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Abstract: The bioeconomy is a complex and increasingly relevant field, and agriculture represents
an essential sector for its development. The bioeconomy presents an opportunity for sustainable
agriculture that is beneficial for the environment and public health, both globally and particularly
for nations with centralized agricultural systems, such as the former socialist Central and Eastern
European Countries (CEECs). This article takes a novel approach to investigate the bioeconomic
indicators in CEECs’ agriculture. It combines the hierarchical grouping method with an index based
on socioeconomic indicators specific to the bioeconomy. It aims to find how the selected countries
performed in terms of agriculture indicators. The socioeconomic indicator analysis showed that
some countries had more linear evolutions than others, while some of them clearly outperformed
the average of the region. The cluster analysis divided the countries into three relevant groups.
The findings revealed patterns of convergence, but also important differences in the region. These
results strengthen the scientific basis for the creation of agricultural bioeconomy strategies and argue
for the need of the active engagement of all BIOEAST members in the initiative. We argue that
agricultural architectures in Central and Eastern European countries are not just determined by
employment circumstances or the extent of agricultural areas, but also by the dynamics of the value
of the indicators.

Keywords: agriculture; bioeconomy; Central and Eastern European countries; hierarchical cluster
analysis; socioeconomic indicators

1. Introduction

Research on the bioeconomy is a relatively recent topic in European economics [1].
With the expansion of the European Union (EU)’s policies on environmental protection, the
consequences of climate change, the effectiveness of resource reuse, and lowering energy
consumption from conventional polluting sources, analyses in this field have intensified
recently [2].

Agriculture is one of four economic sectors, together with forestry, fisheries, and
aquaculture, that make up the bioeconomy, which scientists believe is entirely organic
throughout the production chain, from raw materials to complete goods [3–5]. Addition-
ally, according to Capasso and Klitkou [6], forestry, fisheries, aquaculture, and the food,
beverage, and tobacco industries are also industries with natural inputs and outputs.
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In our study, the expression “bioeconomic agriculture” refers to the agricultural
strategy of agricultural units that incorporates the concepts of bioeconomy. The bioeconomy
entails the sustainable use of biological resources that are renewable in addition to the
transformation of waste streams and these resources into high-value goods, including feed,
food, feedstock, and bioenergy. Bioeconomic agriculture refers to methods that maximize
the utilization of biological resources in farming, while reducing the negative effects on the
environment and fostering sustainable growth. In this context, the expression “bioeconomic
agriculture” relates to the use of bioeconomic concepts in Central and Eastern European
agriculture. Although scientific literature still lacks a commonly accepted definition of
bioeconomic agriculture, this formulation has been used before in several studies on the
subject [7–9].

Central and Eastern European Countries (CEECs) have a significant amount of po-
tential in the agricultural and forestry land areas required to produce biomass and bioen-
ergy [10]. We selected this particular group of countries because they have several common
characteristics. They became EU members in the later waves of expansion, and they have
less developed agricultural sectors compared to the older member states. The development
of the bioeconomy is correlated with the size of agriculture, which is the primary source of
biomass for food and feed, as well as for other bio-based industries [11–13]. The EU’s CEEC
members are Poland, the Czech Republic, Bulgaria, Latvia, Croatia, Romania, Lithuania,
Estonia, Slovakia, Hungary, and Slovenia (Figure 1).
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In November 2016, the 11 CEECs launched a common initiative regarding the de-
velopment of knowledge-based agriculture, aquaculture, and forestry in the bioeconomy
(BIOEAST). The initiative aims at developing a road map and a common vision to support
the development of national strategies in the field of the bioeconomy, to facilitate relations
between national decision makers, in order to achieve a sustainable bioeconomy in the
partner states and at the regional level [14]. The CEECs’ governmental initiative facilitates
connections with member states to foster joint research and innovation projects [15].

These nations are peculiar in the EU because they are formerly communist states where
agriculture was a centralized system based on an intensive workforce and did not benefit

mapchart.net
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from contemporary technological advancements [16]. This research will determine the place
of each country among the CEECs from a bioeconomic agriculture standpoint. Additionally,
the findings might be used by regional organizations and are useful for decision makers
when establishing good practice models to follow when shaping national policies.

To highlight the CEECs’ contribution at the regional level, the research takes a novel
approach that simultaneously analyzes bioeconomic indicators in agriculture from two
points of view: a cluster analysis and a socioeconomic indicator for bioeconomy (SEIB). Our
first aim is to carry out a hierarchical cluster analysis of the socioeconomic indicators in the
CEECs’ agriculture. We proceed by calculating the SEIB index for each country, to obtain a
more in-depth perspective on the social and economic characteristics of their agriculture.

We set out to answer the following research queries:

(1) What CEEC has the best socioeconomic performance in terms of agriculture?
(2) Where does Romania stand among the CEECs?
(3) What countries present bioeconomic similarities?

2. Materials and Methods

Our sample covers 11 CEECs for the 2008–2020 time frame. We used annual data on
turnover, value added at factor cost, and workers in agriculture in each individual country.
The choice of variables is based on the work developed by Lasarte-Lopez et al. [17] as
well as Ronzon and M’Barek [18]. Additional data regarding the annual evolution of the
population were needed for computation. All data were sourced from the Eurostat public
database. For bioeconomy-specific indices, all data were taken from the public Eurostat
database and the Database of the Joint Research Center of the European Commission
(DataM) [19].

The bioeconomy socioeconomics considered by the researchers [6,18] [20–23] and used
in our analysis are the number of workers (V_1: WRKS), turnover (V_2: TO), and value
added at factor cost (V_3: VA). The number of workers is a proxy for the effect of job
creation on a state’s economic growth [6], and it determines the contribution of labor to the
financial dynamics of a sector [24]. The number of workers is also significant because it
examines the progression of economic performance by considering worker contributions to
turnover and the output of value added at factor cost [25]. One of the relevant indicators
used to quantify the bioeconomy and its numerous sectors is turnover [18,25]. Turnover
is the entire amount of goods and services supplied by an economic unit, including input
costs [26]. In Ronzon and M’Barek’s opinion [18], the value added at factor cost is the total
revenue generated by operations after deducting indirect taxes and operating subsidies.

Romania and Poland are the CEE countries that do the best in terms of V_1, with
an average of more than 1.5 million agricultural workers. The two nations account for
the largest portions of both the EU’s agricultural sector and the overall bioeconomy. The
average number of agricultural workers in the other CEECs was less than one million
(Table 1).

Additionally, the average percentage of agricultural workers in Poland’s total workers
in bioeconomy sectors was 66.3% from 2008 to 2020; it is 83.4% in Romania. As stated by
Nowak et al. [26], the low level of bioeconomic development in these countries is caused by
the large labor force and the low prevalence of agricultural activities, which are attributed
to technologization. Poland and Romania also had the best agricultural bioeconomies in
the CEECs in terms of V_2, which shows the predominantly agricultural character of the
two countries. The next best performing countries are Hungary and the Czech Republic.
Romania and Poland both have the highest percentage of organic farms among the CEECs,
with around 4 million in Romania and 2 million in Poland. The two states hold the largest
organic farms, and they are the last CEECs with agricultural units that exceed 100 hectares.
Organic farms are those agricultural units that use a technique based on utilizing and
increasing internal natural resources and processes to secure and improve agricultural
productivity, while minimizing negative environmental impacts, with a potential choice of
ecofunctional intensification [27].
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Table 1. The average bioeconomy main statistics from 2008 to 2020.

Country V_1: WKRS 1 V_2: TO 2 V_3: VA 3

Bulgaria 639,956 4302.5 1706.8
Croatia 134,002 2679.7 1232.4

Czech Republic 139,498 7392.9 2693.5
Estonia 16,448 840.4 265.9

Hungary 159,975 9054.6 3894.2
Latvia 50,678 1371.5 438.9

Lithuania 93,765 2801.6 1029.7
Poland 1,745,831 27,187.0 9821.7

Romania 2,325,077 14,746.0 6976.4
Slovakia 48,221 2671.9 1076.0
Slovenia 69,658 1293.3 510.9

1 WKRS—persons employed (thousand persons). 2 TO—turnover (billion EUR). 3 VA—value added at factor cost
(billion EUR). Source: Own calculations based on Lasarte López et al. [16].

2.1. Cluster Analysis

To underline the significance of agriculture in the development of the bioeconomy in
CEECs, considering suitable indicators, we employed the cluster method and computed it
using SPSS software (IMB SPSS Statistics 20). In addition, by employing the cluster tech-
nique, we can compare CEECs in terms of the component subsectors of chosen agriculture
indicators (crop and animal production, hunting, and related service activities).

Information is frequently grouped by region using the tool of cluster analysis to build
composite indicators that establish a hierarchy of groups (clusters) depending on their
proximity or dissimilarity to the primary components [28]. Cluster analysis is important for
determining regional differences and commonalities, in addition to allowing the dissemina-
tion of expertise as well as local resources for sustainable regional growth [29]. Creating a
class partition that either maximizes or minimizes inertia between or within cluster ranks
is the aim [30,31].

Testing a null hypothesis is the most common method of evaluating quantitative
findings in economic research, and is used to figure out the effect of an indicator on each
subgroup, according to analysts [28,32]. A value of p > 0.05 (95% confidence level) was
chosen as the threshold with which to accept the null hypothesis.

We formulate the null hypothesis (Hypothesis 0), for our cluster analysis, as the absence
of any appreciable differences in the growth rates of each variable in the groups of countries. A
substantial variation in at least one of the growth rates of the selected parameter for each country
was the alternative hypothesis’s (Hypothesis 1). Three clusters have been set for the analysis
and investigation of the SEIB effect and group comparability. We standardized the values
at the Z-score by variable, employed an interval measure, Euclidean distance, and used
Ward’s method. A dendrogram based on indicators related to the specified bioeconomy
has been generated as a result of the classification algorithm.

The research was carried out utilizing Ward’s approach, which employed cluster
analysis to figure out the regional prevalence of agriculture in the bioeconomy of CEECs.
In accordance with Murtagh and Legendre [33] as well as Bu et al. [34], we chose to use
the technique developed by Ward because it constitutes one of the few agglomerative
clustering methods that depend on the value of each variable to reduce the dispersion
within the cluster.

After calculating the growth rates of the indicators for each variable by taking the
first difference of the natural logarithm, we tested the robustness of our parameters by
employing a one-way analysis of variance (ANOVA) [35,36]. Descriptive statistics of the
data are provided in Appendix A. The third- and fourth-order moments hint at a probability
distribution that is very close to the Gaussian bell.
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2.2. The Socioeconomic Indicator of the Bioeconomy

As of now, the existing literature still lacks in what concerns bioeconomic agriculture
analyses from multidimensional socioeconomic points of view [37]. This is the partic-
ular gap that the socioeconomic indicator for bioeconomy (SEIB) fills, by assessing the
performance of CEECs based on the parameters put forward by Ronzon and M’Barek [18].

We followed the methodology put forward by D’Adamo et al. [25] in calculating the
socioeconomic indicator for bioeconomy (SEIB). Our study differs from D’Adamo et al. [25]
with regard to the focus on the socioeconomic performance of bioeconomic agriculture
in CEECs.

The socioeconomic performance of the bio-based sector is calculated as follows:

SEIBAgri = PVk−1, c−1, p−1∗ WPk−1,p−1 ∗ WSk−1,p−1+ PVk−1, c−1, p−2∗ WPk−1,p−2 ∗
WSk−1,p−2+ PVk−1, c−1, p−3∗ WPk−1,p−3 ∗ WSk−1,p−3

(1)

where PV is the agriculture parameter value for year k = 1, . . ., n, country c = 1, . . ., n, and
parameter p = 1, . . ., 3; WP is the weight of the p = 1, . . ., 3 socioeconomic indicator for
agriculture, and WS is the weight of the bio-based sector [17]. D’Adamo et al. [25] compute
the socioeconomic indicator weight (WP) via the use of the AHP method of Saaty [38],
based on the opinions of a panel of experts. Similar to their study, we use the following
weights corresponding to the indicators for agriculture: 36.8% turnover, 34.3% value added
at factor cost, and 28.9% employees. We kept the weights constant through the sample.

Considering that WS is 100% in the case of agriculture [17,25], the equation becomes
as follows:

SEIBAgri =
n

∑
k=1

PVk=1,n;c=1,n p=1,3 ∗ WPp=1,3 (2)

In order to obtain comparable data, we adjusted the parameter values and divided
them by the population. The SEIB was computed yearly to obtain a time series.

The two steps of the analysis presented in the methodology were chosen to study
the dynamics of a bioeconomy-specific index (SEIB), depending on the cluster ranking.
It is a combination of two methods that have been used individually in the specialized
literature, but which, to our knowledge, have never been brought together in previous
published works.

Through these combined methods, we wanted to bring an element of novelty to the
economic literature for a relatively new field: that of the bioeconomy.

3. Results and Discussions

A hierarchical cluster analysis helps us to highlight the links between the com-
ponent elements of the groups based on the three variables and to analyze the SEIB
coefficient subsequently.

3.1. The Hierarchical Cluster Analysis of CEECs

According to the resulting dendrogram, we observed that three clusters are obtained
at an iteration positioned at point 15, because at point 14 there were four groups and at
17 there were two groups. Due to the minimum requirement of two countries in a class,
we selected for the iteration with three clusters at point 15. The dendrogram illustrates the
processes in the hierarchical grouping solution. We displayed a red vertical line to highlight
the Ward method’s determination of the ranking process (Figure 2).

The following classes emerged from the analysis of the group using the selected
variables and the requirement of having at least two components per cluster (Figure 3):

- First group of countries: Bulgaria, Czech Rep., Hungary, Poland, Slovakia, and Slovenia.
- Second group of countries: Croatia and Romania.
- Third group of countries: Estonia, Lithuania, and Latvia.
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As the descriptive statistical analysis reveals, the countries from cluster 1 have the
most compact values around the average for V_1 and V_2. V_3 states from cluster 2 have
the most compact values around the average. For V_2 and V_3, the countries in cluster 3
have values that are the most dispersed (Table 2).
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Table 2. Descriptive statistics by cluster.

Cluster Number Variable V_1: WKRS V_2: TO V_3:VA

1

N * 72 72 72
Mean −0.0132 0.0104 0.0154

Std. deviation 0.0422 0.0955 0.1571
Variance 0.0018 0.0091 0.0247

2

N 24 24 24
Mean −0.0524 −0.1226 −0.0198

Std. deviation 0.0684 0.1123 0.1420
Variance 0.0047 0.0126 0.0202

3

N 36 36 36
Mean −0.0290 0.0328 0.0386

Std. deviation 0.0629 0.1166 0.2764
Variance 0.0040 0.0136 0.0613

* Number of observations. Source: Own calculation in SPSS output.

The p-values derived from the ANOVA (Table 3) show that the data series of each
cluster validates the null hypothesis at a confidence level of 95%. As p > 0.05 for each of
the variables entered in the model, for each of the clusters obtained we can state that the
null hypothesis (H0) is accepted—e.g., there are similarities between the series—and the
alternative one is rejected (H1).

Table 3. ANOVA.

Cluster Number Variable SS df MS F p-Value F Crit

1

V_1:
WKRS 0.0089 5 0.0018 1.0032 0.4229 2.3538

V_2: TO 0.0124 5 0.0025 0.2578 0.9344 2.3538
V_3:VA 0.0254 5 0.0051 0.1943 0.9637 2.3538

2

V_1:
WKRS 0.0040 1 0.0040 0.8595 0.3639 4.3009

V_2: TO 0.0001 1 0.0001 0.0076 0.9311 4.3009
V_3:VA 0.0000 1 0.0000 0.0020 0.9645 4.3009

3

V_1:
WKRS 0.0001 2 0.0000 0.0076 0.9924 3.2849

V_2: TO 0.0004 2 0.0002 0.0130 0.9870 3.2849
V_3:VA 0.0131 2 0.0065 0.1014 0.9039 3.2849

SS—sum of squares. df—degrees of freedom. MS—mean squares. F—ratio between MS value of subject and MS
of residual. p-value—probability value. F Crit – value of F at the threshold of rejecting the null hypothesis. Source:
Own calculation in SPSS.

The ranking variable that most effectively describes how the clusters formed is in-
dicated by the level of the F values < F crit in the ANOVA table [36]. Following WRKS
(F = 1.0032 in cluster 1), TO (F = 0.2578 in cluster 1) and VA (F = 0.2578 in cluster 1) had the
highest values. At a 95% confidence level, all variables in each group have p-values ≥ 0.05,
indicating statistical significance. As a result, H0 is accepted, and the included countries
satisfy the requirements for becoming a part of the cluster.

According to the examination of unprocessed data, the values of the variables asso-
ciated with Romania are similar to those of Poland [39] (Table 1), but the findings of the
cluster hierarchical analysis position Romania in the same category as Croatia (Figure 3).
This feature is explained by the differences in dynamics between Romania and Poland,
while Croatia’s dynamic was close to that of Romania’s for the three variables included in
the model.
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3.2. The Socioeconomic Indicator of Bioeconomy

The SEIB results make us understand even better the clusters that these countries in
the region form. We first look at the results from the perspective of the regional average
(Figure 4). What we notice first of all is that the average SEIB has an obvious downward
trend during recent years. This trend can be based on several reasons, such as the persistent
effects of the 2008 crisis, but also the transition to a bio-based economy. We note that,
despite the scale that the bioeconomy has reached in recent years, the SEIB has lost a little
over a percentage point in a 12-year interval, decreasing to below 0.01 in 2020.
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If we take a more in-depth look and analyze the dynamics individually by country,
we see that some of them had more linear evolutions than others, and some of them
clearly outperformed the average of the region (Appendix B). Romania stands out, with a
higher socioeconomic performance of agriculture, but at the same time it exhibits the most
accentuated downward trend out of the batch (Figure 5). On the other hand, Bulgaria had a
constant dynamic throughout the period. Poland and Croatia also show slightly decreasing
dynamics. Interestingly, we find Poland to have lower SEIB values, although it is the largest
in terms of arable surface out of the CEECs. These results are in consonance with Spirkova
et al.’s [40] findings concerning a comparable index. Based on SEIB values, Hungary is the
only CEEC to have improved its socioeconomic performance in the bioeconomy over the
study period.

Sustainability 2023, 15, x FOR PEER REVIEW 9 of 16 
 

of view of similar dynamics or from the point of view of similar social and economic pre-
conditions. 

 
Figure 5. SEIB dynamics for all countries. Source: Own processing. 

 
Figure 6. SEIB dynamics of the first cluster. Source: Own processing. 

The second cluster surprises with its composition (Figure 7). We find here Romania 
and Croatia, with a strikingly similar pattern of dynamics, albeit on extremely different 
levels. Romania leads the SEIB hierarchy in the region, but the index drops precipitously 
towards the end of the period. This is in line with the findings of Popescu et al. [41], who 
show that, despite the decline in the population occupied with agriculture, Romania’s 
performance in agricultural production increased due to technological progress. Several 
researchers [42,43] also state that Romania is one of the best-performing CEECs in terms 
of agricultural value added and labor productivity. Croatia shows the same sharp down-
ward trend after the end of the 2008 crisis. It is interesting to see how these two countries 

Figure 5. SEIB dynamics for all countries. Source: Own processing.



Sustainability 2023, 15, 16082 9 of 16

The SEIB index for cluster 1 is depicted in Figure 6. The first cluster is the most
numerous one among the three. In this group, the one that stands out is Bulgaria, with a
higher value of the index. We emphasize again the evolution from the economic–social
point of view of the agriculture of Poland, which is located below Bulgaria, and which
follows a downward trend because they had not fully utilized their potential [18]. We
note a less pronounced, but nonetheless downward trend in the case of Slovenia. The
other members of the cluster had lower values of the index from the beginning. Their
clustering suggests the existence of common patterns in the agricultural sector, either
from the point of view of similar dynamics or from the point of view of similar social and
economic preconditions.

Sustainability 2023, 15, x FOR PEER REVIEW 9 of 16 
 

of view of similar dynamics or from the point of view of similar social and economic pre-
conditions. 

 
Figure 5. SEIB dynamics for all countries. Source: Own processing. 

 
Figure 6. SEIB dynamics of the first cluster. Source: Own processing. 

The second cluster surprises with its composition (Figure 7). We find here Romania 
and Croatia, with a strikingly similar pattern of dynamics, albeit on extremely different 
levels. Romania leads the SEIB hierarchy in the region, but the index drops precipitously 
towards the end of the period. This is in line with the findings of Popescu et al. [41], who 
show that, despite the decline in the population occupied with agriculture, Romania’s 
performance in agricultural production increased due to technological progress. Several 
researchers [42,43] also state that Romania is one of the best-performing CEECs in terms 
of agricultural value added and labor productivity. Croatia shows the same sharp down-
ward trend after the end of the 2008 crisis. It is interesting to see how these two countries 

Figure 6. SEIB dynamics of the first cluster. Source: Own processing.

The second cluster surprises with its composition (Figure 7). We find here Romania
and Croatia, with a strikingly similar pattern of dynamics, albeit on extremely different
levels. Romania leads the SEIB hierarchy in the region, but the index drops precipitously
towards the end of the period. This is in line with the findings of Popescu et al. [41], who
show that, despite the decline in the population occupied with agriculture, Romania’s
performance in agricultural production increased due to technological progress. Several
researchers [42,43] also state that Romania is one of the best-performing CEECs in terms of
agricultural value added and labor productivity. Croatia shows the same sharp downward
trend after the end of the 2008 crisis. It is interesting to see how these two countries
experienced a decline in economic–social benefits in agriculture after this turbulent period.
It remains unknown for the moment whether this decline was triggered by the crisis or
had different structural underpinnings. The two states that make up the second cluster are
notable for having the most pronounced decline in the SEIB of any CEECs.

Cluster 3 includes the three Baltic countries. These three countries have similar
structures and sizes from an economic point of view. What is more interesting in their case
is that their SEIB indices have divergent dynamics. Lithuania had an index with variations,
which reached a peak in the period 2013–2015. Latvia exhibits an almost mirrored evolution
of the SEIB in agriculture. Estonia seems to have a weaker performance in terms of the
economic and social impact of agriculture. In this group, the downward trend of the index
is only apparent for Lithuania and Estonia (Figure 8).
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As with the other CEECs, the Baltic states require rapid innovation and environmental
conservation efforts to improve sustainable land use, water use, and biodiversity [44].

The cluster and SEIB analyses provided answers to our article’s research questions
(Table 4), and the main takeaways of the study are summarized in the table below.

Table 4. The correlation between the research questions and study findings.

No. Research Question Answer

1 Which CEEC has the best socioeconomic performance in
terms of agriculture?

Romania is the best-performing country in CEE, with the
highest SEIB values for V_1, V_2, and V_3.

2 Where does Romania stand among the CEECs?

During the time frame under consideration, the Romanian
SEIB average was double that of the region’s. This puts
Romania in a distinct position compared to the rest of the
countries in the region. This position may be based on
economic and social underpinnings that deserve to be
studied in detail.

3 What countries present similarities regarding specific
selected indicators?

The Romanian unprocessed variables (V_1, V_2, and V_3)
are quite comparable with those of Poland. Due to the
relatively high volatility of the variables during the
investigated period (2008–2012), Romania’s socioeconomic
performance generated by the SEIB coefficient is closer to
that of Croatia’s.

Source: Own processing.
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Our study addresses the socioeconomic aspects of bioeconomy in agriculture and fills
a relevant gap in the literature regarding the CEECs; however, the absence of consistent
and reliable data series regarding environmental criteria is a drawback of our investigation.
Controlling for this type of factor would allow for comparisons between bio-based products’
and fossil fuels’ impacts on the environment. In line with the conclusions of previous
studies [37,45], we support the belief that sustainable washing is not a method for solving
problems; instead, comprehensive solutions that take into account all of the components
of sustainability must be considered. In this context, agriculture in the CEECs requires
a complex approach, incorporating a social, economic, and environmental point of view
towards the bioeconomy.

4. Conclusions

This paper took a novel approach to analyzing bioeconomic indicators in the CEECs’
agriculture. The novelty element of our study was the combination of the hierarchical
grouping method with that of the SEIB coefficient based on socioeconomic indicators
specific to the bioeconomy.

We aimed to find out how the CEECs performed in terms of agriculture indicators. We
found that some of them had more linear evolutions than others, and some of them clearly
outperformed the average of the region. The cluster analysis divided the countries into three
relevant groups. The first group was the most numerous one among the three, including
the Visegrad countries (Poland, Czech Republic, Hungary, and Slovakia), Slovenia, and
Bulgaria. In the Visegrad countries, agriculture plays an important role in the formation
of their economies and bioeconomies [46]. Perhaps the most surprising finding was the
composition of the second group, consisting of Romania and Croatia. These countries
have variously sized structures of agricultural farms and need major adjustments to their
agricultural policies [40]. We found that they exhibited a strikingly similar pattern of
dynamics, albeit on extremely different levels. The third group included the Baltic countries,
which is intuitive if we think about their social and economic characteristics, as well as the
fact that they are of a similar size.

The Romanian SEIB average was twice as high over the observed period as it was for
the entire region, but it also showed the group’s most pronounced decreasing tendency.
The primary thesis of our research is that the CEECs have great capacity as well as potential
for agricultural growth and can contribute eloquently to the advancement of the EU’s
bioeconomy [47]. As a result of the findings, Romania, Bulgaria, and Poland have the best
agricultural performance among the CEECs overall in terms of the SEIB.

The results of our research show that the similarities between the CEECs are not only
determined by the intrinsic characteristics of agriculture, such as labor levels or the sizes
of agricultural areas, but also the dynamics of the value of the indicators included in the
model (workers, turnover, and value-added). Hence, to successfully promote agriculture
as a significant sector of the bioeconomy at a regional level, Romania therefore needs
active engagement with all of the BIOEAST members. These results could prove useful for
policymakers in establishing a scientific foundation for developing bioeconomy strategies
in agriculture, and also in evaluating as well as fostering socioeconomic conditions in
bioeconomic agriculture at the national level. Fostering socioeconomic conditions in this
sector is beneficial for agriculture stakeholders and the broader agriculture community.

This research is limited by the reduced number of determining parameters of the
bioeconomy. Another current limitation of our study is the lack of more granular data
that would help us undertake more in-depth investigations at the regional level in the
sample countries. Future research should focus on the structural underpinnings of national
similarities and variations in order to strengthen the scientific basis for the creation of
agricultural bioeconomy strategies. For future research, we intend to use other indicators,
such as those of agricultural practices in an ecological system, along with the inclusion
of other sectors that are considered among specialists to be 100% organic. This study is
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the first scientific endeavor to use such an approach and opens the possibility for other
researchers to show interest in the field of the bioeconomy.
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Appendix A

Table A1. Descriptive statistics.

Country Variables Range Mean Std. Deviation Variance

Bulgaria
V_1: WKRS 0.1311 −0.0185 0.0379 0.0014

V_2: TO 0.3244 −0.0130 0.0767 0.0059
V_3:VA 0.6224 −0.0051 0.1528 0.0233

Croatia
V_1: WKRS 0.2423 −0.0654 0.0846 0.0071

V_2: TO 0.2166 −0.0205 0.0595 0.0035
V_3:VA 0.3217 −0.0211 0.0984 0.0097

Czech Rep.
V_1: WKRS 0.1482 −0.0011 0.0375 0.0014

V_2: TO 0.4379 0.0287 0.0988 0.0098
V_3:VA 0.5002 0.0338 0.1322 0.0175

Estonia
V_1: WKRS 0.1748 −0.0308 0.0556 0.0031

V_2: TO 0.4121 0.0333 0.1304 0.0170
V_3:VA 1.1935 0.0140 0.3262 0.1064

Hungary
V_1: WKRS 0.2652 0.0026 0.0747 0.0056

V_2: TO 0.4265 0.0085 0.0929 0.0086
V_3:VA 0.5733 0.0187 0.1271 0.0162

Latvia
V_1: WKRS 0.2715 −0.0276 0.0670 0.0045

V_2: TO 0.3449 0.0365 0.0950 0.0090
V_3:VA 0.6004 0.0604 0.1855 0.0344

Lithuania
V_1: WKRS 0.2245 −0.0286 0.0706 0.0050

V_2: TO 0.5174 0.0286 0.1311 0.0172
V_3:VA 0.7523 0.0414 0.2302 0.0530

Poland
V_1: WKRS 0.1263 −0.0306 0.0347 0.0012

V_2: TO 0.4169 0.0212 0.1114 0.0124
V_3:VA 0.4220 0.0274 0.1371 0.0188

Romania
V_1: WKRS 0.1450 −0.0394 0.0475 0.0023

V_2: TO 0.4919 −0.0246 0.1511 0.0228
V_3:VA 0.5515 −0.0184 0.1801 0.0324

Slovakia
V_1: WKRS 0.1273 −0.0165 0.0317 0.0010

V_2: TO 0.3835 0.0052 0.1236 0.0153
V_3:VA 0.7414 −0.0148 0.2432 0.0591

Slovenia
V_1: WKRS 0.0227 −0.0151 0.0077 0.0001

V_2: TO 0.2666 0.0117 0.0759 0.0058
V_3:VA 0.5079 0.0325 0.1485 0.0220

Source: Own calculation in SPSS.
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