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ABSTRACT

Boreal forest nations are often thought to have similar environmental, social, and economic contexts. In this communi-
cation we show that boreal forest nations are a disparate grouping, with some similarities and many differences.
Highlighting these differing national contexts provides insights into how a given nation utilizes the boreal forests over
which it holds stewardship responsibilities. Current national contexts are related to each nation’s physiography, climate,
history, legacy of past forest management, the timing of transition from natural to plantation forests, population density
and distribution, and access to resources and markets. Boreal forests are dominated by pioneer species that are resilient
to disturbance and have a demonstrated ability to adapt to past climate changes. National responses to natural distur-
bances are linked to forest area, ownership, and management intensity. Boreal forests in large nations (e.g., Canada,
Russian Federation) are typically publicly owned, and disturbances such as fire are allowed to progress naturally over
remote areas. In smaller nations, where there is often a greater proportion of private ownership and a focus on produc-
tion forestry, natural disturbances are more aggressively controlled (e.g., Sweden, Finland). Large nations with low boreal
human population densities have a greater proportion of natural boreal forest, with relatively higher levels of biodiversity
when compared to the fully managed forests of some smaller boreal nations. In smaller nations, the combination of lim-
ited forest area and private ownership has facilitated the dominance of intensive sustainable forestry management prac-
tices (e.g., Finland). Conversely, in nations with more spatially extensive forest assets that are publicly owned and man-
aged to meet multiple objectives, extensive sustainable forest management practices dominate (e.g., Canada, Russian
Federation).
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RESUME

Les pays forestiers nordiques sont souvent percus comme ayant un contexte environnemental, social et économique sem-
blable. Dans cet article, nous démontrons que les pays forestiers constituent un groupe disparate ayant quelques simili-
tudes et plusieurs différences. La mise en évidence de ces contextes nationaux différents permet une vision intrinseque de
I'utilisation faite par un pays donné des foréts boréales pour lesquelles il détient des responsabilités d’intendance. Les con-
textes nationaux actuels sont décrits selon la géographie physique, le climat, I'histoire, I'héritage de 'aménagement
forestier antérieur, 'époque de la transition des foréts naturelles vers les plantations, la densité et la distribution de la pop-
ulation, ainsi que 'acces a la ressource et aux marchés de chaque pays. Les foréts boréales sont dominées par des especes
pionnieres qui sont résilientes suite a une perturbation et ont une capacité démontrée de s’étre adaptées aux changements
climatiques du passé. Les réactions a I'échelle nationale face aux perturbations sont liées a la superficie forestiere, au type
de tenure et a I'intensité de 'aménagement. Les foréts boréales des grands pays (par ex., le Canada. la Russie) sont typ-
iquement sous une gestion publique et les perturbations comme les feux de forét peuvent progresser de facon naturelle
dans les régions éloignées. Dans le cas des plus petits pays, oi 'on retrouve souvent une plus forte proportion de terrains
privés et un accent mis sur la production forestiere, les perturbations naturelles sont contrdlées plus énergiquement (par
ex., la Suede, la Finlande). Les grands pays ayant une faible densité de population nordique démontrent une proportion
plus importante de foréts boréales naturelles qui expriment des niveaux plus élevés de biodiversité par rapport aux foréts
totalement aménagées de certains pays nordiques plus petits. Dans le cas des plus petits pays, la combinaison des super-
ficies forestieres réduites et du type de tenure privée a facilité la dominance des pratiques intensives d’aménagement
forestier durable (par ex.,la Norvege, le Danemark). Inversement, dans les pays ayant des ressources forestiéres s’étendant
sur de plus grandes superficies et qui sont de propriété publique et aménagées pour répondre a de multiples objectifs, les
pratiques extensives d’aménagement forestier dominent (par ex, le Canada, la Russie).
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Introduction

“Each country is unique in terms of the quantity, quality,
characteristics, and descriptions of its forests. Countries also
differ in terms of forest conditions relative to national popu-
lation, such as the amount of forest per capita, the amount
reforested annually per capita, or the annual forest growth per
capita. National circumstances further differ with respect to
stages of economic development, land ownership patterns,
population patterns, forms of social and political organiza-
tion, and expectations of how forests should contribute or
relate to society” (Heiner 1995).

The circumboreal community is an international commu-
nity of nations, sectors, people, and unique physical environ-
ments. The boreal biome occurs in many industrialised
nations, providing them with environmental, social, and eco-
nomic capital. Understanding and respecting the differences
between national and regional circumstances is a prerequisite
for effective development of sound boreal research priorities
(e.g., Kellomdki 2000, Spence 2001) and policies (e.g.,
McDonald and Lane 2004) that collectively will help ensure
circumboreal sustainability (Shvidenko and Apps 2006).

In this communication, similarities and differences in
national environmental, social, and economic boreal forest
contexts are presented and compared. It should be noted that
data availability, quality, and comparability are variable; thus,
all numbers should be considered indicative only of general
trends. Most national level statistics are not calculated by
biome or ecozone, and as a result, the available data often
include non-boreal areas, and are therefore (to varying
degrees) considered a proxy for national trends in the boreal.
Given the percentage of the forest that is boreal, the break-
down is a reasonable surrogate for boreal forest conditions in
the Russian Federation, Canada, Sweden, Finland, Norway,
Iceland, and St. Pierre and Miquelon (an overseas collective of
France), but not the United States, China, Kazakhstan, or the
United Kingdom.

Environmental Context

The circumpolar boreal biome (Fig. 1) is located between the
tundra and the temperate mixed and deciduous forests or
savannah/prairie (approximately 45° and 70° north latitude;
Larsen 1980, Foote and Krogman 2006) and covers approxi-
mately 1640 million hectares (ha) of which about 60% to 80%
is forested (Dixon et al. 1994, Iremonger et al. 1997). Boreal
forests represent approximately 27% of the world’s forest cover
(FAO 2001, 2005) and contain some of the largest tracts of pri-
mary forest (no clearly visible signs of human activities and the
ecological processes are not significantly disturbed) in the world
(FAO 2006).

A biome is a large ecological region, classified according to
the prevailing climate and dominant vegetation types. While
there is no universally accepted definition, the boreal forest
biome is typically characterized by long, severe winters and
short summers (Strahler and Strahler 1997), and is domi-
nated by a variety of cold-tolerant, slow-growing, generally
short-lived coniferous (e.g., spruce, fir, and pine) and decidu-
ous (e.g., larch, alder, birch, and aspen) tree species (e.g.,
Strahler and Strahler 1997, Kimball et al. 2004, Hytteborn et
al. 2006). The boreal biome contains many different environ-
ments. The borel forest is the forested part of the boreal
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biome. About three quarters of the boreal forest is closed
forest (canopy relative stocking > 40%) and the remainder is
open forest (relative stocking between 10% and 40%)
(Shvidenko and Apps 2006). Soils are typically Podzols and
Cryosols with an abundance of organic soils (e.g., peatlands).
The world’s largest reservoir of peat, containing approxi-
mately 455 Gt of carbon (C) (Gorham 1991), occurs in the
boreal. The global value for peatlands is approximately 500 to
860 Gt C (Markov et al. 1988, Bohn 1976). Permafrost under-
lies approximately 60% of the boreal forest biome (Shvidenko
and Apps 2006).

Trees of the boreal forest are generally of a small size rela-
tive to their age. Coniferous boreal forests tend have lower net
primary production (NPP) and net ecosystem production
(NEP) when compared to temperate and tropical forests
(Jarvis and Linder 2000, Watson et al. 2000). NPP in the
boreal biome is estimated at 280 g m™ yr! (Saugier and
Mooney 2001) and NEP at 12 g C m™ yr'! (Bonan et al. 2003).
These low annual growth rates and NEP values are expected,
as both are a function of the length of the growing season
(time between spring thaw and autumn freeze) (Jarvis and
Linder 2000).

The boreal biome is characterized as having low taxo-
nomic diversity, low functional redundancy in ecosystem
properties, and low productivity (Hobbie et al. 1994, Pastor et
al. 1998). Boreal biodiversity is low relative to the level of bio-
diversity in many other forested biomes (Millennium
Ecosystem Assessment 2005). While few boreal species are at
risk of extinction, some species or populations are at risk: in
marginal areas (transitional ecotones) where the species pri-
mary habitat is not within the boreal; where migratory
species are subject to risk factors occuring outside the boreal
forest biome (e.g., southern winter habitats); and, in areas
where there is a high prevalence of private ownership and a
long history of land use (e.g. Mayer and Tikka 2006). As nat-
ural disturbances (e.g., fire, insects, storms) are the primary
agent of boreal forest stand rejuvenation (e.g., Apps et al.
1995, Korpilahti et al. 1995, Shvidenko and Apps 2006),
boreal forests are well adapted to disturbances, demonstrating
high resilience (Lassig and Mocalov 2000, Chapin et al. 2004b,
Shvidenko and Apps 2006). Further, as much of the North
American boreal forest biome was covered with ice until
approximately 18 000 to 6000 'C years ago (Dyke 2004),
most North American boreal species are well adapted to rapid
dispersal over poorly developed soils—making endemism
relatively rare. Non-forested areas are distinguished by barren
land, meadows, bare rock, and in some areas, water bodies
(e.g., lakes, swamps, marshes). Globally, the boreal biome is
increasingly becoming an important source of natural
resources and associated revenues (e.g., energy, hydroelectric
development, minerals and metals, timber and non-timber
forest products) (e.g., National Roundtable on the
Environment and the Economy 2005).

Boreal forest area

The lack of a universally accepted definition of boreal forest is
accompanied by the absence of a standardized methodology
for defining its spatial extent. A variety of methods have been
used to assess and characterize the area of boreal forest,
including field surveys, aerial photographs, and satellite
remotely sensed data (e.g., Spribille and Chytry 2002, Gamon
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Fig. 1. Map of the circumpolar boreal forests.

et al. 2004, Mather 2005). Different methods result in the
measurement of different variables, at differing scales, and the
resulting areal estimates are thus not directly comparable.
Assessing the status of the boreal forest is therefore challeng-
ing, as changes in the areal extent through time and space
may result from changes in the type of source data used
and/or from changes in definitions and methodological issues
associated with measurement, as well as from genuine accre-
tions and depletions of forest area (Mather 2005, Gold et al.
2006). Notwithstanding these caveats, Table 1 summarizes the
distribution of circumpolar boreal forest by nation (FAO
2001, 2006). The estimate of total boreal forest area of 1105
million ha presented in Table 1 is a similar order of magni-
tude to the 1250 million ha in Apps et al. (1993), the 1370 mil-
lion ha in Dixon et al. (1994), the 1046 million ha in
Iremonger ef al. (1997), 1005 million ha in FAO (2001), and
the 1160 million ha in Shvidenko and Apps (2006). It is note-
worthy that the Russian Federation and Canada together have
approximately 90% of the global boreal forest, whereas the
Nordic (i.e., Finland, Iceland, Norway, and Sweden) countries
collectively have approximately 5% (FAO 2001, 2005).

The total area of boreal forest does not appear to be declin-
ing (FAO 2006, Shvidenko and Apps 2006). Considering only
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the countries where the forest is dominantly boreal (Russian
Federation, Canada, Sweden, Finland, Norway, Iceland, and
St. Pierre and Miquelon) there has been a slight increase in
boreal forest area from 1990 to 2005 (FAO 2006). In Canada
and the Nordic countries the combined losses in area are less
than or equal to the total gains per year leading to a net gain;
in the Russian Federation the losses are greater than the gains
(FAO 2006). It is not clear to what degree these changes are
real, and to what degree they are artefacts of improved meas-
urement or changed definitions. Although, in Canada, forest
area is increasing as marginal farmlands are left to return to
forest cover (White and Kurz 2005), suggesting that at least a
portion of the apparent gain is indeed real.

Boreal ecological zones

The range of edaphic (i.e., chemical, physical, and biological
characteristics of the soil which affect an ecosystem) and cli-
matic (e.g., moisture, temperature) conditions found in the
boreal have resulted in a number of different forest commu-
nities. These communities have unique characteristics such as
natural disturbance regimes, biogeochemical cycles, and pro-
ductivity, with each responding uniquely to external drivers
such as climate change, anthropogenic disturbances, and
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Table 1. Area of circumboreal forests

Total Area of
Percent of Country’s Forest and Other
Total Forest Area Wooded Land
That Is Boreal Forest (1000 ha) % of
(Source: Table 14, (Source: Table 3, Boreal Forest Area Total Global
Nation? FRA 2000V) FRA 2005¢) (1000 ha) Boreal Forest Area
Russian Federation 86 882975 759359 68.69
Canada 73 402085 2240004 20.26
United States 13 303089 39402 3.56
Finland 98 23300 22834 2.07
Sweden 72 30785 22165 2.01
China 8 284905 22792 2.06
Norway 93 12000 11160 1.01
Kazakhstan 17 18959 3223 0.29
United Kingdom 14 2865 401 0.04
Iceland 100 150 150 0.0146
St. Pierre and Miquelon 100 3 3 0.0003
TOTAL 1961116 1105489 100

3Some countries, such as Mongolia, Japan, Estonia, Latvia and Lithuania claim to have boreal forest in some documents; however, as areas are not given in the FAO FRA 2000

and 2005 reports they have not been included in this list.
b(FAO 2001)
¢(FAO 2006)
dCanFI 2001 (CFS 2007) data used rather than FAO data.

ecosystem disruptions. Each boreal country has developed its
own typology(ies) for boreal forests that recognize the range
and variation present in that country. There is no standard-
ized international methodology or classification system to
describe these boreal communities, making international
comparisons difficult.

The North American boreal forest is dominated by boreal
moist and wet forest, the Russian Federation by boreal moist
forest, and the European boreal is dominated by boreal wet
forest (Iremonger et al. 1997, Peinado et al. 1998). Unique
boreal environments include areas of boreal rain forest in
Canada and the Far Fast, boreal dry bush in the Russian
Federation and the Far East, and boreal desert in North
America (Iremonger et al. 1997). The global boreal can be
broadly classified as coniferous (58%), forest tundra (33%),
and mountain boreal (10%). In Canada, 40% of the total
boreal forest area is found within the coniferous forest domi-
nated ecozones, compared to 50% in the Russian Federation,
95% in Finland, and 67% in Sweden (Table 2).

Boreal forest age-class dynamics
Generally, boreal forest stands are susceptible to disturbance
and as a result, are short-lived in comparison to temperate
forest stands (e.g., CFS 2001). Forest age-class demographics
are important determinants of both market (e.g., timber and
non-timber forest products) and non-market ecosystem
goods and services (e.g., biodiversity, clean air, and water).
Fig. 2 summarizes three examples of age class distributions
from Finland, Sweden, and Canada, and illustrates the impact
of different national circumstances on forest age class struc-
tures. Sweden’s forest has the youngest age-class structure
reflecting intensive forest management practices. Finland’s
forest has a baby-boom-like demographic wave reflecting the
impact of the Second World War on its forest industry
(Andersson and Ostlund 2004). In Canada, there was a high
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Table 2. Distribution of total forest area by ecological zone
and % boreal coverage (Source: Table 14, FRA 20007)

% of Total Forest Area

Coniferous
Area Forest® Tundra® Mountain?
Russian Federation 50 3 33
Canada 40 24 9
United States 0 5 8
Finland 95 0 3
Sweden 67 0 5
China 8 0 n.s.
Norway 46 n.s 47
Kazakhstan 0 0 17
United Kingdom 10 0 4
Iceland 87 0 13
St. Pierre and Miquelon 100 0 0
Global Boreal Forest 58 10 33
a (FAO 2001)

b Boreal Coniferous Forest is defined by vegetation physiognomy: coniferous dense
forest dominant.

¢ Boreal Tundra Woodland is defined by vegetation physiognomy: woodland and
sparse forest dominant.

d Boreal Mountain Systems are defined by altitude (> 600 m).

Source for definitions: Table 47-2 Ecological zone breakdown used in FRA 2000,
page 326 of FRA 2000 report

rate of natural disturbances in the late 1800s due to the Little
Ice Age that altered species ranges and disturbances regimes,
and restructured ecosystems (Campbell and McAndrews
1993, Bergeron et al. 2004). There was also a high rate of acci-
dental anthropogenic forest fire associated with the construc-
tion of the cross-continental railway in the late 1800s (e.g.,
Johnson et al. 1990). These disturbances resulted in the estab-
lishment of large cohorts of young forest stands in the early
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Fig. 2. Boreal forest age class distribution as a percentage of forest area (Source: MCPFE 2003, CFS 2007).

1900s. From 1920 to 1970 the disturbance regime was rela-
tively stable, and as a result, by 1970 the national forest base
was dominated by mature trees. From around 1970 to the
present, there has been a dramatic increase in natural distur-
bances, where older, fire-prone and insect and disease-prone
stands are being replaced by new young stands (Kurz and
Apps 1999). This current rejuvenation process may be due to
a combination of both natural disturbance cycles and natu-
ral/anthropogenic climate change (e.g., Royama 1984, Yu et
al. 2003, Campbell et al. 2004, Gray and MacKinnon 2006,
Soja et al. 2007).

Boreal forest disturbances

Boreal environments are characterized by both natural (e.g.,
fire, insects, storms [ice, wind, rain], and wildlife) and anthro-
pogenic disturbances (e.g., land use, land use change, natural
resource use management, pollution). Natural and anthro-
pogenic disturbances may differ substantially in their ecolog-
ical effects (Niemeld 1999). Table 3 summarizes the relative
importance of these different disturbances in boreal forest
nations. While the North American boreal is dominated by
crown fire (fire located primarily in tree crowns, often caus-
ing stand mortality and replacement), the Russian Federation
forest is dominated by ground fire (fire located primarily in
understorey and surface litter, often clearing underbrush but
not leading to stand mortality and replacement). Disturbance
in Nordic countries results mainly from storms and herbivory
(as described below). This largely reflects the higher moisture
levels in the Nordic boreal, which reduces the risk of fire igni-
tion and spread.

The rate and magnitude of boreal forest disturbances vary
significantly through time and space. These differences are a
function of a large number of natural and anthropogenic
variables. Disturbances are agents of intentional or uninten-
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tional landscape transformation. Different edaphic, climatic,
and vegetation variables, the size of the boreal asset, human
infrastructure investment, forest ownership structure, and
forest management functions (e.g., objectives and strategies)
can significantly impact how natural and anthropogenic dis-
turbances are managed (e.g., risk assessment and disturbance
management strategies). Not surprisingly, in countries that
have a small landbase and little forest land, and where forest
stands are dominantly privately owned and managed for
fibre, intensive sustainable forest management practices dom-
inate (e.g., Nordic countries) (Lofman and Kouki 2003,
Mielikdinen and Hynynen 2003); whereas, in nations with
large forest assets, in which forest stands are dominantly pub-
licly owned and managed for multiple purposes, extensive
sustainable forest management practices dominate (e.g.,
Canada) (Siry et al. 2005).

These two very different types of management practices
have evolved as a function of different national circumstances
and are thus difficult to compare. For example, in areas where
the forest asset is dominantly publicly owned and where
extensive sustainable forest management practices prevail
(e.g., Canada), forest fire suppression mainly focuses on
reducing risk to human infrastructure and, where possible,
the protection of forest resources. This strategy attempts to
maintain the integrity of the forest ecosystem including its
natural disturbance cycles and natural stand structures.
Conversely, in areas where intensive sustainable forest man-
agement practices dominate (e.g., Nordic countries), distur-
bances are almost always mitigated in order to reduce loss of
fibre and non-wood forest products. Sustainable forest man-
agement, whether it is extensive or intensive, involves trade-
offs. For example, areas that are being intensively managed for
fibre may lose some of their non-market natural capital. This
is illustrated in the Nordic countries, which over the last 150
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Table 3. Primary, secondary, and tertiary agents of natural disturbances

Nation/Area Primary Secondary Tertiary Reference
Russian Federation Fire (surface) Storm Insect/Disease MCPFE 2003
Canada Fire (crown) Insect/Disease Unknown CES 2007
United States Fire (crown) Insect/Disease Unknown USDA et al. 2005
Finland Storm Insect/Disease Unknown MCPFE 2003
Sweden Wildlife Storm Insect/Disease MCPEE 2003
Norway Storm Wildlife Insect/Disease MCPFE 2003
Iceland Wildlife Insect/Disease Storm MCPFE 2003

years have managed their forests almost exclusively for sus-
tained fibre yield, in the process reducing inter alia biodiver-
sity, the number of large trees, the amount of standing dead
trees, the quantity of forest floor litter and peat stocks
(Schilstra 2001, Kuuluvainen and Laiho 2005, Hytteborn et al.
2006, Mayer et al. 2006). Finally, the sheer size and low den-
sity of human habitation in the boreal forest in the Russian
Federation and Canada make natural disturbances much
more difficult to manage than in smaller countries such as the
Nordic countries.

Natural disturbances

In the Siberian and North American boreal, fire is the most

important agent of disturbance (Table 3). In the absence of

significant fire in much of the European boreal, animal her-
bivory and storms are considered the most significant natural
disturbances. In Canada and Alaska, animal herbivory and
storm disturbances have not been measured at the biome
level, although they do occur. In Canada, herbivory may have
been significant at a regional scale in the past, as there is evi-
dence that the southern margin of the boreal forest in west-
ern Canada was prehistorically controlled in part by large ani-
mal herbivory (Campbell et al. 1994, Campbell and Campbell

2000). In the Russian Federation, Canada, and Alaska, annual

reductions in standing biomass due to natural disturbances

are significantly greater than reductions due to harvesting

(Conard et al. 2002, MCPFE 2003, USDA et al. 2005, FAO

2006). In the smaller boreal nations (e.g., Nordic countries)

reductions due to harvesting outweigh reductions due to nat-

ural disturbances (Kasischke and Stocks 2000, Viitdinen

2001, MCPFE 2003, FAO 2006).

Fire ecology is a function of edaphic, climatic and vegeta-
tion characteristics. At a high level, boreal forests can be
divided into three main ecological groupings based on fire
ecology (Campbell and Flannigan 2000, MCPFE 2003, USDA
et al. 2005, Hytteborn et al. 2006):

1. regions where fire is rare (e.g., European boreal forest in
the Russian Federation, Sweden, Finland, Norway, United
Kingdom, Iceland, eastern Canada);

2. regions dominated by significant levels of stand-destroy-
ing crown fires (e.g. western Canada); and,

3. regions dominated by significant levels of non-stand
destroying surface fires (e.g., Siberian boreal, Alaska).
While it is widely believed that in the intensively managed,

small, privately owned boreal Nordic forests, fires are largely

under the control of forest managers (Shvidenko and Apps

2006), the high level of humidity in the region also likely

reduces the magnitude and frequency of fire as it does in east-

ern Canada (Campbell and Flannigan 2000). Furthermore,
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given the relatively high population density in the European
boreal, landscape fragmentation (e.g., conversion to agricul-
tural land) may also have contributed to the low fire rates
(Flannigan et al. 1998, Paatalo 1998). In addition, there has
been a boreal-wide shift in the dominant cause of fire igni-
tions from lighting to human-induced fire. For example in
the Russian Federation between 2002 and 2005, 87% of fires
were started by people (Mollicone ef al. 2006). In the Russian
Federation this human impact on fire has been attributed to
a lack of fire suppression and ineffectual fire-management
policies, new socioeconomic conditions in the region, and the
revitalization of the oil industry (Dienes 2004, Karpachevskiy
2004, Achard et al. 2005). In Canada human-caused fires
accounted for approximately 65% of fire ignitions, but only
35% of the area burned (Stocks et al. 2002). Other research
has indicated that changes in human influence have resulted
in changes in fire regimes. The results of a study by Wallenius
et al. (2005) revealed the non-random spatial and temporal
nature of forest fires in an unmanaged area of Fennoscandia
and northwest Russia, suggesting that much of the historical
fire activity in this area was human-caused, and that a change
in human behaviour had resulted in a change in fire regime in
this area (in contrast to other theories that climate change or
a change in fire suppression activity were causal agents of
changes in fire regimes).

Insect disturbances can also have a large impact on forests;
insect-induced mortality in Canada during the period 1920 to
1995, impacted 76 million ha (Kurz et al. 1995), with the
annual rate of disturbance attributed to insects tripling after
1970 (Kurz and Apps 1999). In 2004, the total area of forest
defoliated by insects or killed by beetles in Canada was esti-
mated at 13.1 million ha. Similar trends have been obtained
for Russian Federation forests, where recent insect damage
and disease mortality have affected as much as four million
hectares annually. Some of this increase in damage may be
attributable to an increase in the spatial extent of monitoring
activities. In Siberian and Canadian forests, insect damage is
estimated to be of the same magnitude as fire loss (IPCC
2001b). Like fire, some types of insect disturbances can be
stand-destroying (e.g., bark beetles) whereas other types
(defoliators) may not be; however, defoliators often result in
long-term losses in volume (e.g., Hall 1995, Parsons et al. 2003,
Mayfield et al. 2005, Soja et al. 2007). Also like fire, insect dis-
turbances vary through time and space in response to stand
conditions, weather, and other factors. For example, a moun-
tain pine beetle outbreak in British Columbia, Canada, has
increased from 164 000 ha in 1999 to 8.5 million ha in 2005
(Westfall 2006). The cumulative pine mortality for this period
is estimated to be approximately 450 million m?, representing
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Table 4. Characteristics of forest in countries/areas that contain boreal forest (Table 8, FRA 20052, p. 225)

Percent Forest

Productive Protective
Country/Area Primary® Modified Natural® Semi-Naturald Plantation® Plantationf
Russian Federation 32 66 - 1 1
Canada 53 47 - - -
United States 34 58 2 6 -
Finland 6 0 94 0 0
Sweden 17 - 80 2 0
China 6 58 20 14 1
Norway 2.7 - 94.5 2.8 -
Kazakhstan 0 72.8 0 0 27.2
United Kingdom 0 50 50 0 0
Iceland 0 37 0 37 26.1
St. Pierre and Miquelon - 100 - - -
Global Boreal Forest 32.2 57.8 5.8 3.6 0.5
3(FAO 2006)

Forest/other wooded land of:

bnative species where there are no clearly visible indications of human activities and the ecological processes are not significantly disturbed.
‘naturally regenerated native species where there are clearly visible indications of human activities.

d

native or introduced species, established through planting or seeding mainly for provision of services.

¢introduced species and in some cases native species, established through planting or seeding mainly for production of wood or non wood goods.
fhative or introduced species, established through planting or seeding mainly for production of wood or non wood goods.

one third of the total provincial pine volume (1.35 billion m?).
By 2013, it is projected that 80% of British Columbia’s pine
volume may be killed by the outbreak of mountain pine bee-
tle (Eng et al. 2006). The mountain pine beetle has expanded
into areas that have no previous record of infestation and
poses a significant threat to Canada’s boreal forests (Logan and
Powell 2001, Carroll et al. 2004, Carroll 2005).

Anthropogenic disturbances
Like natural disturbances, anthropogenic disturbances and
thus their consequences differ significantly between nations.
At a global level, direct anthropogenic disturbance in much of
the boreal is generally of less importance than in temperate or
tropical regions (Malhi et al. 1999). Much of the European
boreal has a very large anthropogenic footprint (i.e., area
under human influence), whereas much of the Canadian,
Siberian, and Alaskan boreal forests have a smaller anthro-
pogenic footprint (Table 4; Sanderson et al. 2002, USDA et al.
2005, FAO 2006, Mayer et al. 2006). The key reason for these
differences include: different temporal and spatial settlement
histories, land ownership structure, geography, climate, forest
types, forest disturbance regimes, forest age class composi-
tion, size of boreal asset and forest management practices.
Canada, for example, is a young and very large country, with
a relatively small population concentrated along its southern
border. As a result, there is no current or planned access to, or
management of, a very substantial portion of the total forest.
Most of Canada’s forest is publicly owned. Due to logistics and
the demands of ecological sustainability, forests tend to be nat-
ural and extensively managed (FAO 2006). In contrast, Finland
has been settled for much longer than Canada, has a much
greater population density, a well-developed transportation
and service infrastructure, and thus greater access to the boreal
forest. Finnish forests are mostly privately owned, intensively
managed and semi-natural (FAO 2006).
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There are distinct differences between forest characteris-
tics in the countries that have boreal forest. For example, the
Russian Federation and Canada have 78% of the globe’s pri-
mary forest and 68% of the globe’s modified natural forest;
whereas, the Nordic countries have 1% and 0% respectively.
Conversely, the Nordic countries have 51% of the globe’s
semi-natural forest, whereas the Russian Federation and
Canada have 0% (Table 4). The proportions of natural/mod-
ified, natural, semi-natural and plantation forests change
through time. However, given the economic pressure to move
towards high productivity (but lower biodiversity) planta-
tions and the development of new access roads and other
infrastructure, the trend is for change to be unidirectional,
away from natural forest and towards plantations. In those
countries with mature infrastructure and long histories of
commercial forest exploitation, such as the Nordic countries,
this means that the forest has already been largely converted
and is no longer changing rapidly; in those regions such as
northern Canada and Siberia where commercial exploita-
tion/development has only recently begun and there is still,
therefore, a large area of natural forest, the rate of conversion
is inevitably higher (e.g., Achard et al. 2006). For example, in
Canada’s western boreal forest area, key agents of anthro-
pogenic change have been identified as commercial forestry,
fossil fuel, mining, agriculture, climate change, and hydro-
logic alterations (Foote and Krogman 2006). Although these
change agents are presented in relation to impacts upon wet-
lands, the findings of Foote and Krogman (2006) inform
upon the nature, type, and intensity of anthropogenic activ-
ity in the western boreal and indicate within nation differ-
ences.

In the small Nordic boreal, forests are intensively managed,
with a limited area protected (UNEP 2005). This has been
attributed to high private ownership and land use history
(Mayer et al. 2006). Furthermore, not all of the protected
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Nordic boreal forests are considered typical of natural forests
that would have existed in the region at the beginning of the
20t century (Uotila et al. 2002). Alternatively, much of
Canada’s boreal forest is extensively managed with vast pro-
tected areas (approximately 16.4 million ha of boreal forest are
protected under national or provincial programs, with
approximately 12.9 million hectares of this total area protected
from any form of commercial activity [Canadian Council of
Forest Ministers 2005]), covering an area larger than several
boreal forest nations (Table 1). Throughout the circumboreal
forest, many protected areas occur in national parks, areas that
are difficult to access, areas underlain by permafrost, and areas
with lower than commonly available commercial value (e.g.,
Nilsson and Gotmark 1992, Scott et al. 2001, Mayer et al.
2006). In 2000, the FAO reported that only 5.0% of boreal for-
est was found in protected areas, compared to 15.2% for trop-
ical forests, 11.3% for subtropical forests, and 16.3% for tem-
perate forests (FAO 2001). Not surprisingly, protection of
boreal forests is much more difficult to achieve in boreal
nations with a greater proportion of private ownership
(Parviainen and Frank 2003, Mayer and Tikka 2006).

Pollution

Boreal forest ecosystems have been described as reservoirs of
pollution: places where pollution and related precursors are
stored (e.g., mercury, radionuclides) (Johansen et al. 2003,
Nordin et al. 2005, Su and Wania 2005, Turetsky et al. 2006,
Yoschenko et al. 2006). These forest ecosystems hold large
pollution stocks (the amount of pollution in the reservoir at a
given time) in their trees, soil, peat, and water. A forest in
which pollution stocks are increasing is called a pollution
sink; one in which pollution stocks are decreasing, a pollution
source. Whether a forest is a pollution sink or source can and
does change over time. Forest management (e.g., disturbance
management) can impact a forest’s pollution sink—source sta-
tus. When the forest is disturbed by fire, insects, harvesting or
other factors, some of the pollution is released to the air, soil,
or water and the forest becomes a pollution source. When the
forest grows again, it absorbs pollution from the air, soil, and
water and stores it in the plant tissue, forest floor litter, soil,
and peat, and the forest becomes a pollution sink.

The construction of hydroelectric dams, and the associ-
ated reservoirs that ensue, are a significant source of mercury
and greenhouse gas emissions; not only is the vegetation in
the area flooded and thus no longer available as an assimila-
tor of greenhouse gases, but as the vegetation and surficial
organic matter decomposes, mercury is released into the
water and carbon dioxide and methane are released into the
atmosphere. This elevated level of greenhouse gas emissions
is thought to diminish over time (Tremblay et al 2004).
Rosenberg et al. (1987) estimated that approximately 20 000
km? of Canada’s boreal forest had been lost to hydroelectric
reservoirs, with an additional 11 000 km? slated for hydro-
electric development.

Wood smoke contains many substances that are consid-
ered harmful to human health (Stolhywo and Sikorski 2005,
New Hampshire Department of Environmental Services
2006, Pope and Dockery 2006). Smoke from forest fires is a
major source of smog and particulate pollution and has been
implicated in asthma and other respiratory illnesses, car-
diopulmonary morbidity and mortality, and increased health
care costs (Cheng et al. 1998, Guenther et al. 2000, Chung
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2003, Zhang et al. 2003, Lee et al. 2005, Mott et al. 2005).
Smoke from forest fires can travel long distances. For exam-
ple, smoke from a forest fire in the Northwest Territories,
Canada, is thought to have caused a pollution event in
Atlanta, Georgia (Wotowa and Trainer 2000), particulate
matter from forest fires in Quebec was transported to
Baltimore (Sapkota et al. 2005), and smoke from the Russian
Federation negatively impacted air quality in Korea (Lee et al.
2005). Boreal forest fires have also been linked to increased
remobilization of stored toxics such as mercury and
methylmercury (St. Louis et al. 2001, Sigler et al. 2003,
Turetsky et al. 2006) and radionuclides (Johansen ef al. 2003,
Yoschenko et al. 2006) contributing to exacerbating toxicities
for northern food chains. Fine black particulate matter from
boreal forest fires has also been linked to global warming
through its effect on albedo (Hansen et al. 2000, Menon et al.
2002, Kim et al. 2005, Highwood and Kinnersley 2006).

At the biome level, boreal ecosystems have not been signif-
icantly impacted by pollution; however, there are pollution
hot spots, such as oil and gas development, smelters, open pit
mineral and energy extraction, and nuclear accidents and test
explosions (e.g., Rigina et al. 1999, Aamlid et al. 2000,
Reimann et al. 2001, Hytteborn et al. 2006). Due to high lev-
els of air pollution, significant tracts of the Siberian and
European boreal forests are being, or are at risk of being,
damaged (Rigina et al. 1999, Lorenz et al. 2002). For example,
Shvidenko and Nilsson (1994) indicate that an area of 6.5
million ha in Siberia has been negatively affected by industrial
pollution.

In developed countries, the major impacts of air pollution
on forest services are likely to be on recreation and non-wood
products (Nilsson et al. 1992). For example, in much of the
European boreal forest, there is still radioactive '*’Cs in
forests and other natural and semi-natural ecosystems since
the 1986 accident at the Chernobyl nuclear power plant,
which contaminated both wood and non-timber products,
including food (e.g., Avery 1996, Tveten et al. 1998, STUK
2003) For example in 2006, sheep in Norway were found to
be contaminated with unusually high levels of radioactivity
from the Chernobyl disaster; levels of ¥’Cs in the sheep
reached 7000 becquerels per kilogram (bq/kg), largely from
eating '¥’Cs-contaminated mushrooms. In Norway the level
of radioactivity in food deemed safe for human consumption
is 600 bg/kg (New Scientist 2006).

Acid deposition (rain, fog, snow) can lead to nutrient
imbalances and toxicity in trees, which in turn can increase
sensitivities to other stresses such as insect infestations and
cold sensitivity (Ulrich 1984, Sverdrup et al. 1994, Cronan
and Grigal 1995, Binkley and Hoberg 1997, Adams et al.
2000). Some boreal forest areas (e.g., European) receive more
acid deposition than others (e.g., Canada). Effects are most
significant in watersheds and lakes in regions where the soils
are poorly buffered. In these conditions, lake acidification,
reduction in biological activity, and changes in species com-
position can occur (e.g., Huser and Rydin 2005). Research
into the impacts of acid deposition on boreal forests has pro-
duced varying results. Some studies have quantified impacts
on forest growth (DeHayes et al. 1999; Ouimet et al. 2001),
while the results of other studies suggest acid deposition is
not currently damaging the growth of boreal forests (e.g.,
Hall 1995, Binkley and Hogberg 1997, Solberg et al. 2004) and
is less serious than originally believed (Menz and Seip 2004).
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Tropospheric ozone has been shown to impact the struc-
ture and productivity of forest ecosystems in industrialized
countries and is likely to increase in extent, with further
industrial development and agriculture management (Percy
and Ferretti 2004). Nitrogen deposition, which is higher in
northern Europe than elsewhere (Nordin et al. 2005), has
been implicated in productivity increases or decreases
(depending on species and conditions) over large regions.
Boreal forests, which historically have been nitrogen-limited,
appear to be most affected (Federal Research Centre for
Forestry and Forest Products 2006).

Impacts of human physical infrastructure

Our understanding of the cumulative impacts of distur-
bances on the landscape is increasing with greater emphasis
on integrated landscape management (e.g., Schneider et al.
2003, Bayne et al. 2005). Human physical infrastructure
affects landscapes both directly and indirectly. For example,
linear features such as roads, cut-lines, seismic lines, and
pipelines can create new edge habitats, alter hydrological
dynamics, disrupt ecological processes, increase mortality in
animals, lead to a degradation, loss and isolation of wildlife
habitat, provide access for hunting and other uses, and can
cause landscape fragmentation and soil compaction (e.g.,
Vaisanen et al. 1986, Roland 1993, Hobson and Bayne 2000,
Kuri et al. 2000, Patriquin and Barclay 2003). It has been
shown that linear features can act as wildlife corridors,
thereby altering predator-prey dynamics (including hunting)
and impacting species composition by facilitating the intro-
duction of invasive alien species (e.g., Lambert and Hannon
2000, Fleming and Schmiegelow 2003, Oberg et al. 2003,
James et al. 2004, Bayne et al. 2005, Hannon and Drapeau
2005, Merrill et al. 2005). Despite their many potential nega-
tive consequences, roads facilitate improved control of natu-
ral disturbances such as forest fire by acting as firebreaks and
providing access for suppression crews. In parts of the cir-
cumboreal where there is significant human presence (e.g.,
European boreal), there is little forest area left that is not
directly impacted by human infrastructure. However, there
are still significant areas of the boreal in the Russian
Federation and Canada that have not yet been impacted by
human infrastructure (Sanderson et al. 2002).

Impacts of climate change
It is anticipated that climate change will result in shifts in
species distributions (Malcolm et al. 2002, Walther et al. 2002)
and that the boreal forest will experience a net increase in
species diversity, accompanied by increased competitive
interactions amongst species (Thuiller et al. 2005). The boreal
has been characterized by significant climate changes through
time. The paleoecological evidence shows that the boreal for-
est biome has changed dramatically through time (Adams et
al. 1990, Campbell and McAndrews 1993, QEN 1995, Adams
and Faure 1997), and that the boreal is dominated by species
that would elsewhere be considered pioneer species, capable
of rapid migration into barren lands when the climate or
environmental conditions allow (e.g., aspen). Most boreal
species survived glacial episodes and associated climatic
extremes, suggesting these species may be capable of adapting
to climate warming.

While “the ability of trees to track anthropogenic warming
may be more limited than previously thought” (Anderson et
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al. 2006), assessing impacts of global change is complicated by
the problems associated with translating models and data
across spatial and temporal scales (Peterson 2000). Further,
the impacts of climate change are expected to be spatially
uneven, with greater relative warming expected in the conti-
nental interiors. The large continental interiors of the
Canadian and Russian Federation forests can be expected to
be impacted by changes in climate that would lead to poten-
tial changes in length of growing season, hydrological
regimes, disturbance regimes, species suitability, and produc-
tivity. The possible manifestations of these changes and the
rate at which they will occur are the subject of intensive
research and debate (e.g., Flannigan et al. 1998; Walther er al.
2002; Chapin et al. 2004a, b; Anderson et al. 2006).

The Intergovernmental Panel on Climate Change (IPCC
2001a) has found that the boreal forest biome will experience
a relatively greater increase in temperatures than will lower
latitude regions. Temperature changes over the past 100 years
have been greater in the boreal, with increases of 2°C to 3°C
(Stocks et al. 1998). The areas most likely to be impacted are
the ecological transition zones (e.g., boreal margins). Models
indicate that future environmental boreal dynamics will
evolve with the changing conditions. As has occurred in the
past, future changes will likely result in a reorganization of
plant and animal assemblages. Depending on the magnitude
and rate of climate change (and other associated changes in
global biogeochemical cycles and anthropogenic activities)
the species associations apparent today may change in both
spatial distributions and composition (IPCC 2001b), and
thus dynamics.

The boreal forest biome contains 30% to 35% of global
terrestrial C storage and is thus an important variable in the
global climate system (Apps et al. 1993, McGuire et al. 1995,
Zoltai and Martikainen 1996, Alexeyev and Birdsey 1998).
The boreal ecosystem contains approximately 64 mg/ha C in
vegetation and 343 mg/ha in soil (including organic
soils/peatlands). The total boreal C-stock is approximately 88
Pg C in vegetation and 471 Pg C in soil. Boreal soils have more
C than those of any other biome. Much of the C is contained
in organic soils (10-40%) and much of it is labile and can eas-
ily oxidise (Neff and Hooper 2002) through fire or decompo-
sition, both of which are expected to increase in the near
future due to climate change (Yu et al. 2003, Turetsky et al.
2006). This would, in turn, release more C into the atmos-
phere and further exacerbate the affect of climate change. In
addition anthropogenic activities that affect forest C storage
(i.e., fire suppression, peat/wetland drainage, land use, land
use change, forestry) can also impact global change (Watson
et al. 2000).

Scientific evidence is mounting that climate change in
Canada, the Russian Federation and Alaska is already result-
ing in rapid non-linear change. These changes include
changes in tree-line elevation, decreased forest health,
increased insect infestations and large fires (Soja er al. 2007),
shrub thickening at the northern boundaries (Strum et al.
2001), and increased permafrost melting and associated
greenhouse gas emissions (Gillett et al. 2004, Zimov et al.
2006, Lavorel et al. 2007). Despite these changes, field obser-
vations suggest that, for the moment, the spatial extent of
boreal forest extents remain basically stable. This may reflect
inherent lags between forest response and climate change, or
competitive pressures between tree stands and surrounding
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Table 5. Boreal nation demographics (Source: CIA World Factbook 2006?)

Age Structure (%) Fertility
Population  Life Rate
Population 0-14 15-64 65+ Median Growth Expectancy (born/

Country (July 2006) Years Years Age Age Rate (%) atBirth woman)
Russian Federation 142893540 14.2 71.3 14.4 38.4 -0.37 67.08 1.28
Canada 33098932 17.6 69 13.3 38.9 0.88 80.22 1.61
United States 298444215 20.4 67.2 12.5 36.5 0.91 77.85 2.09
Finland 5231372 17.1 66.7 16.2 41.3 0.14 78.5 1.73
Sweden 9016596 16.7 65.7 17.6 40.9 0.16 80.51 1.66
China 1313973713 20.8 71.4 7.7 32.7 0.59 72.58 1.73
Norway 4610820 19.3 65.9 14.8 38.4 0.38 79.54 1.78
Kazakhstan 15233244 23 68.8 8.2 28.8 0.33 66.89 1.89
United Kingdom 60609153 17.5 66.8 15.8 39.3 0.28 78.54 1.66
Iceland 299388 21.7 66.5 11.7 34.2 0.87 80.31 1.92
St. Pierre and Miquelon 7026 23.5 65.7 10.8 34.1 0.17 78.61 2.01
Tropical comparison
Brazil 188078227 25.8 68.1 6.1 28.2 1.06 71.69 1.93
India 1095351995 30.8 64.3 49 24.9 1.38 64.71 2.73
Indonesia 245452739 28.8 65.8 5.4 26.8 1.41 69.87 2.4
%(CIA 2006)

tundra and herbaceous vegetation (Masek 2001). However, at
least once in the past, a climatic warming led to a very rapid
transformation of the forest tundra to forest (MacDonald et
al. 1993). It has been suggested that forest stands, once estab-
lished, do not much respond to small changes in climate, and
that the bulk of the response to climate change may come in
the form of regeneration failures or stand type changes fol-
lowing disturbances (Hogg 1997, Hogg and Schwarz 1997,
Hogg and Bernier 2005). Poor regeneration of forest follow-
ing fire has been observed along the southern boreal/grass-
land boundary (Hogg 1997) and in climatically dry areas of
the southwestern Yukon (Hogg and Wein 2005).

Social Circumstances

Boreal demographics

Most boreal nations have an aging population (median age
36.4 years) and a low population growth rate (mean 0.4% per
year) (Table 5). This is in marked contrast to tropical regions
where the population is dominated by a young and rapidly
growing population (for example the median age in Brazil,
India and Indonesia is 26.3 years and the population growth
rate is high, at 1.3% per year). The demographic differences
between boreal and tropical nations will likely have signifi-
cant impacts on future forests and forestry.

At a national level, the total available boreal area necessary
to produce forest market (timber and non-timber forest
products) and non-market (e.g., clean air and water) goods
and services per capita vary widely between boreal nations.
Canada has the smallest population per ha of boreal forest,
and the United Kingdom the largest (Table 6).

The GDP real growth rate and GDP per capita within
boreal nations is highly variable—ranging form $6800
(China) to $42 800 (Norway) (Table 7). Kauppi et al (2006)
found that the growing stock of forests increased between
1990 and 2005 for all nations with a GDP greater than $4600
per capita. They conclude that the propensity for nations to
strive towards a higher GDP, and the policies often associated
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Table 6. Population distribution in boreal nations
(Source: FRA 20052 and CIA World Factbook 2006")

Total
Population
Boreal  Population Boreal
Forest Area National  Forest Area
Country/Area (1000 ha) Total (Per ha)
Russian Federation 759 359 145 000 000 0.2
Canada 224 000 32434732 0.1
United States 39402 295734134 7.5
Finland 22 834 5223442 0.2
Sweden 22 165 9001 774 0.4
China 22792 1306313812 57.3
Norway 11 160 4593 041 0.4
Kazakhstan 3223 15185 844 4.7
United Kingdom 401 60 441 457 150.7
Iceland 150 296 737 2.0
St. Pierre and Miquelon 3 7012 2.3
3(FAO 2006)
b(CIA 2006)

with raising the GDP, do not necessarily always result in a
reduction of the forest growing stock. This provides a source
of optimism regarding the future state of forests, with many
nations moving towards a forest transition from a net reduc-
tion, to a net increase, in total forest area.

Ownership and forest management

In the circumboreal countries, 86% of the forest land is pub-
licly owned and 14% is privately owned (Table 8). In the
Russian Federation, Canada, China, Kazakhstan, and St.
Pierre and Miquelon, the majority of forests are publicly
owned. In the United States, Finland, Sweden, Norway,
United Kingdom and Iceland, the majority of forests are pri-
vately held.
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Table 7. Economic indicators for boreal nations (Source: CIA World Fact Book 20062)

GDP GDP
(purchasing power parity) (real growth rate %) GDP per capita Unemployment (%)
Russian Federation $1.584 trillion 6.4% $11 000 7.6
Canada $1.111 trillion 2.9% $33 900 6.8
United States $12.31 trillion 3.2% $41 600 5.1
Finland $161.9 billion 3% $31 000 8.4
Sweden $268.3 billion 2.7% $29 800 5.8
China $8.883 trillion 10.2% $6 800 9b
Norway $196.4 billion 4% $42 800 4.6
Kazakhstan $125.3 billion 9.5% $8 300 8.1
United Kingdom $1.818 trillion 1.9% $30 100 4.7
Iceland $10.59 billion 5.6% $35 700 2.1
St. Pierre and Miquelon $48.3 million n.s. $7 000 10.3

3(CIA 2006)

bOfficial registered unemployment in urban areas in 2004; substantial unemployment and underemployment in rural areas; an official Chinese journal estimated overall unem-

ployment (including rural areas) for 2003 at 20% (2005 est.)

Table 8. Forest ownership in countries/areas that contain
boreal forest (Source: FRA 20052, Table 5, p. 202)

% Forest Ownership 2000

Country/Area Public Private Other
Russian Federation 100 0 0
Canada 92.1 7.9 n.s.
United States 424 57.6 -
China 100 - -
Finland 32.1 67.8 0.1
Sweden 19.7 80.3 0
Kazakhstan 100 - -
United Kingdom 36.2 63.8 0
Iceland 46.6 53.2 0.8
St. Pierre and Miquelon 86.7 13.3 -

3(FRA 2006)

In the Russian Federation, China, Sweden, Finland, and
Norway the majority of forest is managed for forest produc-
tion (Table 9). In Canada, the United States, Kazakhstan, the
United Kingdom, Iceland and St. Pierre and Miquelon, the
majority of the forest land is managed for multiple purposes.
In the Nordic countries where forests are dominantly pri-
vately owned (Sweden, Finland, and Norway) forest produc-
tion is the primary function of the forest.

Management practices and descriptive terminology differ
substantially across the circumboreal. For example, in some
cases (e.g., steep mountainous slopes with thin soil) clearcut-
ting can cause soil erosion and significantly reduce the prob-
ability of successful stand regeneration. Clearcutting stands
with significant amounts of Calamagrostis canadensis can
lead to rapid expansion of the grass, which can seriously hin-
der regeneration (largely a western Canadian boreal prob-
lem). Also, watering-up (rise in water table) after clearcutting
(due to loss of leaf area and a consequent reduction in inter-
ception and evapotranspiration) is an issue at wetter sites
(Dubé et al. 1995). Alternatively, in other areas where fire is
the major stand-renewing process (as is the case for most of
the western Canadian boreal where stands therefore tend to
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be even-aged, mono-specific or, aspen—spruce mixedwoods)
clearcutting is used to emulate natural processes (Perera et al.
2004). Clearcutting is also sometimes used to describe the
high grading of mature trees in a stand and leaving the
younger trees intact for regeneration, which is elsewhere
called selective harvesting. The lack of standardized forest
management terminology reduces the meaningfulness of
international comparisons, hampers international assess-
ments, and obscures the suitability of different silvicultural
practices to locations.

Economic Context

Harvesting

It is unknown exactly how much industrial roundwood is
extracted from the boreal forest; it has been estimated that the
boreal contributes approximately three quarters of the global
supply of industrial coniferous wood (Shvidenko and Apps
2006), an increase from approximately 40% of the global sup-
ply in 1992. This share is forecast to remain the same in 2010
and 2020 (Nilsson 1996). The export value of circumboreal
forest products has been valued at approximately 47% of the
total global forest exports, providing 5% of gross export earn-
ings in the Russian Federation, 13% in Canada and 9% to
349% in the Nordic countries (Nilsson 2000).

Boreal countries are not removing wood proportional to
their share of boreal forest. For example, the Nordic coun-
tries, with 5% of the global boreal forest, removed approxi-
mately 150 million m® (over bark) in 2005, whereas the
Russian Federation, which has 70% of the global boreal for-
est, removed approximately 180 million m? (over bark) (FAO
2006). In areas that are replanted after harvesting rather than
being left to regenerate naturally, foresters have favoured
conifers at the expense of other species. This practice can sig-
nificantly alter forest composition, as it has in Finland. In
North America, hardwood species have become an important
source of various wood and paper products, whereas the use
of boreal hardwoods in Russia is practically non-existent
(Shvidenko and Apps 2006).

Illegal logging occurs in all boreal countries to some
extent. According to World Bank estimates, governments lose
revenues totalling approximately US$5 billion annually as a

549



Table 9. Designated primary function of forests in countries/areas that contain boreal forest (Source: FRA 20052, Table 6, p. 208)

Total Area
of Forest
and Other Forest Forest
Wooded Land Forest Forest Forest Social Multiple

Country/Area (1000 ha)® Production®  Protection! Conservation®  Services Purpose$ UnknownP
Russian Federation 882975 76.9 8.7 2 1.5 10.8 -
Canada 402085 1.3 4.9 — 86.7 7.1
United States 303089 12 - 19.8 - 68.1 -
Finland 23300 91.2 0 7.2 0.2 1.5 0
Sweden 30785 73.1 0.1 12.2 — 14.5 —
China 284905 58 31.3 2.7 1.2 6.8 -
Kazakhstan 12000 0 0 15.9 12.8 71.3 0
Norway 18959 62.9 27.6 1.5 — 8 0
United Kingdom 2865 33.7 0.2 5.1 3.7 53.1 4.2
Iceland 150 19.8 10.4 0 14.8 54.1 0
St. Pierre and Miquelon 3 - - - - 100 -
Global Boreal Forest 48.9 8 6.1 1 35 1.3
3(FAO 2006)

bSource: Table 3, FRA 2005

Forest/other wooded land designated for:

Cextraction of forest goods, including both wood and non-wood forest products.
dprotection of soil and water.

¢conservation of biological diversity.

frecreation, tourism, education and/or conservation of cultural/spiritual sites.

8any combination of: production of goods, protection of soil and water, conservation of biodiversity and provision of socio-cultural services and where none of these alone can

be considered as being significantly more important than the others.

hwhich a specific function has not been designated or where the designated function is unknown.

Table 10. Change in extent of forest plantations 1990-2005 (Source: FRA 20052, Table 10, p. 238)

Area of Forest Plantations % of Total Forest Area Annual Change Rate

1990 2000 2005 1990-2000  2000-2005
Country/Area (1000 ha) (1000 ha) (1000 ha) 1990 2000 2005 (hatyr) (ha/yr)
Russian Federation 12 651 15 360 16 962 1.6 1.9 2.1 270 920 320 420
Canada - - - - - - - -
United States 10 305 16 274 17 061 3.5 5.4 5.6 596 900 157 400
China 18 466 23 924 31 369 11.8 13.5 15.9 545 800 1 489 000
Finland 0 0 0 0 0 0 0 0
Sweden 523 619 667 1.9 2.3 24 9 600 9 600
Kazakhstan 1 034 1 056 909 30.2 31.4 27.2 2 200 -29 400
Norway 222 255 262 2.4 2.7 2.8 3 300 1 400
United Kingdom 1 877 1 934 1 924 71.9 69.2 67.6 5 700 -2 000
Iceland 8 21 29 30.4 56.1 62.2 1 370 1 460
St. Pierre and Miquelon - - - - - - - -
Global Boreal Forest 45 086 59 443 69 183 1 435 790 1 947 880
3(FAO 2006)

result of illegal logging; losses to the national economies of
timber producing countries add up to an additional US$10
billion per year. How much of this comes from the boreal is
unknown. The World Bank (2006) estimates that in Russia
alone, 60% to 65% of the total production is illegally logged.

Intensive plantation forestry

Between 1990 and 2005 there has been an increase in the area
of forest plantations in the Russian Federation, the United
States, China, Sweden, Norway, the United Kingdom and
Iceland. The impacts of intensive plantation forestry, in the
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context of sustainable forest management, have not been fully
characterized (Larsen 1995, Emborg and Larsen 1999,
Gamborg and Larsen 2003) and there is debate over whether
northern forests are as amenable to intensive plantation
forestry over the long term as are their more temperate coun-
terparts (Lousier 2000, Hartley 2002, Niemela et al. 2005).

Forest certification and sustainable forest management

Forest certification has emerged as a market-based incentive
for sustainable forest management. Originally, certification
was intended to improve forest management practices in
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tropical forests; however, market forces have resulted in a con-
centration of certification in northern temperate and boreal
forests (Taylor 2005). Only a small proportion of global
forests are certified (4.2%) (van Kooten et al. 2005), and the
majority (93%) are located in the northern hemisphere (Siry
et al. 2005). Canada has the largest area of third-party, inde-
pendently certified forests at 119 million ha and 75% of this
is boreal forests. Canada’s area of certified boreal forest is
three times larger than any other country’s area of certified
forest. Firms and forest owners who exported a high propor-
tion of their products were more likely to seek certification in
order to satisfy their clients in the importing countries (van
Kooten et al. 2005). The extent to which forest certification
has enhanced the use of sustainable forest management prac-
tices is unclear (Ramesteiner and Simula 2003, Klooster 2005).
Although the intent is similar, the definition and scope of
sustainable forest management, and the means by which sus-
tainability are measured, are not universal (Wang 2004). Three
separate major international initiatives are striving to define
sustainability and establish criteria and indicators: the
International Tropical Timber Organization, the Pan-
European Process, and the Montréal Process (McDonald and
Lane 2004). Although these processes are separate, they have
similar and comparable themes. The Collaborative Partnership
on Forests has used these themes as the basis for harmonization
of data collection and reporting requirements (Gold et al.
2006). The first international forest certification program was
established by the Forest Stewardship Council (FSC) in 1995.
The FSC is an international non-governmental organization
that has certified 80 million ha of boreal, temperate, and trop-
ical forests in 74 countries. Hickey et al. (2006) found regula-
tory approaches to certification and monitoring, and informa-
tion reporting practices are quite different between Canada, the
United States, and Europe. The practical implication of this is
that without harmonization, forest managers in certain juris-
dictions could be placed at a competitive disadvantage.

Discussion and Conclusions

Although linked by a number of common issues, each cir-
cumboreal nation is unique. This uniqueness is due to differ-
ences in national circumstances (environmental, historical,
social, and economic), and must be recognized and respected
internationally. As a result of these differences, there can be no
single and universal best practice formula for boreal forest
management policies and measures. Appropriate boreal for-
est policies and measures must be determined by each sover-
eign country according to its own national circumstances,
and supported by science.

At any given time and place, boreal ecosystems are the net
result of the interaction of many variables, including a com-
plex web of biotic (e.g., insects, animal herbivory), abiotic
(e.g., climate, fire, soil development) and anthropogenic
activities (e.g., land use, land use change, natural resource
activities, policies and measures). Scientists have yet to arrive
at a consensus on the number and the causes and effects of
many of the individual variables—let alone their cumulative
impacts. What is known is that circumboreal ecosystems have
been, and will continue to be, characterized by significant
variability through time and space. Ecosystem changes (both
natural and anthropogenic) can have significant impacts on
physical, chemical, and biological functions (Schindler et al.
1990), and can leave a long-term legacy on the landscape
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(Kurz and Apps 1999, Apps et al. 2000, Bhatti et al. 2003) and
thus on its future uses.

Scientific research indicates that both natural and anthro-
pogenic global changes will continue to alter circumboreal
economic, natural, and social capital. Sustainable manage-
ment and optimization for change will be critical to the devel-
opment of future national and international sustainability
and stewardship frameworks and good boreal policies and
measures (e.g., technology promotion and opportunities,
flexibility mechanisms, regulatory and economic instru-
ments, voluntary initiatives, public education and outreach).
Optimizing for change must also take uncertainty into
account; maintaining biodiversity and variety in forest struc-
tures may be crucial when planning for an uncertain future.
Historical forest policies resulted in significant shifts in costs,
prices, technology and raw material supplies (e.g., United
Nations Economic Commission for Europe 2005), and have
had significant impact on the forest sector. Countries will
continue to update their forest policies to incorporate chang-
ing paradigms and economic, social and cultural realities.

The keys to sustainable boreal forest management are eco-
logical health and resilience, economic vitality, and social
value and equity. If one element fails, then sustainability fails
in the long term. Managing for these variables is a formidable
challenge (Wang 2004). An important starting point in meet-
ing the sustainability challenge is the development of a com-
mon language and framework. An understanding of the
salient issues from a circumboreal perspective will aid in the
development of such a framework for ensuring boreal forest
sustainability (Shvidenko and Apps 2006).

An understanding of the different national circumstances
across the circumboreal community will hopefully lead to a
greater appreciation of the forest management context within
which each nation exercises its stewardship mandate. The
uniqueness of each nation must be acknowledged and under-
stood, particularly when international initiatives regarding
boreal forests are proposed.
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