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*  Wood element producers show more variation in profitability measures during 2012-2021
than sawmills.

»  Element producers’ financial stability shows a decreasing trend in comparison to slight growth
in the case of sawmills.

*  Value-added has a positive effect on both sectors competitiveness whereas cost items have
negative effects.

» Investments have a positive effect on element producers’ solvency and negative on sawmills.

Abstract

The global outlook for wood construction is positive, driven by bio- and circular economy programs
promoting wood use in construction. The industrialization of building processes is also seen as
essential for improving construction efficiency and competitiveness. However, despite this positive
outlook, wood construction in Finland remains a niche that has yet to reach its full potential. To
reduce the dependency between the concrete and construction sectors, the wood element value
chain needs competitive businesses to foster innovations and capture a larger market share in this
highly competitive industry. However, the performance of two important stages of the value chain,
sawmilling and wood element manufacturing, has not been measured in the scientific literature.
The competitiveness of Finnish sawmills and wood element producers were analyzed by studying
the industry’s financial performance using firm-level panel data and a regression approach over
the 20122021 period. The results suggest higher variation across element producers’ profitability,
while sawmills are more homogenous. Both value chain stages show signs of typical manufac-
turing industries, as materials and salaries proved to have a relatively high negative impact on
competitiveness. However, differences were also found especially regarding short-term solvency
and liquidity trends and average levels of costs and value-added. To understand competitiveness
in the wood construction sector, an insight into intra- and inter-industry dynamics and value
chain positioning is therefore required. Financially viable sawmilling and wood element firms
are essential not only for business survival but for transforming the construction industry’s logic.
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1 Introduction

Competitiveness is essential for a company’s survival and growth within its market, with innovation
the key driver of competitiveness and productivity also shaping the industry as a whole (Simmie
2004). Over time, the constituents of competitiveness have shifted from a focus on efficiency and
physical production factors (Marshall 1972) to value creation and the use of intangible resources
which enable the development of new market offerings and higher flexibility in operations (Porter
1998). In the 1990s, the importance of proactive adaptation to the changes in the external busi-
ness environment based on company-level strategic choices began to receive increasing emphasis
(Conner 1991; Grant 1991).

For example, the concept of competitiveness is ambiguous (Korhonen et al. 2017) because
the scope of the analysis in the literature ranges from microeconomy (Porter and Christensen 1999)
to macroeconomy (Flachenecker 2018) levels (Siggel 2006; Chikan et al. 2022). Compared with
macroeconomic competitiveness addressing national economies, for example, this study focuses
on microeconomic competitiveness at the level of individual firms in particular industries (Siggel
2006). As a proxy for companies’ competitiveness, we focus on their financial performance, which
has commonly been used in previous studies as a measure to analyze forest industries’ competi-
tiveness (Korhonen et al. 2017).

Toward the 2000s, companies’ environmental and social performance requirements started
to drastically change their business environment, including forest industries (Toppinen et al.
2016). Circular, green and bioeconomy strategies (D’Amato and Korhonen 2021) derived from
international (European Commission 2018, 2019) and national (Mickwitz et al. 2011) policy pro-
cesses have been the main constituents of pressures from the external business environment on
forest-based businesses to contribute to the sustainability transition (Bio6konomierat 2015). As a
result, the analysis of competitiveness has also become more complex due to the need to consider
sustainability aspects as determinants of business success (Korhonen et al. 2017).

Forest industry businesses manufacture many types of intermediate and end products for
business customers and consumers (Shmulsky and Jones 2011; Léhtinen et al. 2023) with chemical
(e.g., pulp and paper) and mechanical (e.g., sawnwood and engineered wood products) processes.
Alongside increasing challenges and complexities in the external business environment, climate,
energy, and forest policies provide new opportunities for forest industry businesses to seek com-
petitiveness in the markets (Antikainen et al. 2017; Lahtinen and Héyrinen 2022). For example,
their products are expected to increasingly replace fossil-based products in the construction, textile,
chemical, biofuel, and packaging industries (Hurmekoski et al. 2022) and provide renewable solu-
tions with potential for cascading (Ollikainen 2014). The pressure on forest industries to enhance
their sustainability performance has therefore been both a necessity and an encouragement for
innovations (Pétéri et al. 2016). Additionally, in the context of transformative industrial change in
the forest industry, regional actors, including sawmills, face an increasing set of responsibilities,
including establishing the legitimacy of change, shaping the industry’s innovation trajectory, and
achieving social acceptance for change (Martin et al. 2023).

The construction industry is the main user of mechanically manufactured forest industry
products such as sawnwood and engineered wood products (Shmulsky and Jones 2011; Bumgardner
etal. 2013) processed by wood product firms. Coniferous sawnwood is both an intermediate product
(e.g., used as a material for engineered wood products) and end product (i.e., used as such, e.g., in
building). It has been an internationally traded commodity for centuries, with intensified produc-
tion and trade in the twenty-first century (Gil et al. 2023). Sawnwood processing (i.e., sawmill
industry) has been often described as a raw-material-dependent (Vaétédinen et al. 2021) mature and
production-focused activity (Brege et al. 2010; Stendahl et al. 2013) characterized by a low degree
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of innovation and customer understanding (Hansen et al. 2017). Based on this, sawmills have been
considered to lean toward a production-oriented business logic in which companies’ pursuit of
competitiveness has been based on production efficiency through e.g., large production volumes
and highly technologized production processes, enabling minimizing costs of raw materials and
salaries (Lahtinen and Toppinen 2008).

To amend their financial performance, higher priced sawnwood products have been identified
as the main option for sawmills to achieve a healthy financial performance (Lahtinen and Toppinen
2008). In practice, this refers to the request for increasing innovation activities, which independently
of industries has been found to have a positive impact on companies’ business success (Saunila
and Ukko 2012). For example, this has led to a quest for higher value-added production potential
in sawmills by adding new properties to products and services in production (e.g., dimensions and
surface treatments according to customers’ needs) (Korhonen and Niemeld 2005). In addition,
some firms have started to build new collaboration relationships with their customers in secondary
processing and the construction industry to increase their product portfolio and gain higher profit
margins (Brege et al. 2014; Makkonen and Sundqvist-Andberg 2017; Makkonen 2018).

Compared with sawmills, the main business focus for engineered wood product manufac-
turers (i.e., wood element producers) is the processing of sawnwood to manufacture components
and elements according to construction industry needs (Pelli and Lahtinen 2020; Lihtinen and
Héayrinen 2022). In some cases, wood element producers have started to operate as developers and
builders in the construction industry markets (Stehn et al. 2021). However, compared to interna-
tionalized sawmills, wood element producers operate mainly in the domestic markets. According
to the Alma Talent data used in the study, their exports are minimal, as only a few wood element
producers have reported their export share of turnover in the first place. Moreover, in cases when
figures are reported, they often account for only a few percent, whereas exports are often a major
source of turnover for sawmills.

The positive prospects for both sawmills and wood element producers exist both in the
domestic and international markets, as companies in the construction industry face pressures to
increase the use of renewable materials and extend the life cycle of products and buildings (Dangel
2016) and with a strategic shift from products to services and systems (Weber and Schaper-Rinkel
2017). In addition, the industrialization of building processes in an urbanized society has long been
considered a requirement for enabling the better construction efficiency and competitiveness of
construction industry businesses (Nadim and Goulding 2011). Using wood as the main building
material can substantially reduce carbon dioxide emissions, as wood product manufacturing typi-
cally requires less fossil energy, the processing of wood produces by-products that can replace
fossil fuels, and wood itself acts as a carbon sink, compared with conventional building materials
such as concrete and steel (Sathre and Gustavsson 2007).

Although the outlook for wood construction is widely regarded as positive in contribut-
ing to the decarbonization of the built environment (Hurmekoski et al. 2022), the use of wood
construction components has remained a promising niche that has yet to meet its full potential
(Toppinen et al. 2019a). According to Jussila et al.’s (2022) systematic literature review results,
the causes of the slow development have been the path dependencies (e.g., established processes,
practices, and human skills) in the construction industry favoring the use of concrete, especially in
multistory buildings. Their review findings therefore showed the need for more extensive research
on wood-based value chains to challenge the construction industry’s concrete-dominant building
traditions. In addition, construction has also moved toward urban buildings in Finland (Tiitu et al.
2021), which is an application where wood has traditionally played only a small role compared
with detached housing (Schauerte 2010). Nevertheless, opportunities also exist for large-scale
wooden constructions (Bysheim and Nyrud 2009; Hurmekoski et al. 2015).
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In all, both sawmills and wood element producers have potential to seek competitiveness
through the provision of market offerings contributing to sustainability change in the construction
industry (Jussila and Lahtinen 2020; Pelli and Léahtinen 2020; Léhtinen and Héyrinen 2022). In
addition, increasing the value of products through processing activities meeting customers’ needs
has been emphasized as a solution to strengthen companies’ competitiveness (Lahtinen and Top-
pinen 2008; Makkonen and Sundqvist-Andberg 2017). However, a quantitative analysis and com-
parisons of the financial performance of firms focusing on primary (i.e., sawmills) and secondary
(i.e., wood element producers) processing are missing from the literature.

To address this gap, the study’s main objective is to assess the financial performance of Finn-
ish sawmills and wood element producers. This is addressed with the following research questions:
First, does a focus on primary or secondary processing in the wood product industry influence the
financial performance of firms? Second, how do variable costs, investment costs, and value crea-
tion affect the financial performance of the different types of companies? To answer the research
questions, four hypotheses are set:

H1: Profitability ratios show higher variation for wood element producers operating in an

emerging industry than for sawmills.

H2: Material and salary costs have a negative impact on the financial performance of both

sawmills and wood element producers.

H3: Investment costs have a negative impact on financial performance of both sawmills and

wood element producers.

H4: Value-added has a positive impact on financial performance of both sawmills and wood

element producers.

2 Strategic choices of sawmills and wood element producers

In the wood product industry, process and product innovations have traditionally gained the most
attention in value creation (Nybakk et al. 2011). However, especially since the beginning of the
century, increasing the value-added of products and integrating services into product offerings
have been considered important innovations and strategies for the business success of sawmills
and wood element producers (Hansen et al. 2006; Nybakk et al. 2011; Brege et al. 2014; Pelli and
Lahtinen 2020). Furthermore, customer-oriented business approaches have been promoted by
several forestry researchers to assess the industry’s strategic concerns (Hurmekoski and Hetemaki
2013; Stendahl et al. 2013; Nayha et al. 2015), as well as the utilization of intangible resources
(Cohen and Kozak 2002).

Especially in the last decade, industrial prefabrication of the components and modules used
in construction (i.e., wood element production) has been emphasized as a promising avenue for the
wood product industry to seek new business opportunities (Bumgardner et al. 2013). According to
Lessing and Brege (2014), the business possibilities of wood element producers to supply solutions
for the construction industry include reliable and fast delivery times, as well as the enabling of a
high degree of production stability and coordination with subcontractors, suppliers, and design,
although potential drawbacks such as reduced design flexibility also exist.

For wood industry firms, the provision of new wood-based solutions for the building processes
has meant collaborative new relationships with construction industry companies and the uptake of
new business models through process and product innovations, for example (Brege et al. 2014).
Furthermore, firms focusing on supplying the wood elements for industrialized building processes
have been seen to have potential to encourage other wood industry firms to develop their products
and services in response to the construction industry’s emerging needs (Hurmekoski et al. 2018).
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Thus, although sawmills and wood element producers may sustain their individual roles in
the value-chains, they may gain synergic benefits through collaboration to better meet custom-
ers’ needs through joint innovation activities to serve their common customers (e.g., construction
companies) (Makkonen and Sundqvist-Andberg 2017), for example. This also connects with the
potential of sawmills and wood element producers as forest industry actors to take a role in regional,
sectoral, or technological innovation systems (Weiss et al. 2020). An outcome of such activities
is that wood industry companies may both create value for the construction industry (Lazarevic
et al. 2020) and initiate sustainability change in construction through local activities (Koskivaara
and Lihtinen 2023).

According to the Finnish Timber Guide (Wood From Finland 2024), at its lowest process-
ing level, sawnwood produced for the Finnish domestic market and exports is dimensioned and
rough-planed to precise standardized measurements. In addition, most sawmills also supply all-
round planed products with a wide range of profiles, used in load-bearing structures, and buildings’
facades and interiors, for example. In value creation for the construction industry, sawmills there-
fore primarily act as product and component suppliers. By focusing on cost reduction and process
efficiency, sawmills have often invested in high-tech production technologies (Hansen et al. 2007).
As a result, companies have emphasized tangible assets when seeking a competitive advantage.

In comparison, wood element producers use sawn wood to manufacture engineered wood
products such as glued laminated timber (glulam), laminated veneer lumber (LVL), and cross-
laminated timber (CLT). Engineered wood products are used especially in prefabricated elements
(e.g., roof elements, floor/wall elements (non-volumetric), and/or module (volumetric) elements),
which enable industrial offsite building processes (Lam and Prion 2003; Herdjarvi et al. 2004).
The need for sustainability change has opened new opportunities for wood element producers to
provide building solutions for the construction industry (Pelli and Lihtinen 2020). As a result,
some have also taken roles as contractors and developers in the building projects (Toppinen et al.
2019a, 2019Db).

Wood element producers and sawmills operate in separate processing stages in construc-
tion industry value creation (Fig. 1). Wood industry companies’ (i.e., sawmills and wood element
producers) solutions for positioning themselves in value creation for the construction industry
with the selected products and related services is not only a question of technologies but they also
reflect the choices made within companies on their business models, including their roles in serving
construction industry customers through knowledge about their needs related to building processes.

The manufacture of sawn wood and wood elements represents different, though partly over-
lapping, stages of processing in mechanical wood industries (i.e., primary, secondary) that result
in different types of connections with construction industry’s building processes (as visualized
in Fig. 1). From individual firms’ perspective, the strategic focus on either primary or secondary
processing is thus driven by a different logic in product manufacturing with internal tangible (e.g.,
raw materials, technologies) and intangible (e.g., capabilities, customer relationships) resources
(Lahtinen 2007), for example. These strategic decisions therefore result in firm-specific differences
in their financial performance (Léhtinen 2009), even for companies operating in the same industries
(e.g., sawmilling or wood element production).

Our study employs financial performance as a measure for sawmills’ and wood element
producers’ competitiveness, in line with previous forest industry studies (Korhonen et al. 2017).
Although industrial structures (Porter 1985) such as roundwood and construction markets (Toivonen
etal. 2021; Asada et al. 2023) also affect the competitiveness of forest industry firms (e.g., sawmills
and wood element producers). Through successful strategic choices, companies may outperform
their competitors and gain above-average financial performance within their industries (Léhtinen
2007; Lahtinen and Toppinen 2008). Compared with the industry-level assessment of the factors
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Fig. 1. Processing degree in mechanical wood industries combined with value creation for the construction industry.
Through supplier-customer relationships, sawmills and wood element producers connect with each other through their
products and services for building processes (dashed lines) (modified from Brege et al. 2014).

of competition, firm-level evaluations are generally scarce due to the lack of data, despite the fact
that single companies constitute the competitiveness of any industry (Falciola et al. 2020). Through
timescales, firm-level financial performance provides ex-post information about the success in
business model implementation based on ex-ante interpretation of future events occurring in the
external environment (Hunt and Morgan 1996; Barr 1998; Siggel 2006).

At the core of the companies’ business models are their strategic choices on product portfo-
lios and roles in value chains (e.g., Fig. 1). These rely mostly on their internal strategic strengths
(i.e., resources and capabilities), which are firm-specific characteristics affecting the potential of
an individual firm to succeed in its business environment (Spanos and Lioukas 2001; Hawawini
et al. 2003; Lahtinen 2007). However, for manufacturing firms such as sawmills and wood ele-
ment producers, the possibilities of making strategic changes through the formulation of business
models are strongly affected by the path dependencies in their use of raw materials and machinery
(Lahtinen and Héyrinen 2022).

Hence, gaining information about ex-post financial performance of companies operating in
mechanical industries helps in understanding the economic realities of individual businesses to
contribute to addressing the emerging need for the decarbonization of the construction sector, for
example. In addition, comparisons between individual companies in their financial performance
add knowledge about how the dynamics between different measures (especially value creation)
contribute to their actual economic success and long-term viability in the markets.
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3 Materials and methods
3.1 Evaluation of competitiveness with financial performance measures

In this study, we employed a panel dataset of firm-specific financial statement information. Such
data enable an evaluation of how ex-ante business model choices related to product portfolios
(i.e., primary or secondary processing) have affected firms’ financial performance. This can be
implemented by evaluating the impacts of variable costs (i.e., salaries and materials), investment
costs (i.e., investments), and value creation (i.e., value-added) on firms’ financial performance
measures (Léhtinen and Toppinen 2008), described in detail in Chapter 3.2. Regarding costs,
despite expenses not being divided into variable and fixed costs in financial statements, they are
often viewed separately in business management to better enable the assessment of income and
expenses in different production volumes, for example (Briciu 2008). Variable costs depend on
the production volumes and fixed costs are considered as annual expenses. Hence, while profits
can be achieved only through the allocation of variable costs, fixed costs such as investments in
new production technologies are typically viewed as providing productive capacity (Dixon 1940).

In the analysis of this study, the data originated in firms’ official financial statements (i.e.,
the income statement and balance sheet) and their attachments from ten accounting periods
(2012-2021) collected by the Finnish Patent and Registration Office and acquired as adjusted
financial statement information from the Alma Talent database. An outcome of adjustments was
that the impacts of discretionary items (e.g., the differences between companies in their practices
to record depreciations) and one-time items (e.g., sources of income caused by exceptional activi-
ties such as selling production facilities) were removed for the sake of comparability (Committee
of Corporate Analysis 2011, 2017).

In financial statement accounts, the balance sheet describes a company’s financial position,
whereas the income statement represents the structure of a company’s earnings (Committee for
Corporate Analysis 2011). For example, a cash flow statement may also be used to acquire infor-
mation about the annual net investments, which is based on the official balance sheet figures for
investments and divestments in intangible and tangible assets.

In assessing the determinants of competitiveness with financial statement information, similar
economic events faced by individual companies (e.g., changes in regulation and/or market) (Barr
1998) enhances the comparability of firm-level data (De Franco et al. 2011). In our study, this was
related to a focus on companies from the two processing stages (i.e., sawnwood or wood element
products) within the wood products industry to standardize the impacts of other potential factors
for business success (e.g., strategic focus on other forest industry products) (Léhtinen and Toppinen
2008). In addition to adjusted firm-level financial statement data, Alma Talent provided qualitative
information in the form of news that has been utilized to check companies’ product portfolios (i.e.,
a focus on primary or secondary processing of wood industry products) enabling the validity of
the data to be checked and the interpretation of the results to be supported.

Thus, prior to the analysis, the preliminary scrutiny of companies’ product portfolios was
implemented to include only a strategic focus on the manufacture of sawnwood or wood element
products in the final dataset. In addition, for the sake of comparability in the size of the two types
of wood product industry company categories, only companies with a turnover within a range of
1-75 millions of euros/year were included in the analysis. An outcome of this procedure was that
the data of this study comprise 36 sawmills (i.e., the main business focus in the primary processing
of sawnwood) and 34 wood construction element producers (i.e., the main business focus in the
secondary processing of wood construction elements). In personnel numbers, sawmills and wood
construction element producers in the dataset were quite alike (Fig. 2).
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Fig. 2. Distribution of studied sawmills and wood element producers by number of average personnel annually.

These specific industry classifications are not separately recorded by official statistics as such,
making it difficult to assess the coverage of companies precisely in their corresponding industries
in this study. However, according to the Finnish Sawmills Association (2025), there are over 80
industrial scale sawmills in Finland, and hundreds of smaller mills operating locally. Regarding
element producers, a report conducted in 2020 by the Ministry of Economic Affairs and Employ-
ment of Finland (Sipildinen 2020), lists a total of 32 companies which produce wooden construction
elements in Finland, indicating that the set of companies used in this study is fairly comprehensive.

3.2 Characteristics of different financial performance measures

As financial proxies for assessing the ex-ante capacity of wood product firms to compete in the
markets with particular product portfolios defined in firms’ business models (Nybakk et al. 2011;
Brege et al. 2014), information about variable costs (i.e., the monetary value of material purchases
and salaries from the income statement), the net value of investments (i.e., the monetary value of
investments from the cash flow statement), and value creation (i.e., the monetary value of value-
added from the income statement) were used (Léhtinen and Toppinen 2008). To enable their use
in a comparable manner, the explanatory variables derived from accounting data are expressed as
proportions of turnover. For ex-post assessments of their outcomes in firm-specific competitiveness
in sawmilling and wood construction element production, financial ratios were selected with the
goal of receiving comprehensive information about companies’ financial position.

The selection of the financial measures for the ex-post evaluations was based on the informa-
tion about the characteristics of different financial statement figures and recommendations provided
by the Committee of Corporate Analysis (2011, 2017), the availability of data in the Alma Talent
database, and information received from empirical studies on wood product industry competitive-
ness (Lahtinen and Toppinen 2008). In practice, the goal was to find and choose such financial
information about measures that described liquidity, solvency, and profitability, considered as
traditional dimensions of financial performance in the financial statement analysis (Laitinen 2000).

An outcome of the selection process for appropriate financial performance measures was that
ratios describing liquidity (Current Ratio with benchmark values above 2 showing good liquidity,
1-2 satisfactory and below 1 showing poor liquidity), solvency (Equity Ratio % with benchmark
values above 40% indicating good solvency, 20-40% satisfactory and below 20% poor solvency),
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and profitability (Return On Capital Employed, ROCE % and Net Profit Ratio %) were chosen for
use as proxies for competitiveness (Committee of Corporate Analysis 2011).

Current Ratio is calculated as the relation between the sum of inventories and financial
assets, and short-term liabilities, and it describes companies’ capabilities of taking care of their
debts economically on time. For example, inventories comprise raw materials and semi-finished and
end products in storage, and financial assets are liquid monetary reserves (e.g., deposits, stocks),
while short-term liabilities are composed of advances received from externally purchased sales and
debts for services and products. Equity Ratio is a measure of solvency, which means companies’
endurance in withstanding losses and capability of making long-term economic commitments cal-
culated as a proportion of shareholders’ equity and total equity (i.e., the sum of shareholders’ equity
and liabilities). In addition, two types of profitability ratios were chosen due to their differences
in depicting the time scale of the measurement: Net Profit Ratio % is only a division between net
sales and turnover (i.e., profit) in the accounting period and is here referred to as absolute profit-
ability, as it reflects the overall profitability of business operations, while ROCE % is referred to
as a measure of relative profitability, as it takes into account the profits in relation to the capital
invested in the company (Committee for Corporate Analysis 2011).

The monetary information used in this study can be divided into ex-ante drivers of competi-
tiveness and ex-post outcomes of competitiveness (Table 1). In addition to the variables presented
in Table 1, Turnover and Average number of personnel annually were used in the study. Personnel
is measured as full-time employment equivalents.

In line with the study’s objectives, the statistical methods used were twofold. As the first
phase of statistical analysis, companies’ sizes were scrutinized using the measures of company size
(turnover, average number of personnel annually) and the assessment of competitiveness measured
with liquidity (Current Ratio), solvency (Equity Ratio), and absolute (Net Profit Ratio %), and
relative profitability (ROCE %). The results for companies’ sizes and competitiveness are presented
in box plot figures illustrating ten accounting years (2012-2021) to assess companies’ financial
performance variation within the industry.

Table 1. Financial information to assess monetary drivers and outcomes of firms-specific competitiveness, their equa-
tions, and sources of information.

Monetary information Key ratio Equation Source of financial information

Ex-ante drivers of competitiveness

Material costs Material use / Turnover Material use / Turnover Income statement

Employment costs Salaries / Turnover Salaries / Turnover Income statement

Net value of Investments / Turnover (Change in intangible and tangible =~ Balance sheet (assets),

investments assets between consecutive years —  income statement (deprecia-
depreciation) / Turnover tion)

Value creation Value-added / Turnover = (Sales — Bought services — Mate-  Income statement

rial costs) / Turnover.
Ex-post outcomes of competitiveness

Liquidity Current Ratio = (Inventories + Financial assets) / ~ Balance sheet
Short-term liabilities
Solvency Equity Ratio = Adjusted total equity (i.e., Balance sheet

shareholders’ equity) / (Adjusted
balance sheet total — Advances

received)
Profitability (absolute) Net Profit Ratio (%) = (Net result / Turnover) x 100% Income statement
Profitability (relative) ROCE (%) = (Net result + Financing costs + Income statement and bal-

taxes 12 months) / Average. capital  ance sheet
employed x 100%

All the ex-ante variables are measured as euros and ex-post outcomes are ratios derived from calculations. The income statement
captures the operational flow for the accounting period, while the balance sheet reflects the cumulative financial position, including
retained earnings.
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As the second phase of statistical analysis, linear mixed model (LMM) regressions were
employed. LMM is a useful approach for analyzing e.g., repeated measures or longitudinal data
(Cnaan et al. 1997). In mixed effect models, group-level coefficients are often called random effects
which account for variation between groups, whereas other coefficients are called fixed effects and
account for within-group variation (Gelman and Hill 2006). In our models, fixed effects for Value-
added, Materials, Salaries, Investments, and Year are used to account for the observed variation
within companies over time. These variables control for known factors that influence company
performance, allowing the isolation of their individual contributions to the outcome. To capture
variation between companies, unique Company IDs are included as random effects with a random
intercept. This approach assumes that company-specific factors (e.g., business model, leadership,
or market position) vary randomly and independently across companies (Gelman and Hill 2006).

Normality, homoscedasticity, and independence are necessary assumptions for regression
analysis (Berenson et al. 2002). In this study, the normality assumption was tested using Q—-Q
plots (Appendix 1) because there were too few annual observations for standard normality tests
to be reliable. After the Q—Q plots analysis, natural logarithmic transformation was applied for
Current Ratio (named Ln Current Ratio) due to a noticeable curvature in both models (sawmills
and element producers). Residual diagnostics were assessed using residuals vs. fitted values plot
(Appendix 2). The residuals appeared to be randomly scattered, with no clear patterns or systematic
structure. This indicates that both the homoscedasticity and independence assumptions were met.

In regression analysis, it is important to assess potential multicollinearity, particularly when
some variables based on accounting data may be closely related. Collinearity among predictors
can lead to difficulties in interpreting the model, as the predictors share common variance in the
response variable. This overlap makes it challenging to independently estimate the individual
contribution of each predictor (Graham 2003). To assess for multicollinearity, variance inflation
factor (VIF) values were calculated for all models (four for both sawmills and element producers).
A typical cutoff threshold for dropping variables from models based on VIF values is between
5 and 10 (Craney and Surles 2002), with 10 suggesting strong collinearity (Quinn and Keough
2002). With all the VIF values in the study’s models being well below these thresholds (Table 2),
no such problems arose.

The dependent variable Y; represents the outcome of interest (e.g., financial performance
measure: liquidity, solvency, relative profitability and absolute profitability) for the i-th observation

Table 2. Variance inflation factor (VIF) values for full models for sawmill and element

producer.
Sawmills

Ln Current Ratio Equity Ratio ~ Net Profit Ratio (%) ROCE (%)
Salaries 1.05 1.04 1.2 1.3
Materials 1.6 1.54 1.81 1.76
Investments 1.01 1.01 1.04 1.01
Value-added 1.5 1.49 1.68 1.62

Element producers

Ln Current Ratio Equity Ratio ~ Net Profit Ratio (%) ROCE (%)
Salaries 3.13 3.12 2.68 1.09
Materials 2.09 2.09 2.02 1.44
Investments 3.24 3.27 3.05 1.07
Value-added 1.63 1.63 1.76 1.44
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(financial year) within the j-th company (individual company). For the fixed effects, the outcome
is influenced by a global intercept Sy, which represents the population-averaged parameter across
all companies, Year (f(Year;)), which captures the effect of temporal trends over time, and other
specific explanatory variables representing firm-specific characteristics (Materials;;, Salaries;;,
Value-Added;;, and Investments;;). For the random effect, fy; represents the company-specific
random intercepts. €; is an error term reflecting the difference between the predicted and the
observed values.

Y = ([30 +bo; ) + i (Year; )+ B> (Materials,j ) + B3 (Salaries,-j ) + B4 (ValueAdded;j) .
+fs (Investments,-j )+ €jj O
In our models, autocorrelation was corrected using the autoregressive AR(1) process. In
addition, variance component parameters were estimated with the restricted maximum likelihood
(REML) method. REML is often the preferred approach (Lin et al. 2013) and is found to be the
most efficient slope estimator in linear mixed modeling (Alpargu and Dutilleul 2006). R program-
ming language and the nlme package were used in the estimation.

4 Results
4.1 Development of financial performance in sawmills and wood element producers

Next, the results of the first phase of statistical analysis are shown. According to the results for
turnover development, Fig. 3 shows distribution of annual turnovers for sawmills and wood ele-
ment producers. The graph shows stable growth for both industries since 2014.

In contrast to the flat development of average personnel count observed in sawmills (median
ranging from 24 to 28 employees on average per year), there has been a more significant increase

thLLLthhh
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& Sawmill& Element producer
Fig. 3. Annual real turnover (million euros) of sawmills and wood element producers,
adjusted to 2021 prices using producer price indices, products by activity, presented as
industry-level distributions. The dataset includes 234 observations for wood element
producers and 266 for sawmills in terms of turnover.
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Fig. 4. Average number of personnel annually as full-time employment equivalents of
sawmills and wood element producers, presented as industry-level distributions. The
dataset includes 207 observations for wood element producers and 249 for sawmills in
terms of personnel.

in the number of personnel among wood element producers, especially in the upper quartiles after
2016 (151in 2014 and 27 in 2021) (Fig. 4).

In the 20122021 period, liquidity describing companies’ ability to economically take care of
their debts (Fig. 5) was at satisfactory levels for both industries (minimum and maximum median
values for Current Ratio 1.1-1.8 and 1.0-1.4 respectively). However, the trends for two types of
industries differed: While sawmills’ capability of taking care of their debts was slowly strengthen-
ing, the development was the opposite for wood element producers over the studied period. Yet, as
the lower and upper quartiles show, there was considerable variation within industries during some

aduruanl #*ﬁ

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year

w

Current Ratio

-

B SawmillE Element producer

Fig. 5. Development of Current Ratio over ten accounting periods, grouped by industry. The figure rep-
resents the distribution of values for sawmills and wood element producers in each accounting period.
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Fig. 6. Development of Equity Ratio over ten accounting periods, grouped by industry. The figure rep-
resents the distribution of values for sawmills and wood element producers in each accounting period.

years, (especially 2013 and 2018 for element producers and 2021 for sawmills). This indicates
that industry-level medians only show the general development paths in businesses, and within
industries, individual companies may have ended up with a success or failure, depending on their
strategic choices, for example.

Regarding companies’ solvency, assessing their financial endurance to losses and ability to
make long-term economic commitments was good and satisfactory for sawmills and between poor
and satisfactory for element producers (minimum and maximum median values for Equity Ratio
+25%—+43% and +18%—+39% respectively). In line with the development of liquidity, there was
thus a strengthening trend for solvency of sawmills and weakening for wood element producers in the
period of interest. Furthermore, similar to liquidity, there was considerable variation in the lower and
upper quartiles for Equity Ratio, caused by company-specific differences in business success (Fig. 6).

To provide information about absolute (Net Profit Ratio (%)) and relative (ROCE (%)) profit-
ability, industrial-level annual median values were scrutinized. It should be mentioned that since
both Net Profit Ratio (%) and ROCE (%) are based on industry-level annual medians, including
within-industry deviations, the annual figures in Figs. 7 and 8 must not be compared with each
other as such: For example, it is possible for industry-level to have a negative Net Profit Ratio (%)
and a positive ROCE (%) for a particular year (e.g., sawmills in 2012), while for an individual
company, such an outcome would not be gained (i.e., the negative net result divided by capital
employed would result in a negative ratio).

According to the results for absolute profitability (Fig. 7), the industry-level median for Net
Profit Ratio %, apart from 2021 (+14.8%) in sawmilling was rather stable (between —0.6% and
+3.4%), as it was for wood element producers (between +0.7%—+2.4%), for the whole period.
Regarding the success within industries, according to the upper quartiles, sawmilling and wood
element production were more aligned, while for the lower quartiles, the fluctuation among wood
element producers was more perceivable.

In the case of ROCE (%) (Fig. 8), the industrial-level annual medians for both sawmills and
wood element producers were similar to Net Profit Ratio (%). As Fig. 8 illustrates, in sawmilling
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Fig. 7. Development of Net Profit Ratio (%) over ten accounting periods, grouped by industry. The

figure represents the distribution of values for sawmills and wood element producers in each account-

ing period.

industry-level relative profitability (ROCE (%)), the median in the period of interest was always
positive, and except for three years (2014: +11%, 2018: +18.9%, and 2021: 55%), below 10%.
Contrastingly, in wood element production, the median was above 10% in seven years (2012:
14.5%; 2015: 15.3%; 2016: 11.1%; 2017: 11.7%; 2019: 11.9%; 2020: 13%; and 2021: 10.2%). In
addition, compared with sawmills, the variation in quartiles for ROCE (%) were larger for wood
element producers.

By years, Materials and Value-added in millions of euros were bigger for sawmills for the
whole study period, while for Salaries, wood element producers overtook sawmills in 2017. Com-
pared with other explanatory variables, most annual fluctuations in the average values between
sawmills and wood element producers emerged in Investments, although 2017 seemed to be a

100
<
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Fig. 8. Development of ROCE (%) over ten accounting periods, grouped by industry.
The figure represents represent the distribution of values for sawmills and wood ele-
ment producers in each accounting period.
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Table 3. Explanatory variable averages by year and industry. Standard deviations in parenthesis. The higher value of
the two industries is in bold. Values in million euros.

Materials Salaries Value-added Investments

Sawmills Element Sawmills Element Sawmills Element Sawmills Element

producers producers producers producers

2012 9 (6.8) 2.9(2.8) 14 (1) 1.1 (1.1) 4.1 @3.2) 1.2 (1.7) 0.3 (0.4) 0.4 (0.5)
2013 8.6 (7.1) 2.5(2.5) 1.3 (1) 1(1) 4.1 3.7) 1.2 (1.3) 0.4 (0.6) 0.2(0.2)
2014 9.3 (7.7) 2.3(2.1) 1.3 (0.9) 0.8 (0.9) 3334 1(1) 0.9 (1.3) 0.2 (0.3)
2015 10.2 (9) 2.7(2.3) 1.5(1.2) 1.1 (1) 4.3 (3.7) 1.1 (1.7) 3(7.4) 0.3(0.3)
2016 10.6 (9.1) 2.7(3.2) 1.5 (1.1) 1.1(1.2) 4.3 (3.9) 1.3(2.7) 0.8 (1) 0.7(1.4)

2017 11.2(10)  4(5.7) 15(12) 1.6@23) 48@3) 1929 0709 1129
2018 12.8(11.6)  5.2(8) 1.7 (1.2) 23) 5345 2539 08(12) 0927
2019 128(11.2) 4.6(5.9) 17(1.3)  2(2.5) 5(4.1) 32(56) 0.6(0.7)  03(0.4)
2020 125(11.2) 42(48) 17(13) 1921  5(4.2) 3141 06(0.7) 0712
2021  158(145) 6.9(7.7) 19(1.5) 2427 103097 33(53)  1L1(13)  04(0.5)

Average 11.3(9.8) 3.8(45) 1.6(12) 15(1.8)  5.1(4.5) 2(3) 1(1.5) 0.5 (1)

turning point in the increase of investment activities for wood element producers, similar to the
increase in Salaries.

Both growth in Salaries and Investments for wood element producers are in line with the
information in Fig. 4 showing the annual averages for the number of employees in the two company
types: Until 2016, both sawmills and wood element producers had about 30 workers per company,
while after 2017, wood element producers employed about 50 workers on average. Based on the
information about the increase in investment activities and recruitment of workforce, after 2016,
there were therefore intentions in the wood element producing companies for growth through
ex-ante plans related to the implementation of business models. Yet it is noteworthy that in the
ex-post information, those efforts reflecting increases in wood element producers’ use of strategic
resources (Materials, Salaries, Investments) were not realized in the monetary growth of businesses
measured by turnover (Fig. 3) or value-added creation (Value-added) (Table 3).

4.2 Firm-level longitudinal regression analysis explaining financial performance

For Current Ratio as a measure of liquidity, statistical evidence was gained for the negative impact
of Salaries (coefficient —3.22) and Investments (—0.33) to decrease the liquidity of sawmills, and
Materials (—0.7) of wood element producers respectively. Negative impacts of Salaries and Invest-
ments on Current Ratio in sawmills are multidimensional phenomena: In the short term, especially
in technology-intensive industries, investments reduce the utilization rate of production capacity
reflected in liquid assets (e.g., fewer final products in storage, own funds used for making invest-
ments). However, as Investments are commonly funded by debt financing, they do not necessar-
ily have drastic effects on liquidity (see coefficient). At the same time, employment costs do not
typically decrease proportionally with the short-term reductions in the capacity utilization rate.
Instead, employees are commonly involved, for example, in the uptake of new machinery (i.e.,
salary costs are not reduced), which explains the magnitude of impacts of Salaries on liquidity.
Regarding material costs, it must be kept in mind that they mainly comprise logs in sawmilling,
while in wood element production, the materials are processed products (e.g., sawnwood or engi-
neered wood products). For wood element producers, the results for Materials considerably (see
coefficient) affecting wood element producers’ liquidity are explained by high proportional increases
in their material costs from 2017 (Table 3), which coincided with an increase in investments with
impacts on their liquid assets (similar dynamics with sawmills) (see also Fig. 7).
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Table 4. Parameter estimates from linear mixed-effects models for sawmills, based on four financial perfor-
mance indicators: salaries, materials, investments, and value-added). Intercept terms are included for reference.

Ln Current Ratio Equity Ratio Net Profit Ratio (%) ROCE (%)
Liquidity Solvency Profitability (absolute) Profitability (relative)

(Intercept) 0.66 (0.32)** 0.7 (0.27)%%** 0.32 (0.08)*** 0.92 (0.24)***
Salaries =3.22 (1.15)*** —0.84 (0.81) —0.68 (0.16)*** —1.46 (0.46)***
Materials 0.27 (0.43) —0.82 (0.37)** —0.39 (0.1)*** —0.62 (0.32)
Investments —0.33 (0.13)*** —0.24 (0.08)*** —-0.02 (0.02) —2.05 (0.32)%**
Value-added —0.08 (0.26) 0.27 (0.22) 0.15 (0.08)** 0.54 (0.24)**

N 241 246 247 243

R? 0.59 0.79 0.46 0.42

Significance levels: **5%, ***1% level.

Equity Ratio is ameasure of solvency, which means companies’ endurance for withstanding
losses and capability of making long-term economic commitments. As shown in Table 4°s results,
statistical evidence was received for Materials (coefficient —0.82) and /nvestments (—0.24) having
negative effects on solvency in sawmilling. The strong negative impacts (see coefficient) of costs
of Materials on solvency in sawmilling concretize how the profit generation capacity of business
is affected by the expenses of roundwood, and how within one accounting period, they are directly
transferred to the accumulation of shareholders’ equity through profits/losses on the balance sheet.
In addition, for sawmills as technology-intensive businesses, Investments usually require debt
taking, which decreases solvency. The results for solvency measured with Equity Ratio shows dif-
ferent dynamics for wood element producers. As Table 5 illustrates, in wood element production,
Value-added (coefficient 0.24) and Investments (0.02) also had positive impacts on solvency. In the
income statement, a Value-added item shows companies’ ability to cover salaries and other costs
(e.g., loan amortizations and interest, taxes, and depreciations) that are transferred to the contribu-
tion of shareholders’ equity on the balance sheet. This is also connected with the slight positive
effects (see coefficient) of Investments on solvency in wood element production: As wood element
production is more labor-intensive (and less technology-intensive) than sawmilling, the monetary
benefits of the uptake of investments in new machinery are also realized in the shorter term in the
income statement as profit generation capacity. This is further transferred to the accumulation of
shareholders’ equity on the balance sheet, and finally to solvency.

In the analysis, profitability was assessed using two measures, Net Profit Ratio (%) (i.e.,
absolute profitability based on income statement information), and ROCE (%) (i.e., relative prof-
itability based on both income statement and balance sheet information). Thus, while Net Profit

Table 5. Parameter estimates from linear mixed-effects models for wood construction element producers, based
on four financial performance indicators: salaries, materials, investments, and value-added. Intercept terms are
included for reference.

Ln Current Ratio Equity Ratio Net Profit Ratio (%) ROCE (%)
Liquidity Solvency Profitability (absolute) Profitability (relative)

(Intercept) 0.35(0.18) 0.31 (0.11)*** 0.35 (0.09)*** 0.74 (0.22)***
Salaries 0.01 (0.22) —0.08 (0.14) —0.89 (0.1)*** —0.75 (0.32)**
Materials —0.7 (0.26)*** —0.23 (0.16) —0.49 (0.12)%** —1.01 (0.34)***
Investments 0.01 (0.02) 0.02 (0.01)** —0.11 (0.01)*** —0.1(0.33)
Value-added —0.03 (0.12) 0.24 (0.08)*** 0.19 (0.07)** 0.12 (0.16)
N 210 210 209 196
R? 0.47 0.33 0.9 0.42

Significance levels: **5%, ***1% level.
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Ratio (%) does not consider the assets needed in production (e.g., machinery) or liabilities tied
to businesses, ROCE (%) addresses such items with views on absolute profitability. In addition,
compared to dependent variables on liquidity (Current Ratio) and solvency (Equity Ratio) ratios
based merely on balance sheet information, Net Profit Ratio (%) and ROCE (%) are different types
of measures: The first describes short-term outcomes in business practices (Net Profit Ratio (%));
the second depicts the dynamics between short-term outcomes (i.e., the difference between revenues
and expenses) and long-term strategic commitments (i.e., assets and liabilities) in businesses (as
reflected in ROCE (%)).

In the analysis, statistical evidence was gained that sawmills and wood element produc-
ers faced similar impacts of Salaries, Materials, and Value-Added on their Net Profit Ratio (%):
Salaries and Materials were found to affect companies’ absolute profitability negatively, and
Value-added positively. In addition, in terms of the magnitude of impacts, the results were similar
between businesses (i.e., the coefficients for sawmills were —0.68, —0.39, and 0.15, and for element
producers —0.89, —0.49, and 0.19 respectively). Furthermore, according to the modeling results,
Investments were found to have negative impacts on Net Profit Ratio (%) in wood element produc-
tion, while such a pattern was not evident for sawmills. In general, the results for Net Profit Ratio
(%) concretize the importance of the management of all types of production costs (i.e., Materials
and Salaries) and value creation capability (i.e., Value-added) in both types of companies within
an accounting period. However, regarding the Net Profit Ratio model, the endogeneity bias cannot
be fully ruled out using the methodology chosen because turnover influences both Value-added
and the Net Profit Ratio (as one of the reviewers pointed out). This results in a more cautious
interpretation of these results.

Compared with the results for Net Profit Ratio (%), in the case of ROCE (%), the results
between sawmills and wood element producers were quite different, and only the statistical
evidence for the negative effects of Salaries on relative profitability were similar between two
businesses (coefficient for sawmills, —1.46 and for element producers, —0.75). In addition, /nvest-
ments showed negative (coefficient —2.05) impacts for sawmills, and Value-added positive (0.54),
and Materials negative effects (—1.01) on wood element producers’ ROCE (%). In all, the impact
of salaries on relative profitability is caused by both variable costs accruing proportionally in
relation to the use of capacity (i.e., variable costs) and costs accruing, for example, in administra-
tion and when investing in new machinery uptake (i.e., fixed costs), which together contribute
to net profits in companies. For sawmills, the result for /nvestments is in line with other key
ratios on companies’ financial performance: Although large investments enable the uptake of new
technologies and renewal of businesses, they also have long-term impacts on finance through an
increase in debt taking and downtimes in the use of production capacity, for example. In wood
element production, the impacts of Materials on ROCE (%) are caused by dynamics between
production costs (i.e., the materials used in processing) and assets (i.e., intermediate and final
product inventories). For example, if the prices of intermediate products proportionally increase
more than final products, and the value of inventories simultaneously decreases, relative profit-
ability is reduced.

The coefficient of determination (R?) explains how much of the variation in the dependent
variable is predictable from independent variables (Hossjer 2008). In our models for the sawmills
(Table 4), solvency shows the highest explanatory power (0.79), while profitability and liquidity
have lower values (Net Profit Ratio (%) 0.46, ROCE (%) 0.42, and Current Ratio 0.59). For the
element producers, the Net Profit Ratio (%) model has the highest R? at 0.9, showing that the model
explains profitability well. In contrast, the Equity Ratio model has the lowest R? at 0.33, indicating
weaker explanatory power. The Current Ratio and ROCE (%) models have R? values of 0.47 and
0.42 respectively, showing moderate explanatory power.
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5 Discussion and conclusions

In this research, we studied the financial performance of Finnish sawmills and wood element
producers operating in the mechanical forest industries to assess their competitiveness. As with
the competitiveness of any company in any industry, the variation in the financial performance of
firms is affected by industry-level differences (e.g., raw materials and technologies used, product
offerings) and firm-specific differences within those industries (e.g., formulation and implemen-
tation of business models based on internal strategic capabilities and resources) (Porter 1985;
Hawawini et al. 2003).

According to the scientific literature (Korhonen and Niemeld 2005; Brege et al. 2010; Mak-
konen and Sundqvist-Andberg 2017) and public discussion in Finland, the opportunities for forest
industry companies to enhance competitiveness are especially related to increasing the value-added
of products. Using comparative firm-level financial statement information about sawmills and
wood element producers therefore forms an interesting setup for the study. To facilitate an in-depth
analysis of industry-level and within firm financial performance, a two-phased statistical analysis
was employed as a methodology of the study.

First, graphical illustrations of the financial performance measures were generated to describe
the development in industry-level competitiveness and evaluate the results in relation to Hypoth-
esis 1. Second, linear mixed regression models were created for firm-level panel data based on
2012-2021 to provide information about Hypotheses 2, 3, and 4. As a result of the modeling analysis,
information was gained about the impacts of materials, salaries, value-added, and investments that
as explanatory variables represented the impacts of sawmills’ and wood element producers’ firm-
specific ex-ante business model choices on ex-post financial performance. Table 6 summarizes the
outcomes and rationale of the results of the study in connection with Hypotheses 1—4.

According to the results, Hypothesis 1: “Profitability ratios show more annual variation for
wood element producers than for sawmills,” is not rejected. This is strongly connected with the
study’s theoretical framework, which suggests that wood element producers operating in an emerg-
ing industry have more variation in their ex-ante business model formulation and implementation
than sawn wood producers. In the mature sawmilling industry, sawlogs serve as the primary raw
material (Véétdinen et al. 2021), whereas element producers have a wider pool of ex-ante choices
to begin with, as they can use sawnwood or different engineered wood products (e.g., LVL, CLT,
or glulam) (Herdjarvi et al. 2004). Wood element producers may also have higher variability in

Table 6. Summary of hypotheses’ outcomes and their rationale.

Hypothesis Outcome Rationale

H1: Profitability ratios show higher variation =~ Notrejected = According to Figures 7 & 8, there is more variation

for wood element producers operating in an in profitability measures of element producers than
emerging industry than for sawmills. sawmills

H2: Material and salary costs have a negative ~ Notrejected ~ According to Tables 4 & 5, only negative impacts
impact on the financial performance of both were found for Salaries and Materials on both
sawmills and wood element producers. industries’ competitiveness measures

H3: Investment costs have a negative impact ~ Inconclusive  According to Tables 4 & 5, Investments show a

on financial performance of both sawmills and varying effect on industries’ Equity Ratio (negative
wood element producers. for sawmills, positive for element producers), as

well as a negative effect on sawmills’ Current Ratio
and ROCE (%), and a negative effect on element
producers’ Net Profit Ratio (%)

H4: Value-added has a positive impact on Not rejected  According to Tables 4 & 5, Value-added has a posi-
financial performance of both sawmills and tive effect on sawmills’ Net Profit Ratio (%) and
wood element producers. ROCE (%), and element producers’ Equity Ratio

and Net Profit Ratio (%)
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relation to their roles in connection with construction industries (e.g., material supplier, subcon-
tractor, main contractor) (Brege et al. 2014; Pelli and Lahtinen 2020). Furthermore, for example,
a wood element manufacturer can choose its product offering (e.g., non-volumetric or volumetric
elements) to distinguish against competitors (e.g., Wood From Finland 2024).

Furthermore, in connection with Hypothesis 1, the greater variance in companies’ profit-
ability may indicate that the industry is still emerging and affected by unestablished operational
practices. In relation to industry maturity, the results reveal that wood element producers are
more labor-intensive, as more human resources are required to complete their operational tasks
than with sawmills. This is reasonable given the sawmill industry’s maturity and its orientation
toward developing automized production capability (Lahtinen and Toppinen 2008; Brege et al.
2010; Stendahl et al. 2013). Compared with sawmills, for wood element producers with custom-
ers in the construction industry, involvement in tendering processes, discussions with architects,
and continuous development activities with customers also require working time (Makkonen and
Sundqvist-Andberg 2017). In all, this study provides sufficient evidence to state that the wood
element production industry has higher variance in companies’ profitability, but more research is
needed to assess more precisely what the main ex-ante strategic choices (e.g., product offering)
have been that have enhanced and hindered wood element manufacturers’ profitability.

Regarding industry-level development also linked to the findings for Hypothesis 1, the rates
of liquidity and solvency show signs of opposite development between the two industries. Accord-
ing to both measures, the pathways were the same during the period of interest: an upward trend
for sawmills and a downward trend for element producers. From our theoretical perspective, a
possible explanation for this is that the emerging nature of the wood construction element indus-
try means that companies are partially accelerating growth and leveraging opportunities in debt
(Lahtinen and Toppinen (2008), on the dynamics between growth and debt financing). However,
other factors are also involved, including structural change in housing markets with a declining
construction of detached houses (Dangel 2016), a segment in Finland where wood has typically
had a major market share (Hurmekoski et al. 2015).

The findings on Hypotheses 2, 3, and 4 are based on the results from the panel data models.
Largely following the data characteristics (financial statements), the models share great similari-
ties between the two types of businesses (i.e., sawmilling and wood element producers): Variable
costs (Material, Salaries) were found to have a negative impact on both industries’ financial ratios
employed to assess the overall competitiveness; for Value-added, statistical evidence for the posi-
tive effects on firm-level competitiveness was gained. Yet the results also show that value creation
alone is insufficient for companies’ competitiveness, as a company must be sufficiently profitable
in the long term to make monetary compensations for the capital invested (i.e., loan interest and
amortizations for creditors, and dividends for shareholders), as was concretized in the results for
liquidity, solvency, and profitability for both sawmills and wood element producers. In addition to
the similarities between the two types of businesses, the results of this study proved to be consist-
ent with the findings of Léhtinen and Toppinen (2008), who also used financial statements as data
within a regression analysis.

Furthermore, these results, which prove the information about Hypotheses 2, 3, and 4,
demonstrate that production activities are a core feature of both sawmilling and wood element
manufacturing rather than having a greater emphasis on developing services or software, for
example. This is in line with the findings of Makkonen (2018), although for both sawmills and
wood element producers, digitalization could open new business opportunities through new value
creation for construction industry customers, for example. Hence, neither Hypothesis 2 nor 4
could be rejected. Hypothesis 3, regarding Investments’ impact on the two industries, resulted in
an inconclusive outcome. Although the effect was negative on performance indicators in most
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cases, there was also a slightly positive impact on element producers’ solvency. This inconclusive
evidence on the linkages between Investments and competitiveness measures may be caused by
neglecting the dynamic effects caused by the fact that the larger the investment, the more time
from initialization to full uptake of production capacity is usually taken. Similarly, assessing the
impact of investments is also challenging in connection with the use of human resources: Although
the uptake of new production capacity builds new expertise within a company, such use of human
resources is reported in accounting as salary costs in the income statement, not investments in
intangible assets on the balance sheet (concerning the dynamics of investments and salaries, see
also Lihtinen and Toppinen 2008).

Other limitations related to the interpretation of the results include at least the selected time
frame, which always includes period-specific events and external influences. For example, rapid
changes in financial performance are possible in industries prone to economic fluctuations, due
largely to increased global market development. There are differences between types of industries,
and in relation to economic fluctuations, companies’ ability to absorb market shocks depends on the
end-use market. This is an issue between domestic and international markets, as a broader market
scope enables risk diversification.

In addition, while ex-post assessments of competitiveness based on financial performance
offer valuable information about the consequences of ex-ante strategic decisions made within
individual companies, they do not validate the exact causes of those outcomes. In all, the competi-
tiveness of an individual company is affected both by the market conditions and the adaptability
of the particular company to the external circumstances (Caves 1980; Porter 1985). Thus, both
the ex-ante strategic decisions within the industry and an individual company affect the ability
of companies to withstand shocks. For example, a focus on public or infrastructure construction
may be affected differently by different business cycles compared with residential construction.

The studied two processing stages consist of a selected sample of companies according
to the study’s objectives and data availability, and the results therefore cannot be generalized
without discretion. In addition, while information about industrial-level strategies, for example,
is related to investments, and product portfolios are quite openly available, detailed information
about firm-specific strategies is much more difficult to acquire. In practice, it requires the collec-
tion of detailed firm-level data on the constituents of the business models and strategies (Lahtinen
2009). The authors therefore note that further research is needed to better comprehend the industry
dynamics and linkages between the ex-ante strategic decisions and ex-post financial outcomes of
the companies’ competitiveness.

The need for value creation and business model development has been emphasized as an
opportunity for business renewal and enhancement of competitiveness in the mechanical wood
processing industries (Makkonen and Sundqvist-Andberg 2017; Pelli and Lahtinen 2020; Stehn
et al. 2021). By using exact firm-level financial statement information, our results showed that
competitiveness is not straightforward for the identification of sources. Instead, it requires an
understanding of both the dynamics within and between the sawmilling and wood element pro-
duction industries, but also their decision regarding upstream (i.e., raw material from forests) and
downstream (i.e., construction companies) activities.

For sawmills and wood element producers, involvement in the circular bioeconomy not
only concerns their own businesses but a change in the logic of the entire construction industry. To
ensure viability, mechanical wood industry businesses must maintain their liquidity, solvency, and
profitability not only from the perspective of industries but at the level of individual businesses.
For example, in relation to this, the observed high variability in profitability measures among wood
element producers, alongside future expectations in the growth of wooden construction, creates an
interesting aspect for a more detailed study for better understanding managerial decisions. Finally,
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in line with a systematic review of the drivers of competitiveness by Korhonen et al. (2017), there
is an increasing need to study the viability of high-value, low natural-resource-intensive niche
strategies to align with national and international bioeconomy agendas, with the current focus on
high resource efficiency and material circularity. However, the method applicable to this would
call for more qualitative and case-based approaches than those undertaken here.
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