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Measuring the forest-based bioeconomy in Estonia, Latvia, Lithuania, and Finland
Vineta Tetere a,b and Jack Peerlings a

aAgricultural Economics and Rural Policy Group, Wageningen University, Wageningen, the Netherlands; bLatvia University of Life Sciences and
Technologies, Jelgava, Latvia

ABSTRACT
This paper aims to present an input-output model of the forest-based bioeconomy, enabling insight
into its contribution to total gross value added (GDP), employment, and CO2 emissions in Estonia,
Latvia, Lithuania, and Finland. To quantify this contribution, the paper utilizes input-output tables
of the four countries. The forest-based bioeconomy includes forestry, the processing of forestry
products (forward linkages), and the direct and indirect use of inputs (backward linkages) from
forestry and processing industries. Our analysis reveals that while forestry itself is a small industry,
contributing minimally to GDP (ranging from 0.40% in Lithuania to 1.90% in Finland), and the
forest-based bioeconomy is considerably larger. For instance, its contribution to GDP ranges from
3.59% in Lithuania to 7.22% in Estonia. Moreover, the forestry-based bioeconomy exhibits negative
net CO2 emissions, primarily due to CO2 sequestration by forest lands and harvested wood
products. Despite the substantial negative CO2 emissions associated with forestry activities,
without sequestration, the forestry-based bioeconomy’s share in total emissions ranges from
5.14% in Lithuania to 14.88% in Finland.
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Introduction

Forests are widely acknowledged for their importance by
scientists and policymakers alike. There is especially a
growing recognition of the increasing demand for forest eco-
system services, which are integral to forest management
(Naumov et al. 2018; Sousa-Silva et al. 2018; European Com-
mission 2020b; Gustafsson et al. 2020). Forests serve as vital
carbon sinks, sequestering and storing carbon, while also pro-
viding habitats for numerous species and playing crucial roles
in preventing erosion and balancing micro-climates. Despite
the prevailing policy paradigm aiming for the combined
delivery of both ecosystem services and economic functions
of forestry, in practice, policy tends to prioritize the former
(Sotirov et al. 2021). European Union policy documents,
such as the Green Deal, EU Bioeconomy strategy, and EU Bio-
diversity strategy, predominantly focus on climate change,
biodiversity, and non-market values of forests, largely over-
looking their economic functions.

This research extends to both the direct and indirect econ-
omic value of forests, which encompasses forestry’s use of
inputs from other sectors and the processing of forest pro-
ducts in industries like the paper industry. The concept of
the “forest-based bioeconomy” encompasses all these
values. It is defined as the extraction, processing, and trans-
formation of renewable biological resources and waste
streams connected to forestry. It is part of the broader bioec-
onomy, as defined by the European Union, which focuses on
all renewable sources (European Commission 2018, 2020a,

2021; Zlaugotne et al. 2020; Mainar-Causapé et al. 2021).
The European interest in the bioeconomy stems largely
from the fact that its products can substitute fossil energy
and fossil-derived products, finding applications in construc-
tion, packaging, textiles, plastics, and chemical production.

However, operationalization of the forest-based bioecon-
omy is essential to inform policymakers and stakeholders for
better decision-making regarding the trade-offs between econ-
omic and non-economic values of forests. Finland stands out
among Baltic and Scandinavian countries for its recognition
to operationalize the forest-based bioeconomy, including its
economic functions (see Mosley and Van Brusselen 2024).
However, operationalization is still largely missing.

Operationalization necessitates integrated modelling of
the forest-based bioeconomy tailored to region-specific cir-
cumstances (Smyth et al. 2020). Integration in this context
involves considering the direct and indirect use of inputs by
forestry from other industries in the economy, forestry itself,
and the processing of forestry products by other industries,
along with the direct and indirect use of inputs by these pro-
cessing industries.

It is the purpose of this paper to provide such an integrated
modelling of the forest-based bioeconomy to produce country-
specific information on the contribution of the forest-based
bioeconomy to GDP, employment, and CO2 emissions.

We do this by using an input-output method developed
by (Harthoorn 1989) that has been applied by Harthoorn
and Wossink (1987) to measure the economic importance
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of the agriculture-based bioeconomy. The method differs
from regular input-output analysis used to determine the
economic importance of the bioeconomy (for instance Lazor-
cakova et al. 2022) in that it takes the production of forestry-
based products in the different parts of the economy as a
starting point of the analysis instead of the final demand
for these products. We apply the method in Estonia, Latvia,
Lithuania, and Finland because of the relative importance
of the forest-based bioeconomy in these countries.

Background

Forests provide direct and indirect income, employment, eco-
system services, and recreation opportunities (European Com-
mission 2021). Forests are the largest terrestrial ecosystem in
the EU covering around 38% of the land area. The current con-
dition of forest ecosystems in the EU is the result of natural and
human-driven forces. Nowadays, in the EU only about 2% to
4% of the total forest area is covered by primary forests,
whereas 89% are covered by semi-natural forests. The rest is
taken up by plantations. The forest area has increased in the
EU in the last decades and gained 13 million hectares in the
period 1990–2015 due to both natural processes and active
afforestation. The main proportion of forests in the EU (84%)
are considered as forests available for wood supply. Around
14% of the EU’s forests are protected for biodiversity reasons
(Camia et al. 2021).

Estonia, Latvia, Lithuania, and Finland had a share of 15%
in total forest growth and 20% in the EU forest area in 2015.
Table 1 provides information on the economies of Estonia,
Latvia, Lithuania, and Finland. Notice that the sum of gross
value added in an economy equals GDP.

Table 2 presents data on the economic importance of “For-
estry and logging” (A02) in the four countries. The last column
shows exports of “Forestry and logging” (A02), “Manufacture
of wood of products of wood and cork, except furniture;
articles of straw and plaiting materials’ (C16), and “Manufac-
ture of paper and paper products” (C17). The latter two are

the main processing industries of products from “Forestry
and logging”. The codes between brackets refer to the
codes used by the European Union Statistical Classification
of economic activities (NACE). Table 2 shows the importance
of forestry for land use, while the share in GDP and total
employment is small. Table 2 also shows the large share of
the two processing industries in exports, this is especially
the case for Finland, which has a large paper industry.

The greenhouse gas, mainly CO2, sequestration by forest-
land and harvested wood products is larger than the GHG
emitted by the “Forestry and logging” industry (Table 3).

Data

Input-Output (IO) tables give a numerical overview of an
economy (OECD 2019). The tables are presented either com-
modity-by-commodity (i.e. the products and services needed
to produce a commodity) or industry-by-industry (i.e. the
commodity produced by an industry to produce the output
of an industry). In the rest of this paper, for simplicity, we
refer to the IO tables as being industry-by-industry. This has
no consequences for the analysis and is just a matter of
how commodities and industries are defined. IO tables
contain industries using intermediate inputs, imports,
labour, and capital as factor inputs whose value equals
value added, but also final demand (private household con-
sumption, government consumption, investment demand,
and export demand).

This research uses the most recent 2015 commodity-by-
commodity IO-tables for Estonia (Statistics Estonia 2018),
Latvia (CSB Latvia 2016), and Lithuania (Lietuvos Statistikos
2019) and an industry-by-industry IO table for Finland (Stat-
istics Finland 2022). The size of the IO tables differs by
country. The IO table of Estonia has 61, Latvia 62 and Lithua-
nia 60 commodities, and Finland has 63 industries. Data are
compiled according to the European Union’s statistical
classification of economic activities (NACE) and are expressed
in basic prices (million euros). In addition to the data from the

Table 1. Gross value added, CO2 emissions, and employment in Estonia, Latvia, Lithuania, and Finland in 2015.

Country
Gross value added,

million EUR
CO2, thousand

tons
Employment, thousand

persons
Gross value added, 1000 Euro per

employed person
CO2, tons per employed

person

Estonia 18,063.439 15,487.508 596.600 30.277 25.960
Latvia 21,245.343 7,035.685 858.800 24.738 8.192
Lithuania 33,603.596 10,322.254 1,288.600 26.078 8.010
Finland 182,599.000 41,641.931 2,352.500 77.619 17.701

Source: Statistics Estonia (2018); CSB Latvia (2016); Eurostat (2022a, 2022b, 2022d); Lietuvos Statistikos (2019); Statistics Finland (2022) and author`s own
calculations.

Table 2. Share (in %) of “Forestry and logging” in the economy of Estonia, Latvia, Lithuania and Finland in 2015.

Country
Forest area in total

area GDP
Employment in total

employment
CO2 emissions in total CO2

emissions
Exports in total

exports
Export of A02, C16, and C171 in

total exports

Estonia 56.30 1.50 1.29 0.13 1.11 12.59
Latvia 51.70 1.80 2.07 1.71 1.50 14.77
Lithuania 37.40 0.40 1.03 1.19 0.48 5.31
Finland 66.80 1.90 0.83 0.81 0.12 21.91
1A02: Forestry and logging; C16: Manufacture of wood of products of wood and cork, except furniture; articles of straw and plaiting materials; C17: Manufacture of
paper and paper products.

Source: authors’ own calculations based on CSB Latvia (2016); Eurostat (2021, 2022a, 2022b, 2022c, 2022d); Lietuvos Statistikos (2019); Statistics Estonia (2018);
Statistics Finland (2022).
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IO tables, we use employment data from the EU labour force
survey (Eurostat 2022b), and CO2 emission data are obtained
from the EU air emissions accounts (Eurostat 2022a). To avoid
double counting, it is considered that forest biomass har-
vested for its use as energy is reported as instantaneous
GHG emissions by the forestry sector. These emissions are
therefore set to zero in the energy sector, this is a standard
practice in national accounting (Pingoud et al. 2019; Camia
et al. 2021).

Model

We use an IO method developed by Harthoorn (1989) that
makes it possible to calculate the forest-based bioeconomy
by isolating the relevant inter-industry transactions from an
IO table. The method is based on standard input-output
analysis (Schumann 1968; Miller and Blair 2009).

For the analysis, it is necessary to define selection and
residual vectors. The elements of these vectors can take
values between 0 and 1. These vectors behave like a switch,
which allows or block product flows in matrices. The elements
of the selection vectors ( are defined as:

sm(n) = 1 ∀n [ Sm
0 ∀n � Sm

{
(1)

where Sm is the subset m of industries in the IO table. “For-
estry and logging” (A02) form subset 0. “Manufacture of
wood of products of wood and cork, except furniture; articles
of straw and plaiting materials” (C16) and “Manufacture of
paper and paper products” (C17) are considered processing
industries that belong completely to the forest-based
economy and therefore belong completely to subset
1. Other industries can belong partially to subset 1 depending
on the definition of the forest-based bioeconomy that is used
(see scenarios). The subsets are disjoint (i.e. do not overlap).
Residual vectors are the complement of the sum of the selec-
tion vectors of which subscripts are less than or equal to m.
Therefore,

rm = i−
∑m
j=0

sj (2)

where: sm(n): selection vector; rm: residual vector; i: sum-
mation vector (vector with ones).

To clarify the concept of selection and residual vectors, we
use a simplified version of the model as an example. Suppose
that there are four industries in an economy. The first industry
(first row and column in the input-output table) is “Forestry

and logging”. The second industry (second row and column
in the input-output table) is a processing industry that is com-
pletely dependent on forestry. The other two industries
deliver direct and indirect inputs to forestry and the proces-
sing industry. It should be noted that both “Forestry and
logging” and the processing industry can provide input to
the other industries. The following vectors can be defined

s0 =
1
0
0
0

⎡
⎢⎣

⎤
⎥⎦

selection vector for “Forestry and logging”

r0 =
0
1
1
1

⎡
⎢⎣

⎤
⎥⎦

residual vector for “Forestry and logging”

s1 =
0
1
0
0

⎡
⎢⎣

⎤
⎥⎦

selection vector for processing industry

r1 =
0
0
1
1

⎡
⎢⎣

⎤
⎥⎦

residual vector for “Forestry and logging” and processing
industryIf a hat (for instance r̂0) is put above a vector this
vector becomes a diagonal matrix. A diagonal matrix contains
only zeros except on the diagonal (upper left to bottom right
corner) where it contains the elements of the vector. Now the
production, value added, employment, and CO2 emissions of
the forestry-based bioeconomy can be determined.

The production needed for the delivery of one unit of
output of an industry can be represented by the Leontief
inverse (see, for instance, Miller and Blair 2009). The output
generated in industries that is necessary to produce one
unit of output in “Forestry and logging” is (outcome pre-
sented as a matrix):

ŝ0(I− Ã)−1 (3)

where: Ã: matrix of input coefficients; I: identity matrix;
(I− Ã)−1: Leontief inverse.

The elements of the matrix of input coefficients (Ã) can be
calculated by dividing the matrix of intermediate inputs
(upper left corner of an IO table showing the deliveries of
inputs by industries to industries) by the corresponding
column total.

The production of other industries, which can be attribu-
ted to the production of “Forestry and logging” (i.e. indirect
and direct backward linkages of “Forestry and logging”) can
be obtained by:

(I− r̂0Ãr̂0)
−1 r̂0Ãŝ0(I− Ã)−1 (4)

The production of the processing industries, with exclusion of
production and direct and indirect deliveries to “Forestry and

Table 3. GHG emissions in thousand ton CO2 equivalent by “Forestry and
logging” industry, forest land and harvested wood products in 2015.

Country
GHG emissions by

“Forestry and logging”
GHG sequestration by Forest land and

Harvested wood products

Estonia 22.01 −4,190.95
Latvia 128.73 −3,845.37
Lithuania 126.48 −10,542.81
Finland 340.11 −28,177.00
Source: Eurostat (2022a); Konstantinaviciute et al. (2017); Ministry of the
Environment of Republic of Estonia (2020); Skrebele et al. (2020); Statistics
Finland (2022).
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logging” (i.e. the first forward linkage of “Forestry and
logging”) equals:

ŝ1(I− r̂0Ãr̂0)
−1 (5)

The production of other industries, which can be exclusively
attributed to the direct and indirect deliveries to the proces-
sing industries (i.e. indirect and direct backward linkages of
processing industries with the exclusion of “Forestry and
logging” with its direct and indirect backward linkages)
equals:

(I− r̂1Ãr̂1)
−1 r̂1Ãŝ1(I− r̂0Ãr̂0)

−1 (6)

To simplify the analysis, we decided not to include the pro-
cessing of the output of processing industries.

The total production of the forest-based bioeconomy
equals the sum of the expressions in equations (3-6) and
after multiplying the resulting vector by the vector of total
final demand. Total production is:

y = (ŝ0(I− Ã)−1 + (I− r̂0Ãr̂0)
−1r̂0Ãŝ0(I− Ã)−1

+ ŝ1(I− r̂0Ãr̂0)
−1 + (I− r̂1Ãr̂1)

−1 r̂1Ãŝ1(I− r̂0Ãr̂0)
−1f (7)

where: y: vector of production; ƒ: vector of final demand.
Next, we assume for each industry a fixed ratio between

production and value added, between production and
employment and between production and CO2 emissions
(i.e. fixed IO coefficients of value added, employment, and
CO2 emissions, respectively). The value added, employment,
and CO2 emissions of the forest-based bioeconomy can
then be determined as:

n = n̂y (8)

where: n: vector of value added or employment or CO2 emis-
sions; n̂: diagonal matrix of value added or employment or
CO2 emissions IO coefficients.

Scenarios and results

Scenarios

It is rather arbitrary how to define processing industries (see
for instance Lazorcakova et al. 2022), one option is to consider
only the main processing industries completely, while
another option is to add to this all other industries that
process forest products but the latter only partially. Therefore,
we define two alternative scenarios, each linked to an alterna-
tive definition to measure the forest-based bioeconomy:

1 In scenario I, we assume that the forest-based bioeconomy
is comprised of “Forestry and logging” (C02) as the primary
production industry and “Manufacture of wood of pro-
ducts of wood and cork, except furniture; articles of
straw and plaiting materials” (C16) and “Manufacture of
paper and paper products” (C17) as processing industries.
Direct and indirect backward linkages of these industries
are also included.

2 Scenario II includes, in addition to C02, C16, and C17, also
all other industries that process outputs of “Forestry and
logging”, but only partially. The extent to which they are

assumed to be processing these outputs is assumed to
be equal to the share of “Forestry and logging” in total
intermediate input demand. Direct and indirect backward
linkages of these industries are also included.

Notice that the outcomes of scenario II are by definition
larger than the outcomes of scenario I because it includes
more processing. To measure the forest-based bioeconomy
we use the share in GDP, total employment, and CO2 emis-
sions as indicators. In this way, we can perform a cross-
country comparison.

Results

Table 4 presents the outcomes of both scenarios. From Table
4 it can be concluded that the forest-based bioeconomy is the
smallest in Lithuania and in terms of the share in total value
added and employment the largest in Estonia although the
differences with Latvia and Finland are small. The size of
the direct and indirect backward linkages are given by the
difference between A02, C16, and C17 and Scenarios I and

Table 4. The share (in %) of “Forestry and logging” (A02) and the processing
industries (C16 and C17) and of the forest-based bioeconomy in the two
scenarios in value added (share in GDP), employment (share employment)
and CO2 emissions (share CO2).

Estonia Latvia Lithuania Finland
A02

Share GDP 1.50 1.80 0.40 1.90
Share employment 1.29 2.07 1.03 0.83
Share CO2 0.13 1.71 1.19 0.81
A02, C16 and C17
Share GDP 4.27 4.42 2.32 4.23
Share employment 4.74 4.90 3.11 2.55
Share CO2 0.78 3.20 2.39 7.85
Scenario I
Share GDP 7.10 6.54 3.46 6.87
Share employment 6.79 6.59 3.98 4.97
Share CO2 7.13 7.00 5.08 14.33
Scenario II
Share GDP 7.22 6.94 3.59 7.05
Share employment 6.92 7.11 4.05 5.15
Share CO2 7.28 7.89 5.14 14.88

Source: authors’ own calculations

Figure 1. GHG emissions of the forest-based bioeconomy in 2015 in the first
three columns, and its sequestration is the last column, in % of total GHG emis-
sions/sequestration. *A02 – “Forestry and logging”, C16 – “Manufacture of
wood of products of wood and cork, except furniture; articles of straw and
plaiting materials”, C17 – “Manufacture of paper and paper products”.
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II. They are the largest in Estonia and Finland. This is caused
by the existence of a large processing industry in these
countries (see also Table 2), which requires large amounts
of (non-forestry) inputs. Latvia has a lower level of processing.
CO2 emissions are especially high due to direct and indirect
backward linkages. The share of CO2 emissions is relatively
high in Finland, which can be explained by the paper industry
in this country that uses a relatively large amount of fossil
fuels. The differences between scenarios I and II are small indi-
cating that output from “Forestry and logging” as an inter-
mediate input mainly goes to C16 and C17 and not to
other processing industries. Note that Table 4 excludes CO2

sequestration.
Considering the net CO2 emissions, Figure 1 shows that

the forest-based bioeconomy is a “net sink” of carbon in all
four countries. Given that in scenario II, compared to scenario
I more non-forestry activities are included, CO2 emissions are
larger, and net CO2 emissions are lower.

Conclusions and discussion

The purpose of this paper was to present an input-output
model of the forest-based bioeconomy to provide information
on the contribution of the forest-based bioeconomy to GDP,
employment, and CO2 emissions in Estonia, Latvia, Lithuania,
and Finland. We find that forestry is a small industry in all
four countries. For example, its contribution to GDP ranges
from 0.40% in Lithuania to 1.90% in Finland. However, the
forest-based bioeconomy is larger. For example, the contri-
bution to GDP ranges from 3.59% in Lithuania to 7.22% in
Estonia. The forest-based bioeconomy has negative net CO2

emissions due to CO2 sequestration by forestlands and har-
vested wood products despite the large CO2 emissions
without the sequestration, ranging from a share in total emis-
sions from 5.14% in Lithuania to 14.88% in Finland.

Our analysis indicates that while forestry itself maybe rela-
tively small, the forest-based bioeconomy is substantial. This
finding holds significant policy relevance. Employing appro-
priate measurement methods, such as the IO analysis pre-
sented, is crucial for making informed and balanced
choices. For instance, solely considering the contribution of
forestry to GDP overlooks the value-added creation in other
industries connected to forestry. This oversight could result
in underestimating the economic effects of environmental
measures that affect forestry production. Additionally, the
significance of the forest-based economy may grow in the
future, as forestry products have the potential to replace
fossil fuels (Knowledge Centre for Bioeconomy 2022).

Our analysis has some caveats that influence the validity of
the results. First, the model that is used is a descriptive tool,
and economic behaviour or policies that could influence the
outcomes are not included. Second, we use the IO-tables of
2015 to analyse the importance of the forest-based bioecon-
omy due to the lack of data in recent years. Notably, outcomes
can differ between years. Ideally, we would have information
for a series of years that would enable us to detect and
analyse the development of the forest-based bioeconomy
over time. Finally, forests and the forest-based bioeconomy
have many more functions than the ones investigated in this

paper, an example would be biodiversity as indicated in
Section 2. These have been excluded from our analysis.
Despite these caveats, we feel that this paper provides valu-
able information to policymakers and stakeholders.
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