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A B S T R A C T   

Bioeconomy development has become one of the new trends in policy design and research. This study looks at 
biotic resource extraction in the Baltic Sea region countries providing detailed country by country analyses of 
factors affecting changes in resource extraction. The study is based on the index decomposition analysis including 
factors related to bioeconomy strategies such as the population, share of people employed in bioeconomy, labour 
intensity, biotic resource extraction productivity, share of bioeconomy, export intensity, and share of bioresource 
export. The main factors increasing biotic resource extraction were the growth in labour material intensity, biotic 
extraction productivity and export intensity. However, changes in these factors differed significantly among the 
countries studied and had different trajectories over time depending on overall performance of the economy. 
These differences should be taken into account when developing national bioeconomy strategies.   

1. Introduction 

Bioeconomy is one of the main strategies implemented by the Eu
ropean Union (EU) (Sanz-Hernández et al., 2019). The bioeconomy 
development in the EU begun in 2012 when “Innovating for Sustainable 
Growth: A Bioeconomy for Europe” was launched (Commission, 2012). 
In the renewed EU bioeconomy strategy presented in 2018 (EU, 2018) 
the concepts of sustainable and circular bioeconomy were highlighted. 
This strategy has contributed to the implementation of the Sustainable 
Development Goals and the Paris Climate Agreement targets (Grossauer 
and Stoeglehner, 2020; Hamelin et al., 2019; Ronzon and Sanjuán, 2020; 
Wohlfahrt et al., 2019). In recent literature, the role bioeconomy in 
ensuring sustainable development has been discussed comprehensively 
(D’Amato et al., 2017, 2019; Koukios et al., 2018; Liobikiene et al., 
2019; Loiseau et al., 2016; Ramcilovic-Suominen and Pülzl, 2018). 
Other authors have highlighted the bioeconomy role in circular econ
omy (D’Amato et al., 2020; Giampietro, 2019; Hamelin et al., 2019; 
Karan et al., 2019; Näyhä, 2019; Stegmann et al., 2020; Ubando et al., 
2020). Furthermore, implementation of bioeconomy is important in 
seeking green growth and climate change mitigation (Aguilar et al., 
2018; Baležentis et al., 2019; Bell et al., 2018; Budzinski et al., 2017; de 
Besi and McCormick, 2015; Devaney and Henchion, 2018; Ingrao et al., 
2018; Loiseau et al., 2016; Pitkänen et al., 2016). 

Bioeconomy is also closely related to the questions of land use and 
land-use policy (Choi and Entenmann, 2019; Fradj et al., 2020). Bio
economy growth and decarbonisation can increase the global demand 
and competition for productive land to satisfy the increasing supply of 
food, energy and materials from biotic resources (Bringezu et al., 2014). 
To minimise these negative impacts systemic bioeconomy monitoring 
system is necessary (O’Brien et al., 2017) which would cover different 
social, economic environmental aspects of bioeconomy (D’Adamo et al., 
2020). 

Authors analyzing the trends of bioeconomy sector usually consid
ered economic and social indicators such as the size or value-added 
(Efken et al., 2016; Heijman, 2016; Scarlat et al., 2015; Schütte, 
2018), investments in research and patents (Arujanan and Singaram, 
2018; M’barek et al., 2014; Philp, 2018; Scarlat et al., 2015; Woźniak 
and Twardowski, 2018), employment rate (Arujanan and Singaram, 
2018; Efken et al., 2016; Guo and Song, 2019; Robert et al., 2020; 
Scarlat et al., 2015; Schütte, 2018), and labour productivity (Muizniece 
et al., 2016). From environmental indicators, environmental footprints 
were studied comprehensively as well (Brizga et al., 2019a; Bruckner 
et al., 2019; Egenolf and Bringezu, 2019; Hubacek and Feng, 2016; 
Liobikiene et al., 2020; O’Brien et al., 2015, 2014, 2017). Other authors 
analysed bioresource (biomass) trends (Brizga et al., 2019a; Budzinski 
et al., 2017; Hamelin et al., 2019; Kalt et al., 2016; Scarlat et al., 2015). 
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Sustainable use of bioresource is the main principle of sustainable bio
economy (Blumberga et al., 2017; Brizga et al., 2019a; Cristóbal et al., 
2016; Juerges and Hansjürgens, 2018; Muizniece et al., 2016; Sasson 
and Malpica, 2018; Scarlat et al., 2015). Bioresources are renewable 
resources, however, the supply is not endless. In the EU, bioresources are 
limited, and the growth of this resource consumption could create 
biomass scarcity (Aguilar et al., 2018; Borgström, 2018; Sleenhoff et al., 
2015). Therefore, implementation of the bioeconomy strategy could be 
expected to ensure the sustainability of bioresource extraction. 

Brizga (2019a) in the recent analysis analyzed the trends of bio
resource use in the Baltic Sea Region (BSR), which is one of the leaders in 
the implementation of the bioeconomy strategy. However, to the best of 
our knowledge, none of the previous researchers analysed the drivers 
behind the bioresource extraction. Even though bioeconomy strategies 
significantly differ among the countries of BSR, the following aspects are 
common: the increase of competitiveness, value-added, export, 
employment rate and sustainable production of biomass. Therefore, in 
this paper by encompassing bioeconomy strategy components and 
applying decomposition analysis, the main drivers of changes in bio
resource extraction in BSR countries were evaluated. This paper has 
revealed how the growth of value-added, the employment rate in the 
bioeconomy sector and bioresource productivity influenced bioresource 
extraction and bioeconomy development. It is a new topic in bio
economy studies. Furthermore, in this paper the results of the decom
position analyses were studied in several time-periods depending on the 
bioeconomy policy development: growth period (period of economic 
growth and before preparation of bioeconomy strategy), transition 
period (the period of bioeconomy strategy preparation) and strategy 
period (the period during bioeconomy strategy implementation and 
until its renewal). This analysis revealed whether the changes in the 
extraction of bioresource and main determinants differed before and 
after the launch of bioeconomy strategy. 

2. Literature review 

2.1. The components of bioeconomy strategies and changes in 
bioresources in BSR 

Referring to the definition of bioeconomy, namely, that it encom
passes all economic activities related to the biological products and 
process (Cristóbal et al., 2016; Loiseau et al., 2016; Sasson and Malpica, 
2018), the usage of bioresource is the driving force of bioeconomy. 
However, according to the strong sustainability approach, the devel
opment of bioeconomy should be considered without exceeding the 
planetary boundaries and ecological thresholds (Liobikiene et al., 2019). 
Therefore, bioresource production is the main aspects of bioeconomy. In 
the literature, the authors usually analysed the impact of technologies or 
climatic conditions on bioresource (biomass) production (Ledger et al., 
2011; Zhang et al., 2019a, 2019b, 2019c). Meanwhile, considering 
economic and social indicators, authors showed that biomass usage 
stimulated economic growth (Aydin, 2019; Bilgili et al., 2017; Bilgili 
and Ozturk, 2015; Ozturk and Bilgili, 2015). Silalertruksa et al. (2012) 
found that the development of bioresources contributed to the growth of 
employment rate. However, to the best of our knowledge, none of the 
researchers analysed the impact of bioeconomy development on 
changes in bioresource extraction. 

BSR bioeconomy programme (2018) was presented in the same year 
as a revision of the EU bioeconomy strategy, i.e. in 2018. The compat
ibility between economy and environment is the main aspect of the BSR 
bioeconomy strategy which is based on 4 main pillars: i) competitive 
bio-based industries, ii) inclusive economic development, iii) sustain
able resource management, and iv) resilient and diverse ecosystems. 
Considering individual BSR countries, Lithuania and Estonia have not 
adopted this strategy yet. In the remaining countries, the strategy has 
been adopted in national bioeconomy strategies (Germany, Finland, 
Latvia) or integrated into other policy documents (Sweden, Poland and 

Denmark). 
Brizga et al. (2019a) analyzing the environmental aspects of bio

economy implementation showed a great difference among BSR in terms 
of production-based bioresource. It could depend on the bioeconomy 
development level, the share of agriculture and forest land. Further
more, different changes were observed in bioresource from 2011 to 
2015. However, the factors which influenced these changes were not 
analysed, particularly analyzing the different periods - before, during 
and after the development of the bioeconomy strategy. Therefore, by 
applying the decomposition analysis in this paper the impact of bio
economy strategy components (growth of value-added, the employment 
rate in the bioeconomy sector and bioresource productivity) on bio
resource extraction in BSR countries were analysed. 

2.2. Decomposition analysis approach 

Decomposition analysis is vastly applied to analyse the factors of 
energy consumption or carbon emissions (Huang et al., 2019). Consid
ering the natural resource, decomposition analysis has been applied to 
explore the determinants of raw material consumption (Plank et al., 
2018), water resources (Feng et al., 2017; Sun and Hsu, 2019; Zhang 
et al., 2019a, 2019b, 2019c; Yang and Lahr, 2019), material use (Wang 
et al., 2017a, 2017b; Baninla et al., 2020), metal consumption (Song 
et al., 2019). However, to the best of our knowledge, none of the re
searchers applied this method to the analysis of the factors of bio
resource extraction. 

There are two prevailing methods used for time series decomposi
tion, namely, structural decomposition analysis (SDA) and index 
decomposition analysis (IDA) (Wang et al., 2017a, 2017b). Comparison 
between the two can be found in Hoekstra and van den Bergh (2003) and 
Wang et al. (2017a, 2017b). SDA is based on the input-output model and 
is mostly used to analyze energy savings or emission abatements and 
aggregate intensity (Brizga et al., 2014; Yang and Lahr, 2019; Wang 
et al., 2017a, 2017b). Rose and Casler (1996) provided a review on its 
theoretical basis and main features. 

The IDA employs the index number theory to decomposition, and its 
advantage is that it can be used to study any available data at any level of 
aggregation (Ma and Stern, 2008) and is less data-intensive, but also less 
detailed since indirect inter-industry effects cannot be reported (Wood 
and Lenzen, 2009). 

One of the simplest IDA decompositions is the so-called Kaya iden
tity, which quantifies the drivers behind changes in energy use or 
emissions - energy intensity (energy use per unit of GDP), per capita GDP 
and population (Kaya, 1989). Other authors expanded these theories by 
including other determinants as the fuel mix, industrialisation (Brizga 
et al., 2013; Zhang et al., 2019a, 2019b, 2019c; Zheng et al., 2019). 
Liobikienė et al. (2016) used the IDA to analyze the components of the 
EU 2020 strategy to determine the carbon emissions in the Baltic States. 
Therefore, these analyses reveal that the decomposition analysis method 
could be applied to evaluate the determinants of extraction of bio
resource in BSR countries. 

3. Methods and materials 

The purpose of the present decomposition analysis is to identify and 
analyze how the changes in biotic resource extraction (BRE) have been 
brought about by the changes in several independent factors. In this 
study, we use additive and multiplicative forms of the IDA to generate 
results from different perspectives and enrich the analysis and discus
sions. The multiplicative form illustrates the relative aspect for each 
factor in driving the changes in biotic resource extraction, but the ad
ditive form provides the measure of magnitude of emissions changes 
driven by decomposed factors. 

In this paper, by applying the decomposition analysis, we expressed 
national BRE as an extended Kaya identity (Kaya, 1989) by using the 
following equation Eqn 1: 
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(1)  

where BRE is total national biotic resource extraction in thousand tons, 
POP represents the total national population, BEE stands for the number 
of people employed in bioeconomy, GDP is the total national gross do
mestic product in the given year in euros, TVAagro is the total value- 
added by bioeconomy in EUR, but BREx is national export of biotic 
resources. 

In multiplicative decomposition, the relative change of aggregate 
BRE between year 0 and t can be decomposed by the ratio of each factor, 
as shown in Eqn 2:  

BRE = BRE t / BRE 0 = P × E × R × I × A × X × S                        (2) 

where changes in BRE between base year 0 and target year t can be 
represented by quantifying the contributions from changes in seven 
different factors:  

• P – the population effect;  
• E = BEE/POP (%) - the share of people employed in the bioeconomy;  
• R = BRE/BEE (labour material intensity – t/cap) – biotic resource 

extraction per bio-economy employee; 
• I = GDP/BRE (biotic resource extraction productivity – €/t) – na

tional GDP per ton of biotic resources extracted;  
• A = TVAbio/GDP (share of bioeconomy - €/€) – TVA of bioeconomy 

per unit of total national GDP; 
• X = BREx/TVAbio (export intensity – t/€) – the amount of bio

resources exported per unit of TVA of bioeconomy;  
• S = BRE/BREx (inverted share of biotic resource export – t/t) – 

inverted the share of biotic resource export in BRE. 

The multiple of the relative changes in each variable should equal the 
total relative change of the aggregate. 

In additive decomposition, the absolute change of BRE between year 
0 and t can be decomposed by the difference of each factor, as shown in 
Eq. (3):  

∆ BRE = BRE t – BRE 0 = ∆P + ∆E + ∆I + ∆R + ∆A + ∆X + ∆S      (3) 

The sum of the absolute changes of each variable should equal the 
total absolute change of the aggregate. 

This research is based on data extracted from Eurostat databases 
(Eurostat online data codes provided in square brackets):  

• BRE – the total amount of biotic resources extracted by resident units 
from the natural environment for further processing in the economy 
[env_ac_mfa] (Accessed on 04 February 2020);  

• Population – the number of persons having their usual residence in 
the respective country on 1 January of the respective year 
[TPS00001] (Accessed on 04 February 2020);  

• BEE – annual employment by bio-economy sectors (A01, A02, and 
A03) [lfsa_egan22d] (Accessed on 04 February 2020);  

• GDP - chain-linked volumes (2015) of GDP in million euro 
[nama_10_gdp] (Accessed on 04 February 2020);  

• GVAbio – gross value-added of agriculture, forestry and fishing in 
current prices, million euro [naida_10_a10] (Accessed on 04 
February 2020);  

• BREx – exports of biotic resources in their simple mass weight 
[env_ac_mfa] (Accessed on 04 February 2020). 

In this paper, we define the scope of the bioeconomy covering the 
time period of 2000–2018 and the following sectors: crop and animal 
production, hunting and related service activities (A01), forestry and 
logging (A02), and fishing and aquaculture (A03). Therefore, evaluating 
the changes in biotic resource extraction the traditional land-use sectors 
were covered. Nevertheless, it should be recognised that bioresources 

are also used by other industrial sectors, e.g. manufacture of food, 
beverages and tobacco bioenergy (C10, C11, C12), biochemicals (C20, 
C21, C22) (M’barek et al., 2018), but the land-use footprint for these 
sectors is marginal (Brizga et al., 2019b) and thus excluded from this 
study. However, it is expected these sectors will grow with the devel
opment of bioeconomy and thus should be included in further research 
analyzing the impacts of bioeconomy. 

We also performed decomposition analysis dividing this period as 
follows: 2000–2007 – growth period (period of economic growth and 
before bioeconomy strategy preparation), 2008–2012 – transition 
period (the period of bioeconomy strategy preparation) and 2013–2018 
– strategy period (the period after bioeconomy strategy implementation 
and until its renewal). These periods encompass durations before, dur
ing and after the preparation of bioenergy strategy. 

4. Results and discussion 

4.1. Changes in biotic resource extraction and main determinants in all 
the periods analysed 

Results of the additive decomposition analysis in Fig. 1 have shown 
an increase in the biotic resource extraction in BSR countries by 101.4 
million tons, or 17%, from 2000 to 2018. The main driving forces behind 
the increase was growth in labour material intensity (R). Other factors 
positively driving biotic resource extraction were biotic resource 
extraction productivity (I) and export intensity (X). These results 
revealed that factors related to extraction intensity, which, in turn, is 
related to the export contributed to the growth of biotic resource 
extraction the most. Therefore, the decrease in export intensity is the 
main aim when seeking a decrease in the growth of bioresource 
extraction in BSR countries. 

Table 1 shows that changes in biotic resource extraction between 
2000 and 2018 varied strongly among the BSR countries. The results 
have shown 3 groups of countries (see Fig. 2): 1) Estonia and Latvia 
experienced moderate increase in biotic resource extraction, but the 
strongest increase in biotic resource extraction productivity (I) and in
verse share of bioeconomy (A); 2) Lithuania and Poland, on the other 
hand, demonstrated the highest increase in BRE, as well as the highest 
increase in labour (R) and export intensity (X) and decreasing share of 
people employed in bioeconomy (E) as well as the inverse share of biotic 
resources exported (S); 3) Scandinavian countries and Germany had the 
slowest increase in BRE and were the only countries where the popu
lation (P) was increasing, demonstrating the slowest increase in labour 
intensity (R) and biotic extraction productivity (I). 

The decomposition analysis and analysis of the main determinants of 
changes in biotic resource extraction during all the periods analysed 
have shown that the extraction increased the most in Lithuania and 
Poland. In these countries, labour (R) and bioresource export (X) in
tensity contributed to the increase in biotic resource extraction the most. 
This could be linked to the fact that the extraction of bioresource in these 
countries grew faster than the rate of employment and bioresource 
extraction prevailed over production or recycling. The intensity rate of 
exported bioresources (X) was also driving biotic resource extraction 
upwards. This suggests that the most attention should be paid not only to 
the way of enhancement of the export of biotic resources but also to the 
way of increase of resource productivity. Meanwhile, the decrease in the 
share of people employed in the bioeconomy (E) and the decreasing 
share of biotic resource export (S) were the main forces driving biotic 
resource extraction downwards. The higher the share of bioresources 
exported, the greater the bioresource extraction (R2 = 0.54). Therefore, 
promotion of export could have a negative impact on the sustainability 
of bioeconomy. The major focus should be placed on the productivity 
increase of export and enhancement of the price for the bioresource to be 
competitive in all the EU countries. Meanwhile, the increased employ
ment rate in bioeconomy sector, particularly in production and recy
cling sector of bioeconomy, had positive influence on the sustainability 
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of bioeconomy. 
In Estonia and Latvia, weaker increase of bioresource extraction was 

observed, and the productivity growth of bioresource extraction (I) was 
the main factor driving bioresource extraction upwards. Therefore, 
despite biotic resource productivity growth (I), bioresource extraction 
continued to increase rapidly. It is not a positive pattern, as the EU 
bioeconomy strategy mainly focused on the promotion of productivity. 
Therefore, it shows that in the countries considered, productivity did not 
achieve the level at which the decrease in bioresource production be
gins. Furthermore, along with labour intensity (R), the increased share 
of the bioeconomy sector (A) also contributed to the growth of bio
resource extraction, and the impact was positive only in Estonia and 
Latvia. Therefore, in these countries, the greatest attention should be 
paid to the ways of development of the bioeconomy with less bio
resource extraction by increasing the value-added and implementing 
circular economy principles by creating closed-loop systems, minimising 
the use of bioresources, and eliminating waste generation (D’Amato 
et al., 2020; Giampietro, 2019; Hamelin et al., 2019; Karan et al., 2019; 
Näyhä, 2019; Stegmann et al., 2020; Ubando et al., 2020). Meanwhile, 
the reduction of export intensity (X) did not offset the growth of 

extraction for production level and share of exported resources. 
In Germany and Finland, the growth in labour intensity (R) was the 

main contributor to the increase in bioresource extraction. The impact of 
other factors was less significant. Meanwhile, in Denmark, a decrease in 
bioresource extraction was observed. The increase of export intensity 
(X), labour intensity (R) and the population (P) was offset by other 
factors. The decrease in bioresource extraction was linked to the 
decrease in the share of people employed in bioeconomy (E), the share of 
bioeconomy sector (A), and share of export (S). Furthermore, the 
decrease in bioresource productivity (I) also contributed to the decrease 
of biotic resource extraction. It shows the problem that the fast growth of 
bioresource extraction could emerge in Denmark in the case of a more 
developed bioeconomy sector. 

However, the main factors driving the biotic resource extraction 
downwards were the decreasing share of people employed in the bio
economy (E) and decreasing share of bioresources exported (S). 3 groups 
of countries can be identified here as well (Fig. 3). Latvia, Lithuania and 
Poland experienced the strongest decrease in both parameters; Estonia 
and Denmark were above the regional average for the share of bio
resource export; for Finland, Sweden and Germany, these parameters 

Fig. 1. Additive decomposition analysis of biotic resource extraction (in million tons) in the BSR countries in the period 2000–2018.  

Table 1 
Changes in biotic resource extraction and driving forces in the BSR countries in the period 2000–2018.  

Note: Green colour represents the decreasing, and red colour – the increasing factors; colour intensity increases gradually as the value of the factor moves away from 1. 
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played a minor role in affecting bioresource extraction: for Finland and 
Sweden, the share of bioresources exported (S) did not decrease, but in 
case of Finland, export intensity (X) and, for Sweden, decreasing share of 
bioeconomy (A) were driving the bioresource extraction down. 

4.2. Changes in biotic resource extraction and main determinants in the 
growth period (2000–2007) 

Considering the changes in biotic resource extraction and the main 

Fig. 2. Changes in material labour intensity (R) and biotic resource extraction productivity (I) in the BSR countries in the period 2000–2018.  

Fig. 3. Changes in the share of people employed in the bioeconomy (E) and share of bioresources exported (S) in the BSR countries in the period 2000–2018.  

G. Liobikienė et al.                                                                                                                                                                                                                              



Land Use Policy 108 (2021) 105565

6

determinants during economic growth period before the preparation of 
the EU bioeconomy strategy, a decrease in bioresource extraction was 
observed in Estonia, Denmark, and Latvia. The biggest decrease in biotic 
resource extraction (by 35%) was in Estonia. The growth of bioresource 
productivity (I), decrease in export intensity (X), and the share of 
exported bioresource (S) were the main drivers behind the decrease in 
extraction in Estonia and Latvia. The share of bioeconomy growth (A) 
was offset by the effectively used bioresource. In Denmark, to the con
trary, the biotic resource extraction decrease was largely due to the 
decrease of the bioeconomy share in the economy despite the increase in 
export intensity (X) Table 2. The decrease in the bioresource produc
tivity level and the influence of the reduction of extraction are consid
ered to be negative developments. It could be a limiting factor for further 
development of bioeconomy sector in Denmark if the circle bioeconomy 
principles are not considered. 

In the remaining BSR countries, increase in bioresource extraction 
was observed. The most significant increase was registered in Lithuania 
and Sweden, 13% and 16% respectively. The increase in biotic resource 
extraction was largely caused by an increase in labour (R) and export 
intensity (X). Therefore, it shows that, in these countries, the problem 
was the growth of exported bioresources. The employment rate seems to 
not have been centred on production. Meanwhile, the biotic resource 
extraction per bio-economy employee increased (R), but the largest 
share was exported to other countries. The decrease in the bioeconomy 
share was not offset by other factors. Furthermore, the growth of bio
resource productivity also did not influence the decrease in biotic 
resource extraction in Lithuania and was assessed negatively. Mean
while, in Sweden, the decrease in bioresource productivity (I) led to 
increase in the extraction level. 

In Finland, Poland and Germany, bioresource extraction increased 
slower during the period of economic growth. The main determinants of 
these changes were the increase in labour intensity (R), bioresource 
productivity (I) and export intensity (X) in Finland and Poland. Mean
while, in Germany, only the growth of export intensity (X) and labour 
intensity (R) contributed to the increased extraction. However, the 
decrease in the share of the bioeconomy sector and bioresource pro
ductivity (I) did not offset the impact of other factors, in particular, the 
growth of bioresource export share (S). 

4.3. Changes in biotic resource extraction and main determinants in the 
transition period (2008–2012) 

During the period of development of bioeconomy strategies, almost 
all BSR countries (except for Finland) demonstrated an increase in bio
resource extraction. At the beginning of this period, all of the BSR 
economies (except for Poland) experienced economic recession followed 
by the economic restructuring period which increased biotic resource 
extraction in the region. The highest increase was in the Baltic States – 
Estonia, Latvia and Lithuania, where biotic resource extraction 
increased by 32%, 29% and 18%, respectively. The main drivers behind 
the increase were increasing labour (R) and export (X) intensity and 
increasing share of bioeconomy (A). During this period, Estonia and 
Latvia intensified the export of bioresources, and the decrease in bio
resource productivity (I) also influenced the increase in bioresource 
extraction. Meanwhile in Lithuania, the increase in bioresource pro
ductivity did not offset other factors, in particular, the growth of bio
economy sector share in the economy. 

In Germany, Poland, Denmark and Sweden, the rate of increase in 
biotic resource extraction was slower during this period. However, the 
drivers of these changes were different among these countries. As sug
gested by previous results, in Denmark, during the economic growth, 
extraction decreased particularly due to the decreased bioeconomy 
share in the economy. Meanwhile, in this period, the growth of the share 
of bioeconomy (A) particularly contributed to the growth of biotic 
extraction. A significant decrease in export intensity (X) did not offset 
the growth of bioeconomy sector. Furthermore, the increase in bio
resource productivity (I) also contributed to the increase in extraction. 
Thus, the productivity increase could not halt the growth of bioresource 
extraction. In Germany and Sweden, despite the decrease in the share of 
export (S) and export intensity (X), the increase of bioeconomy sector 
(A) and bioresource productivity (I) slightly contribute to the increase in 
extraction level. Meanwhile, in Poland, the increase in extraction was 
driven by the increase in export intensity (X) and share of bioresource 
export (S) Table 3. 

In Finland, during the period of preparation of the EU bioeconomy, a 
slight decrease in biotic resource extraction was observed. The decrease 
in export intensity (X) and share of export (S) contributed to this change 
the most. This country could be viewed as an example for other countries 
where, despite the growth of the bioeconomy sector (A), the growth of 
bioresources productivity (I) ensured a slight decrease in bioresource 
extraction. 

Table 2 
Changes in biotic resource extraction and driving forces in the BSR countries in the period 2000–2007.  

Note: Green colour represents the decreasing, and red colour – the increasing factors; colour intensity increases gradually as the value of the factor moves away from 1. 
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4.4. Changes in biotic resource extraction and main determinants in the 
strategy period (2013–2018) 

Increasing biotic resource extraction continued in almost all the 
countries of the region and labour productivity (R) and export intensity 
(X) were the main drivers for this increase. However, similarities be
tween countries that had adopted the national bioeconomy strategies 
(Denmark, Germany, Latvia, and Finland) were observed. It has been 
revealed that the principles of bioeconomy development by increasing 
the export, employment rate and value-added in bioeconomy strategy 
led to slow growth of bioresource extraction. Meanwhile, Estonia and 
Lithuania, where the bioeconomy strategy had not been adopted, 
experienced different extremes. In Estonia, the biggest growth, while in 
Lithuania – the biggest reduction in bioresource extraction was 
observed. 

By applying decomposition, the decrease in BRE (− 11%) in 
Lithuania was influenced by the decreasing share of biotic resource 
exports (S), which decreased by 19% in this period. However, the share 
of bioeconomy (A), people employed by bioeconomy (E) and total 
population (P) were also decreasing. Therefore, in Lithuania, the 
development of bioeconomy sectors has been abandoned. The policy
makers should faster tackle the preparation and implementation of 
sustainable bioeconomy ensuring growth of the bioeconomy sector and 
stabilise changes in bioresource extraction. Meanwhile, Estonia experi
enced an increase in biotic resource extraction by 24%. This increase 
was mostly driven by an increase in labour intensity (R) and share of 
bioresource export (S). However, the decrease in the bioresource pro
ductivity level and the share of bioeconomy sector reveals that the 
Estonian policymakers preparing the bioeconomy strategy should pay 
particular attention to the ways to enhance bioresource productivity. 

In Poland, biotic resource extraction increased by 17%. This increase 
was mostly driven by the increase in labour intensity (R) and a signifi
cant increase in export intensity (X). Furthermore, the comparison of all 
the remaining BSR countries showed the largest decrease in bioresource 
productivity and share of bioeconomy sector during the strategy period 
(2013–2018). The problem of ineffective bioeconomy sector could be 
linked to the fact that Poland did not have a single document dedicated 
to bioeconomy and the concept of bioeconomy was not well known, 
opportunities were not fully identified (Woźniak and Twardowski, 
2018). Therefore, considering the context of sustainable bioeconomy, 
policymakers should focus more on increasing the bioresource produc
tivity level and decreasing the export intensity by developing the 

biotechnologies. 
In Denmark, negligible reduction of BRE was observed. The growth 

of export intensity (X) and share (S) were offset by the decrease in the 
share of the bioeconomy sector (A). A decrease in bioresource produc
tivity in Denmark was also assessed negatively. Throughout the period, 
population change (P) contributed the least to the change in biotic 
resource extraction. Denmark did not have a single national bioeconomy 
strategy but has chosen integrated approach, emphasising the need for 
sustainable economy. However, policymakers should revise the strate
gies related to bioeconomy in order to continue improving the bio
resource productivity. In Sweden, negligible increase in BRE was 
observed. Despite the decrease in the share of the bioeconomy sector 
(A), increase in BRE was mostly driven by an increase in labour intensity 
(R). The Swedish Research and Innovation Strategy for a Bio-based 
Economy aimed to increase the use of biomass by increasing added 
value for these materials. As a result, the decrease in bioresource pro
ductivity (I) in Sweden was the lowest among all BSR countries Table 4. 
However, identifying the way of improvement of the productivity of 
bioresource use also remained a challenge for Sweden. 

In Germany, Finland, and Latvia, where the bioeconomy strategies 
had been adopted in the national document, minor increase in bio
resource extraction was observed. However, the drivers for this increase 
varied from country to country. In Latvia and Finland, the extraction 
was mostly stimulated by an increase in the bioresource extraction 
productivity (I) and increasing share of bioeconomy (A). Therefore, 
unfortunately, growth of the bioresource productivity level did not 
offset the growing bioeconomy sector. However, the increase in bio
resource productivity in these countries is assessed very positively. 
Furthermore, in Finland, a decrease in export intensity was observed. 
Therefore, strong bioeconomy competence and sustainability of bio
resources in the Finnish Bioeconomy strategy, which focused on the 
competitive environment for the bioeconomy, demonstrated positive 
results in the pursuit of sustainable bioeconomy principles. In Latvia, 
despite the main focus of the bioeconomy strategy placed on social and 
economic aspects, the increase in bioresource extraction was one of the 
biggest among all the BSR. However, Latvia would face a potential 
challenge in the case of the increasing bioresource export as planned by 
the Latvian bioeconomy strategy. Thus, policymakers should also sta
bilise the rapid growth of BRE enhancing export efficiency. In Germany, 
the main drivers of BRE were the increasing export intensity (X) and 
share of bioresource exports (S). However, although Germany mostly 
emphasised the environmental aspects and vision of sustainable and 

Table 3 
Changes in biotic resource extraction and driving forces in the BSR countries in the period 2008–2012.  

Note: Green colour represents the decreasing, and red colour – the increasing factors; colour intensity increases gradually as the value of the factor moves away from 1. 
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circular bioeconomy in its strategy, a decrease in bioresource produc
tivity was observed during the bioeconomy strategy period. Thus, 
although not sufficient enough, mere declaration of the willingness still 
is very important in terms of following the published principles and 
monitoring the trends and drivers. 

5. Conclusions and future directions 

In the renewed EU bioeconomy strategy and almost in all BSR 
countries, pursuit of sustainable bioeconomy is emphasised. However, 
none of the previous researchers have analysed the drivers behind the 
bioresource extraction. Therefore, the aim of this paper is, by encom
passing bioeconomy strategy components (the growth of value-added, 
employment rate in the bioeconomy sector, and bioresource produc
tivity) and applying decomposition analysis, to evaluate the main de
terminants of bioresource extraction in all the BSR countries by 
following periods: 2000–2007 – growth period, 2008–2012 – transition 
period, and 2013–2018 – strategy period. In this paper, we define the 
scope of the bioeconomy covering the traditional land-use sectors: crop 
and animal production, hunting and related service activities, forestry 
and logging, and fishing and aquaculture. For more detailed analyses in 
the future researchers also could perform product or bioeconomy 
subsector-specific decomposition analyses, as well as including other 
bioeconomy sectors not covered in this study, e.g. biochemistry and 
bioenergy. 

Bioresource extraction during all periods varied significantly for all 
the BSR countries. During the entire period analysed (2000–2018), the 
extraction decreased in Denmark only. Meanwhile, in Lithuania and 
Poland, the biggest increase in BRE was observed. The main driving 
forces behind the increase were the growth in labour material intensity 
(R), biotic extraction productivity (I), and export intensity (X). It should 
be also noted that changes in these factors differed significantly from 
country to country studied and had different trajectories over time 
depending on the overall performance of the economy. Therefore, 
complex tools should be implemented, focusing not only on the effi
ciency of bioresource production but also on stimulation of the decrease 
in intensity of bioresource export as well as increase in the value-added 
of biotic resource use. Such tools should illustrate possible transition 
pathways away from a linear resource-intensive economy to bio
economy with a cluster of inter-related activities having a major 
regional or local impact on employment, local value-added and the 
environment (Refsgaard et al., 2021). Such tools would also require 

qualitative and quantitative information on the sustainability of bio
economy and on the tradeoffs between environmental, economic and 
social goals (Lewandowski, 2018). 

During the economic growth (2000–2007), when the bioeconomy 
was not considered at the policy level, the average level of bioresource 
extraction decreased in the BSR, in particular, in Lithuania, Latvia and 
Denmark. The growth of bioresource productivity (I), decrease in export 
intensity (X) and the share of exported bioresources (S) were the main 
drivers behind the decrease in extraction in Estonia and Latvia. How
ever, the most significant increase during this period was in Lithuania 
and Sweden, 13% and 16%, respectively. This increase in biotic resource 
extraction was largely caused by an increase in labour (R) and export 
intensity (X). This suggests that, in these countries, the problem was the 
growth of bioresource export, and the employment rate does not seem to 
have been related to production. 

During the transition period (2008–2012), when the BSR countries 
experienced economic recession followed by the economic restructuring 
period, the countries (except for Finland) saw an increase in biotic 
resource extraction. The highest increase was in the Baltic States. The 
main drivers behind this increase were increasing labour (R) and export 
(X) intensity and increasing share of bioeconomy (A). Therefore, in these 
countries, one of the economic crisis curbs was the promotion of the 
agricultural sector. However, the bioresource productivity level, in 
particular, in Estonia and Latvia, decreased the most and increased in 
Denmark only. 

In the strategy period (2012–2018), in Estonia, bioresource extrac
tion increased the most, while Lithuania experienced the steepest 
decrease. These countries have not yet adopted the bioeconomy strategy 
at the national level. Meanwhile, in the countries, which had adopted 
the bioeconomy strategies at the national level (Denmark, Germany, 
Latvia and Finland), similarities were observed. Furthermore, almost in 
all the BSR countries (except for Lithuania and Denmark), the BRE 
increased. In Poland, biotic resource extraction increased by 17%. The 
increase was mostly driven by an increase in labour intensity (R) and 
significantly increasing export intensity (X). Furthermore, a comparison 
of all the BSR countries has shown that the decrease in bioresource 
productivity and share of bioeconomy sector during the strategy period 
was the greatest for most countries, and it could be related to the fact 
that Poland had no single policy document dedicated to bioeconomy. 
The same problem remained in Denmark. In Sweden, the promotion of 
bioresource productivity also remained a challenge. In countries (Ger
many, Finland, and Latvia), where the bioeconomy strategies have been 

Table 4 
Changes in biotic resource extraction and driving forces in the BSR countries in the period 2013–2018.  

Note: Green colour represents the decreasing, and red colour – the increasing factors; colour intensity increases gradually as the value of the factor moves away from 1 
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adopted at the national level, a minor increase in bioresource extraction 
was observed. In Latvia and Finland, the extraction was mostly stimu
lated by an increase in the bioresource extraction productivity (I) and 
increasing share of bioeconomy (A). Furthermore, in Finland, a decrease 
in export intensity was observed. Therefore, implementation of the 
Finnish Bioeconomy strategy encompassed the sustainable bioeconomy 
principles the most successfully. Meanwhile, in Germany, despite the 
fact that their strategy mostly emphasised the vision of sustainable and 
circular bioeconomy, a decrease in bioresource productivity was 
observed. Therefore, all the BSR countries should seek ways to imple
menta more sustainable bioeconomy strategy. However, the real chal
lenge is the achievement of the long-term sustainability of bioresource 
extraction ensuring that the use of renewable resources remains within 
sustainable limits. Looking into ways of ensuring this remains a pro
spective area for further research. 

Considering the fact that this paper dealt with only 2000–2018 
period, further research should also focus on changes in bioresource 
extraction and productivity level analyzing the period of the revised EU 
sustainable bioeconomy strategy implementation. These studies might 
help refine the bioeconomy strategies and propose the tools for 
improvement of the sustainable bioeconomy implementation. 
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Brizga, J., Miceikienė, A., Liobikienė, G., 2019a. Environmental aspects of the 
implementation of bioeconomy in the Baltic Sea Region: an input-output approach. 
J. Clean. Prod. 240, 118238. 
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Matthies, B.D., Toppinen, A., 2017. Green, circular, bio economy: a comparative 
analysis of sustainability avenues. J. Clean. Prod. 168, 716–734. 

D’Amato, D., Korhonen, J., Toppinen, A., 2019. Circular, green, and bio economy: how 
do companies in land-use intensive sectors align with sustainability concepts? Ecol. 
Econ. 158, 116–133. 

D’Amato, D., Veijonaho, S., Toppinen, A., 2020. Towards sustainability? Forest-based 
circular bioeconomy business models in Finnish SMEs. For. Policy Econ. 110, 
101848. 

Devaney, L., Henchion, M., 2018. Consensus, caveats and conditions: international 
learnings for bioeconomy development. J. Clean. Prod. 174, 1400–1411. 

Efken, J., Dirksmeyer, W., Kreins, P., Knecht, M., 2016. Measuring the importance of the 
bioeconomy in Germany: concept and illustration. NJAS-Wagening. J. Life Sci. 77, 
9–17. 

Egenolf, V., Bringezu, S., 2019. Conceptualization of an indicator system for assessing the 
sustainability of the bioeconomy. Sustainability 11 (2), 443. 

EU, 2018. A sustainable Bioeconomy for Europe: strengthening the connection between 
economy, society and the environment. Updated Bioeconomy Strategy. https://ec. 
europa. eu/research/bioeconomy/. 

Feng, L., Chen, B., Hayat, T., Alsaedi, A., Ahmad, B., 2017. The driving force of water 
footprint under the rapid urbanization process: a structural decomposition analysis 
for Zhangye city in China. J. Clean. Prod. 163, S322–S328. 

Fradj, N.B., Jayet, P.A., Rozakis, S., Georganta, E., Jędrejek, A., 2020. Contribution of 
agricultural systems to the bioeconomy in Poland: integration of willow in the 
context of a stylised CAP diversification. Land Use Policy 99, 104797. 

Giampietro, M., 2019. On the circular bioeconomy and decoupling: implications for 
sustainable growth. Ecol. Econ. 162, 143–156. 

Grossauer, F., Stoeglehner, G., 2020. Bioeconomy—spatial requirements for sustainable 
development. Sustainability 12 (5), 1877. 

Guo, M., Song, W., 2019. The growing U.S. bioeconomy: drivers, development and 
constraints. New Biotechnol. 49, 48–57. 

Hamelin, L., Borzęcka, M., Kozak, M., Pudełko, R., 2019. A spatial approach to 
bioeconomy: quantifying the residual biomass potential in the EU-27. Renew. 
Sustain. Energy Rev. 100, 127–142. 

Heijman, W., 2016. How big is the bio-business? Notes on measuring the size of the 
Dutch bio-economy. NJAS-Wagening. J. Life Sci. 77, 5–8. 

Hoekstra, R., van den Bergh, J.C.J.M., 2003. Comparing structural decomposition 
analysis and index. Energy Econ. 25 (1), 39–64. 

Huang, L., Kelly, S., Lv, K., Giurco, D., 2019. A systematic review of empirical methods 
for modelling sectoral carbon emissions in China. J. Clean. Prod. 215, 1382–1401. 

Hubacek, K., Feng, K., 2016. Comparing apples and oranges: some confusion about using 
and interpreting physical trade matrices versus multi-regional input–output analysis. 
Land Use Policy 50, 194–201. 

Ingrao, C., Bacenetti, J., Bezama, A., Blok, V., Goglio, P., Koukios, E.G., Lindner, M., 
Nemecek, T., Siracusa, V., Zabaniotou, A., 2018. The potential roles of bio-economy 
in the transition to equitable, sustainable, post fossil-carbon societies: findings from 
this virtual special issue. J. Clean. Prod. 204, 471–488. 

Juerges, N., Hansjürgens, B., 2018. Soil governance in the transition towards a 
sustainable bioeconomy – a review. J. Clean. Prod. 170, 1628–1639. 

Kalt, G., Baumann, M., Lauk, C., Kastner, T., Kranzl, L., Schipfer, F., Lexer, M., 
Rammer, W., Schaumberger, A., Schriefl, E., 2016. Transformation scenarios 
towards a low-carbon bioeconomy in Austria. Energy Strategy Rev. 13–14, 125–133. 

Karan, H., Funk, C., Grabert, M., Oey, M., Hankamer, B., 2019. Green bioplastics as part 
of a circular bioeconomy. Trends Plant Sci. 24 (3), 237–249. 

Kaya, Y., 1989. Impact of carbon dioxide emission control on GNP growth: interpretation 
of proposed scenarios., IPCC Response Strategies Working Group memorandum. 
IPCC, Paris. 

Koukios, E., Monteleone, M., Carrondo, M.J.T., Charalambous, A., Girio, F., 
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