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Abstract
Background In terms of global forest product market devel-
opments, the twenty-first century has been in many ways very
different from the twentieth century—striking structural
changes have taken place. The global forest sector can be
interpreted to be in a phase of creative destruction—an era
characterized by a major decline of a number of established
products and businesses, and simultaneous emergence of new
products and businesses.
Main Findings The forest product research field appears to be
lacking the tools for formally assessing the significance and
extent of the changing production and consumption patterns.
That is, the mainstream of quantitative forest product market
research has relied to a large extent on forest sector modelling,
focusing on questions related to the impacts of policies, suffi-
ciency of wood resources, trends in the production of primary
wood products, and international competitiveness. In doing
so, they have paid less emphasis on some of the equally im-
portant questions, such as value added development, employ-
ment issues, structural changes, the diffusion of new products
and services, and the realistic contribution of the forest-based
sector to the global sustainability challenges. When

considering the importance of global forest product markets
to the economy, employment and forests, and the changes
taking place in the markets, the scale of research on forest
product markets is alarmingly low.
Conclusions This review clearly points to a need to signifi-
cantly increase the volume of academic research and educa-
tion on the global and regional forest-based product markets.

Keywords Bioeconomy . Econometrics . Forest products
markets . Long-term outlook .Modelling . Structural change

Introduction

A number of recent studies have indicated major structural
changes taking place in the global forest products markets
([1, 2, 3, 4•, 5••, 6, 7, 8•, 9, 10]). The forest-based sector,
particularly in North America and Western Europe, are facing
perhaps the largest structural changes for more than a century,
due to the combined effect of:

& the changing global competitive advantages, with a re-
markable share of forest industry investments going to
fast-growing markets in Asia and low-cost production re-
gions such as South America1

& the declining demand for communication paper products
and stagnating demand for a number of other forest prod-
ucts in many OECD countries

& record long economic downturn, particularly in Western
Europe, and its impacts on the structure of the forest prod-
ucts industries

1 The share of inward foreign direct investment flows for the developed
countries have diminished from 89 % in 1989–1991 to 16.5 % in 2004–
2006 [11].
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& the emerging bioeconomy and new products and services
that are expected to provide new opportunities and diver-
sify the industry

Given these trends, the forest-based sector can be said to be
in a phase of ‘creative destruction’ [5••]. The term was coined
in the 1940s by Joseph Schumpeter, who used it to describe
the evolution of economy. By creative destruction Schumpeter
refers to a continuous process that serves to maintain the vi-
tality of market economy. It points out that some economic
activities or sectors will decline and eventually vanish, while
at the same time, new technologies, products and business
models are emerging. These types of changes may take place
constantly, yet the scale and intensity of the forest sector
trends in the 2000s seem exceptional, when compared to the
trends of the past century.

Comprehensive market analyses related to the trends in the
global forest products industry come in a surprisingly short
supply [5••, 12••]. The forest products markets long-term out-
look studies are rarely published in scientific journals. They
tend to be published regularly by consulting companies (e.g.,
RISI, International WoodMarkets Group Inc., and Poyry Inc),
international organizations (FAO and UNECE, typically every
5 years or so), or commissioned by governments [13–16].
Otherwise, research on the forest industry market outlook
takes place less systematically and typically focuses on one
particular product category or region [3, 5••, 8•, 9, 10, 17, 18].

The purpose of this review is to help to fill the gap in
academic research by providing an overview on how the glob-
al forest products markets are changing. The short review is
not exhaustive, but rather highlights selected ongoing and
expected changes. In addition, the review analyses the impli-
cations of the ongoing structural changes on research, by com-
paring the needs for further research efforts and to which di-
rection current research is headed. The discussion takes the
perspective of a long-run demand determination, with an em-
phasis on structural issues rather than on business cycles, as
this is seen to be a largely neglected topic within the field.

Global Forest Products Markets

The forest products markets can be defined in a number of
ways, depending on to what extent the further processing (val-
ue added) industries are included or excluded (printing, furni-
ture, carpentry, wood construction). For example, the
European Commission tends to use the more extensive defi-
nition, whereas FAO uses the more restricted one. According
to estimates based on FAOSTAT trade and production data,
the value of global forest products production exceeded 800
billion USD in 2014 (Table 1). The global employment of
these industries is estimated to have been almost 10 million
employees in 2011. If one was to include also the forest

biomass based printing, carpentry, wood construction,
bioenergy, and chemicals industries, one should expect the
scale of production value and employment to be at least dou-
bled. There are no consistent statistics on this, but already the
joinery and furniture sectors in the EU constitute another 120
billion € of production value (Eurostat). Furthermore, the in-
dustrial roundwood utilization of the forest products industries
was 1.8 billion cubic meters in 2014 (FAOSTAT). Thus, the
sector has also a major impact on the condition and structure
of forests, forest owner revenues, and rural employment.

The pulp and paper products markets and their end uses
differ in many significant ways from wood products markets.
Therefore, also the major drivers for the operating environ-
ment of the product categories differ. Consequently, the mar-
kets are analysed separately.

Pulp and Paper Markets

The global and the European Union pulp and paper markets
are undergoing more significant structural changes than in
decades. First, for the past 7–15 years, in many OECD coun-
tries the paper and paperboard production and consumption
has been either stagnating or declining. The reasons behind
the regressive development are both cyclical ones related to
economic downturn, and structural ones related to digital me-
dia replacing the need for communication or graphics papers.2

In addition, there has been major movement of production
capacity fromWest (mainly OECD-countries) to East (mainly
non-OECD countries). This change is illustrated in Fig. 1.

Of the major graphics paper production and consuming
regions, the markets in in North America, the EU and Japan
have been declining in the past 10–15 years. North American
production (and consumption) has almost been cut by a half
from the record high level of 45 million tons in 2000 to 25
million tons in 2014. The EU graphics paper production was
record high in 2006 (48 mil. t.), fromwhich the production fell
by one fifth by 2014 (36 mil.t.). The pulp production has
declined somewhat less - by 13 % from 2006 to 2014. In line
with the stagnating or diminishing consumption and produc-
tion levels, the real prices of paper products have continued to
decline. The structural changes are exacerbating this trend [3].
However, the significant exception to this in the twenty-first
century has been the softwood pulp prices, for which the long

2 Paper grades used for communication purposes are called communica-
tion papers or graphics papers. They consist of two main paper grade
types, printing and writing papers and newsprint. Printing and writing
papers is often disaggregated into four major grades: coated woodfree
(freesheet), uncoated woodfree (freesheet), coated mechanical and un-
coated mechanical papers. In terms of world consumption of graphics
papers, the most significant grade is the uncoated woodfree, accounting
for over 37 % of the total graphics paper consumption, followed by
newsprint (23 %) in 2012.
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run decrease has stopped, and even started slightly to increase
in recent years [7]. This reflects to a large extent the increase in
demand in China.

Outlook studies seem not to have satisfactorily captured the
changes in the global forest products markets. For example,
the extensively cited recent projections in the European forest
sector outlook study (EFSOS II) [20], the EUwood study [21],
and the North American outlook study (NAFSOS) [16] sug-
gest increasing consumption and production of paper products
in North America and Western Europe to 2030 or even 2060.
In essence, the past trends are projected to continue, with no
structural changes expected [3, 8•]. However, a few experts
and studies have in fact projected structural changes and stag-
nating or declining graphics paper markets as early as in the
late 1990s [1, 3, 14, 22–25].

The structural changes have not only impacted the graphics
paper sector, but also the packaging and paperboard market
growth has been stagnating in the USA andWestern Europe in
the twenty-first century, due to the economic downturn and
structural factors. The latter ones relate to the development of
consumer and industrial goods manufacturing increasingly
moving to emerging economies, such as China. As the pro-
duction has moved there, so has the packaging of the goods.

Changes occur not only in high-income countries. For ex-
ample, the annual growth rate of consumption in world’s larg-
est of graphics paper market, China, has clearly started to
decline. Figure 2 shows the growth rate of graphics paper
consumption in China using a 3-year moving average, which
helps to dampen cyclical effects. From about 2004 onwards,
the growth rates have started clearly to decline for printing and

writing paper and newsprint. For the latter, it is currently even
negative, i.e. the consumption has started to decline. Thus, the
structural changes due to digital media observed already in
high-income countries, have started to impact markets also
in China.

It makes a significant difference for the market outlook,
whether we assume pulp and paper markets in the above re-
gions will follow the trends of the twenty-first century or the
twentieth century. Choosing one or the other time period in
effect determines whether the outlook for the production and
consumption appears to be increasing or declining. The out-
look would not only have impacts on production and con-
sumption, but also for the income, employment, and industrial
roundwood consumption, as well as for the wood products
and bioenergy markets. The latter relate e.g. to changes in
roundwood and sawnwood chips demand and supply, pulp
mill energy generation, and possibilities to integrate new
biorefineries to pulp and paper mills.

Hetemäki et al. [3] and Hänninen et al. [2] analyse the
global pulp and paper markets long-term outlook in more
detail. The studies indicate that the main patterns observed
in twenty-first century in global pulp and paper markets could
continue up to 2030. Accordingly, the graphics paper con-
sumption and production would decline in all regions, but
more rapidly in the mature markets of North America,
Western Europe and Japan. On the other hand, according to
a consulting company outlook [7], packaging and tissue paper
consumption will increase, but the production is increasing
mainly in emerging countries, and the growth is very slow in
Western Europe and declining in North America.
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Fig. 2 The 3-year moving average annual growth rate of newsprint and
printing andwriting paper consumption in China 1990–2014 (FAOSTAT)

Table 1 Production volume and
value and employment of the
global forest products industries
in 2014 (based on FAOSTAT and
[19])

Paper and Paperboard Wood Pulp Sawnwood Wood-Based Panels

Weighted average price 962 $/ton 656 $/ton 298 $/m3 453 $/m3

Production volume 400 tons 173 tons 439 m3 388 m3

Production value 385 billion $ 113 billion $ 131 billion $ 176 billion $

Employment in 2011 4.3 million employees 5.4 million employees
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Hänninen et al. ([2], Tables 3.6–3.8) provide a summary of
some recent projections of European pulp and paper produc-
tion and consumption up to 2030, and compared these to trend
projections using data from 2005 to 2012. The results show
that trend projections, i.e., recent market patterns, imply sig-
nificantly lower consumption and production levels than the
outlook studies. If the trend forecasts were updated to include
the more recent data (2013–2015), the difference would be
even more significant. According to Poyry [7], the world pa-
per production is projected to increase from 2014 to 2030 by
60 %, i.e., from 220 to 356 million tons (see Table 2). This is
the result of growth in Asia and emerging economies, whereas
the production in North America and Europe is projected to
decline. Similar trends are projected also by other consulting
companies, such as RISI. Consequently, the patterns that have
been observed in the past decade are projected to continue.
Thus, these outlook studies give very different projections
than some of the often cited outlook studies [16, 20]. The
trends in paper markets are also reflected in the pulp markets
(Table 2).

Wood Products Markets

The three wood products industry sub-sectors, i.e., sawnwood,
panels and joinery, differ largely from each other in terms of
production volume and value creation. For example, in the
European Union sawnwood is clearly most important in terms
of the production volumes, whereas joinery generates most of
the value added (Table 3, see also [27]).

The global wood products markets have been growing sig-
nificantly in the 2000s, yet almost exclusively due to the
growth in Asia. Asia’s growth is most evident in the wood-
based panel sector, in which the share of Asia from the global
production has increased from 25 % to 60 % during the past
two decades [26]. In China alone, the production of plywood

has increased from 11 million m3 in 2000 to 104 million m3 in
2014 [26]. The primary cause for the significant growth seems
to be the rapidly increased construction activity in China, as
the total investments in construction have increased in the
twenty-first century by an annual rate of 20–30 % [28].
China has also become the world’s largest producer, consumer
and exporter of value-added wood products [29], thus forcing
the European panel and furniture producers to move the pro-
duction eastward [30, 31].

The markets in most OECD countries have been severely
affected by the economic downturn after 2007. For example,
the EU sawnwood production has experienced an eight-year
period of negative or slow growth since the peak level of 2007
[26, 32]. Despite the low level of capital intensity in
sawnwood production, some of the lost capacity might not
return, when the period of low construction activity ends,
due to a possible shift towards the production of value added
wood products [33].

The few existing global long-term outlook studies for the
wood products markets seem to be outdated [16, 34], due to
the combined effect of the decline in construction activity
since 2007 in most OECD countries, and the rapidly increas-
ing production in Asia (see Table 4 and [2], Figs. 3.16–3.19).
Moreover, in the absence of more systematic analysis of the
wood products markets, the understanding of the factors af-
fecting the outlook remains poor.

The global coniferous sawnwood production in 2014 was
30 million m3 less than in 1989, when it peaked at 342 million
m3 [26]. The decline and stagnation of the sawnwood markets
can to a large extent be explained by the lack of growth in
Asia, besides the USSR exiting the markets in the early 1990s,
and the global economic downturn after 2007 [35]. Moreover,
Buongiorno [36] found that unlike with most forest products,
the level of sawnwood consumption is not converging be-
tween regions. The underlying cause for the stagnating mar-
kets seems to be the dependence of the wood products markets
on the construction sector [8•, 37, 38], which is characterized
by numerous path dependencies [8•, 39, 40].

The issue may be better explained by converting the abso-
lute market volumes into per capita volumes. That is, the
global sawnwood consumption per capita trend has declined
for decades [26], despite the continued growth of the global
GDP [41]. Globally, the relative decline may originate from
the global population growth, along with the substitution of
sawnwood for alternative construction materials, including
light weight wood-based panels and engineered wood prod-
ucts [42].

Cultural and socio-economic factors seem to explain why
the market share of wood construction varies from above 80%
in the Nordic countries to near zero in many Southern
European countries (below 10 % on average in Europe,
[43]) [44]. As shown in Fig. 3, the sawnwood consumption
per capita remains considerably higher in Europe and North

Table 2 Paper and paperboard production in 2000 and 2014 [26] and
outlook for 2030 [7] (million tons)

2000 2014 2030

Paper and paperboard

Asia 95 183 236

Eastern Europe 11 18 26

Western Europe 89 85 77

North America 107 84 77

World 325 400 467

Wood pulp (excl. Recycled pulp)

Asia 21 29 39

Eastern Europe 9 10 14

Western Europe 37 33 32

North America 84 65 58

World 167 167 185
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America compared to Asia, despite the severe decline in con-
struction activity after 2007, most likely because of the higher
level of GDP per capita [41] and the higher market share of
wood construction [35]. Thus, also for the coming decade,
wood construction may be expected to have significant impor-
tance mainly in regions where the forest-based sector has a
significant role for the economy and the society. Nonetheless,
even a small change in market share in a large enough market,
such as China or India, could result in a significant increase in
demand for wood products.

Despite the stagnating sawnwood consumption, certain
niches may offer positive market prospects for wood products,
such as bridges, industrial halls, sport centres, multi-storey
residential buildings, facade renovations, additional storeys,
windmills, etc. [42, 45]. For example, the production of cross
laminated timber (CLT) in Europe has grown at an average
annual rate of 15 % since 2007, despite the economic down-
turn [45, 46]. It is also expected to continue growing in double
digits [47], possibly reaching 3 million m3 by 2030 [48]. The
index depicted in Fig. 4 shows how the CLT production
growth rate compares to sawnwood production growth rate
and the GDP growth rate in the EU. The figure does not give
a completely appropriate view, as it scales off the market vol-
ume, yet it does provide a clear indication of the different life
cycle stages of these two products.

New Products and Services

The concept of Bnew forest-based products^ has in the past
typically referred to old products with incremental

improvements [49], which may result in lighter weight, reduc-
tion of costs, and substituting non-renewable materials with
biodegradable ones [50]. The largest markets by volume in
this category are paper and packaging, textiles, construction
products and car parts [51]. The other major class of Bnew^
products are the old products that have new and increasing
demand due to changes in the operating environment. For
example, dissolving pulp for the textile industry due to the
need to substitute for cotton, which takes land from agriculture
and consumes scarce water resources; or forest-based biofuels
and chemicals that substitute for fossil fuels or agri-based
biofuels and chemicals [49].

A range of novel products are also under development,
such as nanocellulose or lignin based products. When wood
fibres are broken down to the smallest of scales, they may
begin to exhibit unique and novel properties, such as superior
strength, liquid crystal behaviour, transparency, low thermal
expansion, capacity to absorb water and piezoelectric and
electric behaviour [52]. These properties may be utilized, for
example, for construction products, aerospace materials, sen-
sors, food additives, cosmetics, medical and pharmaceutical
applications, paper applications, car parts, flexible displays,
electronic actuators, battery membranes, separation mem-
branes, barrier membranes and paints and coatings [51, 52].

With the new applications, the forest-based sector is grad-
ually expanding to cover a wide range of economic sectors
and end uses. Or, reversely, other sectors are expanding their
resource base to cover forest-based biomass. If the twentieth
century forest sector was dominated by two major product
categories, pulp and paper and wood products, the key word
for the twenty-first century forest-based bioeconomy sector

Table 4 EFSOS II reference
scenarios for the wood products
markets in Europe (excl. Russia)
(Jonsson 2012) and trend
projections based on more recent
data (updated from [33])

Sawnwood production (Mm3) Sawnwood consumption (Mm3)

2007 2010 2020 2030 2007 2010 2020 2030

EFSOS II reference 132 127 135 143 126 121 127 133

Trend 1990–2014 121 136 95 98

Trend 2000–2014 113 112 88 74

Wood-based panel production (Mm3) Wood-based panel consumption (Mm3)

2007 2010 2020 2030 2007 2010 2020 2030

EFSOS II reference 79 75 83 91 78 73 81 90

Trend 1990–2014 71 85 69 81

Trend 2000–2014 66 69 65 68

Table 3 Production and value
added of the EU27wood products
industry (average values for
2008–2011)

Production volume (FAOSTAT) Value added (EUROSTAT)

million m3 % of total billion € % of total

Sawnwood (NACE C16.1) 98.6 59 % 6.9 27 %

Wood-based panels (NACE C16.21) 58.3 35 % 4.7 19 %

Joinery (NACE C16.23) 10● 6 % 13.5 54 %

●Estimate, due to the non-comparable measurement units
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seems to be diversification. There will most likely be a large
number of product categories, none of which dominates the
sector to the extent that paper and wood products did in the
past century, particularly in terms of value added.

Yet, it is still difficult to assess the possible scale of new
forest products even towards 2030. So far the research and
expert literature on new forest based products have been dom-
inated by the engineering and technological analysis and vi-
sions. This literature has focused on what is technically pos-
sible to manufacture from wood. The conclusion seems to be
that wood could substitute for fossil based raw materials to an
almost unlimited extent. Partly driven by the significant tech-
nical potential, the stakeholders and decision-makers have
envisioned doubling the value added of the industry in
Europe by 2030 compared to 2010 [53].

However, as far as we are aware, there are no studies that
have provided systematic economic and market analysis or
scenarios of the scale of the demand and supply of these prod-
ucts in the coming decades, nor where and in what scale the
production would take place. In summary, the critical question
does not appear to be what can be made of forest biomass, but
rather what will be made, on what scale,where, and driven by
what?

The State of Forest Products Markets Research

The above discussion has demonstrated the following essen-
tial points. First, the global forest products markets have sig-
nificant economic importance. Second, they are in a stage of
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many fundamental structural changes. Thirdly, the past major
outlook studies carried out by forest products market re-
searchers have to a significant degree failed to capture these
structural changes. Finally, the emerging forest-based
bioeconomy markets are showing signs of great diversifica-
tion, and many new innovative products are entering the mar-
kets in the near future, or over coming decades. How do these
trends appear in academic research?

Two major findings emerge. First, the volume of aca-
demic research in this field needs urgent and significant
upscaling, given the current economic importance of for-
est based products, the expectations for the future
bioeconomy development, and the global implications of
these for forests. Second, there is a need to supplement
the traditional models and methods with new ones that
better capture the structural changes, and provide more
relevant information for understanding the changing forest
product market patterns.

Indeed, in some respects, the forest products markets
fall into a no-man’s-land in research. It is not the tradi-
tional fare of the global forest research community, which
is to a great extent focused on forest resources (e.g., forest
management and inventory, biodiversity, climate change,
non-wood products). This is clearly reflected also in the
academic journals. Neither are the non-sector-specific ac-
ademic institutes producing studies on forest products
markets to any significant degree.

Globally, the number of active academic researchers
who regularly publish in the main scientific journals on
the forest industry and forest products markets, seems to
be very low, probably less than twenty. Moreover, the
number of those researchers that are actively engaged in
providing work on the outlook for forest products markets
is even significantly smaller. Indeed, the analyses of the
markets for current and new forest-based products seem to
rest largely on studies produced by consulting companies.
These studies may be beyond the reach of most academics
due to their high costs (typically several thousand euros or
USD). In addition, they are not transparent in the academ-
ic sense, since their methods and data sets may not be
fully described, and they are not subject to peer-review
[54]. Thus, it is difficult to assess the robustness of the
analyses and the information they provide. Yet, they are
often the only source for systematic and detailed informa-
tion about the market developments of the global forest-
based industry and markets.

Consequently, we argue that there is an urgent need to
significantly increase the volume of academic research in
this field. The issue is not only the volume of the re-
search, but also the quality of the research, although there
might be a correlation between them. While updated pro-
jections with more recent data can to some extent consider
the recent major fluctuations of the global economy, new

models and approaches are needed to explain the structur-
al changes, as well as to capture the diffusion of emerging
forest products [2, 4•, 9, 44].

Modelling Implications

The forest products market studies that are used for analysing
current or future demand (consumption) and supply
(production) of forest products are typically based on an equa-
tion similar to the one below [4•]:

lnDt ¼ αþ β1ln ptð Þ þ β2ln GDPtð Þ þ β3ln Dt‐1ð Þ þ ε ð1Þ

where D = demand, p = price, GDP = income growth,
α = constant, β1, β2, β3 = coefficients, and ε = residual.
According to economic theory, the price elasticity of demand
should be negative and the income (GDP) elasticity positive
for normal goods [55, 56].3 To guarantee that the parameters
(elasticities) will get the Bcorrect^ signs and magnitudes, they
can also be restricted or directed in empirical estimation to
fulfil this objective. For example, the Stein-rule shrinkage
estimator has been used for this purpose [56].

Equation (1) is central to all of the partial equilibrium forest
sector simulation models used frequently to analyse the im-
pacts of, for example, subsidies, taxes, and bioenergy and
climate policies. The samemodel has also been used for forest
product outlook projections. However, as a number of studies
[4•, 9, 25, 44, 57] have shown, equation (1) fails to capture the
structural changes discussed above in the global paper markets
and the European sawnwood markets. Even though the struc-
tural changes in communication paper markets have increas-
ingly been acknowledged, it has not led to changes in the
demand equation specification and its interpretations in the
forest sector outlook studies [16, 20].

Although the partial equilibrium forest sector models are
primarily used for Bwhat if^ simulation to analyse, e.g., the
impacts of policy changes rather than for long term projec-
tions of market demand as such, the problem of being unable
to capture the structural changes or emergence of new forest
products remains. This is due to the numerous interdepen-
dencies and feed-back effects in the forest sector models
(and the forest sector itself) between the different forest prod-
ucts and raw material markets. Failing to capture the changes
in one product market may distort the feed-back effects be-
tween the different parts of the sector, a feature that is consid-
ered as one of the core motivations for the use of the simula-
tion models. Thus, the robustness of policy simulations may
be questioned with a projection period of several decades,

3 The income elasticity of demand is the relative response of demand to
changes in income (here GDP), or the percentage change in demand due
to a percentage change in income. See also [55], p. 284–285.
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even though the points raised in this review mainly concern
the use of the models for long run demand projections.

The forest products markets research field appears to be
lacking the tools for making quantitative assessments of the
changing market patterns, as the only frequently used tools –
the econometric equations and forest sector models – have not
been subject to systematic effort for capturing these changes.
Revising the equation is not straightforward, as it would re-
quire finding the missing omitted variables causing the struc-
tural changes, i.e., developing new models that are capable of
explaining the changes based on sound theory. The knowl-
edge gaps on the market-driven changes in the above context
deserve much wider attention in future research [9, 25].

The following points highlight the type of issues that ought
to be considered in further forest products markets research:

& Citing Toppinen & Kuuluvainen ([58•], p.7): BDo the em-
pirical work and outlook studies respond to the questions
that decision-makers are interested in, or are they focus-
ing on those markets and research problems, for which
established methods and data sources exist?^

& If choosing the conventional econometrics approach, does
it pass the Bfitness checks^ for robustness, i.e., are the
variables in the conventional forest products demand and
supply equations likely to capture and explain the long-
run structural changes in the markets? Do the GDP and
price variables capture the essential features, or are other
type of models and variables needed?

& To what extent the quantitative approaches are useful for
analysing emerging new forest-based products (biofuels,
chemicals, etc.), for which very little or no data exist?

Improving Econometric Applications for Forest
Sector Modelling

The econometric applications will remain useful, despite the
need for broader analysis identified above. Therefore, we
identify in particular three major issues that need to be paid
more attention in econometric applications. They are all in one
way or another related to the lack of sufficient data analysis
and knowledge about the markets studied, which can have
severe implications to the robustness of the results and con-
clusions drawn from them.

First, there is a need to pay more attention to problems of
estimating regression equations using long time-series data
which contain different market structures [6]. As pointed out
above, the market structures and driving forces in the twenty-
first century are often in many ways different compared to the
twentieth century. Yet the regression equations or forest sector
simulation model parameters continue to be typically estimat-
ed using observations that rely heavily on the twentieth

century data, and do not give more weight for the twenty-
first century, when making projections to 2020, 2030 or
2050 [9, 16]. For example, if one fits equations to data from
1970 to 2012, the parameter estimates more heavily weight
the period before 2000, which may come from different mar-
ket structure than the post 2000 data. The earlier period data
may even indicate opposite parameter signs than the latter
period (e.g., typically in graphics paper markets). A few stud-
ies point to the importance of this type of data screening before
estimating parameter values [3, 6, 25, 57].

As a possible solution for potential structural changes,
the researcher can first use simple ANOVA, Chow-tests,
and CUSUM analysis to see whether there are structural
changes within the sample, and then try to adjust the es-
timation sample accordingly [59, 60]. Also the use of
panel data and shorter time series can be partial solutions.
In the latter case, the degrees of freedom in the estimation
are reduced, which in turn requires parsimonious model
specifications. Another simple and useful approach to test
the robustness of the model and results, but rarely used in
forest products market research, would be to apply out-of-
sample forecasting tests. Forecasters generally agree that
forecasting methods should be assessed for accuracy
using out-of-sample tests rather than goodness of fit to
past data or in-sample tests [59, 61]. The test can also
be as an insurance against in-sample over-fitting. Yet,
models used for forest products outlook studies rarely
carry out such tests (except for, e.g., [54]). Indeed, had
the recent outlook studies carried out such tests, they
probably would have revealed the problems of not being
able to project the data in the twenty-first century.

Secondly, literature does not seem to pay enough attention
to potential aggregation problems. For example, [6] and [9]
are valuable studies in pointing the structural breaks over time,
but fail to acknowledge the problems in aggregating countries
to non-homogeneous regions. It is not unusual to see the ag-
gregation of country groups or regions to large groups, such as
OECD and non-OECD countries [9], or high-income and low-
income countries [6]. However, for many products the market
developments for some countries within these groups may
have been almost opposite during the twenty-first century. In
this case, parameters estimated for the aggregate group should
not be used for individual countries within the group.

Consider the recently published projections to 2065 (see
[6]) for the three major forest products consuming countries
in Asia, Europe and North America: China, the UK and the
USA (Table 5). The parameters used for projecting China’s
consumption are based on the estimation results for all the
low-income countries, and similarly in the case of UK and
USA by using all the high-income countries. Table 5, and
information from [1–3, 7], leads one to expect that the projec-
tions for the three countries are very unlikely. Indeed, even the
trend is likely to be opposite in each of the cases compared to
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what [6] projects. Therefore, the utility of the projections for
practical purposes is questionable.

The above case shows the importance of the detailed anal-
ysis of both the time series and aggregation issues when mak-
ing projections. Moreover, it stresses the importance of run-
ning out-of-sample forecasting tests for each case, as well as
comparing the results, for example, with the results of the
consulting studies. It may be added, that good knowledge
about the markets, and comparing the results to industry ex-
perts’ projections, is likely to help to minimize the risks of
unrealistic projections.

It is also surprising how rare it is in econometric applica-
tions on forest products markets to analyse multicollinearity.
This is in particularly worrying since often the specifications
include variables that have very similar patterns, such as GDP,
time trend, lagged dependent or independent variables, or eco-
nomic activity variables highly correlated with GDP. If one
was only interested in using the equation for prediction, then
multicollinearity is not a problem, as it does not reduce the
predictive power or reliability of the model as a whole. But if
one is interested in the impact of individual variables, or using
the elasticities for example in forest sector simulation models,
then it would be a severe problem. If multicollinearity is pres-
ent, the parameter estimates of the regression equation may
change erratically in response to small changes in the model or
the data, which makes it impossible to produce precise and
robust estimates. However, the issue needs to be checked sep-
arately for each sample, as for example the construction activ-
ity and the GDP have been found not to be collinear in all
samples [44]. One possible solution tomulticollinearity would
be to use data in difference format (as in [6]), but the drawback
would be the loss of long-run information of the data. Some of
the further technical issues with panel econometrics on forest
products markets, which have received only limited attention
despite their significant impact on the reliability of conclu-
sions, include the endogeneity of the independent variables,
serial correlation and non-stationarity.

The positive lesson from the above discussion is that there
are a number of straightforward and rather simple ways of

trying to improve the forest products market analyses. With
these simple steps, market researchers should be able to pro-
vide more robust, meaningful and informative analysis for
decision makers and stakeholders, and avoid some of the past
pitfalls. However, providing meaningful analysis for the new
emerging forest products, for which there is yet none or very
little data, is more challenging. Also, factors that are often not
easily quantifiable, such as cultural and institutional differ-
ences and innovations, remain a challenge for the empirical
analysis. Most likely, capturing themwill require the uptake of
complementary qualitative and expert analysis, along with
alternative modelling frameworks.

New Approaches

Given the messages from the previous sections, at least the
following observations can be made. Firstly, the factors caus-
ing long-run structural changes or substitution in the end use
markets, can be independent from economic activity (GDP)
and the short term price of the product, i.e., the two main
variables – if not the sole variables – in the demand equations.
GDP and price may still work well for short-run analysis try-
ing to capture the business cycle changes. But for long-run
projections, structural factors such as ageing, urbanization,
digital information technology, and institutional environment,
may be more important. Therefore, it may be necessary to use
separate models for long-term structural factors (using cross
section or panel data) and short-term business cycle factors
(using time series data, often with high frequency) (see also
[44]).

There are cases for which the traditional econometric
models do not fit well, such as analysing emerging markets
or niche markets for which there are none or very little data, or
markets for current products which have shifted to a new
structure. The CLT market volume growth compared to the
GDP growth (see Fig. 3) shows, how spurious it would be to
analyse the niche markets with the same model as the
established sawnwood markets: The GDP elasticity would
be multiple orders higher for the CLT markets. Yet the correct
interpretation would probably be that the model is omitting
important variables related to substitution patterns, and that
the GDP barely has an impact on the level and growth rate
of CLT in the time period of 1990–2015.

The problem of unstable market share in the beginning of
the product life cycle is similar to the problem of declining
markets, in that the theoretical expectation between the GDP
growth and consumption does not conform to theoretical ex-
pectations. Some examples of potential qualitative and quan-
titative approaches to complement the traditional econometric
analysis for the purpose of examining the emerging or chang-
ing markets have been suggested [4•, 8•], including participa-
tive and descriptive approaches.

Table 5 Newsprint and printing and writing paper consumption
(million tons, FAOSTAT)

1992 2003 2008 2013 Projection to 2065 [6]

Newsprint

China 1.0 3.2 5.0 4.1 12.7–13.1

UK 1.9 2.3 2.3 1.4 2.3–2.4

US 12.1 10.9 6.9 3.8 6.4–6.6

Printing and writing paper

China 6.6 14.8 21.3 26.6 97.9–70.2

UK 3.2 4.8 4.2 3.1 4.9–5.5

US 22.2 26.3 24.4 18.7 30.3–34.7

Curr Forestry Rep (2016) 2:177–188 185



Conclusions

In terms of global forest products market developments, the
twenty-first century has been in many ways very different
from the twentieth century – striking structural changes have
taken place. For example, in 2000–2014 the global production
(and consumption) of graphics paper, wood pulp and wood
fuel show opposite patterns to the period of 1985–1999. Yet,
the traditional major drivers of forest products consumption
and production, i.e., economic growth (GDP) and population
growth, have continued to follow the past patterns globally.
Moreover, new innovative forest biomass based products,
such as second generation biodiesel, nanopulp and lignin de-
rivative products, and new wood-based construction systems,
have been introduced to markets. Also, the global picture
hides the regional and country level patterns, which have in
many cases experienced even more striking structural
changes.

Given the above developments, the global forest sector can
be interpreted to be in a phase of creative destruction— an era
characterized by a major decline of a number of established
products and businesses, and simultaneous emergence of new
products and businesses. Many of the traditional forest indus-
try countries are suffering from a decline of production in
traditional forest products, while new production opportuni-
ties have emerged, for example, in bioenergy, biochemicals
and prefabricated wood products. The emerging economies
have faced a different situation in the 2000s, characterized
by a rapid growth of traditional forest products markets. Due
to the global competition, the forest products production is
moving to least cost regions and resources. On the other hand,
the strategy and policy responses for the global sustainability
challenges (climate change, population growth, resource scar-
city), and technological development, will continue to shape
the sector in the coming decades. These trends will result in a
more complex, more diverse and more interlinked forest-
based sector, with the pulp and paper sector diversifying to-
wards integrated biorefineries, and the wood products industry
diversifying towards a broad range of niche construction mar-
ket products.

The standardized industry classification used by statis-
tical offices is giving an increasingly biased picture of the
diversifying forest-based sector, in that it does not capture
all of the emerging products and services. On the other
hand, in the absence of coherent data, the expectations
created by vision documents and bioeconomy strategies
may also exaggerate the scale and pace of changes.

The changing operating environment necessitates further
research efforts to obtain better data and understand the
interlinkages and competitive advantages of the sector (e.g.,
[62]). On the other hand, there is a need for more specific and
disaggregated market analysis for improved relevance for
decision-making (e.g., [63, 64•]). It would also be important

to focus research on how to connect the analysis of the emerg-
ing small volume, high value added markets to the analysis of
the large volume, established markets. So far, there have been
few efforts towards this [4•, 8•, 65, 66].

When considering the importance of global forest products
markets to the economy, employment and forests, and the
changes taking place in the markets, the scale of research on
forest products markets is alarmingly low. For example, in
Europe and North, there appears to be less than 20 professor-
ships on forest products markets. Moreover, most of them
focus on marketing research, while practically none focus on
market analysis or long-term market outlook or employment
patterns. Indeed, giving the importance of jobs, it is worrying
that there is hardly any research on forest sector labour
markets.

The current situation would not necessarily be a matter
of great concern, if this type of research was carried out in
other disciplines, such as in business schools and econom-
ics departments. But this seems not to be the case.
Academic literature on forest products or forest
bioeconomy markets and employment, and especially
their long-term outlook, is nearly non-existent. The field
is currently almost completely covered by consulting
company studies (e.g. [67]), which cannot substitute for
academic research, despite their great value, due to the
non-transparent data sources and method description,
and the lack of peer-review.

Current research has relied to a large extent on tradi-
tional theory-driven market modelling, focusing on ques-
tions related to the sufficiency of wood resources, trends
in the production of primary wood products and interna-
tional competitiveness. In doing so they have paid less
emphasis on some of the equally important questions,
which the modelling frameworks have difficulties in cap-
turing, such as value added development, employment
issues, structural changes, and the diffusion of new prod-
ucts and services. Indeed, the changing demand patterns
for forest-based products constitute a significant research
gap, which the research orientations in forest economics
and forest products market analysis ought to address for
improved relevance for industries, other stakeholders and
for policy-making [4•, 5••, 8•, 68, 69].

Forest products markets research clearly falls into the realm
of applied science. For such a research orientation, the practi-
cal relevance and the ability to capture and explain market
developments is essential. The research should also provide
information and foresight analysis on forest products market
outlook that decision makers and stakeholders find informa-
tive and useful, and cannot find in other sources, such as in
consulting studies. If forest products research does not suc-
ceed to improve, and also address more widely the societally
important questions, it is in danger of making itself irrelevant
for the decision makers and stakeholders.
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This review clearly points to a need for significantly in-
creasing the volume of academic research and education on
the global and regional forest based products markets. With
the increased volume of research, also the quality and societal
relevance issues pointed in this study could be addressed.
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