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a b s t r a c t

There are currently competing demands on Europe's forests and the finite resources and services that
they can offer. Forestry intensification that aims at mitigating climate change and biodiversity conser-
vation is one example. Whether or not these two objectives compete can be evaluated by comparative
studies of forest landscapes with different histories. We test the hypothesis that indicators of wood
production and biodiversity conservation are inversely related in a gradient of long to short forestry
intensification histories. Forest management data containing stand age, volume and tree species were
used to model the opportunity for wood production and biodiversity conservation in five north European
forest regions representing a gradient in landscape history from very long in the West and short in the
East. Wood production indicators captured the supply of coniferous wood and total biomass, as well as
current accessibility by transport infrastructure. Biodiversity conservation indicators were based on
modelling habitat network functionality for focal bird species dependent on different combinations of
stand age and tree species composition representing naturally dynamic forests. In each region we
randomly sampled 25 individual 100-km2 areas with contiguous forest cover. Regarding wood produc-
tion, Sweden's Bergslagen region had the largest areas of coniferous wood, followed by Vitebsk in Belarus
and Zemgale in Latvia. NW Russia's case study regions in Pskov and Komi had the lowest values, except
for the biomass indicator. The addition of forest accessibility for transportation made the Belarusian and
Swedish study region most suitable for wood and biomass production, followed by Latvia and two study
regions in NW Russian. Regarding biodiversity conservation, the overall rank among regions was
opposite. Mixed and deciduous habitats were functional in Russia, Belarus and Latvia. Old Scots pine and
Norway spruce habitats were only functional in Komi. Thus, different regional forest histories provide
different challenges in terms of satisfying both wood production and biodiversity conservation objectives
in a forest management unit. These regional differences in northern Europe create opportunities for
exchanging experiences among different regional contexts about how to achieve both objectives. We
discuss this in the context of land-sharing versus land-sparing.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Traditional European forest management aims to maximize
economic revenue from forest resources such as timber, pulpwood
and biomass (Puettmann et al., 2009). However, current policies
about sustainable forest management also target the maintenance
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of other benefits, such as biodiversity and social values (European
Forest Institute, 2013; The Montreal process, 2015). This is consis-
tent with green infrastructure policy for natural and semi-natural
land covers in general (European Commission, 2013). There are,
however, currently new emerging conflicts between competing
demands on Europe's forests and the finite resources and services
that they can offer (EASAC, 2017). Several international agreements
and policy areas have impact on EU forests, such as the Paris
Agreement on climate change which is used to advocate that
intensified forest management helps mitigate climate change, and
the Convention on Biological Diversity. This is particularly evident
from the emerging focus on bio-economy as a means of advocacy
towards intensifying the traditional wood and biomass production
(EASAC, 2017). Supported by powerful actors this discourse may
displace policy about sustainable forest management and biodi-
versity conservation (e.g., Pülzl et al., 2014).

Whether or not forestry intensification and biodiversity con-
servation are rival can be understood by comparative studies of
forest landscapes with different histories (Angelstam et al., 2018).
The past trajectories of forest use and management in a particular
region may affect the opportunities for delivering present and
future benefits in terms of forest landscapes' goods, services and
values (Worster, 1994; Balee, 2002; Williams, 2003). To understand
the role of regional context for satisfying production and conser-
vation objectives, a landscape history approach has been used in
Sweden (Angelstam et al., 2013a), Latvia (Susko, 1997), Belarus
(Gusev, 2014) and Russia (Josephson et al., 2013; Naumov et al.,
2016).

Northern Europe, including Fennoscandia, the Baltic States,
Belarus and NW Russia, hosts a diverse range of forest landscape
histories along the West-East gradient from markets demanding
natural resources to regions that deliver them (Angelstam et al.,
2011a, 2013b). This led to expanding frontiers of forest resource
demands, and as a response, efforts to intensify wood production.
For example, in Sweden and Finland methods for intensive wood
production have been implemented (Sverdrup and Stjernquist,
2013; Nordberg et al., 2013). The same process is in progress in
the Baltic States (T�erauds et al., 2011; Angelstam et al., 2018) with
forest management aiming to secure financial income for state
companies and private enterprises by adopting the Fennoscandian
model towards intensification (Vanwambeke et al., 2012; Brukas,
2015; Rendenieks et al., 2015a). Increased wood production is
also promoted in Belarus by including all economically accessible
and non-protected areas into wood production (Anonymous, 2010).
In contrast, Russia has only recently commenced discussions on the
opportunities for intensified wood production. Nevertheless, some
localized actions have been tested on the ground (Naumov et al.,
2016). These efforts have been hampered and largely unsuccess-
ful due to a poorly developed road network (Holopainen et al.,
2006; Goltsev et al., 2012) as well as societal and institutional ob-
stacles (Angelstam et al., 2017a). There is thus a West-East gradient
in the implementation of forestry intensification.

Conversely, where intensification of wood and biomass pro-
duction has been successful, biodiversity conservation and resto-
ration has become a difficult challenge (Halme et al., 2013;
Angelstam et al., 2018). In northern Europe's West (e.g., Sweden)
intensification of forest management continues, and the current
biodiversity conservation challenge remains (Angelstam et al.,
2011b; Jonsson et al., 2016). Thus, countries in the West have not
maintained the historical range of variability of boreal and hemi-
boreal forests (Kuuluvainen, 2002). To maintain biodiversity in
terms of species, habitats and processes (Brumelis et al., 2011), ef-
forts towards protection of high conservation value forests
(Angelstam et al., 2011b), conservation management (Angelstam

et al., 2017b; Simili€a and Junninen, 2012; Stanturf, 2015) and
landscape restoration (Miller and Hobbs, 2007; Dawson et al., 2017)
are being made. Also, the Baltic States aim at maintaining remnants
of near-natural forest ecosystems (Kurlavicius et al., 2004). In NW
Russia's remote regions with a short history of forest use (Moiseev,
2001), Europe's last intact forest massifs still exist (Aksenov et al.,
2002). However, they are facing increasing pressure as forestry is
recovering after the collapse of the Soviet Union (Brukas, 2015;
Naumov et al., 2017).

This diversity of contexts implies that the overall goal of sus-
tainable forest management needs to be approached from different
directions in Europe's West and East, respectively. Hence, there is a
need to understand how to satisfy the objectives of both wood
production and biodiversity conservation in different forest land-
scape history and societal contexts at multiple spatial scales
(Angelstam et al., 1995, 2018). At the European level there is a
debate whether to integrate production and biodiversity goals at
the stand level, or to segregate them at the landscape level
(Bollmann and Braunisch, 2013). However, there is a lack of
comparative studies on how these two goals can be integrated at
the scale of forest management units in different forest history and
societal contexts in Europe.

The aim of this paper is to compare the potentials for satisfying
both wood production and biodiversity conservation objectives in
boreal Europe's West and East, which have different forest land-
scape histories and societal contexts. We developed and applied
indicators for wood production and for biodiversity conservation in
regions that represent different trajectories of forest resource use
and management in Sweden, Latvia, Belarus and NW Russia. These
countries are members of the Pan-European process on criteria and
indicators for sustainable forest management (http://www.fao.org/
forestry/ci/16609@45898/en/). Using four indicators for wood
production and four indicators for biodiversity conservation, we
tested the hypothesis that wood production and biodiversity con-
servation are rival objectives. We discuss the opportunities for
land-sparing by zoning at different spatial scales to accommodate
competing forest benefits in forest management units in societal
contexts with different types of land ownership and landscape
stewardship.

2. Methodology

2.1. The regional logging frontier in the northern Europe as an
experiment

The spatial extent of entire forest management units, or simply
local landscapes, located in regions with different land use histories
precludes the application of replicated experiments. An alternative
option is natural experiments (sensu Diamond, 1986) in the form of
comparative macroecological studies that trade off the precision of
small-scale research with an appropriate spatial scale (Brown,
1995). To capture the gradient in forest use history in northern
part of the European continent we selected five case study regions
located in Sweden (Bergslagen), Latvia (Zemgale), Belarus (Vitebsk)
and NW Russia (Pskov and Komi) where the logging frontier swept
from the West to the East over the past two centuries (Naumov
et al., 2017). The dominating tree species are Norway spruce
(Picea abies), Scots pine (Pinus sylvestris) and deciduous trees
(Betula spp., Populus tremula). In both North America and Europe,
the terms logging frontier and timber frontier (Drushka, 2003)
describe spatially expanding large-scale extensive logging of trees
without regeneration efforts (“wood mining”). For instance, in
Sweden the frontier of industrial harvesting began regionally in
south-central Sweden's metallurgic industry region Bergslagen
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