r e i s r e s e a r c h p r e s e n t e d b y P u r w e s t r i e t a l . ( 2 0 2 0 ) , a n d H á j e k e t a l . ( 2 0 2 0 ) . 

H o w e v e r , s t u d i e s l a c k a t t e n t i o n d i r e c t l y t o t h e b i o e c o n o m y l a b o u r m a r k e t i n t h e C z e c h 

R e p u b l i c . 

T o s u m u p , r e s e a r c h f i n d i n g s a c c o r d i n g t o t h e b i o e c o n o m y l a b o u r f o r c e a r e 

c o n s t a n t l y d e v e l o p i n g . H o w e v e r , a v e r y l o w n u m b e r o f s t u d i e s f o c u s e d p a r t i c u l a r l y o n 

t h e l a b o u r m a r k e t o f t h e f o r e s t r y s e c t o r w e r e o b s e r v e d , e s p e c i a l l y i n t h e C z e c h 

R e p u b l i c ( S a n z - H e r n á n d e z e t a l . , 2 0 1 9 ) . A n o t a b l e k n o w l e d g e g a p e x i s t s i n t h e 

c u r r e n t u n d e r s t a n d i n g o f t h e e m p l o y m e n t p o t e n t i a l o f t h e b i o e c o n o m y i n t h e C z e c h 

R e p u b l i c . 

E c o n o m i c a n d f i n a n c i a l a s p e c t s 

R e g a r d i n g s c i e n t i f i c s t u d i e s , t h e i s s u e o f e c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s 

a n d t h e i r i m p a c t s o n t h e b i o e c o n o m y i s n o t s u f f i c i e n t l y a n a l y z e d . S t u d i e s f o c u s e d o n 

f i n a n c i a l s u p p o r t o f t h e b i o e c o n o m y t h a t e n s u r e e c o n o m i c , e n v i r o n m e n t a l , a n d s o c i a l 

s u s t a i n a b i l i t y c a n b e f o u n d ( D A m a t o e t a l . , 2 0 2 0 ) . F i n a n c i a l i n s t r u m e n t s a r e c r u c i a l 

f a c t o r s i n a c h i e v i n g a c l i m a t e - n e u t r a l e c o n o m i c s y s t e m i n t h e E u r o p e a n U n i o n b y 

2 0 5 0 ( E u r o p e a n C o m m i s s i o n , 2 0 1 9 a ) . I n v e s t m e n t s i n r e s e a r c h a n d i n n o v a t i o n c a n 
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i m p r o v e E u r o p e a n c o m p e t i t i v e n e s s a n d a c c e l e r a t e t h e t r a n s f o r m a t i o n o f t h e e c o n o m y 

t o a g r e e n a n d s u s t a i n a b l e p a t h w a y ( R i t t e r e t a l . , 2 0 2 4 ) . A t t h e E u r o p e a n l e v e l , s e v e r a l 

e c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s t o s u p p o r t a n d b o o s t t h e b i o e c o n o m y a r e 

p r o v i d e d . F u n d i n g o p p o r t u n i t i e s i n c l u d e t h e r e s e a r c h a n d i n n o v a t i o n p r o g r a m H o r i z o n 

E u r o p e 2 0 2 1 - 2 0 2 7 , t h e E u r o p e a n C i r c u l a r B i o e c o n o m y F u n d , t h e C i r c u l a r B i o b a s e d 

E u r o p e J o i n t U n d e r t a k i n g , t h e E u r o p e a n S t r u c t u r a l a n d I n v e s t m e n t F u n d , a n d t h e 

E u r o p e a n F u n d f o r S t r a t e g i c I n v e s t m e n t s . 

F o c u s e d o n b i o e c o n o m y , H o r i z o n E u r o p e 2 0 2 1 - 2 0 2 7 a l l o c a t e d i n p i l l a r 2 -

G l o b a l c h a l l e n g e s a n d E u r o p e a n i n d u s t r i a l c o m p e t i t i v e n e s s , n a m e l y i n c l u s t e r 6 -

F o o d , b i o e c o n o m y , n a t u r a l r e s o u r c e s , a g r i c u l t u r e , a n d e n v i r o n m e n t E U R 5 2 . 7 b i l l i o n 

( E u r o p e a n C o m m i s s i o n , 2 0 2 1 b ) . T h e m a i n a i m o f i n v e s t m e n t s i n r e s e a r c h a n d 

i n n o v a t i o n c o n c e r n i n g f o o d , b i o e c o n o m y , n a t u r a l r e s o u r c e s , a g r i c u l t u r e , a n d 

e n v i r o n m e n t i s k n o w l e d g e d e v e l o p m e n t , c a p a c i t y b u i l d i n g , a n d d e m o n s t r a t i n g 

i n n o v a t i v e s o l u t i o n s t o a c c e l e r a t e t h e t r a n s i t i o n t o a m o r e s u s t a i n a b l e a n d c i r c u l a r 

s y s t e m . 

E c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s c a n s u p p o r t a l s o i n n o v a t i o n s ( L o v r i c e t a l . , 

2 0 2 0 ) , t h e m o s t f r e q u e n t t y p e s a r e w i t h i n t h e d e v e l o p m e n t o f p r o d u c t i o n m e t h o d s , 

f o l l o w e d b y i n n o v a t i o n s i n g o o d s a n d s e r v i c e s . T h e r e a r e f e w i n n o v a t i o n c a s e s i n t h e 

l a t e r s t a g e s o f d e v e l o p m e n t , a n d m o r e d i s r u p t i v e a n d c o m p l e x i n n o v a t i o n s a r e u s u a l l y 

m o r e s u c c e s s f u l o n e s . R e g a r d i n g t h e i n n o v a t i o n s i n f o r e s t r y , w e c a n o b s e r v e s e v e r a l 

s t u d i e s f o c u s o n d i g i t i z e d f o r e s t m a n a g e m e n t ( K l i t k o u , 2 0 2 1 ) , w o o d e n s k y s c r a p e r s 

( T o l l e f s o n , 2 0 1 7 ) , d r i v e r s i n f o r e s t r y ( U N E C E , 2 0 1 8 ) , t h e r o l e o f n e w w o o d - b a s e d 

p r o d u c t s ( H u r m e k o s k i , 2 0 1 8 ) , f o r e s t b i o m a s s ( B o t t c h e r , 2 0 1 3 ) , a n d n e w v a l u e c h a i n s 

a n d c l i m a t e - s m a r t f o r e s t r y ( V e r k e r k , e t a l . , 2 0 2 0 ) . T h e s t u d y ( N a y h a , 2 0 1 4 ) p r o v i d e s 

i n s i g h t i n t o e x i s t i n g t r a d i t i o n a l f o r e s t p r o d u c t s , n e w f o r e s t p r o d u c t s , b i o e n e r g y , a n d 

f o r e s t s e r v i c e s . 

T h e m a i n t y p e s o f f i n a n c i a l i n s t r u m e n t s e n a b l i n g b i o e c o n o m y d e v e l o p m e n t 

i n c l u d e t a x e s , t a x r e l i e f , g r a n t s , s u b s i d i e s , f e e d - i n t a r i f f s , l o a n s , d i r e c t p u b l i c f u n d i n g , 

a n d t r a d a b l e p e r m i t s ( S t i c h t i n g W a g e n i n g e n R e s e a r c h N e t h e r l a n d s , 2 0 1 6 ) . T o a s s e s s 

t h e c o n t r i b u t i o n o f e c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s t o t h e d e v e l o p m e n t o f t h e 

b i o e c o n o m y , d i v e r s e v a r i a b l e s w e r e c o n s i d e r e d , i n p a r t i c u l a r , e n v i r o n m e n t a l t a x e s 

( Z h u r a k o v s k a e t a l . , 2 0 2 1 ; S a s a k i , 2 0 2 1 ) , c a r b o n p a y m e n t s ( K e r r e t a l . , 2 0 1 2 ; 

P u k k a l a , 2 0 2 0 ; B a r u a e t a l . , 2 0 1 2 ; E v i s o n , 2 0 1 7 ; M o i s e y e v e t a l . , 2 0 1 4 ; C a u r l a e t a l . , 

2 0 1 3 ; L a u r i e t a l . , 2 0 1 2 ) , a n d n a t i o n a l s u b s i d i e s ( E s p a h a e t a l . , 2 0 2 2 ; E r s o y a n d M a c k , 
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2 0 1 2 ; A o y a g i a n d M a n a g i , 2 0 0 4 ; J e n s e n e t a l . , 2 0 2 2 ; v a n V a l k e n g o e d a n d v a n d e r 

W e r f f , 2 0 2 2 ) . 

S i m u l t a n e o u s l y , t h e r e i s n o c o m p r e h e n s i v e s y s t e m t o s u p p o r t t h e 

d e v e l o p m e n t o f t h e b i o e c o n o m y f r o m i n i t i a l r e s e a r c h t o t h e c o m m e r c i a l i z a t i o n s t a g e 

( M u b a r e k a e t a l . , 2 0 2 3 ) . I m p l e m e n t a t i o n o f t h a t s y s t e m c a n e n s u r e t h a t t h e r i g h t 

f i n a n c i n g s o l u t i o n s a n d t a r g e t e d a d v i s o r y s u p p o r t i n t h e b i o e c o n o m y w i l l b e a v a i l a b l e . 

T h e l a c k o f p r i v a t e i n v e s t m e n t s i s d i s p l a y e d , s o t h e c h a l l e n g e t o m o b i l i z e p r i v a t e 

f i n a n c i a l s o u r c e s t o s c a l e u p i n n o v a t i o n s s t i l l e x i s t s ( B e c k e r e t a l . , 2 0 2 4 ) . T h e r i s k -

s h a r i n g f i n a n c e f a c i l i t y p r e s e n t s a p o s s i b i l i t y t o a d d r e s s t h e n e e d s o f b i o e c o n o m y 

p r o j e c t s a n d a t t r a c t p r i v a t e c a p i t a l ( W o r l d B u s i n e s s C o u n c i l f o r S u s t a i n a b l e 

D e v e l o p m e n t , 2 0 1 9 ) . H o w e v e r , f u r t h e r b a r r i e r s s u c h a s h i g h a n d r i s k y c o s t s , a l a c k o f 

b i o - b a s e d t e c h n o l o g i e s , u n c o m p r e h e n d e d p o l i c i e s , a n d c u s t o m e r p e r c e p t i o n s o f b i o -

b a s e d m a t e r i a l s a n d p r o d u c t s c a n b e r e c o g n i z e d ( B o r z a c c h i e l l o e t a l . , 2 0 2 4 ) . 

N a t i o n a l f i n a n c i a l s o u r c e s i n t h e C z e c h R e p u b l i c t o s u p p o r t f o r e s t r y a r e 

r e g u l a t e d b y S e c t i o n 4 6 o f t h e F o r e s t A c t n o . 2 8 9 / 1 9 9 5 C o l l . o n f o r e s t s a n d o n t h e 

a m e n d m e n t a n d a d d i t i o n o f c e r t a i n l a w s . In t h e l o n g t e r m , t h e f i n a n c i a l s u p p o r t 

m e c h a n i s m i s c o m p l e x , i m p r e c i s e , a n d a d m i n i s t r a t i v e l y i n t e n s i v e , w h i c h r e d u c e s t h e 

o v e r a l l e f f e c t i v e n e s s o f f i n a n c i a l s u p p o r t f o r f o r e s t o w n e r s i n t h e C z e c h R e p u b l i c 

( M i n i s t r y o f A g r i c u l t u r e , 2 0 2 2 ) . F i n a n c i a l c o n t r i b u t i o n s f o r f o r e s t m a n a g e m e n t g r a n t e d 

f r o m t h e b u d g e t o f t h e M i n i s t r y o f A g r i c u l t u r e p r o v i d e a w i d e r a n g e o f f i n a n c i a l s u p p o r t 

f o r f o r e s t r y ( M i n i s t r y o f A g r i c u l t u r e , 2 0 2 3 ) . A d d i t i o n a l l y , i n t h e p e r i o d 2 0 2 0 - 2 0 2 3 , t h e 

N a t i o n a l R e c o v e r y P l a n ( E u r o p e a n C o m m i s s i o n , 2 0 1 9 b ) o f f e r e d C Z K 8 b i l l i o n f o r T i t l e 

B - f i n a n c i a l c o n t r i b u t i o n s f o r r e f o r e s t a t i o n , e s t a b l i s h m e n t , a n d t e n d i n g o f f o r e s t 

s t a n d s . 

E x c e p t f o r t h e n a t i o n a l p r o g r a m s n a m e d a b o v e , t h e r e a r e o t h e r p o s s i b i l i t i e s 

o p e n t o f o r e s t o w n e r s , s u c h a s (1 ) s u b s i d i e s f o r t h e p r o t e c t i o n a n d r e p r o d u c t i o n o f t h e 

g e n e p o o l o f f o r e s t t r e e s , (2 ) s u p p o r t f r o m t h e A g r i c u l t u r a l a n d F o r e s t r y S u p p o r t a n d 

G u a r a n t e e F u n d , (3 ) s e r v i c e s w i t h w h i c h t h e s t a t e s u p p o r t s f o r e s t m a n a g e m e n t , a n d 

(4 ) p a r t i a l r e f u n d e x c i s e d u t y o n d i e s e l f u e l c o n s u m e d d u r i n g f o r e s t m a n a g e m e n t 

( M i n i s t r y o f A g r i c u l t u r e , 2 0 2 3 ) . 

F o r e s t a d a p t a t i o n t o c l i m a t e c h a n g e c o n t r i b u t i o n w a s i n t r o d u c e d i n 2 0 2 2 , 

e s t a b l i s h i n g a v o l u n t a r y c o m m i t m e n t b e y o n d t h e b i n d i n g r e q u i r e m e n t s o f t h e F o r e s t 

A c t f o r a p e r i o d o f a t l e a s t f i v e y e a r s . C u r r e n t l y , t h e r e i s a s h o r t d u r a t i o n a n d a l a c k o f 

d a t a , h o w e v e r , it w i l l b e r e l e v a n t t o e x a m i n e t h e e f f e c t o f n a m e d c o n t r i b u t i o n o n t h e 

f o r e s t r y s e c t o r . 
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S t a t e f i n a n c i a l o b l i g a t i o n s u n d e r t h e F o r e s t A c t a r e a f u r t h e r o p t i o n f o r t h e 

n a t i o n a l f i n a n c i a l s o u r c e s f o r f o r e s t r y . F o u r c a t e g o r i e s o f m a n d a t o r y e x p e n d i t u r e c a n 

b e i d e n t i f i e d , n a m e l y § 2 4 i m p r o v e m e n t a n d s t r e n g t h e n i n g o f t i m b e r s p e c i e s , § 2 6 

c o s t s f o r p r o c e s s i n g f o r e s t m a n a g e m e n t p l a n s , § 3 5 i m p r o v e m e n t a n d d a m m i n g o f 

s t r e a m s i n f o r e s t s , § 3 7 a c t i v i t i e s o f a p r o f e s s i o n a l f o r e s t m a n a g e r . B a s e d o n t h e 

N a t i o n a l R e c o v e r y P l a n ( E u r o p e a n C o m m i s s i o n , 2 0 1 9 b ) , C Z K 3 0 0 m i l l i o n ( E U R 1 2 

m i l l i o n ) b e t w e e n 2 0 2 0 - 2 0 2 3 w a s t a r g e t e d f o r f i n a n c i a l s u p p o r t u n d e r § 3 5 o f t h e F o r e s t 

A c t . 

T o s u m u p , a r e v i e w o f t h e e x i s t i n g l i t e r a t u r e r e v e a l s s e v e r a l a v e n u e s f o r f u r t h e r 

r e s e a r c h a s a k n o w l e d g e g a p i s e v i d e n t r e g a r d i n g t h e e c o n o m i c a n d f i n a n c i a l 

i n s t r u m e n t s t o s u p p o r t t h e b i o e c o n o m y in t h e C z e c h R e p u b l i c . 

E n v i r o n m e n t a l a s p e c t s 

T h e b i o e c o n o m y , i n p a r t i c u l a r t h e f o r e s t b i o e c o n o m y , c o n s t i t u t e s a c o m p o n e n t 

o f a c l i m a t e - n e u t r a l e c o n o m y . C u m u l a t i v e e m i s s i o n s o f g r e e n h o u s e g a s e s a r e o n t h e 

r i s e ( R a e e t a l . , 2 0 2 1 ) a n d t h e i r c o n c e n t r a t i o n i n t h e a t m o s p h e r e c o n t i n u e s u p w a r d s , 

d r i v i n g u p t h e g l o b a l a v e r a g e t e m p e r a t u r e ( S c r i p p s I n s t i t u t i o n o f O c e a n o g r a p h y , 

2 0 2 3 ) . T h e c a r b o n b u d g e t a n d v a r i o u s e m i s s i o n s c e n a r i o s a r e d i s c u s s e d , a l o n g w i t h 

t h e i r i m p a c t s o n e c o s y s t e m s a n d h u m a n i t y ( I P C C , 2 0 2 3 ; K i m e t a l . , 2 0 1 7 ; G i o r g i , 

2 0 1 9 ; H l á s n y e t a l . , 2 0 2 1 ) . T h e K y o t o P r o t o c o l i n i t i a t e d t h e m o n i t o r i n g o f n a t i o n a l 

e m i s s i o n s o f g r e e n h o u s e g a s e s ( U N F C C C , 2 0 2 3 ) a n d i s n o t l o s i n g i ts r e l e v a n c e e v e n 

i n t h e e f f o r t t o k e e p w a r m i n g b e l o w 2 d e g r e e s C e l s i u s ( U n i t e d N a t i o n s , 2 0 1 6 ) . 

F o r e s t s a r e o f g r e a t i m p o r t a n c e i n t h e c a r b o n c y c l e , a s t h e y p a r t i c i p a t e i n t h e 

p r o c e s s o f p h o t o s y n t h e s i s ( K e e l i n g e t a l . , 2 0 1 1 ) . F o r e s t s a s n e t c a r b o n s i n k s w e r e 

e x a m i n e d b y s e v e r a l a u t h o r s , n a m e l y K a u p p i e t a l . ( 2 0 2 0 ) , A s s m u t h a n d T a h v o n e n 

( 2 0 1 8 ) , M e e u s s e n e t a l . ( 2 0 2 1 ) , a n d B r a d f o r d ( 2 0 1 1 ) . B e s i d e s c a r b o n s e q u e s t r a t i o n 

a n d s t o r a g e , o t h e r p o s i t i v e e x t e r n a l i t i e s a n d f o r e s t f u n c t i o n s a r e e x p l o r e d ( W e n e t a l . , 

2 0 1 9 ; P u t r a e t a l . , 2 0 1 8 ; A n t o n e l l i e t a l . 2 0 2 1 ; M a o e t a l . 2 0 1 7 ; a n d F a r k i c e t a l . , 2 0 2 1 ) . 

N a t u r a l s o l u t i o n s f o r c a r b o n s t o r a g e i n f o r e s t e c o s y s t e m s w e r e a n a l y z e d . 

G e n e r a l l y , m o n e t a r y c o m p e n s a t i o n s c o n s t i t u t e a s i g n i f i c a n t p o s i t i v e i n c e n t i v e ( H o r n e , 

2 0 0 6 ; R ä m ó e t a l . , 2 0 1 3 ; M a r k o w s k i - L i n d s a y e t a l . , 2 0 1 1 ; T i a n e t a l . , 2 0 1 5 ) . 

S i m u l t a n e o u s l y , n e g a t i v e l i n k s w i t h f o r e s t c a r b o n w e r e e x p l o r e d b y D i c k i n s o n e t a l . 

( 2 0 1 2 ) , F l e t c h e r e t a l . ( 2 0 0 9 ) , W a d e a n d M o s e l e y ( 2 0 1 1 ) , a n d K h a n a l e t a l . ( 2 0 1 7 ) . 

F i n a l l y , t h e m i x t u r e o f p o l i c y m a t e r i a l s a n d s t r a t e g i e s t h a t s h a p e t h e d i r e c t i o n o f 

t h e d e v e l o p m e n t i n t h e f i e l d o f c i r c u l a r b i o e c o n o m y a p p e a r s , n a m e l y t h e P a r i s 

1 8 



A g r e e m e n t , t h e E u r o p e a n G r e e n D e a l , o r t h e B i o e c o n o m y S t r a t e g y . E u r o p e a n 

b i o e c o n o m y h a s t h e p o t e n t i a l t o c r e a t e n e w g r e e n j o b s , t u r n f o r e s t s i n t o v a l u e - a d d e d 

i n n o v a t i v e p r o d u c t s s u p p o r t r e n e w a b l e r e s o u r c e s , a n d i n c r e a s e c a r b o n s t o r a g e . T h e 

b i o e c o n o m y i s i n t e n d e d t o s c a l e u p t h e b i o - b a s e d s e c t o r s , u n l o c k i n v e s t m e n t s , a n d 

d e p l o y r e g i o n a l b i o e c o n o m i e s . In p a r a l l e l t o f o s t e r i n g i n v e s t m e n t , t h e b i o e c o n o m y is 

s t i m u l a t i n g t h e e m e r g e n c e o f n e w h i g h - s k i l l e d g r e e n j o b s i n r u r a l a n d c o a s t a l a r e a s . 

S u p p o r t i n g t h e b i o e c o n o m y h a s e n o r m o u s p o t e n t i a l t o m e e t a m a j o r c h a l l e n g e t o 

m e e t n o t o n l y t h e E u r o p e a n G r e e n D e a l ( E u r o p e a n C o m m i s s i o n , 2 0 1 9 a ) b u t a l s o t h e 

S u s t a i n a b l e D e v e l o p m e n t G o a l s ( U n i t e d N a t i o n s , 2 0 1 5 ) . 

In s u m m a r y , t h e r e i s e s p e c i a l l y a k n o w l e d g e g a p i n : 

• s t u d i e s t o a s s e s s t h e d e v e l o p m e n t o f s o c i o - e c o n o m i c i n d i c a t o r s o f t h e 

b i o e c o n o m y , 

• c l e a r b i o e c o n o m y d e f i n i t i o n , 

• c l e a r i d e n t i f i c a t i o n o f t h e b i o e c o n o m y s e c t o r s , 

• c o m p r e h e n s i v e b i o e c o n o m y d a t a a n d s t a t i s t i c s , 

• c o m p r e h e n s i v e b i o e c o n o m y e d u c a t i o n , 

• c o m p r e h e n s i v e b i o e c o n o m y f i n a n c i a l s u p p o r t . 

B a s e d o n t h e l i t e r a t u r e r e v i e w , it i s o b v i o u s t h a t t h e r e i s a n o p p o r t u n i t y f o r 

i m p r o v e m e n t . T h e r e a r e st i l l s i g n i f i c a n t k n o w l e d g e g a p s i n t h e E u r o p e a n c i r c u l a r 

b i o e c o n o m y . T h e d i s s e r t a t i o n t h e s i s a n d d o c t o r a l s t u d y c o m p l e t e d t h e p i c t u r e o f t h e 

c i r c u l a r b i o e c o n o m y i n t h e C z e c h R e p u b l i c . 
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4 M e t h o d o l o g y 

4 . 1 M a t e r i a l s 

E x t e n s i v e s e c o n d a r y d a t a w a s c o l l e c t e d f o r t h e p e r i o d 2 0 0 0 - 2 0 2 1 . A c c o r d i n g t o 

d a t a l i n k e d w i t h b i o e c o n o m y , v a r i o u s d a t a s o u r c e s w e r e a p p l i e d . T h e k e y d a t a 

s o u r c e s a r e E u r o s t a t , t h e C z e c h S t a t i s t i c a l O f f i c e , t h e M i n i s t r y o f A g r i c u l t u r e o f t h e 

C z e c h R e p u b l i c , t h e M i n i s t r y o f t h e E n v i r o n m e n t o f t h e C z e c h R e p u b l i c , t h e E n e r g y 

R e g u l a t o r y O f f i c e , t h e o f f i c i a l w e b s i t e s o f t h e E u r o p e a n U n i o n a n d t h e U n i t e d N a t i o n s 

F r a m e w o r k C o n v e n t i o n o n C l i m a t e C h a n g e ( U N F C C C ) , a n d d a t a p u b l i s h e d i n 

s c i e n t i f i c s t u d i e s ( d a t a b a s e s W e b o f S c i e n c e , S c o p u s , e t c . ) . 

A c c o r d i n g t o l a b o u r m a r k e t d a t a , t h e d e v e l o p m e n t o f t h e b i o e c o n o m y r e l a t e s t o 

i ts s u b s e c t o r s . T o i d e n t i f y t h e r e l e v a n t d a t a o n e m p l o y m e n t i n t h e b i o e c o n o m y i n t h e 

E U - 2 7 a n d t h e C z e c h R e p u b l i c , t w o c r u c i a l s o u r c e s o f d a t a c a n b e f o u n d : 

• E u r o s t a t d a t a b a s e ( E u r o s t a t , 2 0 2 1 ) a n d 

• D a t a - M o d e l l i n g p l a t f o r m o f a g r o - e c o n o m i c s r e s e a r c h ( E u r o p e a n U n i o n , 

2 0 2 1 a ) . 

B a s e d o n t h e e m p l o y m e n t i n t h e b i o e c o n o m y s e c t o r s , t h e t h e s i s o p e r a t e s w i t h 

s p e c i f i c s e c t o r s b a s e d o n R o n z o n e t a l . ( 2 0 2 0 ) , n a m e l y a g r i c u l t u r e , f o r e s t r y , f i s h i n g , 

t h e m a n u f a c t u r e o f f o o d p r o d u c t s , b e v e r a g e s a n d t o b a c c o , t h e m a n u f a c t u r e o f b i o -

b a s e d t e x t i l e , t h e m a n u f a c t u r e o f w o o d a n d w o o d p r o d u c t s , t h e m a n u f a c t u r e o f p a p e r , 

t h e m a n u f a c t u r e o f b i o - b a s e d c h e m i c a l s , t h e m a n u f a c t u r e o f b i o - b a s e d 

p h a r m a c e u t i c a l s , t h e m a n u f a c t u r e o f b i o p l a s t i c s , t h e m a n u f a c t u r e o f l i q u i d b i o f u e l s 

a n d t h e p r o d u c t i o n o f b i o e l e c t r i c i t y . 

C o n c e r n i n g e m p l o y m e n t d a t a , t h e s e c t o r a l a p p r o a c h w a s u s e d , a n d t h e k e y 

m e t h o d o l o g y h a s b e e n c a r r i e d o u t b y t h e D a t a - M o d e l l i n g P l a t f o r m f o r A g r i - E c o n o m i c 

R e s e a r c h ( E u r o p e a n U n i o n , 2 0 2 1 ) . S o m e s e c t o r s m a y b e e n t i r e l y b i o b a s e d , w h i l s t 

o t h e r s a r e d i s p l a y e d a s h y b r i d s e c t o r s a n d o n l y t h e b i o b a s e d p a r t i s i n c l u d e d i n t h e 

c a l c u l a t i o n s . T h e s e c t o r a l a p p r o a c h i s i n t r o d u c e d i n T a b l e 1. 
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T a b l e 1 L i s t o f p u r e a n d h y b r i d b i o e c o n o m y s e c t o r s 

B i o e c o n o m y s e c t o r N A C E C o d e 

A g r i c u l t u r e A 0 1 

F o r e s t r y A 0 2 

F i s h i n g A 0 3 

F o o d , b e v e r a g e s a n d t o b a c c o i n d u s t r y C 1 0 ; C 1 1 ; C 1 2 

B i o - b a s e d t e x t i l e s * C 1 3 * ; C 1 4 * ; C 1 5 * 

W o o d p r o d u c t s a n d f u r n i t u r e * C 1 6 * ; C 3 1 * 

P a p e r a n d p a p e r p r o d u c t s C 1 7 

B i o - b a s e d c h e m i c a l s , p h a r m a c e u t i c a l s a n d p l a s t i c s 

( e x c l . b i o f u e l s ) * 
C 2 0 * ; C 2 1 * ; C 2 2 * 

L i q u i d b i o f u e l s ( b i o e t h a n o l a n d b i o d i e s e l ) * C 2 0 1 4 * ; C 2 0 5 9 * 

B i o - b a s e d * e l e c t r i c i t y D 3 5 1 1 * 

* h y b r i d s e c t o r s 

S o u r c e : o w n p r o c e s s i n g , b a s e d o n m e t h o d o l o g y E u r o p e a n C o m m i s s i o n ( 2 0 2 1 a ) . 

A c c o r d i n g t o e c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s , a m i x t u r e o f d a t a s o u r c e s c a n 

b e o b s e r v e d . E s p e c i a l l y , t w o c a t e g o r i e s o f d a t a w e r e o b t a i n e d f r o m t h e M i n i s t r y o f 

A g r i c u l t u r e o f t h e C z e c h R e p u b l i c . F i r s t , s e v e r a l d a t a s e t s w e r e g e n e r a l l y a v a i l a b l e 

f r o m p u b l i c r e p o s i t o r i e s . S e c o n d , o b t a i n i n g d a t a r e g a r d i n g f i n a n c i a l s u p p o r t f o r t h e 

f o r e s t r y s e c t o r p r o v e d c h a l l e n g i n g . T h e d a t a u s e d a r e n o t w i d e l y a c c e s s i b l e a n d a r e 

a v a i l a b l e o n l y o n r e q u e s t . F r o m t h e e x t e n s i v e d a t a s e t s o b t a i n e d , s e l e c t e d d a t a f o r t h e 

p e r i o d 2 0 0 0 - 2 0 2 0 w e r e e x t r a c t e d a n d h a r m o n i z e d . S e a r c h e d d a t a w e r e d i v i d e d i n t o 

s e v e r a l c a t e g o r i e s , s u c h a s : 

(1 ) n a t i o n a l p u b l i c f i n a n c i n g 

• s t a t e f i n a n c i a l o b l i g a t i o n s u n d e r t h e F o r e s t r y A c t , 

• f i n a n c i a l c o n t r i b u t i o n s f o r f o r e s t m a n a g e m e n t g r a n t e d f r o m t h e b u d g e t 

o f t h e M i n i s t r y o f A g r i c u l t u r e , 

• s u b s i d y f o r p r o t e c t i o n a n d r e p r o d u c t i o n o f t h e g e n e p o o l o f f o r e s t t r e e s , 

(2 ) f i n a n c i a l a i d c o - f i n a n c e d b y t h e E u r o p e a n U n i o n 

• R u r a l D e v e l o p m e n t P r o g r a m m e 2 0 0 7 - 2 0 1 3 , 

• R u r a l D e v e l o p m e n t P r o g r a m m e 2 0 1 4 - 2 0 2 0 . 

T h e c o m p r e h e n s i v e d a t a s e t c o n t a i n e d f i n a n c i a l f l o w s w i t h r e g i o n a l r e s o l u t i o n . 

In p a r t i c u l a r , t h e n o m e n c l a t u r e o f t e r r i t o r i a l s t a t i s t i c a l u n i t s - N U T S l e v e l 3 ( N U T S 3 ) 

w a s c h o s e n . T h e l i s t o f r e g i o n s i n t h e C z e c h R e p u b l i c i s s e t o u t i n T a b l e 2 . 
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T a b l e 2 O v e r v i e w o f t h e r e g i o n s o f t h e C z e c h R e p u b l i c 

N U T S 3 N a m e 
A b b r e v i a t i o 

n 

C Z 0 1 0 P r a g u e , t h e C a p i t a l C i t y P R G 

C Z 0 2 0 C e n t r a l B o h e m i a n R e g i o n C B R 

C Z 0 3 1 S o u t h B o h e m i a n R e g i o n S B R 

C Z 0 3 2 P l z e ň R e g i o n P L R 

C Z 0 4 1 K a r l o v y V a r y R e g i o n K V R 

C Z 0 4 2 Ú s t í n a d L a b e m R e g i o n U L R 

C Z 0 5 1 L i b e r e c R e g i o n L B R 

C Z 0 5 2 H r a d e c K r á l o v é R e g i o n H K R 

C Z 0 5 3 P a r d u b i c e R e g i o n P A R 

C Z 0 6 3 V y s o č i n a R e g i o n V Y R 

C Z 0 6 4 S o u t h M o r a v i a n R e g i o n S M R 

C Z 0 7 1 O l o m o u c R e g i o n O L R 

C Z 0 7 2 Z l í n R e g i o n Z L R 

C Z 0 8 0 M o r a v i a n - S i l e s i a n R e g i o n M S R 

S o u r c e : a u t h o r s , b a s e d o n E u r o s t a t ( 2 0 2 3 ) . 

T u r n i n g t o e c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s , a d d i t i o n a l s o u r c e s o f d a t a w e r e 

e x p l o r e d , n o t a b l y E u r o s t a t ( E u r o s t a t , 2 0 2 2 ) , C z e c h S t a t i s t i c a l O f f i c e ( C Z S O , 2 0 2 2 ) , 

a n d E n e r g y R e g u l a t o r y O f f i c e ( E n e r g y R e g u l a t o r y O f f i c e , 2 0 2 1 ) . T h e s e s o u r c e s 

d e l i v e r e d s e c o n d a r y d a t a o n t o p i c s i n c l u d i n g : 

• e n v i r o n m e n t a l i n v e s t m e n t s i n b i o d i v e r s i t y , 

• e n v i r o n m e n t a l t a x e s , 

• p r i c e o f E u r o p e a n U n i o n A l l o w a n c e . 

B e s i d e s t h i s , a d d i t i o n a l d a t a r e g a r d i n g t h e f o r e s t l a n d , r o u n d w o o d r e m o v a l s , g r o s s 

d o m e s t i c p r o d u c t , a n d w a g e s / s a l a r i e s c a n b e o b s e r v e d . C o n c e r n i n g e n v i r o n m e n t a l 

i n p u t s , t h e U n i t e d N a t i o n s F r a m e w o r k C o n v e n t i o n o n C l i m a t e C h a n g e d a t a b a s e 

( U N F C C C , 2 0 2 3 ) c o v e r e d g r e e n h o u s e g a s ( G H G ) e m i s s i o n s / r e m o v a l s f r o m t h e L a n d 

U s e , L a n d U s e C h a n g e , a n d F o r e s t r y ( L U L U C F ) s e c t o r . F i g u r e s r e g a r d i n g c a r b o n 

f l u x e s c o n s i s t e d o f s e l e c t e d s u b - c a t e g o r i e s o f t h e L U L U C F s e c t o r , m a i n l y : 

• i t e m 4 . A , i . e . f o r e s t l a n d , 

• i t e m 4 . G , i . e . h a r v e s t e d w o o d p r o d u c t s ( H W P s ) . 
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4 . 2 M e t h o d s 

T o a c c o m p l i s h t h e k e y p u r p o s e , b o t h t h e q u a l i t a t i v e a n d q u a n t i t a t i v e m e t h o d s 

w e r e a p p l i e d t o t h e r e s e a r c h . T h e f o l l o w i n g i s a s u m m a r y o f t h e m e t h o d s u t i l i z e d . 

D e s k r e s e a r c h 

D e s k r e s e a r c h i s a n a l t e r n a t i v e t e r m f o r s e c o n d a r y r e s e a r c h ( M a n u a n d A k o t i a , 

2 0 2 1 ) . D e s k r e s e a r c h i s a m e t h o d o f t h e a s s e m b l y , c o l l a t i o n , a n d a n a l y s i s o f 

i n f o r m a t i o n w h i c h h a v e b e e n a l r e a d y p u b l i s h e d ( A r m s t r o n g , 2 0 0 2 ) . D e s k r e s e a r c h 

a l l o w s t o s y n t h e s i z e a l r e a d y a v a i l a b l e d e t a i l s f r o m d i v e r s e s o u r c e s , s u c h a s a r t i c l e s , 

b o o k s , r e p o r t s , o r d a t a b a s e s ( K u l a c h i n s k a y a a n d B e n c s i k , 2 0 2 3 ) . 

D a t a c o l l e c t i o n 

T h e m e t h o d o f d a t a c o l l e c t i o n w a s a p p l i e d w i t h t h e p u r p o s e o f o b t a i n i n g t h e 

i n p u t s f o r p i l o t a n a l y s i s a n d e v a l u a t i o n o f t h e s o c i o - e c o n o m i c i m p a c t s o f g l o b a l 

c h a n g e o n t h e f o r e s t r y s e c t o r w h i c h a r e b a s e d o n t h e d a t a f r o m t h e C z e c h R e p u b l i c . 

A c c o r d i n g t o t h e s o u r c e ( J o i n e r A s s o c i a t e s S t a f f , 1 9 9 5 ) , d a t a c o l l e c t i o n d i s p l a y s a 

f i v e - s t e p p r o c e s s t h a t i s a b l e t o e n s u r e t h a t t h e c o l l e c t e d d a t a a r e m e a n i n g f u l a n d 

a p p r o p r i a t e f o r r e s e a r c h n e e d s . T h e f i r s t s e c t i o n l o o k s a t h o w t o c o l l e c t d a t a t o m e e t 

o u r d a t a c o l l e c t i o n g o a l s . T h e n w e f o c u s o n d e v e l o p i n g o p e r a t i o n a l d e f i n i t i o n s t o 

d e f i n e w h a t w e a r e t r y i n g t o e v a l u a t e . T h e t h i r d s e c t i o n c o n s i s t s o f a p l a n f o r d a t a 

c o n s i s t e n c y a n d s t a b i l i t y . B e g i n d a t a c o l l e c t i o n a n d c o n t i n u i n g t o i m p r o v e 

m e a s u r e m e n t c o n s i s t e n c y a r e t h e l a s t p a r t s o f t h e d a t a c o l l e c t i o n p r o c e s s . D a t a 

c o l l e c t i o n d e s c r i b e s t h e s y s t e m a t i c w a y o f c o l l e c t i n g a n d e v a l u a t i n g r e l e v a n t 

o b s e r v a t i o n s o r m e a s u r e m e n t s f r o m m u l t i p l e s o u r c e s ( G r o e n l a n d a n d D a n a , 2 0 1 9 ) . 

D a t a c o l l e c t i o n i s a f u n d a m e n t a l c o m p o n e n t o f a l l f o r m s o f r e s e a r c h , a n a l y s i s , a n d 

d e c i s i o n - m a k i n g a c t i v i t i e s ( v a n D e l d e n e t a l . , 2 0 2 3 ) . 

T i m e s e r i e s a n a l y s i s 

T i m e s e r i e s a n a l y s i s i s a t o o l f o r e x a m i n i n g a n d i n t e r p r e t i n g d a t a p o i n t s 

g a t h e r e d o v e r t i m e ( N i e l s e n , 2 0 1 9 ) . T h e m a i n a i m o f t h e t e c h n i q u e i s t o i d e n t i f y 

p a t t e r n s a n d t r e n d s i n a g i v e n d a t a s e t ( P a l m a , 2 0 1 6 ) . D a t a p o i n t s a r e m e a s u r e d a t 

r e g u l a r i n t e r v a l s t o f i n d o u t c h a n g e s o v e r t i m e i n t e r v a l s ( B l u m e a n d D u r l a u f , 2 0 1 6 ) . 

A d d i t i o n a l l y , t i m e c a n b e s e e n a s a n e s s e n t i a l v a r i a b l e a s it p r o v i d e s e v i d e n c e o f l i n k s 

w i t h i n t h e d a t a ( B l e i k h a n d Y o u n g , 2 0 1 4 ) . T i m e s e r i e s a n a l y s i s r e q u i r e s r o b u s t d a t a 

p o i n t s t o g u a r a n t e e i ts c o n s i s t e n c y a n d r e l i a b i l i t y ( D i n e s h a n d M a n g e y , 2 0 2 1 ) . 

C o m p a r a t i v e a n a l y s i s 

C o m p a r a t i v e a n a l y s i s i s a t e c h n i q u e f o r e n a b l i n g i t e m s t o b e c o m p a r e d a n d 

c o n t r a s t e d t o d e t e c t c o m m o n a l i t i e s a n d d i s p a r i t i e s ( P e r r y , 2 0 1 9 ) . C o m p a r a t i v e 
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a n a l y s i s t a k e s t h e a p p l i c a t i o n o f a c o n c e p t , p r o b l e m , t h e o r y , o r q u e s t i o n g e t t i n g a 

m o r e i n - d e p t h i n s i g h t i n t o t h e i s s u e a n d f r a m i n g t h e r e s p o n s e s ( K a h w a t i a n d K a n e , 

2 0 1 8 ) . C o m p a r a t i v e a n a l y s i s r e f e r s t o t h e a n a l y s i s o f d a t a t o i n v e s t i g a t e t h e 

i n t e r a c t i o n o f c o n d i t i o n s w i t h o u t c o m e s ( G e , 2 0 1 9 ) . T h o r p e a n d H o l t ( 2 0 0 7 ) i d e n t i f i e d 

t h a t c o m p a r a t i v e a n a l y s i s i n v o l v e s a s y s t e m a t i c p r o c e s s e m p l o y e d b y e v a l u a t i n g a n d 

c o m p a r i n g t w o o r m o r e e n t i t i e s , v a r i a b l e s , o r p o s s i b i l i t i e s i n o r d e r t o o f f e r a s t r u c t u r a l 

d e c i s i o n - m a k i n g b a s i s . 

S p a t i a l d a t a a n a l y s i s 

S p a t i a l d a t a a n a l y s i s i s a p r o c e d u r e o f s i m u l a t i o n o f d a t a w i t h g e o g r a p h i c 

c h a r a c t e r i s t i c s ( K a n a r o g l o u a n d D e l m e l l e , 2 0 1 6 ) . S p a t i a l d a t a a n a l y s i s d i s p l a y s l i n k s 

t h a t e x i s t a m o n g o b j e c t s , h u m a n s , o r a s p e c t s t h r o u g h s p a c e ( B r u n s d o n a n d 

C o m b e r , 2 0 1 4 ) . T h e m e t h o d t u r n e d o u t t o b e t h e b a c k b o n e s y s t e m f o r G e o g r a p h i c 

I n f o r m a t i o n S c i e n c e ( G o k c e o g l u a n d P o u r g h a s e m i , 2 0 1 9 ) . S p a t i a l a n a l y s i s c a n b e 

e x p l o i t e d t o v i s u a l i z e b o t h m i c r o a n d m a c r o p l a c e - b a s e d d i g i t a l i n f o r m a t i o n 

( F o t h e r i n g h a m a n d R o g e r s o n , 2 0 0 8 ) . T h i s t e c h n i q u e h a s c o n s i d e r a b l e p o t e n t i a l i n 

t a c k l i n g c o m p l e x c h a l l e n g e s s u c h a s t h e c u r r e n t g l o b a l c l i m a t e c h a n g e ( M a a n t a y a n d 

M c L a f f e r t y , 2 0 1 1 ) . 

S p a t i a l d a t a a n a l y s i s w a s p e r f o r m e d u s i n g Q G I S 2 . 2 6 . 3 s o f t w a r e . T h e l a y e r 

' B o u n d a r i e s ' f r o m t h e T o p o g r a p h i c d a t a b a s e o f t h e C z e c h R e p u b l i c ( D a t a 2 0 0 ) s e r v e d 

a s a t o p o g r a p h i c b a s e . A r e g i o n a l a n a l y s i s a p p r o a c h w a s u n d e r t a k e n t o d o c u m e n t 

r e g i o n a l d i f f e r e n c e s i n t h e a l l o c a t i o n o f n a t i o n a l f i n a n c i a l r e s o u r c e s t o t h e f o r e s t r y 

s e c t o r i n t h e C z e c h R e p u b l i c . It w a s d e c i d e d t o u t i l i z e t h e t e r m i n o l o g y o f t e r r i t o r i a l 

s t a t i s t i c a l u n i t s , s p e c i f i c a l l y N U T S l e v e l 3 ( N U T S 3 ) . 

C a r t o g r a m a n d c a r t o d i a g r a m m e t h o d 

T h e c a r t o g r a m a n d c a r t o d i a g r a m m e t h o d r e p r e s e n t a k e y m e t h o d o f e c o n o m i c 

g e o g r a p h y s i m u l t a n e o u s l y d e p i c t i n g s e v e r a l p h e n o m e n a ( C o u c l e l i s e t a l . , 2 0 1 1 ) . T h e 

c a r t o g r a m a n d c a r t o d i a g r a m m e t h o d d i s p l a y a t h e m e m a p o f a c o l l e c t i o n o f 

c o m p o n e n t s ( F r i t z a n d C a r v e r , 2 0 1 6 ) . C a r t o g r a m a n d c a r t o d i a g r a m m e t h o d i s a m a p 

i l l u s t r a t i n g g e o g r a p h i c a l s t a t i s t i c s o f s o m e s o r t , t y p i c a l l y t h r o u g h s h a d i n g , c u r v e s , o r 

p o i n t s ( K e s s l e r a n d B a t t e r s b y , 2 0 1 9 ) . C a r t o g r a m a n d c a r t o d i a g r a m c a n b e c r e a t e d a s 

a u n i q u e m a p i n t h e s e n s e o f i ts i n t e g r a t i o n o f s t a t i s t i c a l f e a t u r e s w i t h g e o g r a p h i c 

p o s i t i o n i n g d a t a ( B a l l a s e t a l . , 2 0 1 7 ) . 

C o r r e l a t i o n a n d r e g r e s s i o n a n a l y s i s 

C o r r e l a t i o n a n a l y s i s r e f e r s t o a s t a t i s t i c a l m e t h o d f o r t h e s t u d y o f t h e 

r e l a t i o n s h i p b e t w e e n t w o o r m u l t i p l e v a r i a b l e s ( R u s s e l l , 2 0 1 8 ) . It e v a l u a t e s t h e 
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i n t e n s i t y a n d d i r e c t i o n o f t h e r e l a t i o n b y m e a s u r i n g t h e c o r r e l a t i o n c o e f f i c i e n t , r a n g i n g 

f r o m -1 t o 1 ( A g a r w a l a n d K a u s h a l , 2 0 2 1 ) . A c o r r e l a t i o n c o e f f i c i e n t o f 1 d e n o t e s a 

p o s i t i v e c o r r e l a t i o n , w h i l e -1 s t a n d s f o r a n e g a t i v e c o r r e l a t i o n . N e v e r t h e l e s s , 

c o r r e l a t i o n a n a l y s i s d o e s n o t m e a n c a u s a l i t y ( M a r r , 2 0 1 5 ) . 

A s t h e d a t a s h o w a l i n e a r r e l a t i o n s h i p a n d a n o r m a l d i s t r i b u t i o n , c o r r e l a t i o n 

a n a l y s i s w a s p e r f o r m e d u s i n g P e a r s o n ' s c o r r e l a t i o n c o e f f i c i e n t ( Z i m m e r m a n n o v é e t 

a l . , 2 0 1 6 ) . B i v a r i a t e c o r r e l a t i o n i s a d o p t e d t o a c h i e v e t h e c o r r e l a t i o n c o e f f i c i e n t , a 

m e a s u r e m e n t t h a t r e p r e s e n t s t h e d e g r e e o f r e l a t i o n s h i p b e t w e e n t w o l i n e a r v a r i a b l e s 

( A r m i t a g e e t a l . , 2 0 1 4 ) . 

S u b s e q u e n t l y , m o r e c o m p l e x r e g r e s s i o n a n a l y s i s w a s p e r f o r m e d , a n d 

r e g r e s s i o n m o d e l s w e r e b u i l t t o b e a b l e t o o b s e r v e t h e p a r t i a l r e l a t i o n s o f t h e v a r i a b l e s 

( C o h e n e t a l . , 2 0 1 4 ) . R e g r e s s i o n a n a l y s i s i s a m e t h o d f o r i n v e s t i g a t i n g t h e f u n c t i o n a l 

r e l a t i o n s h i p s a m o n g v a r i a b l e s ( A r k e s , 2 0 2 3 ) . T h e r e l a t i o n s h i p i s e x p r e s s e d i n t h e f o r m 

o f a n e q u a t i o n o r a m o d e l c o n n e c t i n g t h e r e s p o n s e o r d e p e n d e n t v a r i a b l e a n d o n e o r 

m o r e e x p l a n a t o r y o r p r e d i c t o r v a r i a b l e s ( C h a t t e r j e e a n d H a d i , 2 0 0 6 ) . In g e n e r a l , t h e 

r e g r e s s i o n a n a l y s i s f o c u s e s o n t h e r e l a t i o n s h i p b e t w e e n a d e p e n d e n t v a r i a b l e a n d a n 

i n d e p e n d e n t v a r i a b l e ( H a l l , 2 0 2 1 ) . T h e d e p e n d e n t v a r i a b l e i s c a l l e d t h e r e g r e s a n d . 

T h e i n d e p e n d e n t v a r i a b l e i s c a l l e d t h e r e g r e s s o r . T h e r e g r e s s i o n f u n c t i o n c o m b i n e s 

a d e p e n d e n t a n d a n i n d e p e n d e n t v a r i a b l e ( H e n d l , 2 0 1 2 ) . T h e g e n e r a l r e g r e s s i o n 

e q u a t i o n ( T h r a n e , 2 0 1 9 ) i s a s f o l l o w s : 

Y = £ 0 + £ 1 X 1 + £ 2 X 2 + £ 3 X 3 + £ n X n + u 

In t h i s e q u a t i o n , p a r a m e t e r s B 0 - 3 n r e p r e s e n t r e g r e s s i o n c o e f f i c i e n t s t h a t 

r e f l e c t t h e i m p a c t o f t h e i n d e p e n d e n t v a r i a b l e o n t h e d e p e n d e n t v a r i a b l e . In e a c h 

r e g r e s s i o n m o d e l , t h e v a r i a b l e Y r e p r e s e n t s t h e d e p e n d e n t w h i l e t h e X 1 - X n s h o w s 

t h e i n d e p e n d e n t v a r i a b l e s . T h e p a r a m e t e r u r e p r e s e n t s a r a n d o m e l e m e n t o f t h e 

m o d e l . 

R e g a r d i n g t h e d e p e n d e n t v a r i a b l e ( Y ) , f o r e s t r y e m p l o y m e n t , f o r e s t l a n d , w o o d 

b i o m a s s p r o d u c t i o n , a n d f o r e s t c a r b o n w e r e e s t a b l i s h e d . I n d e p e n d e n t v a r i a b l e s ( X 1 

- X n ) c a n b e d i v i d e d i n t o c a t e g o r i e s , s u c h a s g r o s s d o m e s t i c p r o d u c t , w a g e s / s a l a r i e s , 

e n v i r o n m e n t a l i n v e s t m e n t s , e n v i r o n m e n t a l t a x e s , t h e p r i c e o f E u r o p e a n U n i o n 

A l l o w a n c e s , n a t i o n a l f i n a n c i a l s o u r c e s f o r f o r e s t r y , a n d E u r o p e a n f i n a n c i a l s o u r c e s f o r 

f o r e s t r y . 

G i v e n t h e h y p o t h e s e s p r e v i o u s l y d e t e r m i n e d , t h e f o l l o w i n g r e g r e s s i o n m o d e l s 

w e r e d e s i g n e d a n d t e s t e d : 
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• f o r e s t r y e m p l o y m e n t m o d e l ( F O R E ) , d e a l t w i t h t h e d e v e l o p m e n t o f t h e f o r e s t 

b i o e c o n o m y , 

• f o r e s t l a n d m o d e l ( F O L M ) , f o c u s e d o n t h e d e v e l o p m e n t o f t h e f o r e s t 

b i o e c o n o m y , 

• w o o d b i o m a s s p r o d u c t i o n m o d e l ( W B I O M ) , f o c u s e d o n t h e u s e o f b i o e c o n o m y 

r e n e w a b l e r e s o u r c e s , s u c h a s w o o d b i o m a s s , 

• f o r e s t c a r b o n m o d e l ( F O R C M ) , t a r g e t e d a t t h e e n v i r o n m e n t a l a s p e c t , s u c h a s 

f o r e s t c a r b o n s t o r a g e . 

4 . 3 W o r k f l o w 

T h i s d i s s e r t a t i o n e m p l o y s s e v e r a l m e t h o d o l o g i c a l a p p r o a c h e s a n d t h e 

m e t h o d o l o g y i s d i v i d e d i n t o v a r i o u s s e c t i o n s . T h e d i s s e r t a t i o n a s a w h o l e w a s 

e v a l u a t e d a c c o r d i n g t o t h e m e t h o d s o f d e s c r i p t i o n , s y s t e m a t i c s a m p l i n g , c o m p a r i s o n , 

a n a l y s i s , a n d s y n t h e s i s . A w o r k f l o w p r o c e d u r e h a s b e e n i m p l e m e n t e d a n d i s o u t l i n e d 

b e l o w : 

• l i t e r a t u r e r e v i e w , 

• e x a m i n a t i o n o f t h e b i o e c o n o m y l a b o u r m a r k e t , 

• e x a m i n a t i o n o f t h e e c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s , 

• d a t a v i s u a l i z a t i o n , 

• f i n a l e v a l u a t i o n o f r e s u l t s . 

F i r s t l y , a l i t e r a t u r e r e v i e w w a s c o n d u c t e d b y a n a l y z i n g s e l e c t e d s e c o n d a r y 

s o u r c e s a n d p r o f e s s i o n a l p u b l i c a t i o n s r e l a t e d t o t h e s o c i o - e c o n o m i c a s p e c t s o f t h e 

b i o e c o n o m y . T h e l i t e r a t u r e s e a r c h w a s c a t e g o r i z e d i n t o t h e f o l l o w i n g s u b p a r t s . T h e 

i n i t i a l s e c t i o n a d d r e s s e d t h e f u n d a m e n t a l e l e m e n t s o f t h e b i o e c o n o m y a n d p r o v i d e d 

a k n o w l e d g e b a s e f o r f u r t h e r a c t i v i t i e s . T h e b i o e c o n o m y w a s e v a l u a t e d a t b o t h t h e 

E u r o p e a n a n d C z e c h l e v e l s , w i t h p a r t i c u l a r e m p h a s i s p l a c e d o n t h e d e f i n i t i o n , 

s c o p i n g , s t r a t e g i c f r a m e w o r k s , p o l i c y m a t e r i a l s , a n d m o n i t o r i n g s y s t e m . 

F u r t h e r m o r e , b i o e c o n o m y - r e l a t e d c o n c e p t s s u c h a s t h e c i r c u l a r e c o n o m y a n d 

s u s t a i n a b l e d e v e l o p m e n t w e r e a l s o c o n s i d e r e d . T h e s e c o n d p i l l a r e x p l o r e d t h e s o c i a l 

d i m e n s i o n o f t h e b i o e c o n o m y . S o c i a l a s p e c t s s u c h a s e m p l o y m e n t , g r e e n j o b s , a n d 

e d u c a t i o n w e r e i n v e s t i g a t e d . T h e t h i r d p i l l a r c o n c e r n e d t h e e c o n o m i c s e g m e n t o f t h e 

b i o e c o n o m y . In p a r t i c u l a r , t h e l i t e r a t u r e r e v i e w f o c u s e d o n t h e a n a l y s i s o f e c o n o m i c 

a n d f i n a n c i a l i n s t r u m e n t s , b o t h a t t h e E u r o p e a n l e v e l a n d a t t h e n a t i o n a l o n e . 

S e c o n d l y , a n a s s e s s m e n t o f t h e b i o e c o n o m y l a b o u r m a r k e t w a s c a r r i e d o u t . In t h e 

f i r s t s t e p , d a t a c o l l e c t i o n a n d p r o c e s s i n g w e r e a p p l i e d a n d t h e d a t a l i n k e d w i t h 

b i o e c o n o m y e m p l o y m e n t w e r e c o l l e c t e d a n d a n a l y z e d . F o r e a c h r e c o r d , t h e r e w e r e 
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t w o k i n d s o f d a t a c o n s i d e r e d - t e x t u a l a n d n u m e r i c a l . In s p e c i f i c , t h e p a r t i c u l a r i t e m s 

w e r e a s f o l l o w s : 

• N A C E c o d e , 

• n a m e o f b i o e c o n o m y s e c t o r , 

• n u m b e r o f e m p l o y e e s . 

In t h e n e x t s t e p , a q u a n t i t a t i v e a p p r o a c h w a s a p p l i e d t o e v a l u a t e t h e d e v e l o p m e n t 

o f t h e b i o e c o n o m y l a b o u r m a r k e t . F o r t h i s , m e t h o d s o f t i m e s e r i e s a n a l y s i s , s e c t o r a l 

c o m p a r a t i v e a n a l y s i s , c o r r e l a t i o n a n d r e g r e s s i o n a n a l y s i s w e r e u s e d . T h e f o l l o w i n g 

i n d i c a t o r s w e r e c o n s i d e r e d , s u c h a s : 

• t h e s h a r e o f t h e b i o e c o n o m y l a b o u r m a r k e t i n t h e t o t a l l a b o u r f o r c e , 

• t h e e v o l u t i o n o f e m p l o y m e n t i n t h e b i o e c o n o m y l a b o u r m a r k e t , 

• c h a n g e s i n t h e s t r u c t u r e i n p a r t i c u l a r b i o e c o n o m y s u b s e c t o r s , 

• d r i v e r s o f t h e b i o e c o n o m y e m p l o y m e n t . 

T h e a f o r e m e n t i o n e d i n d i c a t o r s w e r e m o n i t o r e d i n s e v e r a l c a t e g o r i e s , i n d e t a i l 

E u r o p e a n U n i o n , b i o e c o n o m y g r o u p s , V i s e g r a d F o u r c o u n t r i e s , C z e c h R e p u b l i c . 

T h i r d l y , t h e e v a l u a t i o n o f t h e e f f e c t i v e n e s s o f t h e e c o n o m i c a n d f i n a n c i a l 

i n s t r u m e n t s w a s r e a l i z e d . In t h e f i r s t s t e p , d a t a c o l l e c t i o n a n d p r o c e s s i n g w e r e a p p l i e d 

a n d v a r i o u s d a t a s e t s w e r e c o l l e c t e d a n d a n a l y z e d , n a m e l y : 

• p r i c e o f E u r o p e a n U n i o n A l l o w a n c e , 

• e n v i r o n m e n t a l i n v e s t m e n t s i n b i o d i v e r s i t y , 

• r e v e n u e s f r o m e n v i r o n m e n t a l t a x e s i m p o s e d i n f o r e s t r y , 

• f o r e s t l a n d , 

• r o u n d w o o d r e m o v a l s , 

• c a r b o n f l u x e s i n s e l e c t e d s u b - c a t e g o r i e s o f t h e L U L U C F s e c t o r . 

T h e s u b s e q u e n t s t a g e d i s p l a y e d c o m m u n i c a t i o n w i t h t h e M i n i s t r y o f A g r i c u l t u r e o f 

t h e C z e c h R e p u b l i c , s p e c i f i c a l l y w i t h t h e D e p a r t m e n t o f F o r e s t r y E c o n o m i c 

I n s t r u m e n t s . E x t e n s i v e d a t a s e t s o f f i n a n c i a l f l o w s i n t h e f o r e s t r y s e c t o r i n t h e C z e c h 

R e p u b l i c f o r t h e p e r i o d 2 0 0 0 - 2 0 2 0 w e r e o b t a i n e d . T h e c o r e f i n a n c i a l f l o w s w e r e 

c o n s t i t u t e d b y ( A ) n a t i o n a l s o u r c e s b a s e d o n t h e F o r e s t r y A c t N o . 2 8 9 / 1 9 9 5 C o l l . , o n 

f o r e s t s a n d o n t h e a m e n d m e n t a n d a d d i t i o n o f c e r t a i n l a w s , a n d ( B ) E u r o p e a n f u n d s 

w i t h i n t h e R u r a l D e v e l o p m e n t P r o g r a m m e . A n o v e r v i e w i s g i v e n i n A n n e x 1. 

R e g a r d i n g b o t h g r o u p s o f d a t a , e a c h r e c o r d c o n t a i n e d t w o k i n d s o f d a t a 

c o n s i d e r e d - t e x t u a l a n d n u m e r i c a l . In s p e c i f i c , t h e p a r t i c u l a r i t e m s w e r e a s f o l l o w s : 
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• n u m b e r o f f i n a n c i a l c o n t r i b u t i o n s o r s u b s i d i e s , 

• n a m e o f t h e f i n a n c i a l c o n t r i b u t i o n s o r s u b s i d i e s , 

• t h e a m o u n t o f t h e c o n t r i b u t i o n s o r s u b s i d i e s , 

• y e a r , 

• r e g i o n . 

In t h e n e x t s t e p , a q u a n t i t a t i v e a p p r o a c h w a s a d o p t e d t o e v a l u a t e t h e i m p a c t o f 

t h e e c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s o n t h e d e v e l o p m e n t o f t h e f o r e s t b i o e c o n o m y . 

M u l t i p l e m e t h o d s w e r e e x p l o i t e d , e s p e c i a l l y t i m e s e r i e s a n a l y s i s , c o m p a r a t i v e 

a n a l y s i s , c o r r e l a t i o n , a n d r e g r e s s i o n a n a l y s i s . A s e r i e s o f i n d i c a t o r s i n c l u d e d : 

• f o r e s t l a n d , 

• w o o d b i o m a s s p r o d u c t i o n , 

• f o r e s t c a r b o n . 

F o u r t h l y , d a t a v i s u a l i z a t i o n w a s u t i l i z e d t o e x a m i n e t h e e v o l u t i o n o f n a t i o n a l 

f i n a n c i a l s o u r c e s w i t h i n t h e f o r e s t b i o e c o n o m y i n t h e C z e c h R e p u b l i c . T o d e m o n s t r a t e 

r e g i o n a l d i v e r g e n c e s i n t h e a l l o c a t i o n o f n a t i o n a l f i n a n c i a l s o u r c e s , s p a t i a l d a t a 

a n a l y s i s , t h e c a r t o g r a m a n d c a r t o d i a g r a m m e t h o d w e r e e m p l o y e d . T h e f o l l o w i n g 

i n d i c a t o r s w e r e s e l e c t e d , c o n c r e t e l y : 

• r e g i o n a l d i f f e r e n c e s i n f i n a n c i a l c o n t r i b u t i o n s f o r f o r e s t r y g r a n t e d f r o m t h e 

b u d g e t o f t h e M i n i s t r y o f A g r i c u l t u r e p e r h e c t a r e , 

• r e g i o n a l d i f f e r e n c e s i n f i n a n c i a l c o n t r i b u t i o n t o m i t i g a t e t h e i m p a c t o f t h e b a r k 

b e e t l e c a l a m i t y p e r h e c t a r e . 

F i n a l l y , t h e e v a l u a t i o n o f r e s u l t s w a s r e a l i z e d . B a s e d o n t h e f i n d i n g s o f t h e 

p r e l i m i n a r y a n a l y s e s a n d p i l o t m o d e l s , a d d i t i o n a l d a t a w e r e c o l l e c t e d t o e n s u r e t h e 

c o m p l e t e n e s s o f t h e f i n a l f o r m o f t h e d i s s e r t a t i o n . 
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5 R e s u l t s s y n t h e s i s 

T h e o b j e c t i v e o f t h e d i s s e r t a t i o n t h e s i s w a s a c h i e v e d t h r o u g h t h r e e o r i g i n a l 

r e s e a r c h p a p e r s p u b l i s h e d i n s c i e n t i f i c j o u r n a l s w i t h i m p a c t f a c t o r s ( I F ) . T h e s t u d i e s w e r e 

c o n s i s t e n t w i t h t h e d i s s e r t a t i o n t h e m e a n d f o c u s e d o n v a r i o u s a s p e c t s o f t h e s o c i o 

e c o n o m i c i m p a c t s o f g l o b a l c h a n g e o n t h e b i o e c o n o m y , i n c l u d i n g t h e f o r e s t r y s e c t o r . 

T h e f i r s t s t u d y a i m e d t o e v a l u a t e t h e d e v e l o p m e n t o f t h e b i o e c o n o m y l a b o u r 

m a r k e t i n t h e C z e c h R e p u b l i c , i n c l u d i n g t h e f o r e s t r y s e c t o r ( s u b c h a p t e r 5 . 1 ) : 

P e r u n o v a , M . , Z i m m e r m a n n o v é , J . ( 2 0 2 2 ) . A n a l y s i s o f t h e f o r e s t r y e m p l o y m e n t 

w i t h i n t h e b i o e c o n o m y l a b o u r m a r k e t i n t h e C z e c h R e p u b l i c . Journal of Forest Science. 

6 8 : 3 8 5 - 3 9 4 . D O I : 1 0 . 1 7 2 2 1 / 8 4 / 2 0 2 2 - J F S . 

T h e s e c o n d s t u d y f o c u s e d o n t h e e x p l a n a t i o n o f t h e i m p a c t s o f e c o n o m i c a n d 

f i n a n c i a l i n s t r u m e n t s o f t h e c l i m a t e c h a n g e p o l i c y o n t h e d e v e l o p m e n t o f t h e f o r e s t 

b i o e c o n o m y i n t h e C z e c h R e p u b l i c ( s u b c h a p t e r 5 . 2 ) : 

P e r u n o v a , M . a n d Z i m m e r m a n n o v é , J . ( 2 0 2 3 ) . E c o n o m i c a n d f i n a n c i a l 

i n s t r u m e n t s o f f o r e s t m a n a g e m e n t i n t h e C z e c h R e p u b l i c . Front. For. Glob. Change. 

6 : 1 2 3 7 5 9 7 . D O I : 1 0 . 3 3 8 9 / f f g c . 2 0 2 3 . 1 2 3 7 5 9 7 . 

T h e t h i r d s t u d y d e a l t w i t h r e g i o n a l d i v e r g e n c e s a n d t h e i m p a c t s o f f i n a n c i a l 

s u p p o r t o n t h e d e v e l o p m e n t o f t h e f o r e s t b i o e c o n o m y i n t h e C z e c h R e p u b l i c ( s u b c h a p t e r 

5 . 3 ) : 

P e r u n o v é , M . , Z i m m e r m a n n o v é , J . , S c h o v á n k o v é , T . ( 2 0 2 4 ) . F o r e s t c a r b o n a n d 

a r e g i o n a l p e r s p e c t i v e o n t h e e f f e c t i v e n e s s o f f i n a n c i a l i n s t r u m e n t s w i t h i n t h e f o r e s t 

b i o e c o n o m y . Journal of Forest Science. In P r e s s . 
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5 . 1 P u b l i c a t i o n n o . 1 : A n a l y s i s o f t h e f o r e s t r y e m p l o y m e n t 

w i t h i n t h e b i o e c o n o m y l a b o u r m a r k e t i n t h e C z e c h 

R e p u b l i c 

T I T L E : A n a l y s i s o f f o r e s t r y e m p l o y m e n t w i t h i n t h e b i o e c o n o m y l a b o u r 

m a r k e t i n t h e C z e c h R e p u b l i c 

T Y P E : O r i g i n a l P a p e r 

A U T H O R S : M i c h a e l a P e r u n o v a a n d J a r m i l a Z i m m e r m a n n o v é 

J O U R N A L : J o u r n a l o f F o r e s t S c i e n c e 

Y E A R : 2 0 2 2 

D O I : 1 0 . 1 7 2 2 1 / 8 4 / 2 0 2 2 - J F S 
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A n a l y s i s o f f o r e s t r y e m p l o y m e n t w i t h i n t h e b i o e c o n o m y 

l a b o u r m a r k e t i n t h e C z e c h R e p u b l i c 

MlCHAELA PERUNOVA", fARMlLA ZlMMERMANNOVA2 

'Faculty of Forestry and Wood Sciences, Czech University of Life Sciences Prague, Prague, Czech Republic 
^Moravian Business College Olomouc, Olomouc, C z e c A Republic 

^Corresponding author. penincvaQ/l&.czti.cz 

Citat ion: Pen jncv i M., Zimmernuauwva \. (3022): AiwJyiu at forestry employment widibi the h lo«o* i±:my L b o u r imrltet 

in the Czech KepubJic. p. Par. E c u 68:365-3S4. 

Abst rac t ; Cl imate change, biodiversdt}' loss, and die increased o c c u r e n c e o f extreme weather events- br ing new challen

ges at a global level, not just in fores dry. In response to the current situation, modif ied e c o n o m i c modelssuch as circular 

economy, green economy, bio-based economy, or bioeconomy, are expected to m o v e society towards a more sustainable 

future, 'the main aim of (his paper was to evaluate forestry employment a n d ins drivers within the bioeconomy labour 

market in the C z e c h Republic. The partial target was to provide a general view of the development of forestry employ

ment within the bio ecu no my" labour market. T h e authors applied a mixed methods approach, using literature review, 

data analysis, correlation ana lys t , a n d regression analysis. A decreasing, t rendof the share of forestry employment in to

tal b ioeconomy employment and o f the share o f bioeconomy employment in the labour market i n the C z e c h Republic 

was identified. Regarding the drivers of the forestry labour market, based on the results, employment in the forestry 

sector is positively dependent o n wages /salaries and negatively dependent o n G D P and forest Land 

K e j H u u h k bio-based economy; economic indicators: employment in forestry; regression analysis; Czechia 

G l o b a l c h a n g e (Watson , et aL is o f t e n p e r 

c e i v e d as h u m a n - i n d u c e d m o d i f i c a t i o n s in c l i m a t e . 

Induud . h u m a n a c t i v i t i e s h a v e u n d e n i a b l y a l t e r e d 

t h e a t m o s p h e r e , and p r o b a b l y the c l imate- as w e l L 

M o n - t i u m a n c l i m a t e c h a n g e s t e n d t o be- s l o w e r 

a n d less d e s t r u c t i v e t h a n a n t h r o p o g e n i c c l i m a t e 

c h a n g e . A t the s a m e t i m e , m o s t o f t h e w o r l d ' s for 

es ts h a v e a l s o b e e n e x t e n s i v e l y m o d i f i e d b y h u m a n 

_:iL ct" the l a u d . G l o b a l c l i m a t e c h a n g e is p r e d i c t e d 

t o b r i n g a d i f fe ren t c l i m a t i c f u t u r e to the w o r l d ' s 

m a j o r fo res t r e g i o n s . T h e s t u d y ( K i m et aL 2017) 

r e p r e s e n t s t h e i m p a c t o f c l i m a t e c h a n g e o n g l o b a l 

forests a n d b a s e d o n c l i m a t e s y s t e m m o d e l l i n g , 

c o n c l u d e s that c l i m a t e m i t i g a t i o n c a n b r i n g b e n 

efits as wel l as c o s t s . B a s e d o n H a n s e n et a l . {2001V, 

c o n s i d e r a t i o n o f c l i m a t e , land, u s e , a n d b i o l o g i c a l 

c i v e m h is a key vj uric.cr; i - .andin:; the fo res t r e 

s p o n s e t o g l o b a l c h a n g e . 

T h e forest b i o e c o n o m y plays a s ign i f i can t ro le 

i n c a p t u r i n g c a r b o n in susta insb ly m a n a g e d for

est e c o s y s t e m s a n d t h e i r p r o d u c t s { G r e e n G r o w t h 

K n o w l e d g e P l a t f o r m 2011), T h e forest b i o e c o n o 

m y c a n c o n t r i b u t e t o t h e Par is A g r e e m e n t ' s a i m 

t o a c h i e v e a b a l a n c e b e t w e e n a n t h r o p o g e n i c g r e e n 

h o u s e gas e m i s s i o n s b y s o u r c e s , a n d r e m o v a l s 

b y sanies { U N F C C C 2015) , by i n c r e a s i n g the car 

b o n s t o c k e d in forest l a n d a n d in h a r v e s t e d w o o d 

p r o d u c t s . A s u s t a i n a b l e forest b i o e c o n o m y p lays 

a n essent ia l role i n the c a r b o n cyc le a n d p r o v i d e s es 

sent ia l e n v i r o n m e n t a l a n d s o c i a l va lues . F o r t h e for-
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est b ioeconoTny , the m o s t i m p o r t a n t cha l lenges a re 

t o find Innovat ive a p p r o a c h e s to m a n a g i n g forest re

s o u r c e ! in a way that s i m u l t a n e o u s l y inc reases w o o d 

a n d n o n - w o o d p r o d u c t i o n ( M a r c h e t t i et aJ, 2014). 

C l i m a t e c h a n g e , b i o d i v e r s i t y l o s s a n d the i n 

c r e a s e d o c c u r r e n c e o f e x t r e m e w e a t h e r even ts 

br ing , n e w c h a l l e n g e s at a g l o b a l leve l , n o t just 

i n forestry . A t the -global leve l , the E u r o p e a n U n i o n 

h a s n o w t a k e n the l e a d a n d c r i t i c a l ob je c t i ves have 

b e e n iden t i f i ed , s u c h as e n s u r i n g the l o n e - t e r m 

c o m p e t i t i v e n e s s o f E u r o p e a n i n d u s t r y as wel l 

as c l i m a t e n e u t r a l i t y by 2050. W e c a n s p e a k a b o u t 

th is issue as h i g h l y t o p i c a l a n d w i t h a g l o b a l i m 

p a c t . T h e P a r i s A g r e e m e n t ( U n i t e d N a t i o n s 2 0 ] 5 b j . 

the E u r o p e a n C l i m a t e L a w ( E U 2013 f l 999) , the E u 

r o p e a n G r e e n D e a l ( E u r o p e a n C o m m i s s i o n 2 0 L 9 J . 

a n d o ther e n v i r o n m e n t a l v i s i o n s are b e i n g f o l l o w e d 

u p b y the latest Fi t f a r 55 p a c k a g e s , A leg is la t ion r e 

v i s i o n a i m s t o r e d u c e n e t g r e e n h o u s e gas e m i s s i o n s 

by at Least 5 5 K b y 2050 ( E u r o p e a n C o m m i s s i o n 

3021) , i n c r e a s e the adaptab i l i t y o f forests a n d the 

n a t u r a l r e s t o r a t i o n o f forests , as wel l as f inanc ia l ly 

s u p p o r t sus ta inab le forest m a n a g e m e n t a c r o s s E U 

c o u n t r i e s . T h e N e w E U F o r e s t St ra tegy for 2 0 3 0 

( E u r o p e a n C o m m i s s i o n 2021) c a n b e c o n s i d e r e d 

J S part o f the package 

T h e sus ta inab le e c o n o m y p o l i c y p a c k a g e is c o m 

p l e m e n t e d b y the E U B i o e c o n o m y S t r a t e g y ( E u 

r o p e a n C o m m i s s i o n 2013) , and t h e N e w E U 

C i r c u l a r E c o n o m y A c t i o n F l a n { E u r o p e a n C o m -

misM-,in l i - l n : . Eur- .hcr. the " - ^ S . s - . a i n a b l c D e 

v e l o p m e n t G o a l s ( U n i t e d N a t i o n s 2015a), and the 

E u r o p e a n Fores ts for b i o d i v e r s i t y , c l i m a t e c h a n g e 

m i t i g a t i o n a n d a d a p t a t i o n ( S c i e n c e f o r E n v i r o n 

m e n t P o l i c y 2021) have a l r e a d y b e e n d e v e l o p e d . 

In the C z e c h R e p u b l i c , the first strategic f r a m e 

w o r k for the c i r c u l a r e c o n o m y ( M i n i s t r y o f E n v i 

r o n m e n t 2021) w a s a p p r o v e d b y t h e e n d o f 2021 , 

A s ign i f icant area o f interest o f the C i r c u l a r C z e c h 

R e p u b l i c 2040 ( M i n i s t r y o f E n v i r o n m e n t 2021} 

i f the d e v e l o p m e n t o f t h e C z e c h b i o e c o n o m y , w h i c h 

s h o u l d create n e w fobs a c r o s s the E u r o p e a n c o u n t r y . 

G l o b a l l y , p r e s s u r e Is i n c r e a s i n g o n the d e m a n d 

s ide f a r f o o d , f e e d , b i o m a t e r i a l s , and b i o e n e r g y 

r e s o u r c e s , p u t t i n g m o r e p r e s s u r e o n na tura l r e 

s o u r c e s . T h e t r a n s f o r m a t i o n f r o m a l inear e c o 

n o m i c s y s t e m to a m o r e s u s t a i n a b l e o n e h a s b e g u n . 

W e c a n o b s e r v e m o d i f i e d e c o n o m i c m o d e l s s u c h 

as c i r c u l a r e c o n o m y , g r e e n e c o n o m y , b i o - b a s e d 

e c o n o m y . o r b i o e c o n o m y . I he- c i r c u la r b i o - c c o n o m y 

has a s i g n i f i c a n t i m p a c t o n sus ta inab le d e v e l o p -
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mer i t , T h e b i o e c o n o m y ( E u r o p e a n C o m m i s s i o n 

2 0 ] £ ) c a v e r s al l s e c t o r s a n d s y s t e m s t h a t rely o n b i 

o l o g i c a l r e s o u r c e s , t h e i r f u n c t i o n s , a n d p r i n c i p l e s . 

It i n t e r l i n k s l a n d and m a r i n e e c o s y s t e m s , a l l p r i 

m a r y p r o d u c t i o n s e c t o r s a n d al l s e c t o r s u s i n g b i o 

log ica l r e s o u r c e s :n p m c u c L f o o d , feed b i o - b a s e d 

p r o d u c t s , energy , a n d se rv ices . 

B a s e d o n sc ient i f ic l i te ra ture ( R o n z o n et aL 

2015) , the n a t i o n a l b i o e c o n o m i e s o f the E U states 

c a n b e d i v i d e d i n t o f o u r g r o u p s o f c o u n t r i e s s u c h 

as a g r i c u l t u r a l b i o e c o n o m i e s ( S l o v e n i a , G r e e c e , 

R o m a n i a ) , a g r o - f o o d i n d u s t r y a n d b i o - b a s e d 

c h e m i c a l i n d u s t r i e s (Italy, F r a n c e , G e r m a n y ) , f o r 

e s t r y b i o e c o n o m i e s ( F i n l a n d , S w e d e n , E s t o n i a ) , 

a n d n o n - s p e c i a l i s e d b i o e c o n o m i e s ( C z e c h R e 

p u b l i c , S l o v a k i a , H u n g a r y ) . R o n z o n et a l . (2020) 

d e f i n e d t h e f o l l o w i n g s u b s e c t o r s o f b i o e c o n o m y : 

a g r i c u l t u r e , forest ry , f i s h i n g , m a n u f a c t u r e o f f o o d 

p r o d u c t s , beverage a n d t o b a c c o , m a n u f a c t u r e 

o f b i o - b a s e d texti le, m a n u f a c t u r e o f w o o d a n d 

w o o d p r o d u c t s , m a n u f a c t u r e o f paper , m a n u f a c 

t u r e o f b i o - b a s e d c h e m i c a l s , m a n u f a c t u r e o f b i o -

b a s e d p h a r m a c e u t i c a l s , m a n u f a c t u r e o f b i o p l a s t i c s , 

m a n u f a c t u r e o f l i q r J d b i o f u e l s a n d the p r o d u c 

t i o n o f b i o e l e d r i c i t y . F o r e s t r y r e p r e s e n t s the key 

s e c t o r o f the b i o e c o n o m y . 

In sc ient i f ic s t u d i e s f o c u s i n g o n b i o e c o n o m y is 

s u e s , t h e r e is still a lack in. th is f ie ld . The m o s t easi ly 

ava i lab le s c i e n t i f i c s t u d i e s are n a t i o n a l case s tud ies . 

H o w e v e r , the s o c i o - e c o n o m i c e f fects o f the b i o 

e c o n o m y , s u c h as e m p l o y m e n t , t u r n o v e r , a n d G D P , 

h a v e n o t b e e n v e r y w e l l r e s e a r c h e d . F o r e x a m p l e , 

C a r u s (2012) p r o v i d e d a n o v e r v i e w o f the q u a n 

t i tat ive d i m e n s i o n s o f t h e E u r o p e a n b i o e c o n o m y 

a n d d i s p l a y e d the f i rs t -ever c o l l e c t i o n and a n a l y 

s is o f b i o e c o n o m y d a t a across t h e E U - 2 7 M e m b e r 

States. T h e c a l c u l a t i o n o f effects i n c l u d e s i n d i c a 

to rs s u c h as the n u m b e r o f e n t e r p r i s e s , e m p l o y e d 

p e r s o n s , and v a l u e a d d e d . S u b s e q u e n t l y , the h i g h 

e m p l o y m e n t va lues i n t h e i n d i v i d u a l b i o e c o n o m y 

s e c t o r s a r e c a u s e d b y n a t u r a l a n d g e o g r a p h i c a l 

c o n d i t i o n s in each c o u n t r y (Dre ie rska 2017) . A c 

c o r d i n g t o a s t u d y p e r f o r m e d b y H e t e m a k i a n d 

H u r m e k o s k i (ZOIC), at the E u r o p e a n leve l is still 

a lack o f s t u d i e s that d e v e l o p a n area s u c h as the 

forest l a b o u r m a r k e t . R e g a r d i n g the J o n s s o n et aL 

(2021) s u p p o r t o f l o g g i n g w o o d , the p r o d u c t i o n 

o f w o o d p r o d u c t s , a n d s e c t o r s that use the b y 

p r o d u c t as a f e e d s t o c k s e e m t o be a n o p p o r t u n i t y 

t o b o o s t b i o e c o n o m y e m p l o y m e n t . A n o t h e r s t u d y 

( E f k e n e t aL 2012) a s s e s s e d t h e macrcteconcnnijc 
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i m p a c t o f t h e b u j E c o n o m y i n G e r m a n y a n d a n a l 

y s e d f o u r i n d i c a t o r s s u c h as the n u m b e r o f c o m p a 

n i e s e m p l o y m e n t t u r n o v e r a n d g r o s s v a l u e a d d e d . 

T h e s tudy ( C E P ] 20 ] 2) refers to d i r e c t a n d i n d i r e c t 

v a l u e a d d e d a n d e m p l o y m e n t i n t h e E u r o p e a n p u l p , 

p a p e r , a n d p a p e r b o a r d i n d u s t r y . O n the c o n t r a r y . 

D a m m e r et aL (2017) s h o w e d t h e n e w e s t i m a t i o n 

o f e m p l o y m e n t a n d t u r n o v e r f i g u r e s o f t h e E u r o p e 

a n b i n e c o r u a m y . R e g a r d i n g , the m u l t i p l y i n E effects 

o f t h e b i o e c o n o m y ( M a i n a r - C a u s a p e et aL 2017% 

e a c h E U R m i l l i o n spent o n b i o e c o n o m y p r o d u c t s 

n e w l y g e n e r a t e s 12 e m p l o y e d p e r s o n s i n the b i o 

e c o n o m y s e c t o r s , e s p e c i a l l y i n a g r i c u l t u r e , i n the 

food a n d p a p e r i n d u s t r y . T h e h i g h e s t d i r e c t e m 

p l o y m e n t e f fec ts a r e r e p r e s e n t e d , b y e x p e n d i t u r e 

o n forestry a n d a g r i c u l t u r a l p r o d u c t s . 

R e g a r d i n g the s tud ies focusing o n the C z e c h . 

p u b l l c ( P u r w e s t r l et aL 2020), o p p o r t u n i t i e s for 

sus ta inab le fo res t b l n m a s s a n d h i g h - a d d e d v a l u e 

p r o d u c t s o p e n e d i n the forestry m a r k e t . B a s e d 

o n the s tudy p e r f o r m e d b y Hajefc et aL (2021) , heal th 

c o n d i t i o n s in s e c t o r s s u c h as forestry, a g r i c u l t u r e , 

a n d f o o d indust r ies s e e m t o b e n e c e s s a r y for t h e de 

v e l o p m e n t o f a c i r c u l a r e c o n o m y at the l o c a l leve l , 

Z i r r . n i i j r m a n n o v a a n d [ t r - i n o v i (2022) eva lua ted 

e m p l o y m e n t a n d its t r e n d s in se lected s e c t o r s o f the 

b i o e c o n o m y as the m a i n d r i v e r s o f the l a b o u r m a r k e t 

a n d i d e n t i f i e d G D P , w a g e , a n d s u b s i d y d e v e l o p m e n t , 

Based , o n t h e Literature r e v i e w , w e h i g h l i g h t a l a c k 

o f s t u d i e s that w o u l d a d d r e s s t h e t o p i c o f forestry 

e m p l o y m e n t w i t h i n t h e b i o e c o n o m y l a b o u r m a r 

ket i n t h e C z e c h R e p u b l i c . T h e ana lys is p r e s e n t e d 

i n th is ar t ic le w i l l t r y bo f i l l th is gap. 

M A T E R I A L A N D M E T H O D S 

M a t e r i a l , T o a c h i e v e t h e a i m , v a r i o u s d a t a s o u r c 

es w e r e u s e d , b o t h f r o m s c i e n t i f i c d a t a b a s e s a n d 

o f f i c i a l i n s t i t u t i o n a l o n l i n e s o u r c e s . T h e essent ia l 

d a t a s o u r c e s a r e r e p r e s e n t e d , b y t h e d a t a p u b l i s h e d 

i n sc ien t i f i c s t u d i e s (sc ien t i f i c d a t a b a s e s W e b o f S c i 

e n c e , S c o p u s , R e s e a r c h G a t e , etc . ) , as w e l l as the 

o f f i c i a l w e b s i t e s o f the E u r o p e a n U n i o n , F o r the p e 

r i o d 2 0 0 0 - 2 0 2 0 , d e t a i l e d data c o n n e c t e d w i t h b i o 

e c o n o m y , b i o e c o n o m y s e c t o r s , f ea tures o f s u c h 

s e c t o r s , a n d forestry w e r e u s e d f r o m the E u r o s t a t 

d a t a b a s e ( E u r o s t a t 2022) , the C z e c h S ta t is t ica l O f 

fice ( C Z S O 2022) a n d t h e D a t a - M o d e l l i n g p l a t f o r m 

o f a g r o - e c o n o m i c r e s e a r c h ( E u r o p e a n C o m i s s i o n 

3021 ) . T a b l e 1 s h o w s the o v e r v i e w o f a l l d a t a / v a r i 

a b l e s u s e d for c o r r e l a t i o n a n d r e g r e s s i o n ana lyses 

p r e s e n t e d i n th is paper , i n c l u d i n g a b b r e v i a t i o n s , 

u n i t s , a n d ro les o f t h e v a r i a b l e s . 

T h e k e y d e p e n d e n t v a r i a b l e i s ' " e m p l o y m e n t 

i n forestry" . T h e " e m p l o y m e n t " is a s u i t a b l e i n d i c a 

t o r c h a r a c t e r i s i n g t h e l a b o u r m a r k e t (B la is 1936; 

S a m u e l s o n , N o r d h a u s 2009) . R e g a r d i n g i n d e p e n 

d e n t va r i ab les , t h e y w e r e c h o s e n b a s e d o n t h e i r ex 

p e c t e d i n f l u e n c e o n e m p l o y m e n t i n fores t ry . Eiased 

o n the l a b o u r m a r k e t t h e o r y ( S a m u e l s o n , M o r d h a u s 

2009);. wages a n d sa la r i es i n f l u e n c e e m p l o y m e n t 

a n d u n e m p l o y m e n t . S i m u l t a n e o u s l y , a n i n c r e a s e 

i n G D P r e p r e s e n t s t r a n s f o r m a t i o n o f t h e e c o n o m y , 

i n c r e a s e s i n d i g i t i s a t i o n , a n d t h e c r e a t i o n o f n e w 

j o b s ( T o t h et aL 2019 ) , It c a n c a u s e t h e m o v e m e n t 

o f e m p l o y e d p e o p l e f r u m f o r e s : r y a n d cnher t r a d i 

t i o n a l s e c t o r s t o o ther , u p - t o - d a t e s e c t o r s . E n v i 

r o n m e n t a l i n v e s t m e n t s are n e c e s s a r y for t r a n s i t i o n 

t o c l e a n e r t e c h n o l o g i e s ( T o t h et aL 2019) , T o g e t h e r 

w i t h s u b s i d i e s (B la ls 1936) , t h e y c a n s u p p o r t e n 

v i r o n m e n t a l l y i m p o r t a n t s e c t o r s o f the n a t i o n a l 

e c o n o m y , s u c h as forestry. F o r e s t l a n d is a n i m 

p o r t a n t i n d i c a t o r , w o o d is a r e n e w a b l e n a t u r a l r e 

s o u r c e , a n d we c a n e x p e c t a n i n c r e a s e in d e m a n d 

for th is e n e r g y s o u r c e (Hajefc et a L 2021 ) . T i m e r e p 

r e s e n t s the c o n t r o l v a r i a b l e . 

T h e f o l l o w i n g T a b l e 2 s u m m a r i z e s t h e p a r a m 

eters o f v a r i a b l e s d e s c r i b e d i n T a b l e I, F o r e a c h 

v a r i a b l e , m i n i m u m a n d m a x i m u m va lues , s t a n d a r d 

d e v i a t i o n , a n d t h e m e d i a n are i n d i c a t e d -

M e t h o d s . T h e m a i n a i m o f th is p a p e r i s t o e v a l u 

ate f o r e s t r y e m p l o y m e n t a n d its d r i v e r s w i t h i n the 

b i o e c o n o m y l a b o u r m a r k e t i n t h e C z e c h R e p u b l i c . 

Table-1. L ist of variables 

Y i r u b l e AlbrcviaLion Un i t * HnLe 

1 i:i: 1 • i:n r: 
in forestry 

FOSE i h i i ü i j r.d 
persans 

dependent 

G r o i l domestic 
product 
•1 nujket prices 

GDP 

and diaries 

Subsidies 

VAGE 

SUBS 

c j mitt , parcel, 
mil l ion E U R 

independent 

1 I-.II n mental iNY 
investments 

iNY 

lore-st land FOSL 
Tunc TFME years 

Saurce: Authors-' wn elaboration 
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Table- 2. Overv iew of the data statistics 
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Vir ia l le M inirn nm Maximum S U n d i r d devLvtian y.-(\,i\i 
J"I 21 37.66 1.477 : s . s 3 

G D P 235 56S.7 46 |.-.. • 

m c f 19989J 77 380.2 16 « 2 . 1 5 

SrJflS 1 470.7 7 97f.fi 1 BJ3.277 3 6575 

SNV 596.7 1 S O U 150.52a 939.64 

F O f l i 2 637 2B9 2 677 329 12 1.> 2 657 376 

a n a 2 u l 0 

FtPRE - e-rmpbjTneril in forestry; G D P - g r a s s domestic product it nutrlcet prices; Bfj^Gf — wages and salaries.: SUBS - s u b 

sidies; JWV - erYVLTDnnnienr.il investments; FCbfii - forest b u d ; TIME. — tune 

Source: Authors, based o n Eurastit (24X22) and. C Z 5 0 (2D22) 

B a s e d o n the a b o v e MteraLurc r e v i e w and l i n k i n g 

u p w i t h the p a p e r o b j e c t i v e s , t h e f o l l o w i n g r e s e a r c h 

q u e s t i o n s s h o u l d be a n s w e r e d : 

B Q 1 : Cain w e o b s e r v e a d e c r e a s i n g t r e n d o f e m 

p l o y m e n t i n t h e fo res t ry s e c t o r w i t h i n t h e b i o e c o n -

o m y l a b o u r m a r k e t i n the C z e c h R e p u b l i c ? 

R Q 2 : W h a t are t h e m a i n d r i v e r s o f e m p l o y m e n t 

i n the f o r e s t r y s e c t o r i n the C z e c h R e p u b l i c ? 

F o r t h e a c h i e v e m e n t o f tbe m a i n a i m o f o u r r e -

s ua ich a n d :o a n t w t T the r^s L aTch L IO ns, we u ^ d 

:hL n.'llu'iviriLiniLl-hocs I i L t r a L u r e r e ^ i L ^ 1 . d a t a a n a h -

sis, c o r r e l a t i o n ana lys is , and regress ion ana lys is . 

T o a n s w e r R Q 1 , the f o l l o w i n g methjoclo logical 

a p p r o a c h w a s u s e d : b a s e d o n the set target , the 

s ta t is t ica l data w e r e col lected. , and t h e s e c t o r a l a p 

p r o a c h w a s a p p l i e d . R e g a r d i n g t h e s ta t is t ica l d a t a , 

: h e m a i n data H J U T C C H f in urn p l o w m e n : i n ihe bici -

e c o n o m y rcp-urLed i n the t i^ureu arc E u r o s t a t , the 

D a t a - M o d e l l i n g p l a t f o r m o f r e s o u r c e e c o n o m i c s , 

a n d t h e C z e c h Sta t is t ica l O f f i c e . 

F o c u s i n g o n the s e c t o r a l c o m p a r a t i v e a n a l y s i s , 

c h a n g e s In t h e s t r u c t u r e o f the e m p l o y m e n t i n p a r 

t i c u l a r b j o e c o n o m y s u b s e c t o r s w e r e a n a l y s e d a n d 

c o m p a r e d . T h e k e y m e t h o d o l o g y was p e r f o r m e d 

by t h e D a t a - M o d e l l i n g p l a t f o r m o f a g r o - e c o n o m i c 

r e s e a r c h [ E u r o p e a n C o m m i s s i o n 2021) . 

C o n s i d e r i n g t h e s e c t o r a l a p p r o a c h , e m p l o y m e n t 

d a t a w e r e l is ted by t h e M A C E rev. 2 C l a s s i f i c a t i o n . 

A g r i c u l t u r e , forest ry , f i sh ing , t h e m a n u f a c t u r i n g 

o f f o o d , beverage , t o b a c c o , a n d p a p e r w e r e u s e d 

as p u r e b i o e c o n o m y s e c t o r s . O t h e r s e c t o r s , s u c h 

as the m a n u f a c t u r e o f texti les, w e a r i n g a p p a r e l , 

leather , w o o d p r o d u c t s , f u r n i t u r e , c h e m i c a l s , p h a r 

m a c e u t i c a l s , p last ics a n d r u b b e r , a n d e l e c t r i c i t y 

p r o d u c t i o n , represen t h y b r i d s e g m e n t s w i t h a b i o -

b a s e d s h a r e o f e m p l o y m e n t , 

T o a n s w e r R Q 2 , the f o l l o w i n g m e t h o d o l o g i c a l 

a p p r o a c h was u s e d : c o r r e l a t i o n a n a l y s i s (Pearson's 

c o r r e l a t i o n coef f ic ient ) a n d r e g r e s s i o n ana lys is 

w e r e c a r r i e d o u t b a s e d o n the a b o v e - d e s c r i b e d data 

( T a b l e s 1 a n d 2). T h e a u t h o r s u s e t h e l i nea r r e g r e s 

s i o n m o d e l s . T h e k e y o n e is t h e r e g r e s s i o n m o d e l 

M O D I w h i c h c a l c u l a t e s the r e l a t i o n b e t w e e n e m 

p l o y m e n t i n fo res t ry a n d a l l o t h e r v a r i a b l e s . 

The genera l regress ion e q u a t i o n o f M O D I is as fo l 

lows [ E q u a t i o n (1]): 

Y= £ 0 + £ 1 X 1 + 0 2 X 2 * 0 1 X 3 + 0 4 X 4 + 

* 0 5 X 5 * 0 6 X 6 + u 

where: 

}' - employment i n the forestry sector ( F O R E ) ; 

P0-fk> - regression coefficients that reflect the impact 

af the independent variable a n the dependent 

variable; 

a - random element o f the model ; 

X I - G D P {GDPi-r 

X2 -vnff>t.WAGF); 
X3 - subsidies \SUBSk 
Xi - environmental investments (JWTO; 

J S - r a r e s t l a n d ( F O S E ) ; 

X 6 - t ime(T/A:TFJ. 

Regress ion m o d e l M O D 2 i n c b d e s all var iab les l i ke 

M O D I , except for TIME. M O D S represents t h e m o r e 

f o c u s e d a n d statist ical ly s ign i f icant m o d e l . M O D 2 

a n d M O D 3 are d e s c r i b e d in m o r e detai l in Resul ts . 

R E S U L T S 

E m p l o y m e n t i n the f o r e s t r y s e c t o r w i t h i n t h e b i o 

e c o n o m y l a b o u r m a r k e t , T h e changes i n the st ruc

ture i n par t i cu la r b i o e c o n o m y subsec tors in the C z e c h 
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Re-publ ic i n 2D 10-20-19 are presented i n F igure 1; sev 

eral categor ies w e r e u s e d , n a m e l y agr icu l ture , f o o d , 

beverage, and tobacco ; forestry; w o o d p r o d u c t s a n d 

fu rn i tu re ; paper; f ishing a n d aquacul ture ; b i o - b a s e d 

textiles; b i o - b a s e d c h e m i c a l s , pharmaceu t ica ls , p las 

t ics, a n d r u b b e r . The h ighest share o f b i o e c o n o m y 

e m p l o y m e n t was r e p r c s L n t e c each year by ".radili-unal 

e c o n o m y sectors , s u c h as agr icu l ture ; r o o d , beverage, 

tobacco; w o o d p r o d u c t s a n d furniture. Based o n the 

results, about t w o - t h i r d s o f b i o e c o n o m y e m p l o y m e n t 

i n the C z e c h Republ ic c o m e s f r o m agr icul ture a n d 

rood , beverage, a n d tobacco . 

T a b l e 3 s h o w s that the share o f the b i o e c o n o m y 

sectors i n the l a b o u r m a r k e t in the r e p o r t e d p e r i o d 

was a p p r o n m a i E I Y 7%-S%. T h e highest share w a s o b 

s e r v e d i n 2012 (7.94%) and the lowest share i n 2019 

(7.31%). W e can observe a d e c l i n i n g t r e n d . C o n s e 

quently, t h e share o f forestry i n the b i o e c o n o m y l a b o u r 

m a r k e t was a r o u n d E f t - S S L T h e h ighest share o f for

estry i n the b i o e c o n o m y labour market i n t h e C z e c h 

R e p u b l i c was o b s e r v e d i n 2011 (t>.98%). In contrast , 

its lowest value was i n 2019 (5 .42* ) . Based o n the f ig 

ures , a d e c l i n i n g t r e n d c a n be o b s e r v e d in the share 

o f forestry in t h e b i o e c o n o m y l a b o u r m a r k e t i n the 

C z e c h Republ ic in t h e p e r i o d 2 0 1 0 - 2 0 1 9 . 

C o r r e l a t i o n a n a l y s i s . Tab le 4 s h o w s t h e resu l ts 

o f the c o r r e l a t i o n ana lys is . [he v-ari-abIes -arc- de 

s c r i b e d i n m o r e deta i l in T a b l e s 1 a n d 2, 

F o c u s i n g on e m p l o y m e n t i n f o r e s t r y {FORE), 

w e c a n o b s e r v e n e g a t i v e c o r r e l a t i o n s w i t h al l o ther 

s e l e c t e d va r iab les {GDP, WAGE, SUBS, £ Y V , FORL, 
a n d TIME). T o i d e n t i f y the d r i v e r s o f the f o r e s t r y l a 

b o u r m a r k e t , w e w i l l U S E l i n e a r r e g r e s s i o n a n a l y s i s . 

R e g r e s s i o n a n a l y s i s . T a b l e 5 p r e s e n t s m o d e l s 

M O D I , M O D 2 , a n d M O D 3 w i t h forestry e m p l o y 

m e n t \FORE) as a d e p e n d e n t va r i ab le . 

2 0 ] ° 
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Figure 1. O u n g e s in the structure o f the bioecunarny employ men l i n the C z e c h Republic i n 2010-20-1-9 

Source: Author* m n pro cei l ing, based on Euruxtit (3023) and European Commission 
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Table 3. Forestry in the I M economy labour market (.%) 

Employed persons Employed, persons Shire of the hioeconomy Employed persons 5hare of forestry i n the 
Year in total in the bio economy sectors in forestry hiocconomy sectors 

(thi • • u n d persons) {thousand persons) (%•) I'th • • u n d persons) (V I 

2010 4 SS5.200 385535 7.89 25.96 6.73 

M i l 4 871.400 384JS28 7.89 215.63 6.96 

M i l 4890.100 38SJ348 7.94 24.64 6.34 

2013 * 937.100 385.620 7.81 23.49 6.09 

2014 4974.300 584.1&6 7.72 22.61 559 

2D15 5 041.900 7 . « 22.62 557 

a a u 5 3 38500 383 J Ä 1 7 . « 21.50 5.61 

2017 5 221J6ÜO 386.1*6 7.40 21.67 5.66 

2016 5 293500 395.281 7.47 21.62 5.52 

2D19 5 303.100 387510 7.31 21.00 5.42 

Source: Czech Statistical Office (2012), European C o m m i s s i r . i'2'ü.ll1, IJ^TI p r o L j ^ s i n s , 

Table i. Corre lat ion analysis 

Variable FORE GDP WAGE .iUiiS- iNV FORI TIME 
FORE 1 - - -
GDP : - - -
WAGE -0 .933 0.996 1 - -
S U E S -0 .944 0.939 0.949 1 - -
IKV - a n t i 0.726 0.72 3 0.790 1 -
FORL -0 .932 0.962 0.963 0.972 0.B26 1 -
TIME D.WS 0.969 D.973 0523 0.999 1 

FORE - emp lo j rme r iA i n f caTe3 t r y ; -GDP- gross don neslic product it market prices; WAGE - wages a n d salaries; SUSS - sub-
l id ie i ; J M V - emironmental investments; FOSL - • forest b ru t TIME - time 

Source: AuLkorc" own elaboration 

Table 5. Regression analysis 

Parameter 
M O D I M O D 2 M O D 3 

Parameter 
=B- coef. sia.. coef. sin- coef. 

XI {GDP) 0.00542 -0.00017 0.004034596 -DJ00017 0.OO31OS89 -0.00016 

X2(WAGE) 0.00320 0.0 055 0.002104713 OJ0OD556 0.001759668 0.00047 

xnsuns) 052894 -0.OOO33 0.547242726 -DJ0003 - -
Xi UNY) 0.25074 0.00007 0.191729396 b.Cät:-?.:, -
JT5 {FORL) O.I573B -O.DOO64 6.99925E-D5 -DJ0OO52 1.01S67E-D7 -OJ00048 

X&i,TlME) •::.7ti29l 0.27617 - - -
C:: r .« j r . l 0.22402 1 15956081 0.0.:0i>_, 1 +25.41 ft o.ooooo 1 315.05900 

OVserv. 2] - 21 21 -
R: 0.99167 - 0.99163 0.990406 -
Si gnif. O.0D0OD - 0.ÜOOOO 0.00000 -
DW 2.4653fl - 2.374555 2.191986 -
M O D 1 - 3 - model 1-3; G D P - gross domestic product it market p r i c e s ; WAGE — wages and salaries ; SUBS - subsidies; 
J7VV - environmental investments; FOSL - forest land; TIME - time; DW - Ehubin-Walsontest 

Source: Authors' own elaboration 
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M O D L c o n s i s t s o f a l l i n d e p e n d e n t v a r i a b l e s 

( G D P , WAGE, SUBS, INV, FORL, a n d TIME). T h e 
w h o l e m o d e l is. stat ist ical ly s ign i f i can t , b u t no t a l l 

s e l e c t e d v a r i a b l e s are s ta t is t ica l ly s ign i f i can t . 

M Q D 2 r e p r e s e n t s the s a m e v a r i a b l e s as M O D I , 

e x c l u d i n g TIME as t h e var iab le w i t h the s ta t is t i 

cally' Itmx'sL s i g n i f i c a n c e 

M O D S r e p r e s e n t s va r iab les w i t h P •-: 0.01 stat is

t ical s i g n i f i c a n c e f r o m M O D I a n d M Q D 2 [GDP, 

WAGE and FORL). T h i s last m o d e l M O D 3 is the 

s ta t is t ica l ly s ign i f icant m o d e l - al l v a r i a b l e s a r e s t a 

t is t ica l ly s i g n i f i c a n t and . the w h o l e m o d e l is a lso 

stat is t ica l ly s i g n i f i c a n t . D V T was c a l c u l a t e d for th is 

m o d d , and it i t i l t » a i j ecpLabh 12.1 91. W e c a n wr i te 

the fo lLowing regress ion e q u a t i o n : 

Y = I 31 5.0S900 - 0 .00016X1 + 0 J 0 0 D 4 7 Í 2 -

- 0.0004BJfS 

E m p l o y m e n t i n t h e FORE s e c t o r i s p o s i t i v e l y d e 

p e n d e n t o n w a g e s / s a l a r i e s a n d n e g a t i v e l y d e p e n 

d e n t o n GDP a n d forest l a n d . 

D I S C U S S I O N 

'Ihe C z e c h R e p u b l i c was ident i f ied i n R o n z o n ' s study 

( R o m a n eL al . 2015) as a n o n - s p e c i a l i s e d b i o e c o n o -

m y , t o g e t h e r w i t h o t h e r V i s e g r a d c o u n t r i e s , n a m e l y 

S l o v a k i a a n d H u n g a r y . C o n s i d e r i n g . Lhc s t r u c t u r e 

o f t h e b i o e c o n o m y l a b o u r m a r k e t i n the C z e c h 

R e p u b l i c i n t h e o b s e r v e d p e r i o d , w e c a n c o n f i r m 

s u c h a resul t . B a s e d o n the a b o v e - p r e s e n t e d a n a l y 

sis, a b o u t t w o - t h i r d s o f b i o e c o n o m y e m p l o y m e n t 

c o m e f r o m t r a d i t i o n a l s e c t o r s o f t h e na t iona l e c o n 

o m y , s u c h as (I) a g r i c u l t u r e , a n d (2) f o o d , beverage , 

a n d t o b a c c o . 

R e g a r d i n g forest ry , the share o f f o r e s t r y e m p l o y 

m e n t i n t h e b i o e c o n o m y e m p l o y m e n t d e c r e a s e d 

i n the o b s e r v e d p e r i o d , it was it2% i n 2019 . T h i s 

resu l t i s s i m i l a r t o t h e s t u d y p e r f o r m e d b y T o t h 

et al, (2019). O n the o t h e r h a n d , d u e t o the G r e e n 

D e a l a n d n e w e n v i r o n m e n t a l p o l i c y , w e c a n expec t 

a n i n c r e a s e i n the n u m b e r o f n e w j o b s i n forest 

ry . A c c o r d i n g , t o P h i h p p i d i s et al . (2014), the f o r 

estry, f i s h i n g , a n d w o o d s e c t o r s represen t s e g m e n t s 

w i t h the m o s t s i g n i f i c a n t i m p a c t o n the c r e a t i o n 

o f new j o b s i n the E u r o p e a n b i o e c o n o m y . R e g a r d 

ing. Ions son et al . (2021). s u p p o r t o f l o g g i n g w o o d , 

the p r o d u c t i o n o f w o o d p r o d u c t s , a n d s e c t o r s that 

u s e t h e b y - p r o d u c t as a f e e d s t o c k s e e m to b e a n o p 

p o r t u n i t y t o b o o s t b i o e c o n o m y e m p l o y m e n t 

F o c u s i n g o n t h e d r i vers o f e m p l o y m e n t i n the f o r 

e s t r y s e c t o r i n the C z e c h R e p u b l i c , t h e r e is a p o s i 

t ive r e l a t i o n s h i p b e t w e e n e m p l o y m e n t and . w a g e s / 

sa lar ies , a n d a n e g a t i v e r e l a t i o n s h i p b e t w e e n G D F 

a n d forest l a n d . S o c i a l i n d i c a t o r ( e m p l o y m e n t ) 

as a d e p e n d e n t v a r i a b l e w a s u s e d i n m a n y studies., 

s u c h as P a r i s i and . R o n z o n (2016% L i e r et a l . (20 IB) , 

B e r k e l a n d D e l a h a y e (2019), B r a c c o et a l (2019), 

K a r d u n g et a l . (2019) , C a p a s s o a n d K i l t k o u (2020), 

A h r i a r et al . (2021) , a n d R o n z o n et a l . (2022). F o r 

e i a m p h , l i o n m n e - , a I. (2021\ c o n c l u d e d : h i L 

m o d e r n i s a t i o n , i n n o v a t i o n , a n d e m p l o y m e n t r e 

a l l o c a t i o n ore factors: i n f l u e n c i n g c h a n g e s i n the 

d e v e l o p m e n t o f b i o e c o n o m y e m p l o y m e n t . S o m e 

N o r t h e r n a n d W e s t e r n E U M e m b e r States are 

w o r k i n g o n b i o e c o n o m y t r a n s f o r m a t i o n t h r o u g h 

m o d e r n i s a t i o n a n d s t r u c t u r a l c h a n g e s i n t h e n a 

t i o n a l e c o n o m i e s ( R o n z o n et a l . 2021) . H o w e v e r , 

E a s t e r n a n d C e n t r a l E U M e m b e r States are still 

i n the ear ly s tages o f a b i o e c o n o m y t r a n s i t i o n . 

B a s e d o n the last C U E J U p o l i c y ( C H E J U 3022) , 

a to ta l o f E U R 1 2 0 m i l l i o n w Ľ l be d e d i c a t e d t o a d 

v a n c i n g c o m p e t i t i v e c i r c u l a r b i o - b a s e d i n d u s t r i e s 

i n E u r o p e , i n c l u d i n g forestry. W e c a n e x p e c t a n i n 

c r e a s e i n new j o b s c o n n e c t e d w i t h r e n e w a b l e e n 

e r g y s o u r c e s a n d : o r b i o - b a s e d p r o d u c t s . 

R e g a r d i n g the m e t h o d o l o g y a n d m e t h o d o l o g i 

c a l a p p r o a c h , c o r r e l a t i o n -and r e c e s s M r, ana lyses 

p r o v i d e i n t e r e s t i n g a n d va luab le resul ts , O n the 

o t h e r h a n d , the l a c k o f q u a l i t y p r i m a r y a n d s e c o n d 

a r y data s o u r c e s i n su i tab le s t r u c t u r e i n f o r e s t r y 

( R o b e r t et al . 2020 ) a p p e a r s t o b e a l i m i t i n g factor 

f o r p r o p e r l y e v a l u a t i n g the fo res t ry l a b o u r m a r k e t . 

S i m u l t a n e o u s l y , there is a c r u c i a l n e e d for i n n o v a 

t ive m e t h o d s o f m e a s u r i n g t h e d e v e l o p m e n t o f the 

b i o e c o n o m y s e c t o r s ( S a n z - H e m a n d e z et al . 2019) , 

i n c l u d i n g forest ry . 

C O N C L U S I O N 

Fores ts are u n d e r t r e m e n d o u s p r e s s u r e f r o m 

g l o b a l c h a n g e . T o t a c k l e g l o b a l c h a l l e n g e s , it s e e m s 

t o be i m p o r t a n t t o i m p rove a n d i n n o v a t e t h e w a y 

w e p r o d u c e a n d c o n s u m e f o o d , p r o d u c t s , o r m a t e 

r ia ls . It r e q u i r e s i n v e s t m e n t s , i n n o v a t i o n , s t ra teg ies 

as w d l as s y s i e m i : changes- a c r o s s d i f ferent e c o 

n o m i c s u b s e c t o r s , not j u s t i n t h e forest b i o e c o n 

o m y . I n t e r d i s c i p l i n a r y s c i e n c e that in tegra tes the 

k n o w l e d g e o f m a n y i n t e r a c t i n g c l i m a t e s e r v i c e s 

o f forests w i t h the i m p a c t s o f g l o b a l c h a n g e is n e c 

essary t o i d e n t i f y a n d u n d e r s t a n d as yet u n e x p l o r e d 
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feedbacks , i n the E a r t h s y s t e m and the p o t e n t i a l 

o f forests t o m i t iga te c l i m a t e c h a n g e . C o n c e r n i n g 

the forest b i o e c o n o m y , w o o d p r o d u c t i o n c a n i n 

crease-as Lung, as w e manage- o u r forests sus ta inab ly . 

T h e n a s u s t a i n a b l e fo res t ry b i o e c o n o m y p r o v i d e s 

essent ia l e n v i r o n m e n t a l a n d s o c i a l v a l u e s . F r o m 

the e n v i r o n m e n t a l p o i n t o f v iew , a s u s t a i n a b l e for

est b i o e c o n o m y c a n p r o v i d e negat ive e m i s s i o n s 

o r c a r b o n s i n k s . S u b s e q u e n t l y , e m p l o y m e n t c a n 

be c o n s i d e r e d the l e a d i n g s o c i a l i d e n t i f i e r o f the 

rarest b i o e o o n o m y . T h e m a i n a i m o f th is p a p e r was 

t o e v a l u a t e forest ry e m p l o y m e n t a n d its d r i v e r s 

w i t h i n t h e b i o e o o n o m y Labour m a r k e t i n t h e C z e c h 

R e p u b l i c . T h e par t ia l ta rget w a s t o p r o v i d e a g e n e r 

al v i e w o f the d e v e l o p m e n t o f f o r e s t r y e m p l o y m e n t 

w i t h i n t h e b i o e o o n o m y l a b o u r m a r k e t . F o c u s i n g 

o n o u r r e s e a r c h q u e s t i o n s R Q 1 a n d R Q 2 w e c a n 

c o n c l u d e tha t t h e r e is a d e c r e a s i n g t r e n d o f t h e 

share o f f o r e s t r y e m p l o y m e n t i n to ta l b i o - e c o n o m y 

e m p l o y H K ' n t in the C z e c h RcpubLLL w i : h the s h a i c 

o f f o r e s t r y e m p J o y m e n t i n t h e b i o e c o n o m y l a b o u r 

m a r k e t b e i n g a r o u n d 5%-6%. E m p l o y m e n t i n the 

f o r e s t r y s e c t o r is p o s i t i v e l y d e p e n d e n t o n w a g e s / 

sa la r ies a n d n e g a t i v e l y d e p e n d e n t o n G D P a n d f o r 

est l a n d . 

M o n i t o r i n g a n d e v a l u a t i n g s o c i o - e c o n o m i c i n 

d icators , pro-v id i : an essen t i a l i n s i g h t i n l c the hi.jf.Ci 

i m p a c t , a n d d e v e l o p m e n t o f the f o r e s t r y b i o e c o n 

o m y . B a s e d or . the r e s u l t s , a s i g n i f i c a n t k n o w l e d g e 

g a p st i l l ex is ts i n the f o r e s t r y b i o e c o n o m y l a b o u r 

m a r k e t at b o t h E u r o p e a n a n d n a t i o n a l l eve ls . T h i s 

r e s e a r c h fu l f i l l ed t h e p i c t u r e o f the b i o e c o n o m y 

e m p l o y m e n t i n t h e C z e c h R e p u b l i c , e s p e c i a l l y 

i n forest ry . 

R E F E R E N C E S 

ALviar H. , G i r c i i - S i u i i A , Ramirez-Gomez L., YiLlegas-

Velasquei 5. (2021): Mcasucing the contribuLia n of Lnc 

biocc/inomy: The case af Colamhia a ltd Antioquia. Sus-

rjmafcihtr, 13:2353. 

B e r l e l T.V.. DelahiLye R. (2019): Material Flaw ManitoT 

2016 - Technical report. Available it: https:tfwww.cli5. 

nl. ,en-t;b i

, 'bacltgraund l

, '2Gl cV 10.' material -flow -man itar-

2016-t edi ILK al - re po rt 

B l i i i A . (IPB&>: T h e polit ical economy af publ ic subsi

dies. Comparatnc Political Studies, 19: 201-216. 

B m x D 5., Taioi A T C^aliciciglu C t r G u m n 5an Juan M., Bog-

danslti A . (201?]: Indicated ta Moni tor and Evaluate the 

EtBlainjti l i ty o f Bioeconomy. Overview And a Proposed 

Wfay Forward. K a n e , F A C t 127. 

3 9 2 

https: / f da i .orgf 10.17221 /84 /2022-J FS 

Capassa M v Klitkou A . (2020): Soda-economic indicators 

L• :• monitor Nca~wa.fi bioeconomy in t r a n s i t u n. Sustain-

at i l i t j - . 12: S173L 

Carus M . (2012): Bio-based Economy i n the EU27: A First 

Quantitative Assessment of Bio mas* Use in the E U Indus

try. Kiirth, nova-Lnstitut far Ecology and Innovation: 28. 

C B E |IT (2023 y E l 20 mi Ibon avaiLble for advancing Europe'i 

circular Vic-economy. Circular Bio-based Europe. Available 

at: https:tfwww.cbe.eureka.eu / jKw^eul20-miLtiun-avail-

able -advandng -euTopes -c ircular-biaecanarny (accessed 

July I 2 0 2 2 ) . 

CEP] (2D] 2): Employment and n i n e added - A comparison 

be tween the European p tdp and paper mdust rj- i n d the 

bioenergy sector. Available at : https:i'/businesxdocbo](. 

com/12666] 22 a-Gran_Solutionsj'rJnp]o}-merit-:>nd * 2 0 

value-added-a-campari son -b e-tween-the-curopean- pulp-

a n d - p a p e r - industry -a rad-thel^On ioenergy-sector. Html 

(accessed Aug 18v 2020). 

C Z S O (2022): B a n c charac te r is t i c * of act iv i ty s ta tu* 

o f populat ion aged 15 or more , available ait: https:;'t 

vdb.czso .c i /vdbvo2r face s ̂ e n / i n d e x . j s l T p -age- vyslu p-

oLjeJ i t&pvn-ZA M0I - B&sLupId - U£&L: i laJc is , -3uB53& 

p r a - Z A M 0 1 - B & s t r - v « 7 & n - v 4 1 3 _ _ V T J Z E M ] _ 9 7 _ 1 9 

(accessed Mac IB, 2022). 

Dacnmer I.., Carus M., ]Kland K., Piotrow Sarmento L., 

Crumhapalli K., RucKka. A . (2017): Current Situation and 

Trends of the Bier Based Industries i n Europe with a Focus 

o n Bio-Based Materials. Pilot Study lor BBI ]U. rlurtb, 

nova-[nxu 'cute for Ecology and Innovations: 213. 

Drejersfca K. (2017): Employment ui vs. education Jar tbe 

bioeconomy. Ln: Paupeliene A . (ed.): Proceedings o f the 

Bth International Scientific Conference Sural Development 

2017, Akademi-a. Nov 2 3 - 2 * , 2 0 1 7 : 9 9 2 - « 

Efkeri P., h u e M. , Bat lie A , Dieter M , Dir tsmeyer W., 

EbeLing M., Fluclt K , Hansen H . r Kceiru P., Seintsch B., 

Echwe ia le \ . r B l r o h m SC., \ T e i m i r H. (2012): VoLk-

iwijt-fha(llic} iE Bedeutung. d e r biobaxjerten Wi r t i chah 

i n Deut -ch land. Braun -^ l ivve iB^ |oha.nn He inr ich v o n 

Ttiiinen- [nititut: 65. ( in German) 

Eurofie-Ji C o m m u i i o n pU] B-J: ASu- tanublc Bioecononiy lor 

Eucape: rungthuni na Oie ConnectKm between Economy, 

Society and die Environment. Update Bioeconomy Strat

egy. Luxembourg, Publications Office o l t he European 

Union: 107. 

European Commission (2019): The Eucopeain Gceen DeaJ. 

Availahlc at: https:, , ' ' 'cur-le~L.e-iropa.eu''le-Eal-CDntcmt/EN,' 

T X T / r n r i - CELES-5201 aDCDfiOO 

Eucopean C o m m i s s i o n (2D20): A N e w C i r c u l a r E c o n 

omy A c t i o n P lan . D o c u m e n t 52020DCOOTS. Ava.iL-

able i t : https:r/eur-lex.europa..euylefjaL-content/EN'^ 

T X T / r n r i - C O M * 3 A 2 D 2 0 * J A « g * 3 A F [ N 

3 8 

http://hi.jf.Ci
https:tfwww.cli5
http://Nca~wa.fi
https:tfwww.cbe
file:///Teimir
http://Ava.iL-


Journal of Forest Science, 68, 2022 {10}: 385-394 Original Paper 

h t t p s j ^ d o i . o r E ^ i a i 7 2 2 1 / » 4 ™ 2 2 - ] F S 

E u r o p e i n Commiss ion (2021): Data-moJel l ing platform 

of agro-economics research. Available it: httpiv'i'datam. 

j r c . e c . E u r o p a . E u / d a t i m r r n a s h i j p / B ] O E C D N O M I C S / (ac-

CESsedMay 19, 2 0 2 1 J. 

E u r o p e a n C a m m i u i o n (2021J: N e w E U F t » i t Strat

egy for 2Q30. Ava i l ab le at: h t t p s ^ r W M W . e u r o p a r l . 

curopi . cu /RegData /ccude5rATAG/2a22;6W C J36 . rEPRS_ 

ATA(2022>6»BSj i6_EN.p i i f 

Eurostat [11022]': National a c c o u n t * employ mend data in

dustry. Available it: http:/,'appiso.eurostat.ccjeurapaeu.' 

nm/j^owjdjoTrlalajrt- nami_lO_afrl_ESi ]ang -En (Accessed 

M a r i a 2022). 

Green Growth Knowledge Plat form (2011): T b e E u r o 

pean bioeconomy in 2D30: Delivering sustainable growth 

by addressing the g r ind societal challenges. Ava il i l l Ic it: 

hLrpi:.' Vv,• v,-.srier.aro>l."i*.:i<i^•.L'd^L' :̂ rs,:i:Lei• endul l . ' 

f l L e i ^ d . o m i L D i d s ; r E M i i r c E / f B E C Q r r E P 5 _ E u r a p E a n * 2 0 

B ioEcanamy* 20inK2D2Q30.pdf 

Hdick M., H a l e c o v i M. , Emolova H., Jefabelc L. r Frebort I. 

(2021 ]: Current state and. future directions of bioecona my 

in the Czech Republic. N e w Biotechnology, 6 1 : 1 - 6 . 

H i m c n A I . Nei lson R.P., Dale V . H , Flather C . H . . [ver-

H H I L.B.. Cnrrie D.L. Shafer 5.. C o d R_. Birt lem P.f. (200]): 

Global change in (oreits: Responses of specie*, cannmuru-

lies, and biomes: Interactions bet w e e n climate change and 

bind use are prof ected to cause large shifts in biodiversity. 

Bioscience, 51:765-779. 

HelemaLi L v H u r m e k o s l d E. (2016): Forest products markets 

undecchange: Review and research implications. Current 

Forestry Reports* 2:177-186. 

lonsiom K.. Rinaldi F, PJb R., FinrEse G . r r u i r m c l a s l i E., 

Caziamgo N., Bobcrl N T C a m i a A . ( 2 0 2 1 ) : Boosting tbE 

EL forest-based bioecanamy: Market, climate, and em

ployment impacts. Technological Forecasting, and Social 

Change, 163:120478, 

Kardung.M.,CailEtiali leQ, DamrrjerJ. vDeLitiaycR., La i - rcM. , 

v i n Leeuwen M , M'Barek R„ T i n Mcijl H., FiotrowsVi S , 

Ronion T . YErbaog D T WErkerl H., Yrachioli M - . ^ e s s e l e r ] . , 

ZJSJTJ B . K . < 2 0 l 9 £ D ] . l : Framework for measu r i ng the size and 

development aTlhehioeconaniy. Available ac lidp; r.niLonu]rn-

toc.eur wp-zo in tc rY l /up loads . . , 202D^ .1 .pdf 

K i m | .B. r Monier E., Sohngen E., Pitts 5.G., Diapek K T M c F i r 

land. P., Ohre l S., Co le F. (2D]7>: Assessing climate change 

impacts, benESts of mitigation, and uncertainties o n major 

global forest region*under multiple socio-economic and 

Emiss ions scenarios. Environmental Research Jjttters, 12:1. 

L ier M. , A i r n e M . , KarLka inen L . r K o r h o n e n K.T. , YlL-

Vukari A , PackaJen T. (2016): Synthesis on Bioeconomy 

Monitor ing Systems i n t h e E U Member States — Indica

tors for Monitor ing t he Progress of Bioeconomy. Helsinki, 

Natural Resources Institute Finland: 44. 

Mainar-Ciusape A . , Fhdippidis G. , Sanjuan A . , Ronzcn T. 

(2017): Research Brief: Multiplying Effects of the Bioec

onomy. European Commission — Point Reseircb Centre. 

Avai lable at: h t t p s : ^ d i t i m . p r c . e c . e u r o p a . e u r , d a l a m . ' 

r n a s h u p ; B J O E C O N O M [ C 5 ; » s « L n : E s ; p d f ; p R C _ E ! e s E a r c b -

rkief_BEMulupliErs.pdJ^i^T^I6625437fiK221 

Marchetli M., V i i u r r i H. , Lasserre B., SaDuslio L., Tavone A . 

(2014): Natural capital and bioeconomy: Challenges and 

opportunities (or forestry. Annals of 5ilvicuhural Research. 

3 * 62-73 . 

Ministry of Environment (2021): Strategkky rarnec cinVu-

larni eltonomilty ceslte republi l iy 2D4D. .Max imaInu 

cirltularni cesko v roce 2040' . Avai lab le at: b l i p s : ' / 

ww w.mzp.i=trTC12574f e * 0 2 F u D C T / c z / n e w s _ 2 a 2 1 1 2 1 3 _ 

V L a . d a - » c b v a l i l a - C i r k u l a r n L _ C e s k o _ 2 0 4 0 / $ F I L E / 

C i r t u l * C 3 * A l r n * C 3 * A rJOt20^4XcCesl (a_2MO_web. 

pdf (in C i c c h j . 

F i n n C T Ronzon T. (2D]6>: A Global View o f Bio-Based. In

dustries: Benchmarking and Monitor ing Their Economic 

Importance i n d Future Developments. Luxembourg , 

Pubbcatn n Onfice of tbe European Un ion: 84. 

Phih'ppidiiG., Sanjuin A . L , Ferrari E , M l a r e V R. (2014): Em

ploying social accounting matrix, multipliers to profile the 

bioerxmomy in the EU member nates: Is cheru a structural pat-

tem? Spi-nish rournal of Agricultural Research, 1 1 5 1 3 - ! » 

PurwEstri R . C T HajeL M T S o d i o r i M., rune M., Kaspar 1. 

(2020): B i o c c o n o m y Lo tbe Nat iona l Forest Strategy: 

A comparison study in Germany and the Czech Republic. 

Forests, 11: 608. 

Robert N , ]oruson R., Chudy R., Camia A . (202D}: The E U 

Bio economy: Supporting anemployment shift downstream 

in the wood-based va luE chains?. Sustainability, ]2: 7LS. 

Ronzon T., SantinL F., M'Bioek R. (2015): Ihe bioeconomy 

in t he European Union in numbers. Facts and figures, on bio-

ma turnover and. e m p l o y m e n t . European Commission, 

Point Research Centre, Institute Cor Prospective Techno

l og i ca l Studies. Available it: https^/joint-research-centre. 

E c . e u r o p i . e u . ^ p u b l K i t i o n s . ' b i o e c o n o m y - E u r o p e a n - u n ion-

numbErs - facts- ind-f ia .uTies -biomass-r jurnover-and-em-

p]oymeut_en 

Roman T , PiotTowski S., Tamosiums 5., Dammcr L., C a m s M.. 

M'bareli E . (2D20): Developments- o f economic growth 

and employment in bioeconomy sectors across the EU. 

Sustainability, 12: 4607. 

Ronion T,. Piorrowski 5,. Tamosiunas 5. l i m m e r L , C a n u M . , 

M'barek R. (200.1): Correct ion: Ronzon, T , etal. Develop

ments of economic growth and employment i n bioec-

onomy-sectors across the EL 1 . SustainabJity 2020,12, 4507. 

Sustainibilit.y, 13: 43. 

R o n i c n T. r lost S., Phdippidis G . (2022): A n output-bised 

meHurementof l lUbKiecDrHmyjerv icEi : Marrying lUt is-

393 

3 9 



Original Paper Journal of Forest Science, 68,2022 (10): 385-294 

ties with policy insight. Structural Change and Economic 

Dynamics, Mfc 290-301. 

Samuclson P.A.. Nordhaus V/.D. (30CI9): Leo nomics. ] 9 a Ed. 

Boston. M c G r a w - H i l l 7*4. 

Science for Eniriranment Policy {2021): European. Forests for 

biodiversity, climate change mitigation and adaptation. 

Future Brief 25 . A brief produced for the European C o m -

mi iskm D C P^inronmenil by the Science Cornrnunk i l i an 

LTnLt. U W E Bristol. Available i t : https:'yec.europa.eu/ 

science-enriranmervl-policy. 

Sani - tTernandMA. , E s t e b s n E ^ a r r i d o E (3019): Transition 

to a bioccormny: Perspectives from social sciences, l o u n u l 

of Cleaner Production, 12\: 107-119. 

r o t h D T Maitah M . , Ha i tah K . (301 9): Development and 

rorccut of employment i n forestry in the Czech Repub

lic. Stistai nubility. 11:6901. 

hLrps : / f ckH .o r£ r 10.17221 / W / 2 0 2 2 - ] FS 

U N F C G C (201 iy. Adopt ion o f the Paris Agreement. Report 

No. rCCQCP, '2Dl i . , , L. '&,rRcv. l . Available a t httpi/runtccc. 

iruVreMiirceydor 1/201 i / c o p l l reng/l09F0l pdf 

United Nations (3015): Sustainable- development goals. Avail

able ait: https^'idgs.un.org,' 

United Kalians {2015): The Paris Agreement. Available at: 

hlLps-:' ,un.fcct:.inti'iilci. ,defajuh. ,fileirBnglish_p»rii_agTee-

rnent.pdf ( icoeued M a y 15 , 3022). 

Watson R.T., Zinyowera M . C . . M O M R H . {1996): The Re

gional Impacts o f Climate Change: A n Assessment nf Vu l 

nerability. Jntergo>ernirjentaJ Panel a n Climate Change. 

New York, Cambridge University Press: 5 1 7 . 

ZimmermannovaP.. Perunova M. (3022): Bnecorumy labour 

market and. i l l drivers in tbe Czech Republic. Economics 

Management Lnnovatnrv H : 33-16. 

Receireo: June 29, 2022 

Accepted: August 1, 2032 

Published online: September 19, 2032 

3 M 

4 0 

http://un.org,'


5 . 2 P u b l i c a t i o n n o . 2 : E c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s 

o f f o r e s t m a n a g e m e n t i n t h e C z e c h R e p u b l i c 

T I T L E : E c o n o m i c a n d f i n a n c i a l i n s t r u m e n t s o f f o r e s t m a n a g e m e n t i n t h e 

C z e c h R e p u b l i c 

T Y P E : O r i g i n a l R e s e a r c h 

A U T H O R S : M i c h a e l a P e r u n o v a a n d J a r m i l a Z i m m e r m a n n o v é 

J O U R N A L : F r o n t i e r s i n F o r e s t s a n d G l o b a l C h a n g e 

Y E A R : 2 0 2 3 

D O I : 1 0 . 3 3 8 9 / f f g c . 2 0 2 3 . 1 2 3 7 5 9 7 

4 1 



i f r o r i t t a r a | F i t M n J u In R m t i n l 
TYPE Ortcprial ^auarch 
niDLQ-IED D3QnDonr2fJ23 
: : lC.353aftTrjc.aC23.1237=^7 

OFEh ACCESS 

WEli-sr v . c 5. 
Crxndl tor AqrtiJb_rt. and Ecmarnks 

RMEHnGD t v 

ft arte is ca carbon a. 
iJri^rtinirp cV Tunla. Italy 
Gc-vami rJAnco. 
Urtnrdry tv Rcfa-na. Hary 

MkJna^F^-urcira 
pofu noMatfld .czii.cz 

>[» JIMW = 
ACCBP-riD 19 SoptSfftHT ZDSS 
P1JO U 5H E D • 3 üctaoar ZÜ Z3 

PEPjncvJ M and a-nrrsfrr an nova J \2Z22\ 
Economic and nrundal IrEirurrants al I or an 
rrariaflamort In tha C u c h Rsputuc 
frort for aoh Cfirvp G 1237£ff7. 
CO lf lJ3&fltfT^ ^2312373 .7 

e 2CII Fwj-HMd and ZrnmtinriavinDnfa The t 
an opDn-acus artlcb dnrtunM under tra 
barms c4 inn Z'-aaik^ Commons Ar j l tmon 
LJcnraOCC E'-" TrrauBa. üEtrlcidknor 
rflpTcdLicrjan naihcr'crurr^ls xnTlhad 
pratfiwn thäDThgrul au-JiDrls; and ihc 
CDpyrlDht ownar|si ana cmdttnd and trot thi 
DTlc|naJ pubucaUcn In i re Journal E dwn. in 
acconiavica wfth accBpiad acadbfrir: practica 
N G U H cifTbinJcnor naprniLadonls-
parmlrtBd urtitch dons not cofrpry wfdi 
tJnEatJBTm. 

E c o n o m i c a n d f i n a n c i a l 

i n s t r u m e n t s o f f o r e s t 

m a n a g e m e n t i n t h e C z e c h 

R e p u b l i c 

M i c h a e l a P e r u n a w a 1 * a n d J a r m i l a Z i m m e r m a n n o v a f 

1 =acuh> c4 =wflsdY and W » d Sclcnaa;. Czech LnlvcrdY LV _HU Sdoncu Praqu. P n i p i , Czechia. 
• 'F:cUr/ol hca .T Sdancas Sduncaera Rcsvrch Garrrc. Fal^cty Unfrardty Ctornouc. Olarrouc. 

The forest biaecononry becomes a feature of a dimate-neutial economic system, 

while affective financial support is crucial for sustainable forest management. 

The main goal of this paper is to explain the impact of economic and financial 

instruments o n the development off the forestry sector in the Czech Republic in 

the period 2000-2020. For research objectives, the methods of iteratureieview, 

data analysis, correlation analysis, and regression analysis were used, several 

models were estabished and tested. This paper presents the fcrest land model 

(FOLH) and wood biomass production model flfVBIOM). In the monitored period, 

there was an increase in forest land in hectares in the C z e c h Republic, which was 

positively influenced by ewironmental investments in biodiversity and negative^ 

by subsidies from the Rural Development Programme and the price of European 

Union Allowance. Based o n the FOLM model results, 1D0 million CZK 14.07 

mil ion EURl of environmental investments in biodiversity would contribute to an 

increase of 229 hectares of forest land. Concerning wood biomass production in 

cubic meters, it was influenced positively by the whole mixture of economic and 

financial instruments, such as emission tradrig, environmental taxation, financial 

contributions far forest management state Financial obligations and subsidies. 

Based on the WBIOM model results, an increase in the price of an emission 

allowance by 100 CZK Mg - 1 (appro*. 4 EU R Mg - 3] would increase wood biomass 

production by approximately 934,614 cubic meters. Generally, the economic 

and financial instruments in the C z e c h Republic have an environmental impact 

and can influence the forest bioecanomy, at least in the long-term period. 

Concerning the comple* influence of the emission tradrig o n the forestry s e d a r 

in the Czech Republic, it is ambiguous—in the case of forest land rather negative, 

and in 1he case of w o o d biomass production positive. Therefore, focusrig 

on the policy recommendations* we should underline economic and financial 

instruments connected with positive motivation in the forestry sector, such as 

grant schemas, subsidies, and investments in biodiversity. 
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Pum mna a nd H nrn mm an n ova UlJ3fE^ITtaLJf}ZI.1237597 

1. Introduction 

!!r.v
-

.ri>rTi-ru. in J climate -Ji • >1 i i_ius a number 
enviroiunedtal protection tools. The- combination of economic 
and. lidJdcia. ins-ru:r_ed-.s, arcing with <rJicr nncckanisms, is 
organised by aTuntrie-s duped ding on their environments! 
policy preferences. E

:

inancioi support IVIT forestry is JJI esse-rLliaJ 
tool la drive tkc bioeconomy growth and is expected tD shift 
society to a more sustainable ^ o c u u : regime (I inert-Arnica 
and Larson, 2010). Firstly, finnm-inl support far the European 
bioecanomy is deliiered thro ugh trie- Ho moo Europe research 
and innovation program. Ten trillion euros arc carrnirkcd for 
the- binecodomy u^der Cluster 6-fcod, bioeconomy, naliirJ 
nsnmuf, ugriciilture. and eirriraament (jiurapead Gommissina, 
202 lb). S e a m J j . HIE- European Circular Hoecaaomy Fund (2 D2I) 
targeted the European bioeconomy and the; cirndaj bioeconomy. 
Tnkclj- h the Ho-based Inrnistries- Point UorJe-rtaJdrg (2003) 
repneseols a 17 billion EUR public-private partnership involving 
the; rjorrrpeuoi Union and Bio-based Industries Consortium 
working on fostering bio-based research and. innovation, taking 
the- risk •id. of investing in innovative, cumilar hio-based 
prr.-liTj-[-Lrm pJan.ii and engaging stajLerjolders along the value 
chains. 

Fulkywing iLe result! of :>LicKl ing. Wage-nidged Research 
N'ethcrladds (2G2L). tbe cues, laar. relief, grants* subsidies. ieed-

in larirfs. Loons, direct public funding and tradable- permits 
represent major categories af economic and financial iiislrumenLs 
thai allow the- promotion af trie hioeconauiy. Tbe report 
[Leoussis ard Brtericka, '. .• underline-s tbe- rale af rnunciil 
support for la_rkdoTTTiejT-r and fa r « t r j ownera. Bio-hosed Industries 
Consortium's (2DL7) report displiys- the: synergy effects of 
funding programs across the European Union. In addition, 
rrnj-n.-ijl instruments can also raster innovations. Development of 
piodnrann. methods and innovations Ln goods and services are- the 
mast frequent ernes (Lovrirj el al , 20(20]. Another study published 
by Liagre c: i. ( I I ) .-L-VlrTi-j with fDrestry financial support is 
observed 

•Li-pLiily, ."iLrr.an hehavivir hj:- alturixl i-iu climate system in 
recent decades (1PCQ. 2D22JL Eh general. -̂4ir¥Ti> 
changes are slower and less destructive- than anthropogenic aoe-s 
(Ford el J _ . 21 J. Tbe caoce-ntratian of greenhouse passes ia the 
atmosphere- has been, OD tbe rise since the pre--iodustrial epoch, 
[t Ls evidedt thai atmospheric carbon dioxide- and gjabal surface 
te-mperalure- are deeply in Le Hooked {Webb et a_. 2015}. Climate 
change- driven hj human activities shifts n variety of dimale system 
components (kirJcnko and Sedjov 20C~). Global wanning bad 
caused an observer! higher frequency, intensity, and duration of 
extreme weather events, such as droughts. windlhrow. heatwaves, 
etc (Scinocca et aL, 2DL6J. ie^nbxtg the ARrj Synthesis report. 
(Intergovcrnmental laokeJ • • OimaLe Change. the global 
surface temperature reached L.L

c

Cobove: LS5O-L9D0in2011 -2020. 
Moreover, tbe current economic system running on linear flows of 
materials add energy generates anthropogenic greenhouse gas and 
accelerates ongenng climate change. Oimale models oner a variety 
ofwhat if* scenarios- with insight into what tbe- future might look 
Lake depending • • human choices, helping to understand how the 
dimxic rrilem wanks (Kun et aU 2017: GiorgL 2Q1S; Euasdvelal, 
:o2i>. 

CilcbaJLy. cumulative greenhouse gas emissions amannted lo 
an n-crage of Si4 giga-lonnes of CO] ecjuivaledt between 20LQ 
and 3019 (United Nations Environment Programme. with 
the highest share represented by fossil CO] , methane (CHj r , 
and nitrous aside ftijOl. 'Global atmospheric CO] concentrations 
continued to speed up and achieved an annual average- of dlO parts 
per million in 3022 (ScriJps Inslituuan nf Oceanographvr 202?J. 
Forests contribute to the- carbon cycle through photosynthesis. En 
the Keeling curve (keeling, ISifi, reeling et al.. 1575, 19961 
CO2 concentration reaches a peak, in May and hits a minimum at 
tbe end of Lbe growing season in September. Sm^ultaneousbv. lbe 
annual CO] oscaUaliods are relat ing with a rising trend. Whale 
about half erf the OOj from fossil fuel burning is id the atmosphere, 
the second half is dissolved in the oceans, driving down, tfce pH 
CXeelir.g el al , 2011). For eacample, CO? emLseioos reconstructions 
over tbe post Ěů million, vears provide a stud v LTT 7L3B el aL Í2M. ] ) . 

Rercrsmsj this trend, multiple initialives with a vision lo 
decarbonise the economy have been launched. For example, in 
2015, United "Nations idtroduced 17 Sustainable Envelopment 
Cools CL'nired ^"aiiods, 2023). A sustainable pathway for forests 
and the forestry sector can be found notably in &DG

 ů

—Industry, 
indovadon and ňifiaslru^tnres. SDG 13—Climate actions; and S E X J 
15—life nn land. A n analvsis of the impacts nf the sustainable 
develnprnent goals nn I a re sis and society is carried out in a 
puhlicatioo brv KatQa el aL (2019). 

Within tbe European LTnicnr the Paris Agreemenl {United 
Nations, 2022) is designed lo cot greenhouse gas emissions and 
limit the rise af global temperature. Tbe Green DeaJs- vision 
Ls a climate-neELtrnl European economy by 2050 {luiropcan 
Commissaodr 20L9). Tbe legal abu'fption to move toward climate 
neutrality is further defined id the Europead Climate Change 
Act (European Commission, 2DGle)_ The: Fit for 5i package 
(European Gommissioa, 202ldJ idedtifies milestones to bring 
down greenhouse gas emissions by 55% by I0^C. Repudang 
fbreslry, the revision of the Legislation calls for increased 
adapt ability nf forests and natural regeneration nf fnrests. together 
with financial support far sustainable forest man age men L The new 
EU Forestry Staategr 203Ů (iLuropear. Gammissioo. 2fl2 lc| , p v t nf 
the Fil for 55 package; requires cascading utilualinn nfenermass and 
ůnancial support fnr forest owners and rural areas. The sustainable 
ecooamj policy package- complements the hrsl EU Eioeconomy 
Strategy {European Commission, JO 11\ tbe Herw EU Eioecanomy 
Stratégy {Europe an Commission, JO IS), and tbe: Herw EU Circular 
Economy Action Pkm {European commission. 2022a). Then tbe 
synergies nf the various frameworks abler a way toward a mare 
erncieat Iranskirmarion of the European economy. 

The hioeconomy is a bridge hnking the above concepts odd 
a held with the capacity to race a series of global challenges. 
Various definitions of tbe bioecannmy can be recognized, based 
on differedt slautchoJders. sources, oc geograpJiic Locations •! 
2012; von Leeuwed el aL. 2014; Laiseau et a l , 20] tic D'Amalo 
et aLr 2017» Wessekr and mm EUanxL, 2017^ Hrner r 201% 
Bracco et aJ., 2DI-e> Jtomjcflovnc-Suominena and. PQníb r 201% 
Mitlra and Zcoucasv 2DIQ| Baranano el a l , 202 li Kardung odd 
Urabik, 2021). the BunxaleuL Caminusnon presented lbe hrst 
bioecanomy >definiliad in SOU. (European Cacnmissicnx, 2012) 
and later updated it in 2019 CEuropeaai Commission,. 2C'L-S). 
Alodgside the European bioeconomy dennition and strategy, we 
can observe countless others, maidtv at tbe datiooaJ level in ItaJy 
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V< m i Lz.~.•'• V - 1 * irir.i ^ pe-r _i lkosicL.rcbv.1. Ic ISioLecnolo-Ejic * Ic 
Sdcnad i lU Vila |CNBBSV| r 2Ü ]9 ) ,Hn lud (luoau et al,2DL]X 
NEtherlinds Cangcvrld Et at, 20\C\ GesmEry (Fed^rzl Ministry 
at" EdiicatioD and .Research [BMBF|. and Federal Ministry of Food 
und Agrkiilture [BJHEL]r IÜ2Ü). err-Spain (M inislcrio de EcoDomia 
jCompetilivid'ad, 2-32!). BLaecooomy-raosistjaf tradrL^ 
DtorLEaci al., 201"), mcL as agriculture, forestry. aqLucuium, 
•ziii di* prixJ"JcLii5r of fap^r ind LTCWC. ncla:ijd goads. Or ihc 
ütlur Kin-J, LTJTJbVe sectors emerged, especially biocnergy, 
biaruels. and biochemicals. A comprehensire summary ofnaLLanal 
bioecooomy policy developments since 20IS displays the EU 
Eioeconomy Strategy Progress Report (! i_ropean Comrrussioii, 
202 ID). 

As a. renewable segmeot af the rimilJ r ejeaaomy, the 
bdoecaocany incorporates fores try as D U of Ltx pillars. Then, the 
forest bioeonnoroy becomes a feature of a climate-neutral economic 
system (I lan-isoo et aL. 2Q22). Eerarlei carbon smuts in trie füren of 
carbon sequesruntino in soils and wood products, to rests substitute 
fossil arid non-re DEW able sources af biomass ( 
2022). The ecorjamk,. ecological, and » d a l value af tbe forests, 
midlifujictianj] natura] reoewahle resources, can be seen in market 
and TUD-Diailut services, such as water control, sail protection, 
clirDabe- jegrulition, recreation, land's cape rJbcmi.lion, and wildlife 
0:arnwarth e l JJ., ]5SI). En many cases, the valuable be-neEti-
provided by trie Lo rests are pnhlic goads and eDEternaJities. Farest 
ecosystem services analyzed, v^rio and Crailoru Sisal 
(20061 G a a r a e e t i l (2DL2). Böraer ElaL ( M L T l u M l W i i k E l e l a L 
{.'-'••--)- The current stale of forests is snmcnarired in tbe Global 
Forest Goals Report (United Nations L^porrriienlof EODTMKIUC And 
Social Affairs, and United Nauens Forum on Face its SecrELiria:, 

Although climate change is an issue that reqidrES addressing 
and the- hioeconocny, particularly the rarest bioecanamy, is 
relevant, it is still rut surbciendy recagoiled and promoted in some 
countries ( .ropean Commission, 2022h)_ In luiisresnlect, these are 
mainly Central and. Eastern European countries, and the Ciech 
HcpuUk is D U of them. Eioecoooiny as well as rarest bioecooomy, 
is dedicated to the sustainahle management af oaturaJ resources, 
increased, us* of reuwable resaurcES (wood cöcanass). and. the 
creatioD of new jaos while xtxiTinsj La adapt and mitjoale clLmate 
chuisje (liuropear. Coromissian. I .1. Unlackinsj tbe pdeoLiai of 
the aiaecDncimj cacrLinuk=s tote a rforliwidE challenge. noL IcasL in 
forestry ( .- aL. 2Q22). Par tlm reason, this study Eocuses 

••the C iE di RE public and its a.ruJysis of the forest bioecaciDmy/. 
In gwierai. Lne Cirecli KcpunLc is classified as a nao-specialifced 

biüecacHnny (Radian erL aL 201 j), and has not yet developed a 
biownDDmy strategy at a DatiDnal level. HOWTCT, there are several 
d coJ men Ls thai address the Diaeconacnj" in a marginal manner. 
Per eiampit, the Strabtgic Framewr). atthe- Ctech fiepubuc 20MJ 
(Ministry nftle- fnrvirooment at LK* <IiK7i AEpublic. 2021 )r t ie 
Strategy of the r̂ paj~trnEcrL of Lhc Mioistry of Agriculture of 
the Ctoch Republic with an OudctoV up bo 2D30 (eAsjri. 2023bJ. 
ResearcK and Innervation Strategy Ear the Smart SpecsalLutino of 
Lne -CiecX RepiahLic (MiDJSterstro prurr.yslu a obclnodj, 2D22L 
and Tbe Cieck Republic's [rrnoraiino Straregy for 20] 9-205T? 
(L rod vlady, Rada pro vylk-am. vywr a inDvaceP 20] E>. Tbe rarest 
bdaeooacany perrarmsan essentia] Lask in such n alia Dal stiategrJe-s. 

The Casech Repuhlic operates a rather complex, and externsin 
system of financial support for forestry. The Dorennanoal support 

scheme far rarestry is composed, of two principa] funding sources: 
(I) na-ukmal sources hased cm tbe Forestry Act No. lefl/LMS 
CXJIL. on rJarests and on die amendment and. ajddilian of certain 
b m (eAgrL, 2D23a). and {Z) European funds wilhLi] tbe Rural 
DcvclopmEnt Progu-arnrne (Ministry of Agnculture, 2021 >. 

]n t3ie case of the national sources, the ability to support rarest 
majugeTDEnl is sped bed in Section 46 cJthe- Pareslry Act This 
establishes that trie State, in particular through the Ministry of 
Agriculture, stimulates forest management by providijjg services 
and hnajicu] cootrLhutions or suosidies. We can mnnilor various 
subsidy programs (M inLslry of AsrrLcuJuare of the Ciecb REp^jblLc, 

5 of tbE Ministry of Agricultu/E for rJorestry, such as (1) 
financial enntrn^tinns Cor forest majiageme-nt granted from the 
bLrdgetr^tbE jVunistryof Agricujlurej (2) statnTLiDdalatngsiliacis 
under tbe Forestry Act-mandatory Expenditures; (3) subsidies lor 
protection and reproduction of the gene pool of rarest treesi 
(-1) support from the Agricultural and Forestry Support and. 
Guarantee Fundi (5) services with which the stale supports rarest 
majugeTDent; [6) r.iartiaJ remnd excise dub.1 -diese] Kiel consum-M1 

during forest managemenL l i b l e L stows the comprebEnsrrE 
summary af financial support from oationa] sources rJor rJocestry in 
the Czech Republic. 

FABLE L SLTirraryol LT*financ : sLwcrr-'rjrr r i : b r a l 
souroos ter fonstry. 

Financial suppor: Specific Vfpe 
ľn zni ill LnrrrtiL-acnslnr 
lor es: rrujiui-TTHrr aruilrd 
rtomLLr to iK lc f lh ; 
WlľTdLr* C ľ •T̂ Ti.UllLľť 

ľ.-inLUl L:IT:^_I rrt r-aerc izi ¥>:.. 
trat 1 ish riH rr.. ui d Im djcg • r 5: r csL rjnds 
I:T_UICOJ iJCTítilTira i r rrzzn ml 
zrrnrcnmcrLaDy ľncidJh Tcuinfcpcs 
ľranmJ mnrrtJLrrjrrs ľnr Lhr rtĽcriliv y 
r:>: L-T: m iruji-rní n 1 -.-Usa 
I t inmJ conrrtMTKns rar rarcsl TŤDOJcaen 

Elnenrrrcal rarjgilJSGfi 
UDElrruu Fansary 
Ad. - nun ±EC ry c rpo l ti ura 

Imp-nťonin: md sLrr^haru; er noů. 
rocdes 
AcoTtka- Di i TŤDínzncruJ forest rnazager 
í Jcŝ sí Der pro: KB n? reresLiianifrrxnl puns 
IrrrpransnErr. md dmeuru; er strunu n 

Eutíiais fx prcLrdJnn and 
rtprcducacniflncpctpeci 
:H ::-"ÍÍ: _ CCF 

ťicncbisc Tip perl 
iupin-r. nTplur par Errs, erzLs. a~:>l Jenes 
Nippon tar baalJrts-ahl-ikHU aUns 
iur/ľ"r. ''.r ihcacrma ir" Lľk- 4r.Krul Ikint 
X toads md IJZHUILS aľ j:rtsL ITHS 

support rrcm ±c 
agnLuruzil arň lorairy 
E-ufriart. md Cuinc iH jirjl 

InlrrtsL surpod irr-rnUan nľ tJZTĽZ buidifi; 
zeTtnns=erl IHDS 
: ; i : - . \ . rr-vii.e . ' pr-̂ '-rLnlJl ".Ť:--.";.- 

irrPEsLmfil Vara 
Eíricts^rh irtTri UizsUL 
suppora ľj"Lľr iTururím:nl 

Aďil Icng arň rrcübEraen. sdudang 
mcnlĽclnr. 
.•LTUJ "rilĽh-rja-J "r:^r^piŕ 
Mrclcnzjj inú iDcirasrog Iht Kiioezce 
ui d dfwl sp m E rr. • ľ iarnrJjl late Ls 
Conrjutjncr 
Dlhí r sernoo-

ľarLiJ - Ľi'un z emse dicken 
axsťl ľu:l Liireumoť iiring 
ľ:< nuriiHmzrr 
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Concerning European fijnds wiLbiii the Rural rJrreloprnEnt 
ProgTJjnaic, financial support ii directed toward direrse aspects 
of rnreslry. Specific topics of finwnr-iwl support ondej the Rural 
IdevelíiOrricri-: ľri>grarnmc 20 M -1020 and 2 2 0 7 - L J itľ Ih-lel in 

Besides subsidies, the Čiech .Republic implements also other 
c LG n G ITJ ic OD d financial Instruments, such u emission trading 
i'since 2305, as ľ. parí Í::" ľ U emission Trading svsLcm ľ. "IV, 
environmental taxation, axid Leed-in Larihs far renewable í u n j } ' 
sources. Feed-in briŕrs are čuslinguishedj based on the type of 
renewable energy SOUTCE, jjid are published every year by ihc 
riuErgyREgulatory OJnceof the Čiech fiEpublie 

The issue of financial support Jar forestrj Ln the Czech 
Republic has been dealt with La seTeral studies, nmmetj &lšok 
£23D7k 2DL3JL Loila ( 2 D I 4 L Entanaf CD15X m d Finn and ľaxibý 
(2022). Euhseguendy, tke Concept of State Forestry Policy until 
2035 (M inĽrlry of Agricukure of tbc Čiech Reflnbhc, 1020) 1 0 
ta increase hiadiTersLty axidecalay^cd.slibLUty ofÍDresteí^rislems 
wh.Le Vccpiog industrial manufacturing in line with ongoing 
climale change. Sustainable lore si on una ge on e n t and rmancial 
support bar owners ta manage their forests masLastainable manner 
is -.her c fore a long-term ambition, tu géne ml, the Ministry of 
ilfjbkiJftrjE xcspmi (Ministry of Agriculture of LIE Čiech rleJuh.ic, 

) shows au ancdy^oí tieciirrent 5t3tŕ • f £nancinl support in 
the Cr ech fíepuhuc. 

Financial support is necessary for the derelopcnent of ibe 
boteslry sector of the bioeconaenT. O D the other hand, other 
economic and financial instruments are also important and 
represent u suitable TOÍX for mrluencinfE tbe beharior of economic 
subjects. Based, on. like literature r í r inť , the analysts of Joe 
simultaneous Impact of all eccnocnic and fjnaricäa] instruments 
the for e strj sect o r Lnlbe Čiech Re^íubllc is still missing. Thissnimy 
triei to bil this gap. 

2 . M a t e r i a l s a n d m e t h o d s 

2 .1 M a t e r i a l s 

POT tbc period. 2000-2020,. we collected detailed secondary 
data regarding tbe impact of current BCOCDITJU: and caiancuJ 
birlrumenlj on ÍDrestry 3D the <^ecb Republic. Paiestry is 
cepreseDted. by 1 indicator!. Ĺke £ n l it Jorest land in Lectoiex, 
and the second is wood biornass pmcructiaD in cubic melers. 
Subsidies are cepreieDbed by (l) ciabcaiaL public financing oJ 
ŕJorextry ^ndcrdicra stale financial otiiuatioDS under the- tvneslry 
A d . Jinan c iil conlxn^ticiDS for íorest manafiecneDt granied crcon 
the- budget or the- Ministri.- cJ AgricultLire, subsidj for prcrtecLlciD 
and rcprc-iu •itiDn D f tbc HCDB pcol of íorest trees) and caiajicul 
aid cn-hrujiced by tKe European ĽÍIÍDII í Rural DereiopcnEnt 
PrauraniDue- 2007-2013. Ruml IJWvlofPDueat Trop^amiue 2D]4-
30201). Reganling other eennevmie and tiranrijl instnariientv tbey 
are repcesented by Environmental iorvestruEDts in blodivecsih', 
erjririnmDneiita] taxes, and the price: of E.UA (European Union 
AuowaaicE). A variety of data scrurces were ecnpLayed. in parucular 
Irî m -Jii- \'in:-;tn - Í:I ApricĽlturc. :!urMtat 1 ), <I;eck 

Stacutknl Otfue (Czech S-LaListicaJ dree. 2022)1 md E m f r / 
Elepilalnrf- Orlice (Eneroj Ite^ĽUatory Office. 2021 >. Ti t le 3 jstra 

an oudine -of all daüAuriables- Lard red in coirelatino andi'nr 
repression analyses reported in Ous paper, specifying, abareviatiarui, 
•cuts, and die roles of tbe variables. 

The first key dependent variable is "FOL," i.e., forest land, 
Lu total, in hectares. The second ODE is " W E [ O p " L t , w « d 
hinmass productinn, in total, in cubic meters. These rariables 
represent the forestry sector. Forest bud is an. indicalor of tlie 
total area ofrJoresl and wood blocnass pToduction represents total 
roLQidwocKL jemc-vali. 

[ndependent variables are selected with, respect to their 
expected infhience the on develofment aJ the rnorest bioecnetomy. 
SperihndJjrindependent varubles describeeccaiooiicand nnanöil 
LnstruroEnts currently applied Lu tbs bioeennoroy sector Ln übe 
L i orb Hepublic, such as state rinanoal oblinaLionj iindeT the 
Foiestry Act, Jinan dai contributions for forest manage merit 
granted from tbe budget of the Ministry nf AuriculluTe. subsidies 
bar protection and rEpiadurrLton of the gene pool of rJorest trees 
and Rural f>?Telopcnent ProBramnie, tradable- emission allowances 
Clhe price oi ELTA) and enrironrneotal taxes (income from 
cnvirvinmen:al :ase^ imOiMî l in k!r«Ln.- secLc:r!' 

shows tbe eipected impact of variables. ElegarraingtbE 
best dependent '.TriibL!, I>3i«t land, w-̂  >-*r, ̂ -rpehrt a pcrntiT^ impact 
of all gjanti and subsidies (nnhnnJ! public h-nj-n.-Tn^ a£ twestry 
ir.j. Kura lî --y;.<"prr.er.l l̂ rcrgrammc!', anJ 1 posiln-c iTfjet •::: 
Environmental Luveitmeuls in bicrdiversity, similar to studies by 
üspana c: aL [2022)L OX Rinn and larslcy |2C'JZ). CnocesnioD: tbe 
impact of r-evEDues ETDTD environ menial taxes and ELTA price oo 
barest land, we can suggest that it is not clear. 

Based, oa /huiiliDYika et a_ C2021 )F an increasing taa payment 
results in an increased volume of harvestings even thnugh taxes 
are supposed to motivate tbe economic use of forest resources. 

( i demonstrate that forestrr incocne taxes migjnt 
be inenectrve- in bind ring; Jorssl loss. On the other hand, carbon 
payments can dfeclivEly reduce forest -r]earing. It is similar to tbe 
results of ( >. noting tbe etfect of incorpcoaticcs 
bareslry into tbe ETS. H U H . H I ; Evison (20IT) concluded that 
participation in the New Zealand Emission Trading Scheme [tvZ 
ETS) is unHkely to define positive long-lerm einecls on tbe 
bareslry sector and. appears not to be the appropriate mstjument to 
Encourage the planted barest increment Puldula (2020) analyzed 
the carbon pricing impact -on optimal forest management and 
highlighted that rising carbon prices boost the rare- of carbon 
sequestration. Hcoeorer, a pajment of 150 EUR per M g - ' of 
carbon stored in forests wouldlEadto a stop to cut Ling. 

Focusing on the second dependent variable, wood blocnass 
production, the expected impact of a l grants and subsidies 
[national public financing of bareslry and Rural [development 
Programmen and emdrnnmental investments in bicKnversity is 
positLTe. Such expectation is based an karvian and. Kjndermann 
ClG 13). Muiseyev eL i l . (20]djLmadLocoh e la l (2022). 

Wood biomass prcductictn represents roimdwood removals as 
a natrre form of wood extracted from forests from planned 
barrelling and incidental logging f • _-.;L riornpe, 2D10J-
Firstly, wood material can replace- emission-inLensivc ones 
while storing carbon in long-Lred harvested wood products 
(European Commission. 2021 a). The pontrra enncls erf material 
replacement then depend on the substitution factor C 

!. In-t n j . i - r J uie oi hr.rjs <iJp(irl"jn:Les :i>r 
a circular bioeconamy and cascading use -of wood blocnass, 
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rjkBLE 2 Summary or c ho Ejrapaan l u n A w m i O B Rural uwstoqirHTt Ftogramma 2011-2030 arvJ 2007-2011 

Rura l DevelacMTiEnt P r o g r a m m e 2D14-2JQ20 Ru ra l D e v e l o p m e i t P rag ra imme 2 0 0 7 - 2 0 1 3 

N o . S p e c i f i c s u p p o r t N o . Spec i f i c suppo r t 

U I Ho rislrf• •LU'rĽru rl LIT-: 1L2 1 n h i j LÍTĽ." m ' ÍWIJ 

í : : Ň Tn r>3 LLLTI n ui d rnLTľj L3 U cc. 1L2.I I íoralry et| u i p - ŕ n I 

U l Imp" L m 2 mal tor oč prcucarr icLiins In 
•TJ-; 

L Ľ U ľĽiňn\a ->:uip—cnl ď .hi L^tlLtfirrurrj 

SJ.I l::--j:rjii:i- fn m LsJJIJT-_iL -::t- 1113 1 Vírairy Tz±ac rUÍUK 

H rod djUTUfT' repair HZ3 Malin 2WC pfnTTIEia t. REU ti 

í F: 1 n «s: m d in ü por ta ai c ľ 
a^ i t c i l i i o md r:inJcrc_-^ br K Í 

I i i 1 bratry, Ľ T Ľ nect i l papncr.Li 

Í ; ] M:c T-TI-IĽIIPIT.- t isüntf ib i m Senats H i l l Imp-nring ihr species mrnpadnn cľ 
n ™ standi 

Í :• ? Cn m rnioc aŕ rcpH u m í n: Ľ Ľ-Ľ Q U ancrlna br-ed. petemj iTUr aJarniües 
Tr:--»nrĽ L"_L >«_•_*: iL-iAnru •:! 

I LL HO riSUT ~Jrh 1 fey jrij ['?r>JjD 37i H U I ancrlna EH-EEL petemj iTUr aJarniües 
iná i rr m í ID ru; prrYcLlYV! nua^iro-

u s 'I f-zľcxil rquipcLTfiL ľ:-- wo:-i p:r>j3SEig 
jJinLs 

I U I HOC prildllcUw- IrriMd—f-nlr m Jeresu-

IS. I.I i i — n i i m if im i i i i i i i j i i i rn i i 
«enoar EľHtTtMD 

: j . i . PiDlKtisc and rapfMjjrtjDc DÍ Ihf Jernl 

liim-Ľ: u Ü>a n, b UE - m j -UIXTJOT ->T|±E f j J i EcpabiiL, S]]2k. 

TABLE I IJFÍ o, ™taikai 

Var iab le A b b r e v i a t i o n s Un i t s R o l e 

Fnrd EBUL FOL 

Wood. t'iirrcB-s prcducaon WHO Q l l i m m d i r i Cqienoaá 

M U ď lilTTEí-Ľ. UnlCn nDOTVrCÉT ELIA c u t j ag - 1 och lnJ:po-J:ril 

1 !z TT n J-TI 111 TZ.Y'3ÍJT1Í ľl Li m -1I"ÍT* L r E Ľi' •NV JjntanCUi lnJ:po-J:ril 

Jirvcfiuts ľrcm erjiTrcnunLaJ nies imposed. In mra Irr TAX .«rtlnnC'j: Indrpodenl 

•IltJI Ir-n-fial chľjpll^ns linaCZ "Iv 30CE3TY A ^ ITETZXlllorr 
crpHKlJliinaJi 

o u . .«rtinnC'J:: IndrpczdEnl 

1 ininnaJ LnrTTifrraoíis MT racre managrfTwnl EON MiUnn(3I lnJ:po-J:ril 

ŤLISÉILÍ for prclíiljrc md rrp:r>iJiliQL rťĽJ? i jni pool ď race: 
:rc« 

SUB 

íl iľí i l lĽí ľ~= lluiTJĽ IJíVťnp -Ľni n-n-rrn 1- IT * .«rtinnC'J:: Indcpczdcnl 

"IM TLĽI Liľfltfľl 

where dased loops of JiTVLlrzrLaJi oje- cre^lffl, iJie added 

Tniue of iDpuix is i fLuLmikcd, j j id the Me time- of ouLputs is 

eitEDjoiocl {iiillcr er A Kyrxraj at wood bnanjjs-

mage in dDv.T_sLrcanj LnciiixLTics sudn us Lo . l i l«, dnecnicjJi, 

and plujTDaiiEulJca Lx er^ddail and bc-wti ihc EaTe-Jl-nased 

biae^ooorrriy (Mm-i-irw-r d -̂ AranD cL J . . JiJI'X SdCDiLoliy. wood 

biaTDais io fLicic of fossil fuels COD achieve- griM-rLhoLiM gases-

CGMG) emissicaii cuts- and assist in the <j£oai^DiiisatiiJD of 

thrE «ooGii ] f (ILTEO. 2005). TLke value af wood, niamajs 

[Jr-DCTLUiLLOD Lx TTÎ TTTTii>i-rl uj m*etinsj IHUS. rDaLeriaJ and cne-rify 

Tê quJieme-nts using Lbe same raw DiaiEciJ t j. 

ID LJSis rcsLJccl, Kalirag ufJ C H G removals by KarvHtcd wood 

prodiicts, as- well as -ieore-aiLDg. GECCi ecnissiajis by matiriaJ and 

energj su^tikatlioi] O I L mitispse clirnate cijaiiB* [NaJHiiin- el aJ.. 

20171 

In lecms of mate-rial and energj- use- oJ wood biarnasa. the 

follawuiD; studies can be found, Martir_e-i df Arano et aJ. (2010) 

deal with biuji-dji^ apptroadies fox torexl-baaed jhr-oducls. I .e-njte-L 

•r. J . {101 ~) work witb ixjiplicatjarii of subxidJcs and. taxitian 

• • materia] Bawx within the tanxl wood supply chain. Based on 

ia.w wood pradiitrtx. /J~_ii and Kuuseia C. l i f lDjl igli i tha.1 t u a 

generate revenue- while- rebuking in Lasxex in. the- Ixnre-sLry see Lor. 

FrDfTttofx i i Ft TIT : ind j . :- t i l I na-igt ľl LH iLkáTXlrLOip 
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TABLE 4 Exxctbd \irp:o. öl rarlMlK n FOLH ard WBIOH 

V a r i a b l e A b b r e v i a t i o n s E x p e c t e d i m p a c t 

F O L H W B I O M 

PrhE nT rnropeaji IMson ADWIK I r.-.T. Milcfcar •.• :::;* 

rJiYlrccmcnLiJ TiYKLmrrn r LnodJirisJIy INV 117«n 11 •- L 

3.':LTnrnm ffl^iCnirurriJ Laxcs irmoi-d ~ rrcTsrrY TAX Milcfcar 

5-JIE *Jizn o i l n̂ 'jpTJcns undif i t l^rcsuy Ac: f—j^iiin-y 
[•Et-ndciEtti 

OBL 117«n 11 •- L 

?inu>rci : jdnbil inni Lr 3cresL mirâ Enr— ~ CON I'jflllhL 

LJibfllku rrr psncrrtkc. uid repf Mluctton <f Ltu gnu pool rjrSrtsL 
L r u 

SUB I'jflllhL •.• 

>.h--J^--ir.-r: i._'L ' : 

7:-i TIME rüxJLtm-

T4ELL = OVJ-ilBW ol the d i u siatsilcs. 

V a r i a b l e A b b r e v i a t i o n s M i n i m u m M a x i m u m S t a n d a r d 
d e v i a t i o n 

M e d i a n 

R f B t b i d POL J1MT.3 

Wind btczau rjcndiilnn WHO M J K D t l J D 

rrhE nr ftropeui IMxm A D M m a I'L'-'i JLjH L S S 0 JLIj£7 33637 

riivIrscminliJ nvnlniErn- n LnodnmJlY INY L7TJE3 O Z 9 

jü-ninuo trim HihircnmzrriJ laics 
imrxKrfmriiriatrjr 

TAX ilfinj * n . i * I U I 

±nincuJ nKip.™i5 undir - J : 
- " L j LTI1 \ rl •|rTiiiioli."KrvdpcdilirKj 

O I L B E M MLW K 7 ? Z37J0 

m LTi JJL rn L ri I 
CON 1716 W 3,137« L . m s j j 

SinaJhec In: pcKKliK, uid iroHluctfcfi 
••1 .fv-nno-^' THS 

SUB u a ;:.>> 537 I5JJ 

aibcilltf n-nn CL-ZJ UEVrtccnwir 
7T^gn=mE 

EDP 131 3 LT.J 3 'I Hi 

"inking and Pe-idieii (20] 7) display that a hiujner mrc-ao pruz-e 

would Lend 1o higbe-r faresE carbon stocks. Concerning ibe- impart 

of [ETEDIKi J T « Q ECTITC'TUDEJLijJ t l l M OJld ELZA. price OCl WDod 

h-iijmaHi pri>J._î Lii:• n.. we can SLigpillliat in the COM aJ tm.l3oiJ,3t 

ix net -dear. EkpiTclijig EUA prioe, l lu d^ectfvi Import is- posilivE. 

\x.Cf\vrjzY ct •_ tlO I J) mdjcali that J. bigh CO] price can support 

wood lucanau prodiidiDfL CajurU d. aJ. (2011) imderlined ibat 

a carbc'ii t u •EK^saiily roiuc-et oaDtumer 5urfj|iji« DJ- puslurLg 

up the price of wood producL^. TK* coiDuinaboiL oJ i cajtau tax 

wilb KttDTj] polidn- k UBoaury. Based on I.uur. . •! 3, a 

higher, carbon price can LDcreaM Mood-hued erw-î y rpr^LicLuju. 

SauJd (2011) -cc-JicLudK that fariiitiliug.^tonal policies^ upcomin.^ 

SLUtaLnabiiity mjrVcLs, arid EDaiLciaJ rlimi_dIJJ; via a carbon I ,JT I 

enviTOTiEnentaJ laj_ and euergj lax are able to pracnal* smtainablc 

taiwl maajgemecn far Loog-term limber praductiaD and cLimnte 

diajipe- mitigathri. 

Ticne repre-JK-nlx t\x rjooiLral variable. Baied cm rtatixljcs, ibe 

erprfed nnpid: is poijlive Cbclb facat land and wood biocnau 

prodjjj:tjori iocreased in the selected period). 

Tat I* 5 i n m i T m i ^ i the parameleis of all variables described in 
. The ITJiriLrn• Ol and m m irni im vaJijESy staodard deviatioD, 

and njediao are pven far each variable. 

2.2. M e t h o d s 

Tke main poaJ oflliis paper Ls to explain tbe- impict oJeoanncr \c 
and BcujidaJ iostrumeiiti of Lb* donate chaoge policy ooi ibe 

dwelDprne-nt of the- LWexlry sector in the- Cfcedn Etepublbc in ibe 

Keepiog in comio^ratioa ibe main goal of Lne- research, 
the- T « c u d i qL45LJDn5 were let as tolowi. The Lrnt research 
quesnian roc uses-on taT«l biDecaoaany deTeLopmeot CRQlJ: Do 
current economic nod noaodd msarume-nlx ofllie climate chaoEje 
policy bare a positive impact an Lb* devielopmenl of the lorest 
bioeconomy La tbe<j*ch R*pub]Lc? 

Tke second ressearch quesLioo Dbservn- ibe drivers-

bioecociomy renewable resoiirce-s i.K<J*>: Are ciurcnL tconccnic 

aod boanciaJ iostrLimenES'oJthe- di male-change policy stimulalicrsj 

Frcrnhirs In Fcrtsb and G a . Cl~ : roy •^Tonc-a-sln.crg 
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driven, for the m a c u e in tbe use of •ioerjonomv renewable 
reSOUTCeSv. SUch 11 Wtfcd. bidCTiaiS? 

Tbe third research quesüon dc-ali iritb the environmental 

elfcdivEDess of selected policy ioitru meats {RQJ): Arc 
ETCDTUCTIIC Hid ILTI anr Lol 1JTJ1 tJTJLTI CDLJ of the rliTn i-Tiniig^ 

policy eorirrjn:uenlalJy ETFECLTVE? 

To j-i-nmrili^T, tt,» jj-SHsarcL L-liwttiv«. we fD11O"Wed ihe 

f l o w i n g worJVfiow: CLj ulerature m i c w and data. orJlecrJoni (2) 

qmnijiative analysis; [1] resulLs evaluation and. disc us sxin. 

firstly, nw conducted a rigorous _iL-=-r• LLLT-S- review and collected 

the necessary data. The data, are described in deLaiL in the section 

"2.L. HaiEriaJs.' We adapted the dj.Hi and tiroe s e n s lo a, format 

luilable Cor Excel. 

In the neiL step, we performed qijaotiratiYe analysis, specinc Jly 

•.iTr-: scr_es anal jy i^ correlation analysis, i r d rcgrcsL-iijr JTLJysis. 

The data and. l ime series WETE analvied and their characteristics 

>-icre e q u a t e d . I"::r-:>Lh> J.JLI.-IJT,IJa l.n-s-ir relationship JTIJ normal 

onrtairnilion, co i re la i inn analysis was pejrfoirned us-in-a; Pearson's 

rj-.n-nhhirw-i CGenEdttll{7.i m Ol eTTTJ3rmOVH. ft a l , 20lti]L TllE"tfVariale 

CDrrelalioo is med to obtain a coirelntioo CDeniden.1 that descri ncs 

the measure of tb>e- relationship between two linear variables. 

E-ubsequentry,. -we- perform more compter, regression arialjxii and 

construd rejr^iSLGO mode la- to observe- also partial relation skiOs 

cjt 7aria.nl«. Regression analysis: cnanLes tD obtain the- relaJjinnship 

between tbe- deJcndcnt variahles and. aJJ other variables. 

CocuicLerirja ahove-de-fined research questions, the foUrnrLDg 

regression models were constructed and besfted. 

(l) fnrest land model (FOLM). rocusecL i n particular on the 

•neve Lop me CiL of the- forest bk^orjornyi 
[1) wood DHTTLjau prediction model (WBIOH), focused in 

pn-rii-nlj r 4>u the use of nioecDnauiy renewable resources, such 
IS woodb iomaK. 

The- regression equation of such models is as foDaws: 

POL/WEJO = p<] + p]*EUA •+• p2*INV + p}*TAX 

-t- p4*OeTL + p ^ O O N -l- p6*rJUB + 

^7*RDP -I- p S ' T l M E + n 0 ) 

Hb ere: 

Y-FOL (torsi l a a l in tDlal, in Ha) or Y-WEUO U w d bnmajs 

prodiijiilou, io tatJ, in m 1): I ]—EUA [the rJrioe of the Eurcpean 

Urricm AUDwanoe}; K2—1MV [eiTviranrneritaJ inTedmenLs in 

b i o d i v c r s i L y X 3 — T A X (reveuuH from cuvironmeTital Laus 

i m p o « d in furedry^ — O E L (jLile finwi-u-isl aUigaliaau- under 

the Poresrtry AcrJt K5—CDN (faaoda] oauLribulicaii Cor forest 

nujiagernenl}; Xä—&UB Csubaid^ for rproLectioD and le^producuori 

• f tbe UBDB poo] cJ roreiL lreei]t X7—RDF tsuaiidies from Rural 

Deve]i>pnient rrourajüoie)i.KB—TIMfr (Lime i u years);, u—random 

element of the rnodeL 

PirjrJ^r the model oactaininn; all ecouconic and boawnal 

iniLnirüCüLs (FOLM or WECOH] was created. FQLM/WHIOM :s 

the cocnpacLÜQTJ of all mdependent variabia {EL -A, 1NV. TAX, 

O B L , CON". SL'BL RDF, and T I M E J L Serorwirj. aJteraalrve models 

were run tD scelc the xUtüticairF rüDJL liariiuauit cnoüel with a higb 

*.r Jux ••: Ju'.i-nrinaLii^r 

FrnTtkHiLn Fc-nres anl Oobol Oianoa D7 

IfRJ 

l i p 

E mil 

1 i ™ 

f 5 ill 
lim 

« | - Í t 4 4 i 3 i - i H A - P ri J h Eld- a 

TC-LR: L 

Ifci-vi.cciT-a": cl i.cu. Ja ríf3: J F L !•- ihc Crach ^apubJic Sauroc 
iLtr>3rs. basHl on [Ouch ^jJvJcal DtTkar. ZK2]. 

finally, all rexuJu; were verined uiiüg. muJtirJle tests. Based on 

the tests performed,, the models were adjusted tD be staiixticaJIv 

liunificant, free oi aiitooacrelatiorL. and with a higja degree of 

determinaübn. ID particular, lbe F-test and Durbin-Wa.uan text 

were used to bean the models developed. Tbe f-test of" coverall 

liunificancceiamincdthefitoflhe re^resiDnmodcb. ThetJurbin-

Watson lerl Í D W ) was [lerfc-rcned to test for aiuococrelation, usdng 

Durbiu-Watsou s^ouScauce tablei ( iJurbua-Wat ioD 5iaj.irjca.rjae 

Table. 2Gi ••). The: CXirb in-Watson test is a frequently used method 

for tesLing. autocorxeLalJan, which peneratei a lest rtalisrLii: wiriiin 

the ranue o f Oto 4. Ifthe value is dose tx> 2, then the data indirates 

Lesu autrjoarrelalion. Qn the other hand, if the value is closer to 

0 or -4, ŤL implies stronger positlre or negalire ajutDconekl ian, 

lespecrirery. 

The details- o f eacfj model and tbe CDIr«[Joriding rests are 

desenbed oeLow io the sectioo "3. Re^ulLs/ 

3. Results 

3 . 1 . F o r e s t l a n d m o d e l 

I'irsrJj; Figuře L provides ihe derelorJment of total forest Land 

in the Citech Republic in the period 2000-20(10. Regarding data, a 

positive trend i i visible, [o detail, forest laod bas- a slight growing 

tendency,, and t.tS million hectares: are iodicaled at lbe end of the 

moothorma period. 

Secoodly, all of the seLected variables toa.1 were coosidered to 

affect sorest land were chosen for correlation analysis-. Eo I'lble KR 

the outcome of the correlatian analysis is presented. According to 

the correlation analysis cuidings> we notice a statistically sLgnLocanl 

negative correlalion between FOL and TAX. Besides the above 

bnkx. neprrre csHrelations with lower statist Leal sismifJcanGe exist, 

such a i lNV. 

E-latisticallf ĎgpLGcaDt positive correlatioos can be seen in the 

case of SUB and oantrol variable TÜVCE. Besides the above linLi, 

positive correlalions with Lower itatisbcal sigciifcance exist, such as 

CON - . EU A, and HUF. 

For regression aoaJysis, the regression model FOLM was 

developed. Firstly, the model contain Log all economic and fujaüriaJ 

instrumeuts CFOLM.3 was- verined. Secondlr. alternative modeli 

fronte "sir o"a 
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TABLE i FOLM-KH - rdat tm anatyife. 

FOL EUA INV TAX OBL C O N RDP TIME 

•DL i 

EU*. i 

INY • 1 

TAX (LlBLT 1 

OLU [LQZ72 Cd-IT • 3 d 11MW i 

CON ii • • • J:-. - U K rjíBL! 1 

SUB rj.HU Ci t lT -[LQSM &HJI I B I i 

J.DP v vili D.M1P U S E HBiť Q.7HS 1 

• | M 0WÍI • L I B G.HI5 -0.75S2 0J(]»I D.B+13 •1JHT7 i 

TABLE T -regression :r; iysls. 

EU*. - a JSI I B - U 9 3 - a J W 

D f i n OSM T J E 

OBI. + C O Í U su t U D -IDLni-

i UP U E - i . m i LUHU IJBf 

TIME CCO] j jwr.t j j n 1J15J.I5J OJHfl 

CJCJUnl :-.xa L,4HLM;7IS a DMI - I ^ W . ^ T H l g m - L ^ H f l M 

D b m 17 :: 17 

J ! i s w um M t 

s^ri. ' r «CO] 0.0» ODCI] 

O i r n n - W m n L a i 1 1 » : TIT 

T A B L E S WBKJH -KH - rsUcan anatysc 

WBIO EUA INV TAX OBL C O N SUB RDP TIME 

WUD i 

• U e.t.j L i 

D l ii Mi •i ; T : i 

TAX - 1 3 » 1116} U E i 

OBL e.w? a s i i i]JJF • 3 * i 

: . E : : I B -CUC03 U M ! L 

SUB Í.77J 0.641 —CuCSS (KOJ LIBIT i 

_:. i :• 1 • t r a 113«. :.!••! L17?J I] M6 i 

TIME ftTJL aut -e.&c -D.73* u m I S 0.32] i 

were run LD seek ilie staiixl5cj]lp mewl iig.ru líc OD L m c-i>_ ivilh. I TILUK. 

inden DI~ dete irnmiliot] Í F O L M ] and FOLH2]. 

Jíir-říl land TTJC-deL (FDLPTO k tJlt .-nrnflreirii-in of ai] 

LndepejideDt TajiatJcs ÍECJX, EtíY. TAJEP OBL, C C K N , SITES. .RDF. and 

TEMEJ. While lbe eDtiie- model Is ^tijticn]J;r ilcrjiihiiaTit, not all of 

bi£ selected nriarJes are rtatij±5ciLljr sigoifiLjJil Tbe- xendt af the 

[jLLTTJin.-VP 3LSDn lot Í D W ) toe FOE_M Li iccepuble i I.7Z&. 

FOLML jud. FOLM2 reprcKDt selected vajiaUes wLtb a 

stab'stEal sigDLricaDLt oi p y. Q.DŠ. These- rarxleL axe- ̂ LalLstkalJy 

sigoLficaut models—iH of Lbe- variables ire J talis Li cally lig.niJl-^iJit, 

acid the eoiLiie model Lx slniurJcail^ ligjiLficaDL ox well. ID 

tbe oulccrDBS imply a blf^i CDetficiřiit o í detenniDaLiDri in betli 

cnode-k Heaoiiif lLl^iLwFOLM] arji FOLM2, iJie geoEJ-aJ torroLiLa 

thai is speofied explains more tbarj 99% ofLne- TariaDoe witK Less 

thui 5>% of raxiinn devialiDm. V a j ú t l í J -wLtb a p-vjJue a f lielaw 

5 * are EUA. CNV. TLME r ind. the coostaoL m . M ] ] uid EUA, 

RD^TlME.aDdthecarasLar^(MLrrl2).TaL^ 

F-tesl, Lbe- estimated reg^essloD forest land modeb are itadilical]^ 

FrorTikir5 lni Fcrtsb and G a . Cl~ :rgy tronta-sJrLDrg 
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"ABLE? WBIOM-rbgr*ssfciri analys 

WBIOH1 W3IOM2 WEIOM3 WBIOM4 W B I O H E 

Ski. Coef Sig. Coef . Sig. Coef. Sig. Coef. Sig. Coef . 

FIM 

TAJ U M llíf-7 

OHI. MOL 

COM ume 

i.l; : i].'145 

II.MI. O H I '] ,'KC : .~i:->v.2 M U mní U B 

- - - OHI -l,54í15S4,L]5 '] ,'KC M U mni -73E.Hli.44aF -LÍBt5JV,*H 

M«TT. 17 Li 13 17 

JU OKI D K 

ilJJIll 1 I].IKI| M U mne U H 

.•>•-*.- i M i U L i 1.0» OSM 

:ot 

3 . 2 . W o o d b i o m a s s p r o d u c t i o n m o d e l 

AH of the selected rariahler LTLII were considered ho arJcct 
rcxxl hiomass production were choseo Jot correlation analysis. In 

, -.kc outcome of tbe correlating aDalyris is prcseDLed. 
According in ihe crtrrelalinD analysis finding, we notice a 

rials tic all j sipiihcnnt positive correLiiioci between WECO. C Q N r 

5UB r EUA, OBL. and control ̂ Triable TIME. 

Besides the above boles, negative ccrrj clarions with lower 
statistical sigpLncacice eiist, nidi as- INV and TAJL 

Por rcjrenian analysis, the following, submodels were 
de™Joped. Firstly, the model cri.Tilainirjg all KDIUHIUC and fin?n-u-i?i1 
instruments •was- verified (WEEQM). Seormdlj; dternativc 
models were run to seek tbe statistically most sismifjnan.1 
model with a high index of d eteirn initio n. Therefore, the 
(ollowinu; EPI'E siibmcrriels were developed: WHIO.UL—ELA 
and TIME, IOM2 —TAX and TIME, WB10M3—OBL and 
TIME, WE-IOM4—CON and TIME, and W B C O M i - R D P ajid 
TIM::. 

The xeniki are presented in Table 9. 
WH10ML-WEIOM5 represents selected variants wilh a 

rial is deal significance of p 0LQ5. These modeli ire sLalifliuUf 
significant models—all of the variables are st a lastieaUy-sin; ninca.nl, 
and like entire model is. statistically significant as well. In 
Tanle 9 the curb:amei imply a bdiab coefEciesal of determinj.tioji 
in models-. Meaning thai the general formula, that is specified 
eirjlains almost FU% (WEtQMl ) r around Sfitt (WH]0_M: >. almost 
l?% (WB10M3), almost (WB[QM4}P and almost 11% 

(WBEOM5J DI" trie variance wiib less- than 5% of nudum 
deviitionL Variables witJi a p-value at bdew 5% are ]iUA_ TTHE r 

and die CKHirtant (WBJOM1X T U t . TIME, and tbe constant 
tWBlOMZ* O B I , TIME, and the com taut CWBEQM5U C O N r 

TIME, and the cons taut ( W B I O M ^ jud RC?PP TCME, and the 
LLTTLsLuit CW'BlOMiJ. To tbe results of tbe overall F-test, the 
ertnnabed rcgresrion wood biomasr model WBCOM1-WB10H5 
is statirtScally sigoiJicaDt at a 54 level of signibunce. The 

FiDrTtJnra i i RmBtx and Oobal aianoci IF liiirrtkirlaDTp 

rifjrdlkaxit aí 5% f P O L M l and FOLM2J Leveh of signiůcajuce. 
The findinn; aí tbe Durbin-Walsem, test 03W> far FOLM1 ibows 
na pesitřve ajutEKarreLatian ([>W 2.L-SD > ufJ[>er crilkal value 
L,SI6J. and far POLM2 also oo positive- aistoecjrelatioa {fJW 
L.747 z- ufJper crŤLJcal value 1.710). 

Arxcrding to the F O L H l onriputx fjMc ~\ a statiiucally 
liunjílcaot neptLve relatujoshupJ betvreen FOL and EUA and a 
rlatirlicallv sismiRcant positive relaLionshup besweeu FOL and INV, 
and T IME is- •bserved. 

The lollo-.-rKjig: rcErrersiaiiequaLioiícnn behuilt: 

T ( P D L M I ) = - 1 , 4 6 9 , 4 5 3 . 7 8 0 - 2 . 1 » EXIL + 2.2B2IMV 

+ Z. 053.154 T IME + u ; i " 

Accordina. to the FOLH2 outpiin; (TJ.DIC ~ \ a staLisaically 

lignificaoL neoative Telitionrhjp belvreen FOL and EUA and RDP 

and i rUtisbcalrv liuniTicant positive relaLlonship hetween POL and 

TIME iiobiervecL 

The fcJIcwinp; rcEjrersioriequaLioiícnn behuilt: 

7 (101*425= — 1,453.074 — O.SB EUA - L .05B KD7 

+ 2.045.343 T IME + j (3) 

Eajed on tbe resaJts, iL can he stated lhal in tbe moniboied 
OcriíJii •J-jri1 WJ:- ar increj:-^ in :i>r̂ sL _^id in kcclares ir ihu 
Clech. Repubuc. wlueh was- posilively inJluenced by enviroDcneiiLaJ 
ňivestmentr in biivlivcrriry (CZK EniDJanj and nepntively by 
rubsidies frorn tbe Kural OeveLopment Programme (CZK miflioc) 
and lh= price uf EUA (CZK>. T b u i r IDO noillion CZK (4.07 millioa 
EXIR) (Cerlca rjradnf bir.Va, ':•) o í ervirc-nrncriLJ invertrnents 
m biepárverriry -would conlribute tci an iocrease o í 22S bectares-of 
forestland 
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result o f tbe DUTIIÍJI-WIISÍHI l e a Í D W ) is acceptable rady for 

WI5IDM I. for titter models VfBlOM] • W B I O M 5 the resiills shon-
positive autrxGCT«Ul3ajiP and D W Ls under lbe lower crřLiuJ 

value. 
Ao^rd in -a to lbe WBIOM1-WMOM5 oulpuLs. tbe fdlí iwin-a 

negreuLaD equations, can be built: 

Y (WBIOMI) = _ 1,546.584,115 + 9,346.138 EU/L 

+ 776,395.I0S T IME + j (1) 

Y ( W B I D M 2 J = - 4, 39J.833,138 + 42,667.350TAI 

•f- Z. 177, 109.911 TIME + u O 

Y ( W B I D M J J = — I, 365.17fl, 547 + 81,999.40° OBL 

+ 678,486466 T IME + u íjS) 

Y(WBDOM4> = -783.415,443.5 -1- 2,008.576 C O N 

+ 398,034953 T IME + u (7) 

Y (WHIOMS) = - 1,47.°, 508,943 + ] 1,193.506 F D P 

+ 817,573.194 T IME + u íjS) 

O n lbe basis dÍ lbe resubls. it can be oaucluded rbil in 
the monitored period there wns- an increase in wood bLomass 
production Ln cubic meters Ln lbe Ckecb Republic, which 
positively influenced by i mixture a f all economic and ťŤnjTu-Lil 

Lnslrumenls. such as- emission trading, en viru ELIDED ta] tasntioD, 
hnjj idil contributions Ear forest management, stale bruricuj 
obligations and subiirjies. Thus, an increase i n the pr ice o f an 
emission aLlowance hj- 100 C D ' Mpj 1 (apprmiinilelj Í EUH 
Mg- 1 } [Leiki niix-inj bankj, 2013) would i increase wood hi o mass 
production by aLiprorinialeLy 934jcil4ciabLc meters. 

4 . D i s c u s s i o n 

Based on -lbe results presented in. the- previous chapter, WE can 

focus on answcr_n-g our research, questions gradually. 

R.Q1: Da current economic and l-mj-n.-iul ice.LrumeriLs of 

Lie c km ale- change policy have a posiďve1 inapact on the 

development of Lbe forest bioecoriiirry in -Jic< J e c h P^public? 

EÍII this research question, the forest hixconocny is represented 
by the indicator "ic-rcst land." The regression andysis results 
displayed a. statistically significant negative nLaubiisbip between 
forest land and the price of the European Union .allowance 
and Hurd Development Programme the coulrary, a 

statistjeaUy significant positive relationship between forest 
land and en vuo omental investments iu binln/ersitj was observed. 

P^garding "forest land" variable, we expected a positive impact 
of all •grants and subsidies ilnaiiooaJ public financing of forestry 
arid Kurd Development Programme), and a positive impact of 
environmentd investments in biodiversity, similar to studies by 
Espana et al. (2022). or ELioo and lanky {2X121}. Qm<5erning tbe 

Frcrnlurs IriFcrnsbanc C Í : : Il-sr-g; 

impact of revenues from environmental taxes and EL'A. price- oc 

forest Land, we su-ggcsLedllinL it is not cLeor, based on the- scieci:i:1c 
at iytrej j RanIBM J1 (?r>\ "?)m Fnviyjiwl Mjj-L-(?ni ?\ Fviinn(?ni ?)d 

Tuslala (202D)LZn.uza]cDvsVae: aL U'32l>. Espanaetal. (:02:> rind 
leasee eL il . 1.2022}. 

Computing e-EpectaLions and r«uLti, tbe pc-sitire impact o f 

cnvircnrre^iTaJ inve-_-Lre-rL- :r hiodiver-iLy LS vii-ihle. meanwhile, 
for tbe: Rural DevJDpmejit Programme- ibe negatrve- impact is 

denacautrabed. Tbe total icJluence of national public Boaocing is 

• o i dear. Contrary to eipectatSons. the impact of the EIJA price is 

negative. Tbe impact of enrirDnme-nlal tases- is not dear, which is 

c DTi list en L with the-eipe elation. 

Carbon payments -can erfectivdy reduce forest dearing, similar 
ta die- rtiiriy by Kerr et aL PiiliValn (JDl ' j ) andyzed 

the: carboo pricing impart DH opLimal fnre-sL management and 
kighlianLed that rising, carboo prices boost tJie rate- of carboo 
lequestraticti. Moreover, n payment of 150 EUH per VLg of 
carbon stored i n forests would lead to a stop to curling. Based on 
y.h'jrjA hi -.: [ J, an increasing tax paymeot resuns i n an 

increased volume of harvesting, eve-n though taxes- are supposed 
to rnouvabe the economic use of forest resources. Eama et a l 
(231 _) deDMnslrale that forestry Lncome taxes- might be ineHecnve 
in Liminng forest loss. He-guding forest Land, the New Zealand 
Emission Trading Scheme [oTZ ETSj is unliVdy to generate positive 
long-term inlluences nn the forestry sector and would not be tbe 
appropriate iristrument In promote- the planted forest expansion 
I-visor. (2017). HenJti (l.spir_i eL a l . :022>displarji.imtisticalry and 
economically' lignificant positive impact of gorernment subsidies 
on forest cover, causiog an expansloo of tbe forested area by 
approximately L3% in comparison with tbe alternative scenario 
excluding subsidies. Similarly', the: research {I'.rsoy and Mac It. 201 }̂ 
identines that subsidies have a positive influence DJI the technical 
elfjcieucy of public forestry f irms. Furtnesc. |ensen H aL {2022) 
examine- forest owners' vduntary subsidies in tbe presence of 
Imperfect information. On the oilier hand, the study by A^yaui and 
Vanagl (2t>!: OccHiclades that gorernment subsidies have a negative 
inJanence: on the economic ardTrLy of ihc forestry sector and more 
subsidized entities have lower levels of erbciency. 

Generally, the- Czech Republic fits iota Lheli.urapean temperate 
forest zone 4 NLKos - Mart inei et al., -I1 ). Forest land area in 
the: Clecb Republic is constantly risinsj (^!;ech Slauslical Orllcc, 

j . In 2D11, tlie area of forest land increased by M 7 5 becLares 
complied to 2O20L fience, the toed forest Land area, was more-than 

1.65 miilion hectares in 2011, representing around 55* of the land 
area (Ministry of Agriculture of the Ctech Republic, 2022b). la 
tbe Czech. Republic:, management forests cLnminater covering 74.191 
of forest Land. Th.is Ls followed by special purpose forests [23.9WJ 
and protective forests [Z.L%]. Considering tbe composirion of tbe 
forests, coniferous foresLs (69.li0|j] predominate over brcddleared 
fdrests (2B.7%3. Tbe most abundant coniferous species are: spruce 
(4-5.1%) and pine (16%). For broad leaved forests, the dciminanL is 

the: beech (P_3?fi} and oak. (7.6%) Tbe ownership scheme diners, 
while the majority of Ciech forests are owned by the state- (56"?G). 
This is followed by natural persons (L3.11%). rnuniclpolicies and 
municipd forests Lespl entities C U I K ) , cnnrdi E n o t i 

and forests of religious societies (5.524), and forest cooperatives 

In summing up tlie perspectire of the forestry sector in tbe 

Czech Republic, a rurtner increment in foresL land and economic 

*ron c i n I n.c rn 
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and financial support can be expected. Regarding toresL Luid, 
building on previous periods and positive trends (Ministry of 
Agriculture of line Cfeeck rlepuhLic, r) while strengthening trie 
role of sustainable development and the braeconomy. both at tJie 
rial La na! aod Europeanlevels,isevident f . v i aJ. r2J0LLiGirui, 
2)0LIi European Commission,20LI,2DLS, 2019,302Lb.c.d.c. 2022* 
ran Leeaiwen ct al_. 2014a l.ingcveld rH a l , 2016; Lotte a J et al, 
2016s I?-A malo el a l . 201 7i Loiseaj et a l . 2016q DrAmata el al, 
2flL7i Roman et a l , 2fll7i Wesseler and. vac Braun, 2017; Biraer. 
20135 3racco c l a l . 2fllSfc Ram d La vie-5 uom in era and Pultlb. 201 Si 
Comitate- NarJarule per L BiosicjTeiia, Lc B»t£Nn>oiogie e le 
Scacnae deLa ViLa 'CV3ILSVJ. 201ft federal Ministry of riducaLian 
and Research |BMBF|. and Federal Ministry of Food and 
Agricuhurc [BME.L] r 2020; MLttra and Zoukns. 2D20; Eornnano 
et aJ., 2D21] Yiardung and Drabik, 202]]. Min is ter» de EcooDmin 
j Ctampen tirklad,. 202]; Harrison et J , 2022; HrHrmäki Et al, 
2021; United Nations. 2012). Accnrding lc- the economic and 

finai-ir-ia! j nSlrUIDCQtS for the foresL bioeC DIU En f. there 1TE C ITH Lai 

JwTwnii fco- moving forward, suck ax 3m-ernrocnLJ suppurt, 

oriented research, and technology developmerat (1 iajek eL a l , 2D11). 

I'llere far-:, new kni/wlccL-ge and innovations can 1* seen as 1 major 

driver of the franst bioecDnamy progress. This Ls Expected to 

stimulate an upturn in new jobs related to renewable energy andvor 

mo-based products ( " ::>nand Zimmermannovä, 2DI2X 

RQI: Are current economiz and. financial instruments of the 

climate change policy stimulating drivers tor tlx- :nc rcasc in tne 

use of bioecooDmy renewable resources, such as wood bin mass? 

The outcome c-l" line regression analysis indicated a. statistically 
significant positive relationship between wood binmass produclion 
and the price o f European Union Allowance, revenues fcrrm 
cnviroroienlal taies-in forestry. state financial obligations 
under the Forestry Art, hn J -n .-TJ 1 contributions, and the 
Rural DrrelorJrnEnt PrDgramruc. HOWETET, the D W tat is 
acceptable only in the cajc cJ the price nf JzuTopEdJi Union 
AUuvrajicEr other re IUIUL1' La dica bors ihcrw cluj-aclerutici nf 
au tocorre LarioiL 

FwuiirjEj. on wood DiaraaM producl3cHiP the erpected Lmpoirt of 
all gracts and saibudJES (natiDnal public rnujitang of foreiUy and 
Rural Lie velar1 DIED t J1" rep ram me j. and ervironmcnLzJ inveAoiEnti 
in nindiveruty w u positive-. Sudi crpDclntian is- aased on 
Kaokinn and VmrUnnann (2ÜI?) r Moöseyev Et a l (2014)1 
u d Locoh et a_ II). CooiermDEj. the impact o f reiennej 
from environmcnLil tnifx and ELT A price • • m e d b i o c u u 
[JncHTLicticin, WE can jugu.est that in the case of laxilioci r it 
is DDI clear. Regiiding; EUA price, the cipecLed impact is 
fjcHitive. Ba±ed on ihc fallowing sdeutirjc rLudiec Lauri ei al 
(101IX Caurla. et a l (2013\ Moiseyrv et aL (20MX n d Sasaki 
(M2IX 

Com paring results and eipeclalioni. the rJosltive impact nf 
all grnnbs and rnhndjes (naticma] public phonnonEj nf fnrKtry 
and Rural DeveLo^meDt Programme) and ELTA price is visible. 
Contrary lo Bipeclarioos, the influence nf environmental Lazes 
is positive. The hudinfji are cornpatiblE with the summaries of 
rarirjus studJH. For eiampJe. JvLoiseyev El aL (20L-0 indicntE that 
a high O O 2 prkz can supfJart wood bio in an prr>ar«nacni. Caurla 
et aL (2013) nnderlined. that a carfjon Lu. necesarüy reduces 

consurrjer surpluses by pushing up lbs price of wood products. 

The combinaLlon of a carboa tax witb sectoral policies Ls necenary. 

Eased, cxn Lauri el a_. '. I) r higber carbon prices can increase 

wood-hased energy prochiclioiL. 5auJd (1021) ccaicLudea- that 

faciUlating glnaal policies, upcoming J U J La in ability oiarleLs, and 

financial stiinuluj via a carbon taz, envirournenLaJ lax, and energy 

tai are able to prDmde suiLaiuaLe forest management fnr loug-

tenn timber prnductiDn and rJlmale change mlugatrCin. Ln material 

uLiliralinn, wood hiamajs serves in the manufacture nf aD sorts 

of products as a raw material (Cams el a_. 2- . '•). In the circular 

economy, ibe u^ading use ofbrnmais ( K « g i n al., 2013) occixn 

when binmasi Is cenverted to a nnol prockicl and Lhera reused, 

at leajL one rnoce time aj materials or energy. Cascading use 

Leads to increased resource ehiriency if compared to direct energy 

use. Moreover, nrom an ererironmenta] point of view. Icaig-Irving 

wood prrxlucLs provide long CCh sequestration^ and subsequenrlv 

cascading usecan E ipaodCOi sequesLradDri [ Vj.et aL,I02LX 

RQ3c Are economic and tiriancuJ LnrLrumerits of the climate 

chajis^poLLcj'envirx'rrnjnlJIy cl:ecLivcr 

Eased nn our results, we can observe a relationship between 

some economic and finaodal instruments (subsidies, grants, 

invesrments, and emission Lradiog] and. indicators connected with 

the quality of tne enrironmEQL The in line nee of the emission 

trading is ambiguous—in the case of forest Land, negative, and. 

in the case of wood hiamass production positive. Generally,, tne 

economic and financial instruments in the C l e d i Republic hare an 

Enrir on mental Impact and can. influencE thE CbreslhioecoriomTFal 

Least in the Long-term period-

According to van Ya_ker_gced md van der vVerrf (2022) 

subsidies worked predominantly as an impulse t o a d It seems that 

subsidy schemes are useful to stimulate early adopters who are 

already motivated to take actia JI, rather than to mobiliie individuaJs 

who are not ret willing to undertake concrete climate action. 

Regarding forest carbon,. Evison (!:!vison. I'll I > con side- red. that the 

New Zealand. Emission Trading Scheme (HZ ETS) is unlikely to 

achieve positive long-term effects on the forestry sector and seems 

not to be the appropriate tool to roster carbon seq Lies trot ian hv 

forests. :ng and Peicticri (1 ) show that a higher carbon 

price would drive higher forest carbon slocks and earry Lax-'sub sidy-

induced net carbon storage diminishes. 

Forests are a crucial carbon sequestration and storage 

contributor. Trees process carbon djoilde through pbotosyrilJici-is 

and store carbon Ln woody bio mass. Forests thus represent essential 

cur^sr sinjLS in -Jie climzlc system.'~ric iiit:crcncc between gross 

CH K J emissions and gross Gr iG removals is the net flux, then 

based on tJie balance of gross Hows, a net source (positive] or net 

sick {negative} Is defined. Based cm 11 arris el a_ (2021 )F between 

200L and 2011, Clech torests emitted lljflHKX>ieVyeai: on the 

other hand, removed —19.SMtC-01 ti'year. This represents a net 

carbon sink of —7.] BHtCOie/year. forest carbon Suxes are further 

inafrxed rjy Hansen et al. (20] 3> i n d Kong el aL (1021). Houghlyr a 

r Lorest area leads to a higber amount of carbon removed foam 

the atmosphere, which seems to be an effective instrument in the 

Effort to mitigate climate change. [0 rig-life wood construction and 

furniture can be used as temporary carbon sinks (N"OVA-l rstirule, 

201 ~X In European forests, the blomass stock has Increased since 

_irnc 

Front-ars in Fc-osts :nc =L :• t a I Innqt 11 rrDrrtfeTtr.o-q 
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I PSD, by about 1-291 per year, but its growth has s Lag Dated due Im
aging processes^ the rising impact of natural disturbances, and other 
climatic factors in. tbe last Tears {Avitahile et a l , 2CI7-). Regarding 
cr.vbonrnen-.al imOacb. scaling iif rcmiyvals ?y :nrcst land 
and harvested wood products, as well as decTeasIDg G H G emissions 
by material and energy substitution seems tD he an etfective way to 
mitigate: TJimnlr rTwifr (Nabuurs e l a l , 2017}-

In c^nLras:, on jc:".n 3 c l i r r l ie chjnifc i s i drive[ of many ch i n ^ 
in rarest ecosystems, result ing in negative con sentiences,, such 
as- species- distr ibution shifts or drought-related tree mortal i ty 
(Vubareha e l a_. 20-3). Forest disturbances are cl imate sensitive. 
For example, j i d l e : aL (2i] L7) prov ide an analysis o f tbe impact of 
climate change on ahiotic (ore. drougbL w ind , snow, and ice) and 
biot ic [insects and pathogens.i disturbances. 

in. tbe Ciecxi Republic, and their eneclive utjlbatinn is crucial 
Therefore, a spatial analysis of current, financial mstnimenni 
in fniestry with a focus on the regions of tbe Czech 
Republic is Desirable. 

D a t a a v a i l a b i l i t y s t a t e m e n t 

The original oootri.hu tio ns preseotedio this- study are included 
in the isrtideJ supplementary material, further inquiries can be 
directed In the corresponding author. 

A u t h o r c o n t r i b u t i o n s 

Conclusion 

The main goal of this paper was to explain tbe impart of 
economic and financial instruments of the climate change palicv 
on tbe development of tbe forestry sector in the Creda Republic in 
the period 2COD-2C'2G. T o accomplish the researcb objectives, tbe 
raUawiog methods were applied: Literature review, data analysis, 
correlation analysis, and regression analysis. Several models were 
established and bested, tor example, the forest land models and 
wood biomass production models. 

Regarding the findings- and to answer tbe research questions, 
a statistically significant negative relationship between forest land 
and the price of the European Union Allowance and subsidies 
from Rural Development Programme and a statistically- significant 
positive relationship between forest Land and environmental 
investments in biodiversity- was observed (KQll . Subsequently, 
a statistically signiheant positive relationship between wood 
bioniasa- production and the price of European Union Allowance, 
revenues from environmental Lairs in forestry, state onancul 
obligations under the forestry Act,, financial coiu^TbiiLioDSy and 
the subsidies from Aural [development Programme was found 
[RQ21. Over J I, economic and bnancial instruments in the <izecb 
Republic have environmental impacts and can determine tbe 
development of the forest bioecanomy. However, the impact of 
the emission trading on tbe forestrv sector in the Lfcecri Republic 
is ambiguous—in tbe case of forest land negative, and in nae 
rase of wood biomass production positive. Therefore. toe using on 
the policy recommendatinnsv we should underline economic and 
rnianoal instruments- connected with positive motivation io tbe 
frueslry sector, such, as- grant sctiemas. subsidies, and investments 
in biodiversity. 

Regarding tbe following research, we should toe us- in 
more depth on the ditferences between nnboxj and rural 
areas. Tbe forest bioeconomy affects the carhon budget and 
has the potential to contribute to decarbonising economies, 
and regions, hence rn Ungating climate change, [n addition to 
environmental becic-:iLs. i: also inl.iicciccs SOCK- economic aspects, 
such, as employment. Economic and financial instruments are 
in internal part of the development of tbe forest bioeconomy 
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M a n u s c r i p t t y p e : o r i g i n a l p a p e r 

F o r e s t c a r b o n a a d a r e g i o n a l p e r s p e c t i v e a a t h e e f f e c t i v e n e s s o f 

f i n a n c i a l i n s t r u m e n t s w i t h i n t h e f o r e s t b i o e c o n o m y 

Michae la PerUnOVa '*, Tannilfl 7innip . -n. , annfYt | g : i . Te ieza ^rimvanVfYvg-

'A^wimnr/ of Forestry and Wood Economics, Faculty of Forestry and Wood Sciences, Czech University of Life 
Sciences, Prague, Czech Republic 

s Science and Research Centre. Faculty of Health Sciences, Palacky University, Olomouc, Czech Republic 

^orrapffndmg author: penüKn-q'SJltf-CziLcz 

A b s t r a c t : Tbe forest bioecDiiomy l inks to a d inare-neutra l eccoocny for w h i c h effective ecoMmaic and finain-jal 

promot ion is Essentia] to sustainable development. The main purpose o f Hie study m i s to examine Hie effects o f 

fiiMiirial support on the development o f tbe forest hioeconorny i n tbe C z e c h Republ ic La tbe per iod 2 000-0021 . 

Research objectives were met b y apply ing literature review, rime scries analysis, spatial data analysis, cartogram 

ami cartodLagraiu method, correlation analysis, and regression analysis. First ly. regional divergences i n fingnriai 

f lows were o b s e r v e d O w i n g to tbe bark beetle lalarnity, the peak o f tbe fmsmrial sources was detected i n the 

V y socina. R e g i e n (CIE. 4 , tJ53TÄUR 1 M per hectare JL and the O l o m o u c R e g i o n ( C Z K 2 , 7 S 0 F U R 111 per hectare] 

i n 2020. A n upward trend - more man 6-fold growth o f f i n a n d a l Bows to foreslry was (braid. Secondly , the forest 

carbon mode] was d iscovered and tested. F i n a n d a l conuibut jon for iiefoiiestatiori, estabhshment. a n d rending o f 

forest stands increases net carbon sinks while hhancia] contribution for green ami environmentally z i e n d l v 

technologies increases net carbon sources. Regiona l carbon resexvoiis offer tbe potential to contribute to climate 

targets a n d achieve sustainable progress. 

Keywords: forest carbon: rrnmrial nrzpart: foiesny. THOSE carany; cbcnlar ecwioany: spatial anah repocial analysis 

I N T R O D U C T I O N 

Envirusnnecita] changes wor ldwide are speeding op 

a n d constitute considerable threats to society. 

Crnrenrly. the carbon neutrality o f the European 

U n i o n b y 2050 ( E C , 2019).. compl iant wi th the 

ambitions o f the Paris Agreement ( l l v 2022). is a 

global challenge and. w o u l d require a long-term 

engagement predominantly at 1he regional scene. 

G l o b a l greenhouse gas ( G H G ) emissions f J F C C . 

2023), result f r o m a n unsustainable approach i n 

energy usage, land use. and lane-use cjianse. 

consumpt ion or /and product ion behavior across 

regious and national economics. The study by Rae et 

al . (2021} refers recoristructian o f carbon dioxide 

emissions oiier tbe past 66 nu l l ion years. 

T h e long-term growing G H G concentration reached 

a n all-t ime peak o f 420 parts per mi l l ion i n 2021 

(Scripps Institution o f Oceanography, 2023). T h e 

annriifying feedbacks deflect the climate system in 

ťhn same direction as the initial disturbance {Cramer 

et a l , 201E}. G l o b a l warming delivers negative 

repercussions i n the form o f extreme weather events, 

especially droughts, windf t rows, heatwaves, etc. 

( Ihr ippleton et a l , 2022; S c i n o c c a et al_ 2016> 

F ina l ly , the carbon budget (Matthews et a l , 2017) is 

a promising method for setting out ťht» challenge o f 

T h e carbon cyc le explains the f low o f carbon into 

and out o f the ataaosphere and into Living organisms 

(^orf i r i * et a l , 2010}. A cumulative effect displays 

net sources escalating carbon levels and 

c o K e n u u t i o n , due to a Linear economy system 

(Tyson et a L , 2001; W e s c b e and Anu i tage , 2014). 
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Anthropogenic carbon sources, such as tiurning 

fossi l fuels and ileforestatiou, h a r e been increasing 

since the- pre-indus trial era. (Frnd e r al_ 20-12). O B . the 

contrary, forests lend to be- net ca rbon sinks ( F C i E . 

2023: K e e l i n g et aL, 2011). However , forests cam 

become a net ca rbon source due to unsustainable 

management ( E C . 202 J ] . Studies centered o n forest 

ca rbon La speci f ic regions were discovered, s u c h as 

Z a l d et al . (2016], L i s k i et a l (2002) : M o s e r et al . 

(2022], M i l l e r et a l (2012). a n d Karpp inen et a l . 

(201B). 

In each, r e p o u , forests have different em-mramenral 

features, states, biodiversity, and challenges i n 

addressing climate change ( U K Department o f 

EcDiuHiiiiC and Socia l Af fa i rs , and U N F o r u m o n 

Forests Secretariat, 2021]. Simultaneously, regions 

a n d their biogeograpuical characteristics are not 

stagnant throughout t ime. Because o f climate 

change, adaptive management decisions con ld be 

made (ZirnmennannoiTa. 2009; A l l e n et a l . , 2010; 

C E N I A . 2022). A range o f closer-to-nalure 

approaches are already i n use. sncb as natural 

regeneration. Leaving deadwood. and abandoning the 

use o f pesticides ( H l á s n y et a l . 2017). However , the 

philosophies are diverse f r o m region to region 

(Larsenet a l . ,2022] . 

Moreover , ongo ing climate change is p lacing 

pressure o n bni lding the forest's ability to f lourish i n 

the race o f cnrrent and r h a n m n g conditions. 

gnhaiK-i-nF its resil ience whi le storing carbon in-trees 

as wel l as in the forest soils ( T L T R O . 2014a). 

Ef for ts at both regional and global scales are needed 

whi le synergies between climatic, forest-based, and 

societal pol ic ies wi l l streamline the process 

(Nabinns et a l . , 2017; E w w d h c h et al.. 2022). T h e 

shift f r o m fossil fuels to bLoenergy or f rom carbon-

intensive materials to biomass tends to mitigate 

climate change ( H J F E J O . 2014b). Th is requires the 

development o f four k e y domains Jfcockstrom et al . 

(2017], s u c h as investment, innovation, institutions, 

sud Q J J S L X . L L C Ľ J Í 

A n integral component o f s-ustainable development 

includes the b ioeconomy concept at the E u r o p e a n 

U i h o n level (European C o m m i s s i o n , 2013b). 

B i o e c o n o m y is pr imari ly rooted i n the traditional 

sectors o f the economy, namely agriculture, forestry, 

aquaculture, and the product ion o f paper a n d w o o d -

related goods. Nonetheless, innovative sectors are 

also included, namely bioenergy. biofuels. 

biotextiles, and biochemicals whi le their 

signif icance is streng~heiniig over t ime iTvonzon et 

a l . , 2017). T h e study presented b y E o n a a n et a L 

MANUSCRIPT 

(2015) segregates the nat ional economies under (1) 

agricultural bioeccaiomies. (2] agro - food industry 

and bio-based chemical industries, (3) forest 

b ioeconomies . and (4) n o n - special ized 

b ioeconomies . 

Currently, the forest bLoeconomy is gaining 

prominence and is part o f a comprehensive set 

referred to as the T i t for 55' package, a t o o l b o r o f 

proposed revisions and new initiatives to ensure that 

E U pol ic ies are al igned wi th climate targets 

(European C o m m i s s i o n , 2021c). In detail, the N e w 

E U Forest Strategy (European C o m m i s s i o n , 2021b) 

focuses o n the cascading principle o f b iomass usage, 

forest restoration, finanrial support for forest owners 

and rural areas, and protection o f forest ecosystems. 

A l o n g s i d e m e environmental benefits o f carbon 

capture and storage, mult i functional forests fu l f i l l a 

countless array o f ecosystem services, such, as 

climate regulation, water control , soi l protection, 

wi ldl i fe , recreation, etc. (Winke l et a l . , 2022; B o m e r 

et a l . , 2017: MasLero et a l . , 2013). Frequent ly , sncb 

advantages are del ivered as public goods and 

externalities (Sisak. 2006) whi le the total economic 

value indicator attempts to reflect die aggregate 

quantification o f beneficiaries ( M e r l o and CroLtoru 

2005]. Top ica l l y , forest bathing o f s h i n r i n - y o t a as 

a rnindful visit to the forest, improves h u m a n 

phys ica l and mwitai health and prevents, the 

development o f various diseases ( W e n et a l , 2019; 

Putra et aL, 2018: A n t o n e l l i et aL 2021; M a o et aL 

2 0 1 7 ; a n d F a r k i c e t a L : 2021]. 

T h e C z e c h Eep i ib l i c a n d its regions are a part o f the 

Enropean temperate forest zone (Kivas-Mart inez et 

aL , 3004). Forests cover 3 7 % o f the territory, 

approximately 2.CE m i l l i o n hectares i n 2022. ( C Z S Q , 

2023]. Consider ing me ownership structure. 5 4 % is 

owned b y the state, 21*/n b y indiv iduals , l f l % b y 

municipali t ieE. a n d b y other- owners. In addit ion. 

74.1 % o f C z e c h forest l a n d is classif ied as 

management forests. whi le 23.9% as special purpose 

forests and 2 . 1 % as protective forests. T h e tree 

species composi t ion contains a significant 

proport ion o f spruce (43.1%). p ine (16%], beech 

(9.1%), and o a t (7.6%). The C z e c h Repub l ic 

clusters into the non-spec ia l i zed b ioeconomy 

(ILonzon et a L , 2015). However , social (Hajefc et a l . , 

2021; Penmova a n d Zirnmerrnannova. 2022) and 

economic aspects (Perunova a n d Z^mmermarmova, 

2023] o f the forest b i o e c o n o m y can be seen. 

Add i t iona l ly , the national f inancial support 

mechan ism for forestry is imprecise, and 

adnrinistrahvely intensive, w h i c h reduces the 
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efrectnenesE o f financial f lows fear forest owners i n 

the Czech Republ ic (MnJL . 2020). 

Typ ica l ly , the C z e c h Rapubl ic is stniggl ing wütb the 

unprecedented negative consequences o f the b a i t 

beetle calamity ( M o A , 2022). rated to be tbe most 

devastating inh is to iy ( B r á z d i l et a]., A switch 

f r o m n i u d - d r i v e n to i i i ™ g h t - m r v e n cufbreak 

dynamics was observed ( H l á s n y et s i . , 2021]. F o r 

example, tbe study b y Šafár ik et aL (2022] provides 

insight into raw w o o d g lowing stocks and forecasts 

further cumtigs according to c uniterous stands i n Ehe 

C z e c h Republ ic . Secnndry, Michalec et al . (2020) 

analyzed tbe sale o f bark beetle-affected sawmil l 

t imber Final ly . T o m et al. (2020] display the 

rektirmship ImVinr dne incidental harvest rolnme 

a n d the drop i n the price o f spmce timber. 

Addi t iona l ly , since 2015. there have t * e n c o r u i n u o u s 

increases i n seveial indicators, s u c h as the total 

vo lume o f trees k i l led by bark beetles, and the total 

vo lume o f salvage logging ( C 2 S O , 2023: M o A . 

2022). These are me pr incipal drivers o f me 

L U L U C P sector emissions balance (DPCC. 2023)., 

which have caused negative environmental effects. 

F o r this, forest restoration is one o f me current 

regional challenges i n the C z e c h Republ ic ( M o A . 

2019). 

T h e literature review identified a ranze o f studies 

dealing with national funding for forestry i n the 

C z e c h Republ ic , for instance. Šisak (2002 . 2007. 

2013), L o j d a and V e n t r u b o v i (2015], K o t e d s ý 

(2015], P e r ú n m i and Z i m r n e m i a n n o v á (20-23). The 

ment ioned studies tracked national financia] sources 

and/or other fiimin-iai and econoinic instnnnents at 

the national leve l , with n o consideration o f regional 

differences. Simultaneously, the studies, such as 

H l á s n y et a l (2021) : B r á z d u eta]. (2022), Šafař ík et 

al . (2022) : M i c h a l e c et aL (2020), and T o t h et al . 

(2020] examined hart beetle calamity i n the C z e c h 

Republ ic , with no regard ID regional disparities i n 

f r a n r i a l suppor t T o sum op, studies investigating 

regioiial aspects o f the national f inancial sources 

and/or studies dealing with the economic aspects o f 

bark beetle adami ty enipha s i r ing regional 

differences i n the C z e c h Republ ic are still absent. 

T h i s study tries to B i l this gap. 

M A T E R I A L S A N D M E T H O D S 

M a t e r i a l s 

K a n o n a l finanriai sources are represented by 

fhmiirial enntributions for forest management 

MANUSCRIPT 

prov ided b y the budget o f the Minist ry o f 

Agr icul ture . The data ntOized are not commonly 

available a n d are accessible o n request F r o m the 

extensive datasets received, selected data were 

extracted a n d harmonized for me g iven nwuirored 

per iod. 

Other data originated f rom public databases. 

mrTuriinf the EuTostat (Burostat, 2023], the C z e c h 

Republ ic Statistical Of f ice ( C 2 S O . 2023), and the 

U n i t e d Nations Framework Gonveni iDn on Cl imate 

Change ( U N F C C C , A H figures have been 

converted according to the E U R / C Z K exchange rate 

applicable on December 17,2023 (CNB> 2023). 

T o deteanine the impact o f different national 

fainting titles o n forest carbon storage, several data 

were collected tor the per iod 2000-2021. T h e data 

sources were the C Z S O (2023). the U N F C C C 

database (2021). and the Minist ry o f Agr icul tore 

(data on request]. 

T h e presented mode l operates wi th G H G 

emissions/removals o f selected sub -c ate gories o f the 

L U L U C F sector, namely forest l and and harvested 

w o o d products. 

T h e independent variables depict the national 

f inancial sources implemented i n the b ioeconomy 

sector i n the C z e c h Republ ic , such as finanrigl 

contribution to the restoration o f forests damaged b y 

irnmission, finanriai contribution for reforestation, 

establishment and tending of forest stands, f inancial 

contribution to a n association o f owners o f small 

forest areas, financia] contribution for green and 

environmentally fr iendly technologies, financia] 

contribution tot the elaboration o f forest 

management plans, financia] contribution for forest 

protection, fina-m-ia! contribution to mitigate the 

itnpact o f the bark beetle calamity (Table 1}. 

T h e expected impact o f all nationa] fimanrmg-

sources is positive (Table 1). S u c h expectation is 

assumed f rom H e and R e n (2023). l inggang and 

Peichen (2017), P u k t a l a (2020), D o n g - H o et a l 

P 0 1 E X a n d E o w d i r c h eta l . (2022). 

Forest carbon (Figure 5) d isplays a negative range 

between 1WD-2017, w h i c h stands for the net sui t , 

and carbon capture and storage in forests and 

harvested w o o d products ( H W P s ) is observed. T h e 

reverse tendency shows the timeframe 2016-2021, 

posit ive figures denote a net source boost ing total 

G H G emissions. 

Table 3 collects the parameters o f all variables. T h e 

n r m n m ' i i m d 1 - 1 ^ r i T i n n T alnp^ StmdaT-E. df iat i - IE. . 

and med ian are g iven for each variable. 
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Table 1 List of variables 

Variable Abbreviation Units R o b 

Forest carbon F O E C 
megatonnes of cart™, dioxide 

equivalent (MrCOIeq.) 
Dependent 

Financial contribution to the restoration of 
forests damaged by iirmik-dnn A Ldllion CZM Independent 

Tfinamriql rnnlritwrtimii fr* refrmiEhitimi 
esublishrijent. and tiending of forest stands 3 million CZE . Independent 

Financial coiirnTyutions to an association of 
owners of small forest areas C million C Z E Independent 

Financial comrjcaitions for green and 
Bniireomentaily friendly technologies D million C Z E Independent 

FLoanrial contributions for the elaboration of 
feres: TI^TI ̂  jpnwit pLans H nri"i--vn CZM Independent 

Financial contributions for forest protection I million C Z E Independent 

Financial contributions to nun gale me impaerof 
fhebart beeue calamity 

L millioai C Z E Independent 

Timje TTME -years Control 

Sonne: authors. 

Table 2 Expected impact of variables in F O E C M 

Expected 
Variable Abb rev impact 

F O R C M 

Fina i i rM contribution to me restore lion of forests daniaged by inmussion A Positive 

Financial contribution for reforestation. esrabliEmnEni. and Imding of foiesr stands 3 Positive 

Financial oonnibuuon to an association of owners of small forest areas C Positive 

Financial contribution for green and environmentally friendly technologies D Posutive 

Financial cornxioution for the elaboration of forest management plans H Positive 

Financial conmTnition for forest protection I Positive 

Financial contribution to mitigate tie impact of the badi beetle calamity L Positive 

Time T T M E Positive 

Source: authors. 

Table 3- Overview of Ihe data statistics 

A b b m i a t » n Variable Min imum i l a r i m u m Standard deviation Median 

F O R C Forest carbon -9 ,462 , 310 .3» 12,713,417.07 6358,628.517 -7,180,636361 

A 
Financial contribution to trie ipsroration of 

forests damaged, by inrmission 
2,206,000 1S.415.000 7,949,890.431 12,668,663.78 

E 
Financial contribution for ledbresration. 

e stab lis azuent :mi mucins/ of forest stands 
100,(511,045.4 1.405,000.249 287,694,414.1 222,681,500 

C 
Financia] contribution to the association of 

owners of small forest areas 
1,201,000 4,011,000 1.143,315.689 2,761,000 

D 
Fiimmrial rrnitwilMTtinn fmr mum and 

enTiTronrnentaDy friendly technologies 
14.250.: 17.22 190,735,676 46,290,9*6.61 

H 
Financial contribution for the elaboration of 

forest management plans 
l.MO.OOO s : .3M .ooo 25,318,568.37 29,564,735 

I FinsnMal rcinlrihntiiin for fnrat pmti«-Hfin 1,154^56.852 116321,104 13,015,060.2 3,150,000 

L 
Financial contribution to mitigate the 

izupact of "±J* barl beetle calamity 
979,382,761.1 7,027,364,513 3,051,191,672 3,296,433,478 

Source: authors. 
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S C Z E C H A C A D E M Y C F 
AJ33ICULTL í A L Í C I E N C E : 

M e t h o d ! 

The main purpose o f the study is to ezamine die 

effects o f finamrial support LSI me development o f 

1he forest b iaeconcmy La tbe C z e c h Republ ic i n die 

per iod 2000-1011. W t t t regard to t i e ma in target o f 

die research, tbe following research questions were 

establ ished 

Tbe Erst research question deals t r i t t die 

development o f selected national finanrij! sources 

( R Q l j i C a n . we o b i me an i n c r e a s i n g t r e n d i n the 

UDüiLüt o f f i n a n c i a l f lows to fo res t ry i n the C z e c h 

B e p i b h c ? 

Tbe second reseaich question observes tbe regional 

aspect i n tbe forest b i L ^ o n c m y development (RQ2) : 

C a n w e observe r e g i o n a l di f ferences i n the 

a m o u n t o f financial f lows to fo res t ry i n tbe C z e c h 

B e p i b h c ? 

Tbe third, research question focuses on tbe 

emTraurif inral aspect o f the forest b ioecononiy 

development Dw financial Dows b a i t a 

posi t ive e n v i r o n m e n t a l i m p a c t i n tbe C z e c h . 

B e p i b h c ? 

In order to meet the research obj ectives. a literature 

review, t ime series analysis, spatial data analysis, 

car tos jam ^mrj caTtodiagram nietnod. correlation 

analysis. and regression analysis were app l i ed 

First ly, a ccamHBhensive literature review and data 

col lect ion were carried ont. Data and nine series 

were modi f ied i m » a format suitable for E x c e l , 

secondly , qnantiiative analysis proceeded, sucb as 

t ime series analvsis. spatial data analysis, the 

cartogram " i r i cartodiagram method, correlation 

analysis, and regression analysis. T h e data and t ime 

series were analyzed together wi th their 

characteristics. Spatial data analysis was performed 

using Q G I S 2.26.3 software. The layer Bouwlar ies ' 

f r o m the Topographic database o f 1be C z e c b 

Republ ic f D a t ü O O ) served as a topographic base. 

T o demonstrate regional cifferenE.es Lathe allocation 

o f national Aram rial sources, a regional anarysg 

approach was used, especially the nomenclature o f 

territorial units for statistics - N U T S level 3 

( N U T S 3 ) was app l i ed The list o f the regions i n the 

C z e c h Republ ic is introduced in Table 4. 

MANUSCRIPT 

Table 4 Overv iew o f the regions o f the Czech 

Repnbtac 

N U T S J K a i n e A b b r e v i a t i o n 

C Z 0 1 0 P lagne , the Capi ta l C i t y P R G 

C Z 0 2 0 Central B o h e m i a n R e g i o n C B R 

C Z 0 3 1 South B o h e m i a n R e g i o n I E P . 

C Z 0 3 2 P l z e n R e g i o n P Í R 

C Z J 4 1 K a r l o v y V a r y R e g i o n K V R 

C Z 0 4 2 Ú s t i nad L a b e m R e g i o n U L R 

C Z 0 ; 1 Liberec R e g i o n L B R 

C2B52 Hradec E j á l o v é R e g i o n H K R 

C Z O Í J Pardubice R e g i o n P A R 

CZZii V y s o č i n a R e g i o n V Y R 

C Z B 6 4 S o i r l h M o r a v i a n R e g i o n S M R 

CZ071 O l o m o u c R e g i o n O L R 

C Z 0 7 ^ Z l í n R e g i o n Z L R 

CZOflO Mbrav ian-S i les ian R e g i o n M 5 R 

Source: authors, based onEuros ta t (2023). 

A correlation analysis using Pearson's correlation 

coefficient was e m p l o y e d H e n c e , a more complex 

regression analysis was developed and tested: 

F O R C = f » + p i * A - H f l 2 * B +• 0 1 ^ ; + P 4 * D - i - p 5 * H 

+ P # * I - H f > T * L + p g * r n M E - m 

where: 

Y - F Q R C (forest carbon, i n total, i n M f C O I e q . ) ; 

X I — A (financial contribution to the restoration o f 

forests damaged by immission]; X 2 — E (financial 

contribution for reforestation, establishment, and 

tending o f forest stands]; X 3 — C (financial 

contribution to a n associat ion o f owners o f small 

forest areas): X I — D (financial comt fbunon for 

green and ent i rc iuoei i txJv z i e o d l y "echDologtesJj 

X 5 - H (f inancial contribution for the elaboration o f 

forest management plans): X G — I (financial 

contribution fee forest protection): X 7 - L (financial 

contribution to mitigate die impact o f the bark beetle 

calamity); X 5 — T I M E (time); n — r a n d o m element o f 

the model . 

First, the model containing a l l economic and 

financial instruments ( F D R C M J was developed. 

F O R C M is the composit ion o f all independent 

variables (A , B . C , E . H . L L and T I M E ) . Second, 

alternative models were performed to identify the 

statistically most significant mode l with a h igh i n d e i 

o: de:enxi3idon. 
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F inal ly , al l ontputs wen? val ida^Ei v ia H u l i p l e rests. 

T h e F-tesf o f overall gi r n i f i r g r f n mvestigated die 

adequacy o f -die regression models . T h e D u r b i n -

W a r s o n ( D W ) test was conducted to test 

autocorrelation employing Durb in -Watson 

^ igni f i ranrn Tables fX>irbin-WalEOn gnif i ranrn 

Tab le , 2023). 

R E S U L T S 

T e n d e n c y i n the fjnanj-ial i n s t n i n i H i t t 

F igure 1 displays tine [ieveloprnent o f the amoral* and 

structure o f financial flows to fores try i n m e C z e c h 

Repub l ic i n 2COO-2021. 

B a s e d on the 2000-2009 resulte. die total finanHal 

support fhictuBted from C Z K 300 to 380 naillion 

( f rom E U R 12.11 ID 15.45 mil l ioi i ) . 

Since 2003. theie has b e e n a. d o w n w a r d trend caused 

by die economic crisis and the decl ine i n eccoDoric 

activity. In addition, several subjects were 

transferred raider regional budgets, wh ich restricted 

G r a n d a ! support for forestry since 2005. 

Iii 2 0 1 0 - 2 Ü 1 G . the mean flnaiKia] flows stood at 

C Z K 185 m i l l i o n ( E U R 7 J 4 mi l l ion) . Bee ans« o f the 

bark beetle calamity, fiaanciail support increased in 

the per iod 2017-2021. 

A n ad-t ime raTi-miim a f C Z K 1.715 mi l l ion ( E U R 

70 mi l l ion) was recorded i n 2021. A c c o r d i n g to the 

structure, the highest share (G19fc - SI %) represented 

Title B each year . C o m p a r i n g the beginning the 

end o f the monitor ing interval, two tendencies are 

v is ible , namely a downtrend for Title A . Title C and 

Title H and an uptrend for T i d e B . Title D , and Title 

L 

F igure 1 Development o f the amount and structure o f national finnm-jiii sources l o r forestry i n the C z e c h Republ ic 

i n 2000-2021 

14M 

r 

• t retail :":iint(j|i:'iiiitf r c l * i ± ' i ol loariti 
djiii^inJI; laii.ii'.'üiii.^Tifc Al 

a J r ar^al y< iin"":ioi • by H N T T I ) t-wai vtttall; 
* i « * h = l i r i * + i n n N k : [ * 

• J-HJL'JIJ LcnhniMiLci, fx Ikt diVddHX or Cxwt 
rn(rt f lau (T t t l l ) 

• IJUL'iU jcmntlUftl: AC (jUiUftSHll-lt] LTivit II 

ä S 8 9 ! 8 a S 5 5 3 i a a i I S S 3 ^ S 

Source: authors, based o n data provided by the Ministry o f Agriculture. 
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F igure 3 F inancia l crmnibutions far fof est n m i a f H n w i t granted f rom the budget o f the Minist ry o f Agr icul ture in 

the per iod 2019-2Q21 

W1L 

T~T̂ IM-rii1 mitn'hiuID. lo ||c in^Hj 
c :-.4.L IEEÍCLHLHIIII* |T| | I=V 

• FIKIUJÍ] uHCnlxCmc rin runnd micyomiL 

HjirtuJlL-'Tilt: A - T i l l : I' 

I Ů M iOÍB J OX' 4-Lrttl J00Ú b*M 1 (OÍ IMO SŮ0Ú 
I:JIII:II fy l . 

Source: authors, based on data p r o v i d e d by the M in is t ry o f Agr icu l ture . 

R e g i o n a l d i f ferences i n fin a e r i a l i n s t r u m e n t : 
( T t f f e A - T i f l e l } 

A n increase i n national financial support flowing to 

foresuy i n 2000-2021 was found. Nevertheless, die 

national flnandal Bows were not equally allocated 

across regions. F o r this, the Lndicafor o f die firum-ial 

contnlnit ious for forestry granted f rom die budge f o f 

the M in is t ry o f Agricul ture (T ide A - T i d e I) per 

hectare was set ID detect regional divergences. In 

F igure 2. regional differences i n fiiumrial 

contributions for forestry granted f rom die budget o f 

the M in is t ry o f Agricul ture (Tit le A - T i d e I) p e i 

hectare a n investigated 

B a s e d o n tbe findings i n 2009, ifae highest flnandal 

coritnljutions per hectare were received i n die 

CenHa l B o h e m i a n R e g i o n ( C B R ) C Z K 1T7/BTJR 

7.22 per hectare, and die Pardubice R e g i o n ( P A F J 

C Z K U S s ' E L T t (5.73 per hectare. F r o m 2010 to 2016. 

a fal l i n indicator was displayed i n each r e g i o n Since 

2017, the indicator continuously escalated across die 

regions and reached a historical level in the Vy s o o n a 

R e g i o n ( V Y R ) C Z K 1 ^ 2 S / E U R 62 p e r hectare i n 

2021. In the reference period, the average national 

fiTMin-iai Bows , T i d e A - T i d e I per hectare, were up 

appradmare ly 4 .5- fold. 

R e g i o n a l d i f ferences h i financial i n s t r u m e n t ; 

iT i t le L ] 

In tbe rnonitoring per iod, a bade beetle calamity 

occurred i n the C z e c h Republ ic , w h i c h led to 

significant changes i n tbe finanriai f lows to the 

foresuy sector. F igure 3 demonstrates 1hat i n 2019 

the firanHgl contribution ID mitigate the impact o f 

the bark beetle calamity (Tif le L ) -covered 5SM o f die 

national finanrial sources, wh ich amounted to C Z K 

P 7 P J 6 mi l l ion ( E U R 40 mi l l ion ] . In the fo l lowing 

year, the share o f Title L rose to a peak o f Í7? fc ( C Z E 

7,01736 r m l h o n / E l l R 2EŮ mil l ion) o f the national 

flnandal sources. In 2021. T i t le L del ivered C Z K 

3,2*6.41 mi l l ion ( E U R 134 mi l l ion) , approximately 

66H o f die national flnandal sources. General ly , 

there was a historical peak o f the finanda] 

contributions for forest management granted f r o m 

the budget o f the Minist ry o f Agr icul ture (national 

E n a n d a l sources) i n 2020. 

T h e indicator o f the flnandal contribution to 

mitigate the impact o f the bark beetle calamity (Title 

L ) per hectare was set to detect regional divergences. 

In F igure 4. regional differences i n the tmanda l 

contribution to mitigate die impact o f the bark beetle 

calamity (Title L ) are ilhistrated. 

Regarding 2015. die peak o f indie store merged i n the 

Z l í n R e g i o n ( S L R ) , and tbe O lomouc R e g i o n ( D L R ) . 

Th is year, the E a r l o v y V a r y R e g i o n ( E V R ] , and 

Prague, the Capi ta l C i ty ( P R G ) were not a p p l y i n g In 

2020, a historical outlier was documented i n the 

V y s o d n a R e g i o n ( V Y R ) C Z K 4 , o 5 E i E U R 1P0 per 

hectare. Regions w i t h an indicator on the scale o f 

C Z K 1.000-2,000 per hectare formed the most 

numerous category. Besides tbe V y s o č i n a R e g i o n 

( V Y R ) achieved die strongest support i n 2021 the 

South B o h e m i a n R e g i o n ( S E R J . 

T o s u m up 2019-2021. the accumulated Bows o f 

Title L p e r hectare in n u m u n i i were observed in the 

V y w d n a R e g i o n ( V Y R ) . die O lomouc R e g i o n 

( O L R ) . and the Z l í n R e g i c a ( Z L R ) . Indeed, the peak 

o f both indicators, such as the s u m o f T i d e A - T i d e 

I per hectare and Title L per hectare, were granted in 

2020 to the V y s o č i n a R e g i c o ( V Y R ) . comprising 

3 5 % o f T i d e L , lfflfc o f T i d e H . and 4 % o f T i t le D . 
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R e g i o n a l d i f f e r e n c e s in f i n a n c i a l c o n t r i b u t i o n s f o r f o r e s t r y 
granted from the budget of the Ministry of Agriculture (Title A-Title I) peľ hectare. 
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Regional differences in financial contribution to mitigate the impact of bark beetle 
calamity (Title L) per hectare and share of financial contributions (Title A - Title I). 

Financial contribution to mitigate 
t i c Impact of bark beetle calamity 
[czk per hectare] 

Total fl nandal contributions in region * 
[czk per hectare] 

Share of financial contributions In region * [ok] 1OO0 1500 2000 

I Financial contribution to tfie restoration of forests damaged by Immission (Title A] 

I Financial contribution for reforestation, establishment, and tending of forest stands (Title B) 

I Financial contribution for green and environmentally friendly technologies (Title D) 

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

I Financial contribution for forest protection (Title I) 

exept financial contribution to mitigate the impact of bork beetle calamity 
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F o r e i rar trim model 

FLSure 5 deals wtih G H G emissions-removals of 
selected sub-c ate grades of tbe L U L U C F sector, 
namely forest land and harvested wood products 
(HWPs). 
Errrirramtentalty. forestry reniains a ner source of 
G H G emissions as of 2 013. Tbe major contributor is 
tbe forest land subcategory (10.9*7 MtC02eq.)_ a 
cünseqjuence of tbe bark beetle calamity starting in 
201 i and peaking in 2020. During soch a period, 
random harvesting and clear-cirtring dominated and 
the total iiolume of timber extracted rose rapidly. 
The Vysočina Region, Olomouc Region, and 
Moravian-Silesian Region lost the largest percentage 
of forest stands. Therefore, forest land was the fifth 
most impactful G H G emissions source in 2021. 
Forest ecosystems thereby connibnte to the 
Czech total G H G emissions as a result of 
inappropriate management without close-to-nature 
elements, drought, global warming, loss of 
resilience, and bark beetle rJistnrbarice. The HWPs 
subcategory remains a G H G sink (-2.450 MrCD2eq.) 
and decreasing total L U L U C F sector emissions 
(B.35E MtCCtíeq.). 
Secondly, all the selected variables that were deemed 
to influence forest carbon were sampled for 
correlation analysis. Table 5 shows tbe outcome of 
the correlation analysis. Sconced from the results of 
the correlation analysis, ire noticed a statistically 
significant negative correlation between F O R C and 

C. In addition to the above correlations, there are also 
negative correlations with lower statistical 
tLsmfkance, such as A. and H. Statistically 
significant positive correlations occur for FL D. J , L, 
and the control variable TTME. 
For regression analysis, the regression model 
F Q R C M was developed PÖECM consists of all 
independent variables (A, B, C , D, H, I, L. and 
TTME). While tbe entire model is statistically 
significant, not all of the selected variables are 
statistically significant The result of the Durbin-
Watson test (DW) for FÖRCM is acceptable (T>W 
1.361 > npper critical value 0.S63). 
FQRCM1 represents selected variables with a 
statistical significance of p •=: 0.05. This model is 
statistically significant—all o f the variables are 
statistically rignificant and the entire model is 
statistically significant as wiell. 
In Table d, the outcomes imply a high coefficient of 
detenrunation in the model. This mwin that for 
FQRCM1. the general formula that is specified 
explains more than 99% of tbe variance with less 
than 5*/n of random deviations. Variables with a De
value of below 5% are B, D, TTME, and the constant 
(TORCMl) . 

To the results of the overall F-test the estimated 
regression forest carbon model is statistically 
significant at 5% (FORJCMI) levels of rignificance. 
The finding of the l>irbin-Watson test (DW) for 
FQRCM1 showsporitrieautocorrelatiori. andDU'is 
under the lower critical vahie. 

Figure 5 &velopment of the G H G entiss ions-rem ovals of selected sub-categories of the L U L U C F sector in tbe 
Czech Republic in 1090-2021 

Source: authors, based on U N F C C C (2023'). 
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T a b l e 5 F O R C M - correlat ion analysis 

F O E C A B •: D H I L T I M E 

F O ^ C 1 

A -0.0039 1 

B 0.7903 0.0371 

C -0.7597 0.B32B 

D 0 9269 0.O449 

H -0.3940 O.HÜ20 

I 0.Ä4B6 0 .Ö391 

L 0.9373 0.1677 

J T M E 0.7665 -0.29 IE 

Source: authors. 

T a b l e 6 F O R C M - l e g i K s u n a m h & i s 

F O R C U F O R C U J 

S i s . Coti Säe. Cmti 
A 0.506 O.033 

B 0.013 -O.011 o.ooe -0.011 

C 
0.000 0 166 o.ooo 0.172 

H 
¥ 

0.907 0.002 

1 
L 

T T M E 0.015 277,814.857 0.002 247,637.603 

Constant 0.014 -507,715,072.752 0.001 -506,566,127.550 
Q b s e i v . 22 2^ 

R 2 0.977 0.P7Ö 

Sigrrif. F 0.000 O.OOO 
D T J J i n - V . f.[= H I test 1.861 

Source: authors. 

1 

0.OÄ41 

O.=404 

-0.2192 

0.947O 

0.1009 

0.4773 

1 

- 0 . 3 4 1 1 

0 . O O 9 7 

0 . 7 3 O B 

0 . 0 0 0 0 

- 0 . 8 7 3 7 

1 

-3.2714 

0 9656 

0.7347 

0.6O43 

1 

- 0 . 3 4 7 1 

0 . 2 2 B 7 

- O . Ö 5 9 1 

1 

0.6337 

0.6594 

1 

0 J 7 9 6 

A c c o r d i n g to the F O E C M 1 outputs (Table Ö), a 

b'c.T.'itL-calJv :L£TJLZC?.DI o c a r i v e r s l a i o i i ü r -

b e t w e e n F Ö R C and B a n d a statistically s iznincant 

positive relatiDusbip between F O R C and D , and 

T T M E is observed. 

F O R C M 1 refers to a mode l tbat s imuhaneously 

im.TolT.Tes all 3 independent variables, namely Ev. D . 

a n d T T M E . I f separately (correlation analysis}, the 

impact on forest ca rbon is poat ive . independent 

variables B a n d D both contribute to increasing G H G 

emissions to the atmosphere. 

In the complex regression mode l ( F G R C M 1 ) , the 

reverse effect o f die independent variable B is n o t e d 

suggesting a contribution to a n increase i n G H G 

removals f r o m the atmosphere. 

T h e fo l lowing regression equation can b e buUr. 

T ( F O R C M 1 ) = -506,566,127.350 - 0 . 0 1 1 B + 0.172 

O + 247,017.603 T T M E H - U 

B a s e d o n tne regression analysis results, independent 

variable B (CZK. urillion} contributes to increasing 

G H G removals f rom tne atmosphere. A c c o r d i n g ID 

forest carbon, forests fulf i l l the role Df net sinks, and 

there is carbon capture and storage i n forests and 

harvested w o o d products ( H U T s ) . 

Conversely , the regression analysis findings 

indicated thai irjdependent TTariable D ( C Z K mil l inn) 

and control variable T T M B contribute to increasing 

G H G emissions to me atmosphere. A c c o r d i n g to 

forest carbon, forests fu l f i l l the role o f net sources. 

D I S C U S S I O N 

R C j l : C a n w c observe a n i n c r H s i n g t r e n d o f 

financial f lows to fa res t ry i n the C i e f h R e p u b l i c ? 

F i rst ly , in the per iod 2000-2021, there was a n 

increasing trend o f national financial flows to 

forestry i n the regions o f the C z e c h Republ ic . D u e to 

the bark beetle calamity, fjnanrial support has 

sharply r isen since 2017 a n d recorded an all-time 

ma j j rnum in 2021. In detail, two tendencies are 

v is ible , namely a downtrend for Title A Title C and 

Title H and an uptrend for Title B . Title D , and Title 
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A G R I C U L T U R A L S C I E N C E S 

I. According to the structure changes, the highest 
share (61M - £ represenred Title B each year. 
As the literature review pointed oct several studies 
work with national rjnamriiil sources for forestry in 
the Czech Republic, for instance. Sisit (200-2,2007. 
2013). Lojda and Vermubova (2015), Kotecty 
(2015), Perunova and Zirnmermannova (2023). 
Sinniltawously. studies displaying the economic 
aspects of bark beetle calamity in the Czech 
Republic ate still missing 

Based on Sdak (2002 and 2007), varjons 
TTMM-hrmijnc njie available in forestry, especially 
ethical, normative, economic, and mstitutional 
griming for reasonable explmtatiou o f forest 
resoraces in the Czech Republic. According to 
fiTMiiii^ (Penmova and ZimmerDiannovi, 2023), 
friMiiiriai conoibutions for forest rjfxjzexiexr 
granted from me budget of the Muustry Df 

Agriculture are drivers for the rise in the utilisation 
of bioeconorny renewable resources, such as wood 
biomass, 

Subsequendy. national funding sources can boost 
biodiversity CDnservation and sustainable forest 
management (Liagre. 2017). In addition, the study 
by Sevinc (2022) analyzed fi-mmr-iai support in line 
with the behavior of forest owners. Leoussis and 
Brzezicka (2017) stressed the emergency of financial 
support for landowners and forest owners. 
According to Otunura and Creutzburg (2021), the 
effectiveness of economic instruments will vary 
depending on the financial beneficiaries involved. 
Moreover, soft policy intm'entions, such as 
VTQbnnrary oomrnitinents. become slightly attractive, 
but depending on the type of forest ownership 
(Dahley, 201°). 

On the other hand, the study (Aoyagi and Managi 
2004) concluded that government subsidies 
adversely altered the economic outlook of forestry. 
In the Czech Republic, a proportionately high 
number of naional financial &..&. and other 
resources, are limited in total financia] amount 
combined with difficult organization and 
adntinislratiou (Sisal, 2013). Forestry makes a 
considerable impact on rural development and the 
Rural Development Pragiarnme seems to be a more 
effective tool than national finanrial fending (Lojda 
and Yenirubova. 2015). Based on Eorecky (2015), 
subsidies for afforestatiou in the Czech Republic are 
not optimal and seem to be targeted to areas with 
existing high forest cover. In certain regions, 
approaches are put inplace to safeguard biodiversity, 
water, and climate regulation and recreation 

MANUSCRIPT 

although the sodal-euTiroumental dimension 
remains far from balanced with me economic one 
(Sotirov and Arts, 201Í: Mattioli et. a l , 2024). 

RQ2: Can we observe regional drfferemres in 
fLnancial flows to fore s try i n the Czech Republic? 

Secondly, it can be concluded that national financial 
flows to forestry were not equally split among 
regions and regional divergences were investigated. 
First, the indicator of the fŕnimriai connibutions for 
forestry granted from the budget of the Ministry of 
Agriculture (Title A - Title I) per hectare was 
applied (Figure 2). From 2000 to 2021. the average 
of the indicator was up by 447^0 while the indicator 
reached a historical level in the Vysočina Kegjon 
(VYR) C Z K 1,528/EUR 62 per hectare in 2021. 
Second, the indicator of the financial contribution to 
mitigate the impact of the bark beetle calamity (Title 
L ) per hectare was examined (Figure 4). In a 
surmuary of 2019-2021. the accumulated flows of 
Title L per hectare in maximum were observed in the 
Vysočina Region (VYR). the Dlorncuc Region 
(OLR), and me Z l b Region (ZLR). Indeed, the peak 
of both iridicators. such as the sum of Title A-Title I 
per hectare and Tine L per hectare, was granted in 
2020 to the Vysočina Region (VYR). comprising 
35% of Tide L , lMfc of l ine B, and 4% of Tide D. 
Based on the Uterature review, studies mvestigating 
regional aspects of the national financial sources 
and/or studies dealing with the economic aspects of 
bark beene calamity emphasizing regional 
differences in the Czech Republic are still absent. 
For example, Brázdil et al. (2022), Šafařík et aL 
(2022), Michalec et a l (2020) and Torhet aL (2020) 
examined bark beetle calamity in the Czech 
Republic, with no regard to regional disparities in 
financial support. 

Previous forest management can be a precondition 
for existing conditions in forests and consequently 
LccDuence pest outbreaks (de Groot et al., 201P). A s 
a consequence of ongoing climate change, shifts in 
the disturbance regime caused by novel agents or 
overlapping of the historical range of variety occur 
(Turner and SeidL 2023). Forest reorganization 
emerges as a phase detenmtiing the long-term shape 
of forest ecosystems, which can either persist or face 
regime shifts (Seidl and Turner, 2022). Falcone et al. 
(2020) suggest essential drivers to ensure a booming 
forest-based bioecononry, including the circular 
principle. According to Hlásny et al. (2021), an 
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effective strategy to address bade beetle calamity is 

to reshape regional forest rnaaMgement. 

K Q 3 : Do fin atrial flows have a positive 

u n r o i m e o t a l impact on the forest broeconcmy 

in the Czech Republic" 

Concerning this, research question, the forest 
bioeconomy in —or research is represented by the 
indicator "forest carbon : l. The regression analysis 
outputs m e a l that financial contributions for 
reforestation, establishment, and tendirig of forest 
stands contribute to increasing G H G ——cTvals from 
the atmosphere. This implies beneficial 
environmental impact, as forests fulfill the role of net 
sinks, and carbon capture and storage in forests and 
harvested wood products (HWPs) is observed. 
Conversely, die regression analysis fj-nrfiTirc 
indicated, that f i n a — H a l contnbutions for green and 
emiionmHotally friendly technologies contribute to 
increasing G H G emissions to me atmosphere. This 
implies adverse environmental impact, as forests 
fulfill the role o f net sources, and carbon capture and 
storage in forests and harvested wood products 
(liWPs] are not observed. 

Referring to the variable "forest carbon" we 
expected that all selected national fiTu—rial sources 
lead to increasing G H G removals from the 
atmosphere, as a net sink, as in studies by He and 
Ren (2023), Jinggang and Pedchen (2017], Pukkala 
(2020], Eong-Ho et al. (2013). and Bowditch et al. 
(3023). 

According to the findings, till 2017 Czech forests 
acted as net carbon sinks, while in recent years had 
become a net source. Adversity is the effect of 
drought, especially on tree spedes planted outside 
their ecological optimum, and the subsequent attack 
of insect pests. Due to biotic disturbance, removals 
gradually rose from 2017, marimising in 2020 (34 
million cubic meters), and f a l l i - n r to around 23 
million cubic meters in 2021 (CZSO, 2023). 
These influence reforestation, which has led to the 
expansion of planting bmadleaved tree species, 
intending to avoid rnonoculcures over a large area at 
the same age. Cnrrernry, afforestation and 
reforestation activities are more intensive, with 40 
thousand hectares in 2022 compared to 29 thousand 
hectares f201S) (CZSO, 2023). Long-term, 
coniferous tree spedes have been predominant 
whereas in the period 2019-2021, the trend has 
changed. Consideruig _e Ha—a jHng impacts of the 
bark beetle calamity, the priority is on building more 
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resilient forests, adapting to and mitigating climate 
change, and sustainably managing natural resources 
(Hlasny et a l , 1011; Cramer et a l 201S; Thripplefon 
etal.,2023). 

Financial support is a precondition to developing a 
support system for forestry carbon sinks (Bowditch 
et aL (2022]. Subsidies can strengthen forest carbon 
capture and storage capadly and enhance the welfare 
o f actors in forestry (He and Ren, 2023). A payment 
of EUR 150 per tonne of carbon sequestered in 
forests wouidbring a hair to cutting (Pukkala, 2020). 
The study (Jinggang and Peichen, 2017), focused on 
encouraging carbon capture and storage in forests 
through subsidy. The advancement of co-benefits, 
such as corporate social responsibility, sodal 
cohesion of regional communities, and positive 
environmental effects remains the key to H I ti an ring 
the competitiveness of forest carbon credits (Dong-
Hoefal ,201E). 

Moreover. Eilgore et al. (2007) noted that financial 
stimulus appears to have the power to shape the 
decision-making of forest owners related to 
sustainable forest ma— agem— it and forest land 
utilization. The results (Espana. 2022) show that 
government subsidies constitute effective tools and 
appear to have aided the rise of forest areas. In the 
case of national firanring mmrhmi i—m. in small-scale 
forestry (Eoscolo et al., 2010), innovation, 
knowledge sharing. ™ i information exchange are 
crucial drivers for sustainable forest management. 
The forest-based sector has several potentials in 
mitigating climate change. Firstly, notable forest 
carbon stocks-pools include forest soils and Irving 
wood biomass. Regarding living biomass carbon per 
hectare (Forest Europe. 2020). Central-West a n d 

Cintral-EastEurope are the Leaders. Secondly, in the 
Long term. HWPs increase the carbon stock, while 
reducing forest sinks in the short and medium term 
(Pilli et al., 2015). Regarding forest land and HPU's, 
increasing afforestation and reforestation, reducing 
deforestation, —id sustainable forest — —ia sectent ar-2 

required Tnirdly. wood materials can reduce 
emissions by replacing ennssiotn-inlensriB ones 
while increasing removals by storing carbon in 
HWPs (EC. 2021a). The positive effects of material 
replacement men depend on the substitution factor. 
The material use of wood brings opportunities for a 

circular bioeconomy and cascading use of biomass, 
where closed loops of materials are created, the 
added vafae of inputs is maximized, and the lifetime 
o f outputs is extended (Eeegan etal , 2013). 
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T-nnrYfgtirvnr bio-based tarhnnlnrioc and blO-based 

materials are generators for the development of 
forest-based value chains and new business models 
^Zuropean Commission Joint Research Centre. 
2023). The synergy of wood binmass usage in 
dowTJStream industries such as textiles, dienncals. 
and pharmaceutics is evident and boosts the 
hioecouomy. Finally, w o o d biomass in place of 
fossil fuels cam achieve huge emissions cuts. 
According to the C H i h Rjepublic. the energy rni i is 
traiisfbimiug, with a 2030 target of 23-30% 
renewable sources, including wood biomass (EC, 
2018a). 

Regional forest carbon reservoirs offer benefits in a 
low-carbon economy, and a potential to contribute to 
climate goals. The target of the L U L U C F sector 
represents -310 MtC02eq. b y 2030 (EP. 2023a). 
while the national goal of the Czech Republic is 
L22E ttC02eq. (EC, 2022c). Moreover, Carbon 
Removals Certification (EP. 2023b) is an 
opportunity for the ioresr-based sector. Carbon 
capture and storage in restoring forests and in long-
lnTugwrx>drnalefialsarnlpaTHUirts constitute natural 
solutions for G H G removals under the certification 
framework (EP, 2013c). 

C O N C L U S I O N 

The main purpose of the study was to examine the 

effects of finanrial support on the development of 

the forest bioeconomy in the Czech Republic in die 

period 2000-2021. Research objectives were met by 

applying jrecinre review, time iene-i snaly^LS-. 

spatial data analysis, cartogrsm cartodiagram 

methods, correlation analysis, and regression 

analysis. Firstly, regional divergences in national 

fiTMiirial flows were observed. Owing to the bark 

beetle calamity, the peak of the national fi nan Hal 

sources was detected in the Yysocina Region (CZK 

4.65E.-EUR 190 per hectare), and the Olomouc 

Region (CZK 2,7EOiEUR 113 per hectare) in 2020. 

An upward trend - more than 6-fold growth of 

fjTminHaJ fhjws to forestry was found. Secondly, the 

forest carbon model was discovered and tested. 

Financial contribution for reforestation, 

establishment. ui6 penning of fore;.1: E-JTISJ- increases 

net carbon sinks while fi-mm rial contribution for 

green and emirrmmentally friendly technologies 

increases net carbon sources. 

The lirnitations occurred, such as a varying number 

of financial counibimons the availability of the 

data "mi * i T » series. The originality of die data, as 
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datasets are not conunorüy available are 

accessible on request. 

Concerning die recommendations, policymakers 

should reflect on the key objective of finarn-iji 

contributions, i.e. emphasize the role of net carbon 

sinks or others. We would recommend that a regular 

evaluation of the economic and fimmrial support 

provided should be carried out, including a regional 

scale, as it is obvious that 1he situation can differ. 

The forest bioeconomy links to a climate -neutral 

economy for which effective economic and financial 

promotion is essential to sustainable development. 
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6 Discussion 
The dissertation thesis is presented as a collection of original research studies, 

each of which contains a comprehensive discussion of the issue under investigation. The 

following is a brief summary and reflection of the most relevant outcomes of the scientific 

articles. 

6.1 Development of the bioeconomy labour market 
Regarding the findings, a diminishing tendency in the share of bioeconomy 

employment in the whole labour market in the Czech Republic was identified. The figures 

reflect values of around 7-8%, corresponding in absolute terms to 383-395 thousand 

employees. A more detailed insight into the bioeconomy labour market exhibits slight 

structural changes. A sectoral approach under the N A C E rev. 2 classification yielded the 

conclusion that the traditional sectors of the economy, namely (1) agriculture, (2) food, 

beverage, tobacco, and (3) wood products and furniture constitute the largest proportion. 

Several pathways emerge in the individual subsectors of the bioeconomy. The bio-based 

electricity, liquid biofuels, bio-based chemicals, pharmaceuticals, plastics and rubbers, 

and fishing and aquaculture sectors recorded a growth rate. On the other hand, forestry, 

bio-based textiles, wood products and furniture displayed a negative trend. Thirdly, 

agriculture, food, beverage, and tobacco, and paper sectors held constant employment 

figures with no significant fluctuations. 

As the results support the conclusions of the study (Ronzon et al., 2015), the Czech 

Republic belongs to the non-specialized bioeconomies. In the Czech Republic, the 

following sectors show powerful capacities, such as agriculture, forestry, chemistry, and 

food industries that can benefit the local labour market (Hájek et al., 2020). At the 

European level, the bioeconomy consists of more than 17 million employees with a 

turnover of EUR 2.5 billion. In general, agricultural activities provide a significant 

contribution to bioeconomy employment while there is a tendency for more capitalized 

segments, such as biochemicals and bioenergy to create relatively fewer jobs in the 

bioeconomy (Mainard-Causapé et al., 2017). Based on employment dynamics, it is 

anticipated that there will be an upturn in novel jobs related to renewable energy sources 

and/or bio-based products (Kardung et al., 2019; Lier et al., 2018). In contrast, a 

reduction in employment levels may have an imbalance effect on specific sectors, as 

skilled workers may leave and their non-replacement could bring discontinuity in the 

knowledge flow (Toth et al., 2021). It is suggested that the promotion of wood-based 

construction could be an effective way to enhance wood production and employment 
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across the EU Member States (Jonsson et al., 2021). Additionally, carbon storage in 

harvested wood products (HWPs) and material substitution lead to climate mitigation 

solutions (Pilli, 2015). Therefore, several factors, including increased productivity and 

reduced demand for graphic paper, have contributed to the drop in employment in the 

wood-based sector (Robert et al., 2020). 

With a focus on drivers, forestry employment in the Czech Republic was positively 

affected by wages/salaries and negatively impacted by gross domestic product and 

forest land. Over the period under focus, employment in the forestry sector decreased. 

However, positive fluctuations in employment were caused by the peak of the bark beetle 

calamity and activities such as logging and reforestation. According to the Czech 

Statistical Office (2023), the forestry sector employed approximately 13.6 thousand 

persons in 2022. The highest ratio of employees is typically in the private sector, followed 

by the public and municipal segments. Generally, the forestry sector is facing a 

permanent shortage of employees, especially for manual forestry positions, including 

middle management positions. Secondly, the upward trend in average wage in the 

forestry sector was observed. In 2022, the average wage in the forestry sector reached 

C Z K 38.88 thousand, exceeding the average wage in the national economy. However, 

the high rate of inflation has reduced real wages in the forestry sector by more than 7%. 

It could be argued that the public sector has relatively high average earnings compared 

to other sectors. 

Shifts in bioeconomy employment trajectories can be caused by modernization, 

innovation, and employment reallocation (Ronzon et al., 2022; Lovric et al. 2020). To 

promote employment opportunities in the rural bioeconomy, it is vital to foster multi-

sectoral cooperation, business diversity, and education (Purwestri et al., 2020). The 

outputs (Dordmond et al., 2021) suggest that the setting up of quality institutions and the 

promotion of financial resources positively shape the creation of green jobs. Moreover, 

varying stages in the bioeconomy progress, including social aspects are present across 

the European Union (Ronzon et al., 2021; Patani et al., 2024). For example, in the 

Northern and Western Member States, a bioeconomy transition is underway, which is 

associated with modernization and structural changes in national economics. On the 

other hand, Eastern and Central Member States are still in the initial steps of a 

bioeconomy revolution. For this, the BIOEAST initiative was established to empower 

bioeconomy potential in 11 European countries. The macro-regional initiative is 

considered an essential part of the bioeconomy development in Central and Eastern 

Europe (BIOEAST, 2024). 
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Building an in-depth understanding of the existing and emerging jobs and skills 

needs of the European bioeconomy is necessary (Philippidis et al., 2014). Currently, 

green jobs and green skills remain poorly defined, making it challenging to compare 

trends across countries (Cedefop, 2019). In parallel, multiple definitions of green jobs 

can be found in the International Labour Organization (ILO, 2013), the United Nations 

Environment Program (UNEP, 2008), and the Bureau of Labour Statistics (2020). For 

this, the Green Jobs Initiative aims to examine the impacts of climate change on 

employment shifts and promote solutions for mitigation, especially in rural areas (ILO, 

2019). 

Green jobs show both higher levels of analytical skills and human capital 

indicators, such as non-formal education, or vocational education and training (Consoli 

et al., 2016). At the same time, the content of green jobs tends to be less routine than 

the content of non-green ones. Eco-innovation of products and services appears to be a 

driver in generating green jobs (Cecere and Mazzanti, 2017). Notable employment 

expansions are anticipated in resource recovery, earthmoving, and environmental 

research (Babugura, 2020). Based on Woods et al. (2023), public funds are factors 

related to the uptake of green jobs. Linkages between green jobs and sustainable 

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

Regarding the forestry sector, "green forest jobs provide forest-related goods and 

services while meeting the requirements of sustainable forest management and decent 

work" (ECE/FAO, 2018). As the bioeconomy labour market evolves, green jobs have the 

ambition to thrive in non-traditional forestry-related sectors, especially in industries linked 

to new wood-based products, urban and social forestry, human health, or green 

chemistry (da Silva and Schweinle, 2022). 

With a focus on the bioeconomy workforce, the composition of skills required is 

assumed to be changed, resulting in considerable tensions for a reaction from education 

and training. On the other hand, there is uncertainty about the scenarios surrounding 

further patterns of pathways in specific skills. Drivers of such uncertainty include the 

impossibility of accurately predicting human behavior in terms of the direction of 

environmental policy developments, as well as demographic or economic and 

environmental tendencies. 

Moving the world towards sustainable patterns, both green reskilling and upskilling 

have a major role also in the circular economy and bioeconomy (Bozkurt and Stowell, 

2016). Bioeconomy is expected to deliver up to a million green jobs, predominantly in 

rural and coastal areas (Ronzon et al., 2018). Unlocking such potential together with 
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environmental and social benefits requires the proper combination of skills in the 

bioeconomy workforce. As the bioeconomy is not homogeneous, a diverse range of skills 

is needed to fulfill the requirements of particular sectors and regions (European 

Commission, 2022). Moreover, in the implementation of circular bioeconomy principles 

together with green skills and jobs, agents such as jobs, age, size, turnover, or sector 

can determine the success of economic units (Bassi and Guidolin, 2021). Based on 

European predictions, people with higher levels of qualifications are expected to keep 

rising in demand, while that for those with medium levels of qualifications seems to be 

constant. 

Green skills can be termed as values, knowledge, experiences, attitudes, and 

abilities essential for green transformation (UNIDO, 2024; European Commission, 

2020c). Boosting a net-zero resource-efficient economy, specific green skills can be 

needed and defined. Firstly, transdisciplinarity is frequently named as one of the core 

green skills, as global climate change requires a community-wide effort and a 

comprehensive perspective at the global scale (Jahn et al., 2012). Transdisciplinarity 

can be considered as an opportunity to converge scientific disciplines and promote know-

how sharing, and capacity building (Sixsmith et al., 2021). Transdisciplinarity is able to 

stimulate multidimensional attitudes leading to analytical and problem-solving skills 

combining multiple viewpoints, assist in detecting possible synergies, and promote win-

win responses (Miller et al., 2011). The transdisciplinarity delivers a holistic approach 

and generates a novel form of working that transcends the initial disciplinary frontiers 

(van Bewer, 2017). 

Secondly, systematic thinking (Arnold and Wade, 2015) can be introduced as "a 

set of synergistic analytic skills used to improve the capability of identifying and 

understanding systems, predicting their behaviors, and devising modifications to them to 

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

Moreover, long-term thinking (Chen et al., 2020) allows one to make investments 

to create things with lasting value. Collaboration (Mulligan and Nadarajah, 2008; 

Edelman, 2009) can provide dialogue among a variety of stakeholders regardless of 

geographies, cultures, and generations. Adaptability (Strachan et al., 2022) can refer to 

a continued desire to develop both dynamic and resilient schemes. Countless other 

green skills are defined, in detail what-if thinking, creativity, and awareness for 

continuous learning (Miller et al., 2010). 

Circular economy and bioeconomy, as concepts of sustainable development, 

prioritize a balance between economic growth, social well-being, and environmental 
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stewardship to transform the economy and move away from linear flows of energy and 

materials. The evolving bioeconomy and circular business models highlight technological 

aspects, namely Artificial Intelligence, Big Data, or advanced materials, which place 

additional pressure on the digital and technological skills of employees (Santoalha et al., 

2021). The role of digital, quality management, and strategic thinking skills appears to 

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

Currently, a mismatch is noted regarding the existing skills and the expected future 

skills that will be demanded in the bioeconomy sectors. This gap calls for an up-grading 

in the educational process. In the Czech Republic, a comprehensive bioeconomy 

education system is absent, stepping up from primary schools to higher education 

institutions. Nevertheless, individual courses are found targeting the bioeconomy or 

circular bioeconomy. At the European level, the European Bioeconomy University was 

established to build a knowledge-based bioeconomy and contribute to green transition 

(EBU, 2024). Vocational education and training is promoted as a kind of long-life learning 

across Member States. VET assists youth in finding first jobs and empowers adults to 

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

Based on the European prediction (European Commission, 2021 e), people with 

higher levels of qualifications are expected to keep rising in demand up to 2030, while 

that for those with medium levels of qualifications seems to be constant. However, 

developments are likely to be divergent across bioeconomy sectors. In the traditional 

sectors of the bioeconomy, medium and high -levels qualifications are anticipated as a 

requirement. Emerging sectors, such as bioenergy, biotechnology, or biotextiles, call for 

a deeper engagement of individuals with high-level qualifications. 

To monitor the progress of the European bioeconomy jobs, a study by Ronzon et 

al. (2020) was developed. Based on the latest figures, there were approximately 17.19 

million employees in the bioeconomy sectors across the European Union in 2021, 

whereas the sectors with the highest proportion included, (1) agriculture, and (2) food, 

beverage, and tobacco. Around 381 thousand employees were reported at the national 

level of the Czech Republic. The predominant sectors were also represented in the 

traditional bioeconomy sectors, namely (1) agriculture, (2) food, beverage, and tobacco, 

(3) wood products and furniture, and (4) forestry. Between 2008 and 2021 a downward 

trend in forestry (-23%), wood products and furniture (-28%), and bio-based textiles (-

46%) is evident. In contrast, fishing and aquaculture and liquid biofuels marked an 

increment. 
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At the European level, the estimated evolution of the educational background of 

the population and the workforce is calculated (Cedefop, 2024). Overall, meaningful 

demographic changes will affect the labour force in the Czech Republic. For example, 

there should be a slight increase in the whole labour force, while the largest growth will 

occur in the over-60 age group. On the other hand, the 30-59 age category experiences 

a fall. In terms of gender, the female category tends to show higher growth. The 2021-

2035 predictions suggest several trends for employment in particular sectors in the 

Czech Republic. For example, decline pathways can be observed in sectors, such as 

forestry (-1.2%), wood and wood products (-3%), and construction (-0.7%). In these 

sectors, medium-level qualifications display the highest decrease. The situation differs 

in sectors such as fishing (2.4%), water supply (0.1%), research and development 

(2.4%), and education (0.7%). 

Circular economy and bioeconomy both contribute to delivering on the vision of 

the European Green Deal (European Commission, 2020a). The prognosis of the effects 

of the European Green Deal on employment (Cedefop, 2021) displays a 1.2% extra 

employment rise, certainly including disparities among sectors and urban and rural 

areas. Integral contributions to make in the transition to a low-carbon economy show 

highly skilled occupations, such as researchers. Additionally, positive dynamics of 

employment in engineering and administration services are anticipated. 

Finally, for the transition to a low-carbon system to be effective, it is necessary to 

build a green mindset (Shakil et al., 2023) across society and thus increase the 

willingness of stakeholders (OECD, 2014) to engage in global change. To flourish in the 

green and digital transition, a skills revolution is a precondition (European Commission, 

2020b). 

6.2 Impact of economic and financial instruments on the 
forestry sector 
Regarding the results, both statistically significant positive and negative impacts of 

economic and financial instruments of the climate change policy on the development of 

the forest bioeconomy in the Czech Republic were observed. The forestry sector was 

presented by 3 indicators, namely forest land, wood biomass production, and forest 

carbon. In the period 2000-2021, a rising tendency was found in the case of the variables 

forest land and wood biomass production. Concerning forest carbon, the situation has 

shifted over time. Whereas until 2017 forests were removing more carbon dioxide than 

they were emitting, in 2018 this trend has reversed and forests have become a net source 

of carbon. 
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National financial sources, namely financial contributions for forest management 

granted from the budget of the Ministry of Agriculture and the Rural Development 

Programme have shown an accelerating pattern, mainly due to the bark beetle outbreak 

(Figure 1). 

Figure 1 Development of the financial contributions for forest management granted from 
the budget of the Ministry of Agriculture and the Rural Development Programme 
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Source: author based on Ministry of Agriculture. 

However, differences in funding flows across regions of the Czech Republic were 

examined a noted. According to a national financial source, the historical peak rate was 

recorded in the Vysočina Region in 2020 (Figure 2). Regarding the Rural Development 

Programme, a maximum value of support was achieved in the Olomouc Region in 2019 

(Figure 3). 
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Figure 2 Financial contributions for forest management granted from the budget of the 
Ministry of Agriculture in the regions of the Czech Republic 
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Figure 3 Rural Development Programme in the regions of the Czech Republic 
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Forest carbon 

Carbon storage in forests seems to be positively influenced by multiple factors, 

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

(Miller et al., 2012), a large area of forest land (Khanal etal. , 2017), an understanding of 
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the precise impact of forests on the mitigation of climate change (Markowski-Lindsay et 

al., 2011; Miller et al., 2012), safeguarding of property rights (Ramo et al., 2013; Wade 

and Moseley, 2011), and innovative mindset of forest owners (Thompson and Hansen, 

2013). Time emerges as an essential determinant as well (Koskela, 2011; Urquhart et 

al., 2012). Both willingness and motives for engaging in forest carbon storage are diverse 

across various types of forest owners. For example, subsidies are a vital criterion in the 

case of large-scale forest land ownership, however, as the educational background 

improves, subsidies move into the complementary category of advantage (Karppinen et 

al., 2018). 

On the other hand, low levels of carbon pricing (Fletcher et al., 2009), insufficient 

promotion of carbon trade (Wade and Moseley, 2011), challenge to adhere to instructions 

(Wade and Moseley, 2011), and necessity of management expectations (Dickinson et 

al., 2012; Markowski-Lindsay et al., 2011; Khanal et al., 2017) are barriers that negatively 

interact with forest carbon. 

The expansion of forest area is accompanied by a more substantial increase in 

forest carbon stocks per hectare (Kauppi et al., 2006). Hence, afforestation and effective 

forest management of the existing stands constitute elements improving the carbon sinks 

(Kauppi et al., 2020). Forest carbon can be affected also by factors, such as tree species, 

stand density, or selective harvesting methods (Assmuth and Tahvonen, 2018). 

Moreover, forest carbon levels may be greater in locations in close proximity to forest 

edges (Meeussen et al., 2021). The age of forest stands is influenced by the harvesting 

regime employed, which in turn leads to various regional carbon stock scenarios 

(Bradford, 2011). 

Firstly, opposing approaches may occur, leaving forest stands to be grown further 

or cutting to store carbon in harvested wood products. Then, carbon sequestration 

should consider the quantity, longevity, and persistence of the carbon accumulated in the 

forests (Keith et al., 2014). Since the risk of forest damages arising from climate change-

driven events persists (Bontemps, 2021). Additionally, the occurrence of extreme 

weather events, such as hurricanes, droughts, and windstorms disrupt the forests's 

function as carbon sinks (McNulty, 2002). 

It is noted that there are linkages between the various disturbance events. Some 

events occurring in sequences may produce a synergy of their particular impacts (Gower 

et al., 2015; Harvey et al., 2013; Kleinman et al, 2019). On the other hand, the attributes 

of the first disturbance event can shape the characteristics of the event that follows 

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

of forests (Bradford et al., 2008). 

Linked to climate change, disturbance regimes alter and there are some ways 

that novelty can arise. First, it may be the consequence of disturbance regime properties, 

namely patch size, frequency, severity, or intensity moving outside their historical ranges 

of variation (Keane et al., 2009; Keeley and Pausas, 2022). Thereafter, forest 

ecosystems are disconnected from stability and the probability of regime shift scaling up 

(Turner and Seidl, 2023). Second, it could be the occurrence of new disturbance drivers, 

both abiotic (Grunig et al., 2023; Witze, 2020; Bergstrom et al., 2021; Holz et al., 2015) 

and biotic (Buotte et al., 2016; Herms and McCullough, 2014) ones. 

Concurrently, novel responses of the forest ecosystems may take place after the 

disturbance events (Senf and Seidl, 2022; Falster et al., 2017; Hacket-Pain and 

Bogdziewicz, 2021). The main triggers of ecological answer variation can be classified 

as the condition of the ecosystem at the outbreak moment (Bowman et al., 2016), 

disturbance event characteristics and material legacies (Gill et al., 2022; Hoecker and 

Turner, 2022), post-disturbance forest management approach (Senf, 2019), as well as 

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

Reorganization can be identified as a crucial element of the recovery process that 

influences post-disturbance forest development. In that stage, both the structure and/or 

composition of the forest ecosystems can be changed, while resiliency can be 

maintained or a nonforest ecosystem is formed (Albrich et al., 2021; Zeppenfeld et al., 

2015; Johnstone et al., 2020; Kitzberger et al., 2016). The nature of the disturbance 

event, the availability of seeds and resprouting, the presence of biotic and abiotic 

aspects, altered light regime or microclimate, and the presence of pests and pathogens 

are all variables driving the outcome of the reorganization (Seidl and Turner, 2022). 

Climate change has a great effect on the dynamics of the forest ecosystem, meanwhile, 

considerable uncertainty persists in the responsiveness of systems to these changes 

(McDowell et al., 2020). 

Secondly, harvested wood products contribute to the mitigation via material and 

energy substitution. Firstly, the potential of wood biomass as a renewable source to 

substitute emission-intensive materials is significant, while simultaneously providing a 

temporary carbon storage facility (Cams et al., 2012). Application of wood biomass is 

opening up in sectors such as furniture manufacturing, and construction (Pilli et al., 

2014). However, the proper application of the cascading principle is relevant (Keegan et 

al., 2013). Initially, inputs tend to be used to manufacture outputs with higher added 
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value. During the product life cycle, the preference is to reuse the same raw material, 

although for producing a lower value-added outcome. Such a principle prolongs the 

residence time of biomass in the economic system, which pursues the rational usage of 

scarce resources and leads to increased efficiency (Hong et al., 2021). Meanwhile, the 

carbon footprint of the wood product needs to be tracked and evaluated from the 

beginning to the end-of-life stage (Jasinevicius, 2017). Life cycle assessment has a vital 

significance there (Hauschild et al., 2018). 

Besides biomass carbon, forest ecosystems also facilitate soil carbon storage 

(Lai, 2005). The forest soils represent an integral component of the forest carbon budget 

(Liski et al., 2002). The type of soil has a significant impact on the amount of carbon 

stored within it. Forest soils occupy a particularly crucial position in this regard, in 

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

For the above-mentioned, forests tend to be net carbon sinks (Forest Information 

System for Europe, 2023). Land use, land use change and forestry (LULUCF) sector 

usually add to the reduction of cumulative emissions, meeting the Paris Agreement target 

(United Nations, 2022), which replaced the Kyoto Protocol in 2020. Forest carbon 

reservoirs offer demonstrable benefits in climate questions and a low-carbon economy, 

and therefore LULUCF emissions and removals display a potential to contribute to 

climate goals. The European target of the LULUCF sector by 2030, as a net carbon sink, 

represents -310 MtC02eq. of which the national vision of the Czech Republic is 1,23 

ktC02eq. (European Parliament, 2023a; European Commission, 2022c). 

In the Czech Republic, total emissions between 1990-2021 continuously 

decreased by 41% and reported 118 MtC02eq. in 2021, with the LULUCF sector 

contributing additional net emissions of 8.36 MtC02eq. (UNFCCC, 2023). However, in 

closer detail, the transport and waste management sectors demonstrate an upward 

trend. Simultaneously, as a response to the bark beetle calamity, forest land was a net 

carbon source as of 2018. Across the Member States, the Czech economy is the fourth 

most emissions-intensive in the case of population and the second most emissions-

intensive in the case of gross domestic product (International Energy Agency, 2023). 

Hence the appeals for decarbonization, circular economy, and bioeconomy to transform 

the economic system in the Czech Republic (Ministry of Industry, 2023; Ministry of 

Environment, 2021). 
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Forest land and wood biomass 

Based on the impacts of the economic and financial instruments on forest land 

development several studies were observed. Instruments such as carbon payments 

(Pukkala, 2020; Kerr et al., 2012; Evison, 2017), taxes (Zhurakovska et al., 2021; Barua 

et al., 2012), and subsidies (Espaňa et al., 2022; Ersoy and Mack, 2012; Jensen et al., 

2022; Aoyagi and Managi, 2004) were analyzed. 

According to forest land, an extension of 1.5% was detected in the Czech 

Republic over the period 2000-2021 (CZSO, 2023). In detail, the forest land indicator 

was the highest for regions, such as the Liberec Region (43%), the Karlovy Vary Region 

(42%), the Plzeň Region (40%), the Zlín Region (39%), and the South Bohemian Region 

(37%) by the end of the reporting interval. The indicator exhibits an upward trend with a 

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

Generally, the tree species composition contains a significant proportion of 

spruce, pine, beech, and oak. Based on the age category the drop was seen in category 

IV (61-80 years) at 13.3% in 2021 compared to 18.8% in 2000, and in category V (81-

100 years) at 15.9% in 2021 compared to 17.3% in 2000 (Ministry of Agriculture, 2022). 

Reforestation was influenced by the bark beetle outbreak, which has led to the 

expansion of planting broadleaved tree species, intending to avoid monocultures over a 

large area at the same age. For this, afforestation and reforestation activity are more 

intensive, with 40 thousand hectares in 2022 as against the 2008-2018 period with 

approximately 19-20 thousand hectares per year (CZSO, 2023). Long-term, coniferous 

tree species have been predominant, whereas in the period 2019 to 2021 the trend has 

changed, and more broadleaved tree species were planted. According to financial 

consequences, the national financial resources were boosted by C Z K 8 billion from the 

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

Based on the impacts of the economic and financial instruments on wood 

biomass production, the following studies were found (Kanzian and Kindermann, 2013; 

Moiseyev et al., 2014; Locoh et al., 2022; Lauri et al., 2012; Caurla et al.; 2013; Sasaki, 

2021). A mixture of instruments was examined, namely national subsidies, carbon 

payments, and environmental taxes. 

Regarding the wood biomass production in the Czech Republic, the coniferous 

roundwood removals gradually rose, reaching a peak in 2020 with around 34 million 

cubic meters, and then decreased to around 23 million cubic meters in 2021 (CZSO, 

2023). At the regional scale, the Vysočina Region, Olomouc Region, and Moravian-
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Silesian Region lost the greatest proportion of forest stands during the bark beetle 

calamity. The indicator exhibits an upward trend with a diminishing rate at the European 

level as well (Forest Europe, 2020). 

In the Czech Republic, the sale of significant volumes of wood biomass to foreign 

countries with low added value occurred. Furthermore, there is a shortage of a wood 

recycling infrastructure to guarantee the reverse flows and reuse of wood biomass and 

hence close the loop of renewable material. A further challenge is the adoption of eco-

design for wooden products which would offer a longer lifetime and the possibility of 

reusing the material sustainably in a non-toxic recycling process (Reich et al., 2023). 

Concerning wood construction, regulatory restrictions hamper the growth of wood 

material utilization. In addition, there is a pressing issue to improve awareness across 

Czech society of the benefits of a circular bioeconomy and to stimulate demand for wood 

products. The potential of circular business models opens up here (Ellen MacArthur 

Foundation, 2019). 

Specific indicators, such as forest land and roundwoood removals are integral 

factors of the sustainable forest management concept (Forest Europe, 2024). Monitoring 

and the management of such indicators can enhance the adaptive capacity and 

mitigation of forest ecosystems. The relevance of sustainable development is intensifying 

with declining forest health, soil and air pollution, extreme droughts and heat waves, 

expanded bark beetle infestations as well as forest fires. 

Overall, diverse socio-economic scenarios will bring different levels of wood 

biomass production, which will imply alternative forest management approaches 

(European Commission, 2024). In the forestry sector, a challenge to find innovative 

management approaches persists (Rockstrom et al., 2017). A broad appeal to apply 

closer-to-nature approaches in forests, such as natural regeneration, leaving deadwood, 

and abandoning the use of pesticides, to prevent and prepare forests for a changing 

climate and boost their adaptive potential (Hlásny et al., 2017). The guiding principles of 

development are linked to the environmental, economic, and social pillars of sustainable 

development, namely wood production, biodiversity conservation, the protection of water 

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

Adaptive forest management that respects the productive function of forests, 

biodiversity, and other ecosystem services poses challenges for climate-smart forestry 

(Nabuurs, 2017). For forest owners, the concept of climate-smart forestry provides 

several indicators, however, stronger guidelines are needed (Bowditch et al., 2022). 

Moreover, to achieve positive macroeconomic impacts and emission reduction a 
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stimulus by the public sector (C02 taxes, and R&D policies) is necessary (van Meijl, 

2016). 

To sum up, according to the abovementioned results null hypotheses 1 Ho: There is 

no statistically significant relationship between economic growth and forestry 

employment in the Czech Republic, 2Ho: There is no statistically significant relationship 

between economic and financial instruments and the development of the forestry sector 

in the Czech Republic, and 3Ho: There is no statistically significant relationship between 

national financial support and forest carbon in the Czech Republic can be rejected. 
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7 Conclusion and recommendations 
The main aim of the dissertation thesis was to carry out the evaluation of the socio

economic impacts of global change on the forestry sector. The aim of the dissertation 

thesis was achieved through three original research papers published in scientific 

journals with impact factors. The studies were consistent with the dissertation theme and 

focused on various aspects of the socio-economic impacts of global change on the 

bioeconomy, including the forestry sector. 

Firstly, a general view of the development of forestry employment within the 

bioeconomy labour market as well as the evaluation of forestry employment and its 

drivers within the bioeconomy labour market in the Czech Republic were explored. A 

diminishing tendency in the share of bioeconomy employment in the whole labour market 

was identified. A more detailed insight exhibits slight structural changes and several 

pathways emerge in the individual subsectors of the bioeconomy. The traditional sectors 

of the economy, namely agriculture, food, beverage, tobacco, and wood products and 

furniture constitute the largest proportion and held constant employment figures with no 

significant fluctuations. The bio-based electricity, liquid biofuels, bio-based chemicals, 

pharmaceuticals, plastics and rubbers, and fishing and aquaculture sectors recorded a 

growth rate. On the other hand, forestry, bio-based textiles, wood products and furniture 

displayed a negative trend. According to forestry employment drivers, employment in the 

forestry sector was positively dependent on wages/salaries and negatively dependent 

on gross domestic product and forest land. 

Secondly, both statistically significant positive and negative impacts of economic 

and financial instruments of the climate change policy on the development of the forestry 

sector in the Czech Republic were observed. The forestry sector was presented by 3 

indicators, namely forest land, wood biomass production, and forest carbon. An increase 

in forest land was positively influenced by environmental investments in biodiversity and 

negatively by subsidies from the Rural Development Programme and the price of 

European Union Allowance. An increase in wood biomass production was influenced 

positively by the whole mixture of economic and financial instruments, such as emission 

trading, environmental taxation, financial contributions for forest management, state 

financial obligations, and subsidies. 

According to the impact of national financial support for forestry on forest carbon, 

financial contribution for reforestation, establishment, and tending of forest stands 

increases net carbon sinks while financial contribution for green and environmentally 
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friendly technologies increases net carbon sources. Additionally, an upward trend in 

national financial support for the forestry sector was found and regional divergences 

were observed. Owing to the bark beetle calamity, the peak of the national financial 

sources was detected in the Vysočina Region (CZK 4,658/EUR 190 per hectare), and 

the Olomouc Region (CZK 2,780/EUR 113 per hectare) in 2020. 

On the basis of all the above results, it can be concluded that the main aim of the 

dissertation thesis was fulfilled. According to the obtained results, the following domains 

of recommendations for research and practice in the field of bioeconomy can be 

formulated. 

Bioeconomy strategy development - bioeconomy strategy at the national level 

is a mandatory step for the integration of the concept into the economic system. The 

Czech Republic stands up to the challenge of developing a comprehensive strategic 

framework for the bioeconomy at the national level respecting regional disparities. The 

systematic promotion of local bioeconomies can generate new jobs, business 

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

Bioeconomy monitoring system - to develop a comprehensive mechanism 

containing quantitative and qualitative data regarding the European bioeconomy. An 

essential parameter is to ensure comparability of data and a disaggregated insight at the 

national levels. A holistic assessment is needed that captures the economic, social, and 

environmental dimensions of the bioeconomy. The definition of the bioeconomy and the 

related definition of the bioeconomy sectors primarily need to be aligned. According to 

social aspects, qualitative details on bioeconomy employment by economic activity, 

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

Bioeconomy financial support - a comprehensive financial mechanism to 

promote the development of the bioeconomy from the initial research to the 

commercialization phase needs to be established. Investments in the bioeconomy can 

drive research and development, new jobs, innovative technologies, and products relying 

on renewable biomass, thereby diminishing dependence on scarce resources. 

Bioeconomy financial support can assist in the switch from a fossil-based to a more 

resilient economy while tackling critical environmental and social challenges. 

Promote the transdisciplinarity - global change is a complex set of interacting 

agents, and this requires a transdisciplinary approach. The synergistic effect of 

disciplines will generate scope for holistic answers with novel solutions. A 

transdisciplinary attitude in the bioeconomy is demanded in various fields, especially in 

education, science and research, communication, policy-making, and elsewhere. 
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Stakeholders involvement - the transformation to a green economy requires 

effective communication with stakeholders with clear messages and devoid of 

greenwashing. The necessity for cross-sectoral communication is evident. The 

knowledge-based bioeconomy should foster socially engaged research to strengthen the 

willingness of stakeholders to collaborate toward change. 

Youth engagement - a special status in the bioeconomy development is occupied 

by the young generation. The challenge is to raise awareness of concepts such as 

sustainable development and circular bioeconomy and to equip students with the green 

skills required for the future demands of the labour market. For youth engagement to be 

successful there is a pressing need to improve working conditions, especially in 

traditional bioeconomy sectors such as forestry, while ensuring equal opportunities and 

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

Bioeconomy education - education constitutes a bridge between current and 

future knowledge and skills demanded by the labour force. Ensure upskilling of existing 

skills, including green skills while reskilling for emerging bioeconomy sectors and 

associated new jobs, including green jobs. A novel education program and courses that 

will establish a set of skills, such as long-term thinking or adaptability, and will build a 

green mindset are the challenges. Moreover, promotes cooperation among educational 

institutions and enterprises as well as establishes or revises vocational education and 

training to fulfill shifting skills requirements. 

International cooperation - to address global change, international cooperation 

can drive knowledge sharing, examples of good practices, and capacity building. 

International cooperation across the economic sectors at the macroregional and global 

levels is an essential factor in the bioeconomy development. Cooperation can stimulate 

economic growth by enhancing trade in bio-based products and establishing new 

markets. In the social sphere, international partnerships can contribute to the creation of 

new jobs, ensure that the bioeconomy benefits will shared worldwide, and reduce 

disparities between countries as well as regional inequalities within countries. 

Cascading use of biomass - for the bioeconomy to be a sustainable path for 

progress, it requires circularity at its core. The challenge is to replace fossil-based and 

carbon-intensive materials with bio-based inputs. These biological resources such as 

wood biomass should be employed in a multiple cascade to extend their life cycle and 

increase efficiency of usage. Harvested wood products, such as furniture or 

constructions simultaneously boost carbon sinks, thus reducing overall emissions. In the 

synthetic cycle, it is then important to ensure reuse, repair, remanufacture, and recycling. 
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The challenge for the circular bioeconomy remains the closed energy and material loops. 

In the Czech Republic, a wood collection and recycling system needs to be built to ensure 

a reverse flow of wood biomass and to allow waste to become a resource for further 

production. 

Circular business models - the bioeconomy represents a renewable segment 

of the circular economy and imposes models that are renewable and regenerative in 

design, use renewable energy, and avoid toxic chemicals. Setting up supply chains that 

encourage the circular use of bio-based materials and secure ethical production 

practices is crucial. Application of circular principles, such as waste valorization to 

transform waste into energy, materials, or chemicals, product as a service, product life 

extension, design for recycling, and modularity needs to be supported. Shifting to a 

circular bioeconomy calls for technological innovation, as well as a change in mindset 

and business behavior. 

The findings of the dissertation thesis can contribute to the development of 

national and regional bioeconomy strategies, economic and financial priorities, and the 

achievement of the European Green Deal vision. The results carry wider implications of 

the socio-economic impacts of global change on the bioeconomy, including the forestry 

sector and the framing of further research agendas for the Czech Republic. The 

dissertation thesis and doctoral study completed the picture of the circular bioeconomy 

in the Czech Republic. 
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