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Abstract: The circumpolar boreal forest is the fourth largest terrestrial biome on 
the planet. It is entering a period of relatively rapid transition, propelled by climate 
change and economic development. Warming conditions threaten to alter processes as 
diverse as permafrost retention, insect outbreaks, and transportation. Thawing perma-
frost and increased levels of natural and anthropogenic disturbance may result in net 
releases of carbon dioxide and methane, while forest cover with greater biomass can 
be expected to expand onto the arctic tundra. Human use in some parts of northern 
forests is becoming more centralised and industrialised, with cumulative impacts from 
hydroelectric development, the oil and gas sector, mining, timber harvesting, and trans-
portation. Communities tend to be widely spaced, and are either highly dependent on 
resource-based commodity exports or on subsistence-based lifestyles supported by 
local biodiversity. Efforts are underway in many jurisdictions to curtail illegal logging 
and environmentally damaging industrial development, to account for non-timber forest 
values in the course of forest management, and to promote the economic diversifica-
tion of communities. In order to preserve the integrity of ecosystem processes, efforts 
are being directed in some jurisdictions to better emulate natural disturbance regimes 
and forest structures in the implementation of ecosystem-based management. The eco-
systems and people of the world’s boreal forests are vulnerable to impending changes 
in climate and socio-economics, although regions within the biome differ markedly in 
their exposure to dramatic changes in climate and forest products markets and also 
in the adaptive capacity of communities and infrastructure. Despite the changes that 
can be expected, the boreal zone will continue to present opportunities to undertake 
land management over largely natural forests in a manner that respects the need for 
sustaining biodiversity, economically viable enterprises, and northern communities. If 
regional economies can diversify as well, such an advantage may also facilitate ecotour-
ism and attractive lifestyle options in the circumboreal region.

Keywords: biodiversity, climate change adaptation, ecosystem management, extensive 
forest management, peatlands, permafrost, subarctic forest, taiga

■

REgIonAl ExAmPlES oF FoREST RElATEd 
ChAllEngES And oPPoRTunITIES

14.1 Background

Looking at a detailed map or satellite image of the 
Earth’s northern continents, one cannot help but be 
impressed with the vast areas of lichen woodlands 
and dense conifer forests. Interspersed with bare rock, 
rivers, lakes, and peatlands, these are the world’s 
subarctic, cold boreal forests (Photo 14.1). The term 
“taiga” is borrowed from the Russian “тайга,” and 

has been introduced as a worldwide descriptor of 
this important biome, though in Canada this term 
is restricted to the open-canopied conifer forests of 
the far north. The boreal region is so vast, so rich in 
unexploited resources, so diverse in its administra-
tion and management, so important in the culture and 
economies of northern nations, that this chapter can 
only provide a superficial overview of selected issues 
and trends affecting this part of the globe.
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Table 14.1 Key statistics on boreal forests and their populations.

 Boreal Percent- Popul- Popul- Forest Forest Percent- Forest Boreal

 land  area age of ation in ation area in area per age of area as forest

 (km2) total boreal density boreal capita in total % of sector

  land area  (people/ (mill. ha) boreal (ha/ forest boreal employ-

  in boreal  km2)  person) in boreal land area ment

China

   Heilongjiang 47 000 10 na na na na na na na

   Inner Mongolia 93 300 8 na na na na na na na

Canada 5 446 170 56 3 692 445 0.7 224.0 61 72 41 127 763

   Newfoundland 385 070 96 512 930 1.3 10.7 21 100 28 2 566

   Quebec 1 099 710 72 1 305 828 1.2 59.4 45 81 54 44 045

   Ontario 764 210 71 939 122 1.2 40.0 43 74 52 49 874

   Manitoba 564 070 89 192 411 0.3 18.1 94 95 32 4 395

   Saskatchewan 411 340 63 177 127 0.4 19.5 110 97 47 3 308

   Alberta 452 910 69 441 403 1.0 24.8 56 90 55 17 973

   BC 288 900 31 61 211 0.2 15.6 255 27 54 3 901

   Yukon 475 370 98 28 674 0.1 7.9 276 100 17 na

   Northwest Territories 901 080 70 33 739 0.0 27.3 809 96 30 na

Finland 293 321 97 3 797 347 12.9 19.5 5 98 66 82 000

Iceland 1 340 1,3 293 577 219.1 0.03 0,1 100 23 ..

Kazakhstan 15 000 ~1 na na na na na na ..

mongolia 63 000 4 na na ~1.2 na 12 20 ..

norway 270 752 84 1 321 665 4.9 5.1 4 77 1 18 974

Russia 12 484 890 73 51 781 600 4.1 673.0 13 85 54 732 600

   European Russia 3 458 800 90 13 501 100 3.9 149.8 11 ~50 43 277 200

   Western Siberia 2 341 450 81 20 644 800 8.8 107.9 5 ~100 46 89 000

   Eastern Siberia 5 136 660 71 12 100 700 2.4 335.2 28 ~100 65 267 300

   Russian Far East 1 547 980 50 5 535 000 3.6 105.9 19 ~100 68 99 000

Sweden 306 260 74 3 763 317 12.3 18.0 5 75 55 52 500

uSA – Alaska 656 600 41 146 542 0.2 17.0 116 33 26 na

World 19 678 000  61 104 000 3.1 957.0 15.7  49 1 014 000

na = not available; .. = ~0
Country Notes:
Canada: Statistics Canada, Bogdanski 2008, Natural Resources Canada.
China: Estimates based on approximate area of boreal forest.
Finland: Finish Statistical Yearbook of Forestry 2008; 90% of employment estimated to be dependent on boreal resources.
Iceland: UN country profile (http://www.un.org/esa/earthsummit/icela-cp.htm#chap11) and Statistics Iceland (http://www.statice.is).
Kazakhstan and Mongolia: Estimates based on approximate area of boreal forest.
Norway: Statistics of Norway 2007. Employment estimated using proportion of roundwood sourced from the boreal forest region.
Russia: FAOSTAT and Roshchupkin 2008. Employment estimated using proportion of harvest from boreal region. Total employment 

from Lebedys 2008. Population estimates from Federal State Statistical Service (www.gks.ru).
Sweden: Statistical Yearbook of Forestry 2008. Employment in wood and paper sectors estimated using roundwood sourced from 

boreal region.
United States, Alaska: Halbrook et al. 2009, Wurtz et al.2006, Alaska Department of Labour and Workforce Development.

Boreal forests account for over one-quarter of the 
planet’s forest area (i.e., almost 1 billion hectares), 
are home to several tens of millions of people, and 
provide direct employment to over one million people 
(Table 14.1). Boreal forests are found on three con-
tinents – Asia, Europe, and North America – mostly 
in Russia, Canada, the state of Alaska in the United 
States of America (USA), Finland, and Sweden (Fig-
ure 14.1). Russia accounts for three-quarters of the 
boreal forest zone. Smaller areas of boreal forest are 

present in Norway, Iceland, Kazakhstan, Mongolia, 
and China. All forests in Iceland, Siberia, Yukon 
Territory, Northwest Territories and Newfoundland 
& Labrador are located in the boreal zone; its pro-
portion in other jurisdictions varies from 12% (in 
Mongolia) to 98% (in Finland) (Table 14.1).

This chapter focuses on the “true boreal” zones of 
the world, excluding the hemi-boreal or sub-boreal 
regions that contain temperate tree species or are 
montane outliers discontinuous with the central cir-
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cumboreal region (Brandt 2009). We include consid-
eration of the northern ecotone with the arctic tundra, 
variously referred to as open taiga or boreal wood-
land, even though this region plays a negligible role 
in forestry. Conversely, it is the southern hemi-boreal 
or sub-boreal regions (which we do not address) that 
experience some of the heaviest concentrations of 
human population, forest industry development, and 
land use pressures. The universal constraints to eco-
system and community persistence at the northern 
limits of tree growth are reviewed, while highlight-
ing important regional differences in development 
history. Current trends and issues associated with 
accelerating demand for boreal resources in an era 
of climate change are discussed. In the globally 
enviable position of expecting largely natural and 
productive landscapes to prevail in the foreseeable 
future, several regions of the circumboreal biome are 
nevertheless in the process of addressing particular 
forest management issues.

14.1.1 Natural History

Much of the boreal region was glaciated during the 
Pleistocene epoch, leaving behind gently rolling ter-
rain with deposits of glacial till or lacustrine sedi-
ments alternating with shallow-soiled uplands and 
rounded rock outcrops. Elsewhere, in much of central 
Siberia (Russia), Alaska (USA), and Yukon (Can-
ada), large portions of the boreal region remained 
unglaciated, though not necessarily forested, and 
served as glacial refugia for many subarctic plant 
and animal species. Uplands are widely characterised 
by poorly developed cambisols or acidic podzols, 
while low-lying areas are dominated by histosols 
and plinthosols (FAO 2003). Poorly drained wetlands 
and organic soils are common, as are widespread 
zones (or isolated pockets) of cryosol or permanently 
frozen soil (permafrost), typically insulated from the 
summer warmth by thick beds of living or partially 
decayed mosses.

The boreal or subarctic climate is defined by cold 
snowy winters without the moderating influence of 
open ocean waters, and a short growing season. 
Walter (1985) suggests that the true boreal zone is 
bracketed by conditions where daily mean tempera-
tures are (on average) greater than 10°C for 30 to 
120 days of the year, and with freezing temperatures 

Photo 14.1. Wild boreal forest in central Quebec, Canada.
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occurring for 6 to 8 months. Although precipitation 
varies strongly across longitudinal gradients, it is 
relatively low, averaging 150 to 450 mm/year (Walter 
1985). Cool temperatures mean that evapotranspira-
tion is low too, so forest soils often remain moist 
and cold, except during conditions of persistent high 
pressure in mid-summer, when air temperatures can 
reach 30°C, the vegetation dries out, and forest fires 
are easily started (Johnson 1992). These forests are 
characterised by relatively few tree species, with the 
same genera dominating both Eurasian and North 
American regions: the conifers Pinus (pines), Pi-
cea (spruces), Abies (firs), and Larix (larches), and 
the more successional broadleaf Populus (poplars, 
cottonwoods, aspens), Betula (birches), Salix (wil-
lows), Alnus (alders), and Sorbus (rowan or moun-
tain ash). All boreal tree species (approximately 15 
in North America and 35 in Siberia [Zasada et al. 
1997], but only 5–7 in Fennoscandia) have relatively 
wide distributions. Their ranges have contracted and 
expanded repeatedly under past climatic changes, 
generally providing them with a large degree of ge-
netic variation and the potential to react successfully 
to environmental changes (Hagman 2003).

Boreal soils typically have a distinct organic layer 
resting on mineral soil: a thin layer on water-shed-

ding sites and a thick layer on water-receiving sites. 
The accumulation of conifer leaves on the forest floor 
reduces the rate of decomposition and results in low 
nutrient levels and acidic soil conditions. The un-
derstorey is dominated by ericaceous dwarf shrubs, 
mosses, and lichens (Huhta et al. 1998) and relatively 
few species of vascular plants. Many boreal spe-
cies have adapted to these harsh conditions through 
symbiotic associations (e.g., mycorrhizae, actinor-
rhizae, lichens), parasitism, and insectivory. Harsh 
conditions and frequent disturbances (in the form 
of fire, insect outbreaks, and wind damage) in these 
landscapes generate abundant dead wood that serves 
as habitat for many specialised species of fauna and 
flora, such as saproxylic insects, woodpeckers, and 
other wood-boring or cavity-dependent animals. 
Some species groups, including most songbirds and 
ungulates, adapt to seasonal variation and large-scale 
disturbance impacts by means of migration.

Slow tree growth produces strong, narrow-ringed 
wood with excellent properties as construction tim-
ber, and uniform fibres suitable for paper-making. 
Though low in annual productivity, large expanses of 
forest result in the circumboreal region holding some 
45% of the world’s growing stock of timber (Kuusela 
1992, Conard and Davidenko 1998). Cool condi-

Figure 14.1. distribution of the circumboreal forest (based on olson et al. 2001).
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tions mean slow decomposition rates and accumula-
tion of an organic layer in mires or bogs (typically 
dominated by Sphagnum mosses) and fens (typically 
dominated by Carex sedges) and on the forest floor. 
Nutrients may be tied up in this organic material 
for a long time, with natural disturbances playing 
an important role in maintaining forest productivity 
and diversity.

Ecosystem recovery after fire is distinct from 
patterns observed after windthrow or insect attack, 
and is characterised by the rapid establishment of 
wind-dispersed or rhizomatous species, such as 
fireweed (Epilobium angustifolium) and reedgrass 
(Calamagrostis spp.). Depending on fire sever-
ity and biogeographic realm, there may also be 
an abundance of seed-banking species (e.g., some 
sedges [Carex spp.], raspberries [Rubus spp.], and 
wild cherries [Prunus spp.]), stump-sprouting wil-
lows (Salix spp.) or root-sprouting aspens (Populus 
tremula or P. tremuloides), and (in North America 
but not in Eurasia) tree seedlings newly germinated 
from seeds released by serotinous or semi-serotinous 
coned species of pine or spruce. As trees grow and 
the canopy closes, many herbaceous and shrubby 
species decline in abundance and a long period of 
moss and lichen growth and forest floor build-up 
follows. Other disturbances may accelerate succes-
sion by releasing understoreys of “dark conifers” 
(shade-tolerant spruces and firs); tall shrubs, such as 
willows and alders, are also effective colonisers and 
grow rapidly in open patches. But there is often little 
floristic succession, and most vascular plant species 

can persist to some extent through all seral stages 
(Carleton and Maycock 1978, Andison and Kimmins 
1999). Where soils are wet and fire is uncommon, 
however, the growth of mosses and ericaceous shrubs 
can, over the course of two or three centuries, pre-
vent self-replacement by conifers (see Photo 14.2), 
while soils become paludified and the site becomes 
less dominated by tree cover (Wardle et al. 2004, 
Fenton et al. 2005).

Boreal soils and peatlands represent an important 
carbon sink at the global level (Schulze et al. 1999, 
Turetsky et al. 2002), and peat can be an important 
resource for energy generation and horticultural use. 
It has been estimated that the boreal region contains 
more than 35% of the terrestrial carbon stocks on 
Earth, most of it in the peatlands that occupy 18% 
of the region (Kasischke et al. 1995). The boreal 
zone is also characterised by large rivers, lakes, and 
wetlands, with more surface freshwater than any 
other biome on Earth. Boreal forests provide im-
portant breeding grounds for many waterfowl and 
songbird species (see Boreal Songbirds Initiative 
2009). Mammal populations may be strongly mi-
gratory on an annual basis (e.g., reindeer or caribou 
[Rangifer tarandus]) or cyclic over longer periods 
(e.g., varying hare [Lepus americanus]). Humans 
and other animals must cope with high populations 
of mosquitoes and black flies during the short sum-
mer season.
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Photo 14.2 organic terrain is widespread in the boreal region.
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14.1.2 Boreal Economies

Indigenous peoples across northern North America 
and northern Eurasia share traditions of hunting, fish-
ing, plant-gathering, and trading based on an intimate 
knowledge of the land; herding practices were tradi-
tionally limited to Europe and Asia. Today, over 60 
million people live in the boreal forest region (Table 
14.1), most of whom are concentrated in a relatively 
few southern cities. With the exception of boreal 
Sweden and Finland, population density is very low 
across the circumboreal region relative to the rest 
of the world. People primarily work in mining and 
mineral exploration, oil and gas development, forest 
products harvesting and processing, public admin-
istration, and social services. Relatively few people 
today are dependent on agricultural, hunting, or herd-
ing lifestyles in these regions, and there is increas-
ing diversification into construction, manufacturing, 
retail, and hospitality (tourism) sectors.

Boreal timber resources support over a million 
direct jobs in the forestry and forest products in-
dustries. The contribution of non-timber resources 
to regional boreal economies and the livelihoods of 
boreal forest residents can be as great or greater, 
although exact numbers are unknown and their im-
portance varies regionally within and among nations 
(Kushlin et al. 2004, Erdenechuluun 2006, Wurtz et 
al. 2006, Bogdanski 2008). For many people, the 
forest provides materials for shelter, fuel, and food, 
while supporting other values such as recreation and 
cultural identity. Boreal forests are also the source of 
many rivers that provide fresh water for human and 
industrial consumption, and that power turbines in 
hydroelectric dams that are the source of electricity 
often transmitted long distances to the south. It is 
estimated that the value of ecosystem services (wa-
ter regulation and purification, carbon sequestration, 
bird habitat, non-timber forest products, etc.) pro-
vided by Canada’s boreal forests alone is in the range 
of USD 90 billion per year (Anielski and Wilson 
2005), and the Eurasian boreal forest likely makes 
an even greater contribution.

The annual industrial roundwood harvest from 
the world’s boreal forests is approximately 300 mil-
lion m3, or about 17 % of the global harvest (Table 
14.2). A significant amount of non-industrial round-
wood is also harvested in the boreal region. For some 
boreal regions, such as in much of Russia and those 
Asian countries with some boreal forest, non-indus-
trial roundwood (typically used for fuel) makes up 
a significant share of total wood harvest from the 
forest (Table 14.2).

The forest resources of Canada, Scandinavia, and 
Russia support significant wood and paper industries 
(Table 14.2). Of the world’s boreal regions, Canada’s 
boreal forest supports the largest wood products in-
dustry, while that of Finland supports the largest pa-

per products industry. The boreal timber resources 
of the Asian region and Alaska, while not supporting 
a globally significant forest industry, support small 
and locally important timber and wood products in-
dustries (Kushlin et al. 2004, Erdenechuluun 2006, 
Wurtz et al. 2006).

Most boreal forest lands are publicly owned in 
Russia, Canada, and Kazakhstan; in contrast, about 
70% of the forests in Finland, 76% in Sweden, and 
80% in Norway are under private and corporate own-
ership. All countries have central federal forestry 
agencies, although their departmental affiliations and 
responsibilities differ. Meanwhile, real administra-
tion and management are often in the hands of sub-
national authorities. Compared to many temperate 
forests, vast areas of boreal forest are under rather 
centralised control, and hence lend themselves to in-
tegrated landscape management (see Chapter 22).

14.2 drivers and Challenges to 
Boreal Sustainability

The northern forests of continental North America 
and Asia grow under particularly severe climatic con-
ditions. As a result, most boreal or taiga forests are 
coniferous, dominated by tree species well adapted 
to short growing seasons, severe cold, and low nutri-
ent availability. Much of the boreal “forest” is ac-
tually open woodland and wetlands. For example, 
more than 30% of the forested area of Siberia is 
considered to be of low density, with basal areas only 
30–50% the levels of fully stocked stands. In these 
low-density stands (mostly located in Eastern Siberia 
and the Russian Far East), timber stocking is less 
than 80–100 m3/ha. More than 40% of the Siberian 
forests are growing on poor sites, predominantly in 
the Russian Far East (Sokolov et al. 2003).

Almost 80% of forests located in the Asian part 
of Russia grow on permafrost and long-frozen soils 
(Pozdnyakov 1986). Permafrost is a natural phenom-
enon of global scale; it occupies no less than 25% 
of the Earth’s land area. In Russia alone, the area 
of permafrost (under both forest and tundra) occu-
pies approximately 11.1 million km2, which is about 
65% of the nation’s land area. In North America, the 
area of permafrost is about 7.2 million km2, with 
its southern limits between 52 and 56°N, which is 
much more northerly than its southern limits in Asia, 
where mountainous relief combined with continental 
cold extends permafrost as far south as 44°N (Kon-
ishchev 2001).

In marked contrast to wet tropical forests and 
many of the world’s temperate forests, unmanaged 
boreal forests are largely shaped by stand-replacing 
disturbance regimes, mainly dominated by wild-
fire. The average return intervals of wildfires are 
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Table 14.2 Boreal Forest management and Industry (2004).

 Industrial Sawnwood Panel Pulp Paper and Value added *Wood fuel % of total
 roundwood production products million mt paperboard wood and production harvest
 harvest million m3 production  million mt paper million m3

 million m3  million m3   million uSd

China       211.3 69
   Heilongjiang na na na na na na
   Inner Mongolia na na na na na na
Canada 83.4 28.3 10.7 10.60 8.20 11 316 2.8 1
   Newfoundland 2.4 0.0 .. na na 162
   Quebec 24.5 11.3 2.5 na na 3 441
   Ontario 20.1 7.0 1.8 na na 4 383
   Manitoba 2.1 0.6 0.5 na na 477
   Saskatchewan 6.1 1.2 1.0 na na 537
   Alberta 23.5 8.1 3.2 na na 1 971
   BC 4.6 2.4 1.7 na na 345
   Northwest Territories 0.0 na .. .. .. na
   Yukon 0.0 na .. .. .. na
Finland 52.4 12.2 1.8 11.4 12.6 6 310 5.1 9
Iceland .. .. .. .. .. ..
Kazakhstan na na na na na na 0.2 43
mongolia 0.1 na .. .. .. na 0.7 95
norway 5.4 2.2 0.6 2.4 2.3 1 363 1.4 16
Russia 96 15.8 5.4 4.4 4.9 3 725 47.8 27
   European Russia 36 na na na na na
   Western Siberia 12 na na na na na
   Eastern Siberia 35 na na na na na
   Russian Far East 13 na na na na na
Sweden 46.5 9.9 0.6 8.5 8.1 4 550 5.9 9
united States – Alaska 0.021 0.10 .. .. .. na na na

Country Notes:
Canada: Statistics Canada, Bogdanski 2008. Panel production data from Spelter et al. 2006.
China: Industrial harvest in Inner Mongolia and Heilongjiang 3.8 and 5 million, respectively (Chinese Forestry Statistical Yearbook). 

Amount sourced from boreal region unknown.
Finland: Finish Statistical Yearbook of Forestry 2008; 90% of wood and paper production estimated to be dependent on boreal 

resources.
Iceland: No forest industry.
Kazakhstan: Official industrial roundwood harvest estimate is 270 000 cubic metres (FAOSTAT). Amount sourced from boreal for-

est is unknown.
Mongolia: Erdenechuluun 2006. Official roundwood harvest is 40 000 sawlogs while unofficial is around 650 000. Amount sourced 

from boreal forest is unknown.
Norway: Statistics of Norway 2007. Value added estimated using proportion of roundwood sourced from the boreal forest region.
Russia: FAOSTAT and Roshchupkin(http://www.rosleshoz.gov.ru/english/media/appearance/13.  Cited 08 Jun 2009).  

Industrial roundwood estimates calculated.
Sweden: Statistical Yearbook of Forestry 2008. Value added estimated using proportion of roundwood sourced from boreal forest 

region.
United States, Alaska: Halbrook et al. 2009.
Value added estimated using Lebedys 2008 and estimated share of harvest from boreal. 
Wood fuel production data from FAO. Actual harvest for Kazakhstan, Mongolia and Russia may be signficantly higher due to illegal/

non-reported harvesting.

often not much different from tree ages that forest 
managers would choose for harvesting to maximise 
wood production. This generalisation is often used 
as the basis for even-aged forest management and 
the systematic replacement of natural disturbances 
with the harvesting of trees for economic use. Yet 
there are important regional differences in the natural 
disturbance regime, and the widespread conversion 

of “wild” forests to regulated, even-aged stands is 
resulting in the extirpation of older forests from many 
parts of the boreal region (Box 14.1). Even though 
even-aged, single-species stands exist in wild boreal 
forests, unmanaged forest landscapes nevertheless 
retain important biological legacies (large snags, 
logs, and patches of undisturbed vegetation) and a 
diversity of stand types and ages, including areas 
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Table 14.3 historical fire frequency (% of the area burned per year) and its inverse, the fire 
cycle (years), together with the proportion of forest expected to be older that 100, 200, and 
300 years under a natural fire regime characterised by a negative exponential distribution 
of time since fire for the Canadian boreal ecozones.

 Area historical historical % Area % Area % Area
 (km2) fire  fire expected  expected  expected 
  frequency cycle >100 >200 >300
  (%/yr) (yrs) yrs old yrs old yrs old

Taiga cordillera 267 029 0.20 495 82 67 55
Boreal cordillera 470 502 0.39 255 68 46 31
Taiga plainsa 645 014 0.70 142 49 24 12
Boreal plains 733 170 1.48 68 23 5 1
Taiga shield west 631 679 0.85 118 43 18 8
Boreal shield west 946 260 1.92 52 15 2 <1
Hudson plainsa 374 482 0.12 813 88 78 69
Taiga shield east 758 763 0.60 166 55 30 16
Boreal shield east 931 062 0.77 131 47 22 10
Total 6 148 148   45 24 15

aCurrent fire frequency (last 50 years) was used for these ecozones as no long-term studies were available.

Source: Bergeron and Harper 2009.

Yves Bergeron and Sylvie Gauthier

Although Canada’s boreal forest is dominated by 
relatively young fire-generated even-aged stands, 
a significant proportion of the land base is occu-
pied by old-growth forest due to longer natural fire 
intervals. Some old stands have been relatively un-
disturbed for many centuries, even millennia (Cyr 
et al. 2005). Long fire cycles are not unique to re-
cent historical times but were common during most 
of the Holocene (Flannigan et al. 2001, Cyr et al. 
2009), and old-growth forests can be considered as 
having been a permanent feature of the Canadian 
boreal forest for at least the last 10 000 years.

Old forests in the boreal zone possess unique 
characteristics (such as more structural variation, 
greater compositional diversity, and processes of 
patch and gap dynamics) not observed in younger 
even-aged stands. Current forest management prac-
tices that use relatively short even-aged rotations do 
not reproduce the historical age structure, poten-
tially affecting biodiversity (Bergeron et al. 2002). 
Table 14.3 provides the expected proportions of for-
est greater than 100 years, 200 years, and 300 years 
of age for different ecoregions in boreal Canada, 
according to historical burn rates and random fire 
starts. If managed according to a 100-year industrial 
forest harvest rotation with a uniform age-class dis-

Box 14.1 old growth in the Canadian boreal forest

tribution, between 15% (in the boreal shield west) 
and 47% (in the boreal shield east) of the region 
would not have historical levels of these important 
older forests. These differences, largely driven by 
climate, provide important points of reference as 
templates for forest ecosystem management.

While the forest sector operates on only about 
one-third of the boreal region of Canada (Bogdanski 
2008), this doesn’t mean that surplus quantities of 
old growth exist, because wildfires continue and 
logging is concentrated in the southern ecozones. 
If maintaining or re-establishing the abundance of 
old-growth forest found in pre-industrial landscapes 
becomes an objective, more research would be re-
quired. Better data on stand ages, structural attri-
butes and disturbance history are clearly needed for 
both managed and unmanaged forest landscapes 
across the country. The ongoing research in Canada 
into ecosystem management and the development 
of silvicultural techniques that maintain or restore 
old-growth forest composition, structure and func-
tion at different scales in the landscape is important 
to future options. These techniques generally centre 
around variable rotation lengths, different criteria 
for the selection of tree removals during partial 
cutting, and different patterns of structural reten-
tion (Burton et al. 1999, Bergeron 2004, Bouchard 
2009).
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of old growth. A program of clear-cutting and opti-
mised timber production can bring the composition, 
age structure, and patch structure of a boreal forest 
landscape far outside the limits of natural or histori-
cal variation (Cyr et al. 2009, Kuuluvainen 2009). 
Simply put, forest management needs to take more 
into account than matching a uniform rotation age 
to a mean fire return interval or fire cycle.

At both stand and landscape levels, it is now clear 
that human disturbances are not equivalent to natural 
disturbances (Drapeau et al. 2000, Haeussler and 
Kneeshaw 2003). Road-building, mining, and log-
ging are not necessarily benign just because forest 
fires, pest outbreaks, and windthrow are widespread 
natural processes in the boreal zone. Any forest dis-
turbance has the potential to disrupt some species, or 
even lead to their extirpation, though the widespread 
disturbance-adapted flora and fauna of boreal forests 
makes this danger not as great as it is in tropical 
forests. Indeed, boreal forests require a degree of 
disturbance in order to remain productive, diverse, 
and healthy. Identifying an appropriate balance of 
protection and disturbance at stand and landscape 
levels has emerged as an important challenge for 
boreal foresters.

Despite a century or more of industrial use and 
management in some parts of the world, boreal for-
ests continue to provide people with many essen-
tial goods and services. But boreal ecosystems are 
not insensitive to climate and disturbance severity. 
Where fire or logging intervals are relatively short 
and where silvicultural management is lacking, pine 
and spruce have been replaced with birch, aspen, 
and alder. Conversely, forest management practices 
such as drainage, artificial regeneration, vegetation 
control, and thinning have promoted uniform stands 
of conifers, often resulting a degree of homogeneity 
not found in nature (Jetté et al. 2009).

Life in the world’s northern forests has always 
been a challenge. With climate and soils rarely suit-
able for locally self-sufficient agriculture (which has 
allowed for the growth of large human populations 
elsewhere on the planet), livelihoods in the subarctic 
have largely depended on wild rather than managed 
resources. Trees typically grow slowly, are slow to 
regenerate, and are at risk of mortality from wildfire 
or insects. On the other hand, large areas of land 
under little threat from agriculture, urbanisation or 
commercial forestry sustain some of the world’s last 
remaining wilderness landscapes, in which natural 
food webs and unmanaged disturbance processes 
still prevail. On an increasingly human-populated 
planet, such wilderness areas have growing non-use 
values, in addition to providing ecosystem services 
and opportunities for ecological research and eco-
tourism.

Most of the human population dwelling in the bo-
real is currently concentrated in cities, so large areas 

are characterised by low populations, limited em-
ployment opportunities, and long distances to mar-
kets and centres of commerce (Burton et al. 2003). 
These attributes, coupled with the inherent instability 
of primary industries dependent on export markets, 
perpetually constrain economic viability and stabil-
ity in northern regions (Jovanovic 2003, Beier et al. 
2009). As part of the resource hinterland of larger 
national and global economies, boreal regions have 
long been exporters of furs, timber, tar, electricity, 
and minerals, while often relying on food, finished 
goods, expertise, and investment from the south.

14.2.1 Biodiversity

The remaining large areas of unmanaged wilderness 
are one of the boreal forest’s greatest assets. Intact 
boreal forests are a global refuge for many species. 
Boreal forests are generally poorer in species, genera, 
and families compared to temperate and tropical eco-
systems, probably reflecting levels of solar energy, 
productivity, and environmental patchiness (Black-
burn and Gaston 1996). However, taxonomic work 
and sampling are very incomplete (especially outside 
of Fennoscandia), particularly when it comes to the 
arthropods, fungi, and microorganisms that are very 
abundant in northern forests. It has been estimated 
that the world’s boreal forests contain over 100 000 
species, 95% of which are arthropods and microor-
ganisms, with only some 20% of these taxa identified 
taxonomically (Nilsson 1997). Low species richness 
may reduce both conflicts and options with respect 
to forest management, compared to other parts of the 
world. The concentration of rare or endemic species 
that might be endangered by habitat disruptions (in-
cluding industrial forestry and land use conversions) 
is lower than in temperate or tropical forests. At the 
same time, low tree species diversity can also make 
these forests susceptible to host-specific insect and 
fungal pests, and there are not as many silvicultural 
choices in terms of crop tree species and associated 
silvicultural systems. According to the worldwide 
Red List of threatened species (IUCN 2008), no 
boreal forest species are known to have become ex-
tinct in the recent era, and comparatively few boreal 
forest species are at risk of extinction (Box 14.2). 
However, extirpations (local extinctions) have oc-
curred in heavily exploited areas such as Scandinavia 
(Hanski 2000, Angelstam et al. 2004). The impacts 
of extirpations on ecosystem integrity remain to be 
better understood, although most boreal countries 
have governance policies and processes in place to 
address threatened species.

While threats to boreal biodiversity may be rela-
tively low at the global level, a number of regional 
conservation issues are evident. Vistnes and Nel-
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The International Union for Conservation of Na-
ture (IUCN) is responsible for compiling the IUCN 
Red List describing the global conservation status of 
plant and animal species (IUCN 2008). The annual 
list highlights species that are facing a high risk of 
global extinction, based on information supplied by 
a network of thousands of scientific experts from 
around the world. Plant and animal species are as-
signed to one of eight Red List Categories following 
criteria linked to population trend, population size 
and structure, and geographic range (IUCN 2001, 
Mace et al. 2008). This analysis allows compari-
son of biodiversity status at various scales across 
the globe. Each species assessed is assigned to one 
of the following categories: Extinct, Extinct in the 
Wild, Critically Endangered, Endangered, Vulner-
able, Near Threatened, Least Concern, and Data 
Deficient. Species classified as Vulnerable, Endan-
gered, and Critically Endangered are collectively 
regarded as Threatened.

No species from boreal forests have been listed 
as extinct. In 2008, the following eight species (rep-
resenting only 0.14% of the world’s 5704 threatened 
forest-related species) were listed as threatened: Eu-
ropean Bison (Bison bonasus), Kittlitz’s Murrelet 
(Brachyramphus brevirostris), Boreal Felt Lichen 
(Erioderma pedicellatum), Mosor Rock Lizard 
(Lacerta mosorensis), Siberian Musk Deer (Mo-
schus moschiferus), Snow Leopard (Panthera un-
cial), Whitebark Pine (Pinus albicaulis), and Spot-
ted Greenshank (Tringa guttifer). Fewer threatened 
species are found in boreal forests than in the other 
forest types classified by the IUCN. For example, 
on the 2008 Red List, 38 species from temperate 
forests, 257 (4.5%) from subtropical/tropical and 
moist lowland forests, and 3172 from subtropical/
tropical moist montane forests are listed as threat-
ened. However, the IUCN defines boreal forest as 
the forest distributed across the high latitudes of 
the northern hemisphere (occurring between 50° 

Box 14.2 IuCn red-listed species in the boreal forest

and 60°N) in a broad belt across Eurasia and North 
America, and hence is somewhat different than the 
region mapped in Figure 14.1 as defined by floristic 
or climatic criteria, or by individual national forest 
inventory programs. Reporting by ecological zones 
as well as jurisdictions would greatly facilitate ap-
propriate comparisons.

Figure 14.2 shows the change in status of threat-
ened species in the boreal forest from 2002 to 2008. 
The analysis covers this time period to be consistent 
with the new categories and criteria adopted by the 
IUCN in 2001 (IUCN 2001), and excludes some 
species found in the specified latitudinal band but 
not in a boreal region. The number of threatened 
species remained relatively constant, although there 
were some species that moved to a category of high-
er risk during this period. There were also three 
species, Wolverine (Gulo gulo), Pond Bat (Myotis 
dasycneme), and Boreal Toad (Anaxyrus boreas) 
that improved their status and were removed from 
the threatened category.
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Figure 14.2 Change in status of threathened spe-
cies in the boreal forests from 2002 to 2008.

lemann (2007) point out the degree to which wild 
reindeer and woodland caribou are constrained by 
human activities (road development and forest frag-
mentation) in both hemispheres. More than a cen-
tury of population pressures and intensive forestry 
in Norway, Sweden, Finland, and parts of Russia 
have made many forest-dwelling species exceedingly 
rare. The Evaluation of Threatened Species in Fin-
land 2000 (Rassi et al. 2001) recognised 564 species 
found primarily in forest habitats under the IUCN 
categories of critically endangered, endangered, or 

vulnerable, with another 416 forest species listed as 
near-threatened. Forest changes and forestry prac-
tices are identified as the principal threat to these 
organisms, consisting primarily of invertebrates (252 
species), and fungi and lichens (250 species) (Rassi 
et al. 2001). Furthermore, 51 of the 73 forest habitat 
types recognised in Finland have been evaluated as 
threatened (Raunio et al. 2008). A disproportionate 
importance of the boreal forest for bird life in the 
Americas was also demonstrated by Blancher and 
Wells (2005). Their analysis of data compilations on 
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bird species in the boreal forest of North America 
determined that nearly half of all of the North Ameri-
can bird species rely on the boreal forest, and over 
90% of these birds breed in boreal forests. Despite 
low tree species diversity, variation in the frequency 
and severity of fires and other disturbances generates 
much of the boreal habitat diversity (Burton et al. 
2008) that is so important to sustaining many species 
of animal and plant life.

The importance for large areas of relatively un-
touched tracts of boreal forest to function as ecologi-
cal benchmarks and provide a range of ecosystem 
services should not be overlooked in the face of 
global change (Angelstam et al. 2004). Because the 
boreal forest is not considered a hotspot of biodiver-
sity, it has been suggested that insufficient attention 
has been paid to tracking species that are not cur-
rently threatened, but that could become threatened 
(Bradshaw et al. 2009). Kareiva and Marvier (2003) 
point to the importance of conserving these biodiver-
sity “coldspots” as resources for future evolutionary 
innovation.

14.2.2 Forest Management

Boreal forests have been commercially harvested for 
solid wood and pulp-based products for well over 
a century. The dominant forest management model 
practised in northern Europe since the mid-1900s is 
based on the principles and practices articulated a 
century earlier in Germany and other central Euro-
pean countries. Various selective or unregulated har-
vesting systems (deemed unsustainable and leaving 
stands difficult to inventory) were replaced with more 
efficient approaches and even-aged, single-species 
stands destined for clear-cutting after approximately 
100 years. North American foresters have generally 
adopted the same practices for all northern conifer 
forests. More recently, some degree of structural re-
tention (protection of wildlife trees and key habitats) 
has been incorporated into the management regime 
for the purposes of biodiversity conservation (Vanha-
Majamaa and Jalonen 2001, Work et al. 2003). Yet 
while knowledge of alternative harvesting methods 
and forest management models is increasing, their 
uptake remains limited.

Emphasis is generally placed on the harvesting 
and production of conifers for dimensional softwood 
lumber and pulp production, but with increasing use 
of poplars and aspens for pulping and use in engi-
neered wood products such as oriented strand-board 
(Burton et al. 2003). The harvesting and manage-
ment of birch species seems to be much more local 
and less industrially oriented. Large areas of Siberia 
and eastern Canada are left for natural regeneration 
(through release of advance regeneration or by in-

seeding) after forest harvesting, whereas the planting 
of nursery-grown seedlings is more widespread in 
Fennoscandia and western Canada.

Site preparation through the broadcast burning 
of slash used to be common, but is now rare because 
of fire escape risks (and associated liabilities), hu-
man health concerns associated with smoke disper-
sion, efforts to avoid carbon dioxide release, and 
the channelling of waste wood and logging slash 
to bioenergy uses (see Chapter 10 for forests and 
bioenergy production). Mechanical site prepara-
tion prior to planting was very popular in the 1980s 
and 1990s, but now appears to be used much more 
selectively. Mechanical or chemical methods are 
used to control grasses, shrubs, and broadleaf trees 
where necessary to assure free-growing stands of co-
nifers, but intermediate cuttings are standard only in 
Fennoscandia and near populated areas in Russia. In 
general, managed boreal forests support a wide range 
of interventions: from simple exploitation (with little 
consideration for forest renewal) through extensive 
management with only basic silviculture, to intensive 
management characterised by multiple and diverse 
interventions (Lieffers et al. 2003).

Fundamental changes in forest structure and dy-
namics as a result of classical forest management 
have taken place over the past half-century in some 
parts of northern Europe, and are ongoing in Sibe-
ria and Canada today (Cyr et al. 2009, Kuuluvainen 
2009). It seems that the magnitude of this change 
at the landscape level has not generally been rec-
ognised. Research on natural forests as a point of 
reference for evaluating forestry practices only be-
came widespread in the late 1990s, when biodiversity 
became an important issue (Bergeron et al. 1999, 
2002; Korpilahti and Kuuluvainen 2002; Burton et 
al. 2003).

14.2.3 Economics and Trade

One important aspect of the boreal forest industry 
is its heavy reliance on trade due to its large timber 
resources relative to small domestic demand (Table 
14.4). All the boreal countries export a significant 
share of their production. Canada is arguably the 
most dependent on trade, mainly with the USA, but 
all boreal countries are heavily trade-dependent. In 
addition, the Scandinavian and Chinese industries 
are strongly dependent on Russia for their indus-
trial roundwood supply (see Box 14.3; Mutanen et 
al. 2005, Gerasimov and Karjalainen 2009). Thus, 
changes in forest policy in any of these countries can 
have significant impacts not only on their own indus-
tries but on their neighbours and trade partners.



260

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

Each region faces different challenges. For the 
advanced economic areas, such as Canada and Scan-
dinavia, the main challenge is to maintain global 
competitiveness in existing export markets while 
continuing to achieve social and environmental ob-
jectives. Russia, on the other hand, is a region in tran-
sition and aims to double its industry over the next 
10 to 15 years (Bolshakov 2008). Inevitably, such 
an industrial expansion will require improved labour 
productivity and consequent reduced employment 
in the forest industries. Employment reduction in 
some regions will pressure governments to diversify 
their economies. The challenges are very different 
in the commercially marginal lands of the boreal 
regions. The main challenge for these regions is to 
successfully undertake and regulate wood harvest-
ing in such a manner as to provide economic value 
while protecting other socially and environmentally 
significant values. Failure to do so may undermine 
the ability of people in these regions to improve their 
standard of living and sustain their cultures.

With world population growth continuing for 
the foreseeable future, boreal forest resources will 
increasingly be looked upon to provide more wood 
and other materials. These new demands will be from 
local and distant markets. While pressures will dif-
fer across each region of the global boreal forest 
economy, the basic challenge will be the same: how 
to utilise boreal forest resources while maintaining 
or enhancing other forest-related values and con-
tributing positively to local and regional economies. 
Areas capable of supporting compatible values must 
be mapped, trade-offs identified where values are 
not compatible, and in many cases, difficult deci-
sions will have to be made about what constitutes 
the greatest value in broad segments of the boreal 
landscape.

14.2.4 Social Realities

Social expectations and valuations of the world’s 
boreal forests are diverse and often contradictory. On 
the one hand, indigenous peoples in the region (Na-
tive Americans in Alaska, First Nations in Canada, 
the Sami of Fennoscandia, and the “numerically 
small peoples of the North” in Russia) are trying to 
develop a balance of traditional land-based lifestyles 
and integration into modern economies. In recent 
years, the rights of aboriginal peoples have been re-
affirmed in a number of jurisdictions, either through 
court/judicial decisions, or with formal treaties or 
resource management agreements signed in various 
regions across the subarctic, but such arrangements 
are still lacking throughout much of the region (Fon-
dahl and Poelzer 2003). While incorporating modern 
technology (in housing, transportation, communi-
cations, etc.), indigenous peoples typically wish to 
draw upon the resources (e.g., wild game, fish, furs, 
reindeer, berries, fuelwood) of their immediate en-
vironment (Beltrán 2000). At the same time, local 
jobs are needed as communities seek to integrate 
into the cash economy. Employment opportunities 
are typically concentrated in the primary resource 
industries such as logging and mining.

Local communities in the sparsely populated 
northern forests often face trade-offs and internal di-
vision over their commitment to place and traditional 
lifestyles versus the need for a strong wage-based 
economy. Long-time northern residents typically 
share a desire to maintain local forests and waters in 
a wild state for cultural and aesthetic reasons, and for 
recreational and sustenance purposes. Yet these same 
people need wage income to survive in the modern 
world, so resource development is often a welcome 
source of employment. Northern resource-dependent 
communities are not only particularly vulnerable to a 

Table 14.4. Estimated production and exports of wood and paper products derived from 
boreal forests.

 Sawnwood Wood-Based Panels Paper and Paperboard Wood Pulp

 Exports Share Exports Share Exports Share Exports Share

 (mill. m3) of pro- (mill. m3) of pro- (mill. m3) of pro- (mill. m3) of pro-

  duction  duction  duction  duction

Canada 19.09 67 % 8.62 81 % 6.46 79 % 4.61 44 %
Finland 7.41 61 % 1.41 80 % 11.44 91 % 0.33 19 %
Norway 0.48 22 % 0.27 45 % 2.00 87 % 0.62 26 %
Russian Federation 9.29 59 % 1.49 28 % 1.94 40 % 1.17 27 %
Sweden 6.58 67 % 0.17 27 % 7.15 88 % 2.48 29 %
Boreal Total 43.81 64 % 12.25 64 % 28.64 79 % 9.07 33 %
Global Share 33 % 16 % 16 % 8 % 26 % 10 % 21 % 16 %

Source: FAOSTAT, Statistics Canada, Statistics of Norway 2008, Finish Statistical Yearbook of Forestry 2008, Swedish Statistical 
Yearbook of Forestry 2008, and own calculations. Exports values calculated using estimated boreal production shares.
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lack of sustainability on the part of industry or gov-
ernment initiatives (Teitelbaum et al. 2003), but are 
also more exposed to the vagaries of global markets 
and a shifting climate than those which are economi-
cally diversified (Davidson et al. 2003).

So, despite low population densities and little 
land use pressure from agriculture and urbanisation, 
the world’s boreal regions must still achieve a bal-
ance of social, economic and ecological values. As 
elsewhere, this balancing exercise inevitably results 
in some potential for tension within and among com-
munities, and between proponents of greater devel-
opment and those of greater environmental protec-
tion in society at large.

14.3. ongoing Threats and 
Emerging Issues Facing
the Boreal Forest

With large variation by jurisdiction, boreal forests at 
the global level face ongoing threats and emerging 
issues that include poaching, illegal logging, illegal 
settlements, mining and energy development, climate 
change, contamination and pollution, unemployment 
and poverty, unsustainable timber harvesting, uneven 
promotion of forest values, and low public aware-
ness. These issues might be grouped according to 
those related to cumulative impacts and the sustain-
ability of forest values under industrial forest man-
agement, the multiple dimensions of climate change, 
and the viability of northern forest communities and 
lifestyles. Conversely, the sheer expanse of wild sub-

Victor Teplyakov

Since the demise of the Soviet Union, Russia’s for-
est sector exports have been dominated by products 
with low added value. Roundwood exports from 
Russia increased threefold over a period of 15 years, 
from approximately 18 million m3 in 1992, to 54 
million m3 in 2007, making Russia the world’s 
greatest exporter of raw logs. Export policies re-
garding roundwood have now changed. In early 
2007, the Government of the Russian Federation 
implemented a three-stage increase of customs fees 
to be applied to the export of roundwood: 6.5% 
to 20% of the product value applied after July 1, 
2007; then up to 25% applied from April 1, 2008; 
and finally up to 80% of the sale price (but not less 
than 50 Euros/m3) scheduled for January 1, 2009, 
but then postponed until January 1, 2010. On June 
4, 2008, Maxim Medvedkov, Head of the Depart-
ment of Trade Negotiations of the Russian Ministry 
of Economics and Development, announced that 
further consideration of export taxes on raw timber 
will be discussed after resolution of all remaining 
issues related to the Russian Federation joining the 
World Trade Organisation.

The Russian government also has implemented 
other methods to stimulate changes in the structure 
and global competitiveness of its wood products 
sector. It has cancelled export duties on practi-
cally all kinds of processed wood and fibre prod-
ucts, including sawn timber, raw cellulose (wood 
pulp), wood-particle boards, and specific items of 
paper and cardboard. Also, the customs duties for 
importing wood processing equipment have been 

Box 14.3 Recent efforts to promote wood processing in Russia

cancelled. To stimulate the development of wood 
processing in the country, the federal government 
has also implemented some policies favourable to 
industrial development. In 2007, the mechanism 
of “priority investment projects” was developed, 
which included granting preferences to proposed 
projects with total capital investments in forest in-
frastructure and wood processing facilities of >300 
million rubles (7.55 million Euros). If an investment 
project is assigned to the “List of Priority Forest 
Projects,” forest harvesting rights will be awarded 
to the investor without auction, and contractual pay-
ments for forest resources are reduced by 50% until 
the original investment is recouped.

As with many export duties and investment 
incentives applied around the world, the goal of 
these combined measures is to stimulate domestic 
manufacturing. However, the terms and methods 
employed in implementing the new tariff policy 
have put a severe strain on a forest industry centred 
primarily on the harvest and transport of logs. De-
spite the 18-month phase-in period, the domestic 
capacity for wood processing remains unevenly 
distributed and poorly advanced. For example, the 
capacity for timber processing in the Russian Far 
East is no more than 20% of the volume harvested 
from the region. The second phase of duties has 
been quite effective in reducing the levels of timber 
export. For the first six months of 2008, the port of 
Nahodka (in Primorsky Krai) shipped total timber 
cargoes only one-third of that handled during the 
same period in 2007, with raw log shipments down 
to 28% of previous levels.
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arctic forests, with relatively few endangered species 
and some potential benefits from climate change, 
is such that many parts of this region present a real 
opportunity to practice holistic ecosystem manage-
ment and proactive adaptation to a changing envi-
ronment.

14.3.1 Industrial Expansion and
Reform

Based on an assessment conducted over a decade ago 
(Bryant et al. 1997), boreal forests were estimated 
to constitute 48% of the world’s remaining frontier 
forests, defined as “primarily forested, of sufficient 
size to support viable populations of the full range 
of indigenous species associated with that particular 
forest ecosystem, given periodic natural disturbance 
episodes” (WRI 2010). Nevertheless, the boreal for-
est has been exploited and fragmented by man (as a 
result of roads, timber harvesting, pipelines, mineral 
extraction, etc.) over much of its area (Bryant et al. 
1997, Aksenov et al. 2002, Wade et al. 2003). The 
extent of commercially operable or managed for-
est varies considerably among boreal jurisdictions: 
only 35% of the Canadian boreal forest (Bogdanski 
2008), compared to about 76% in Russian (Burton 
et al. 2003) and 90% in Finland (Suvi 2009), for 
instance. Much of that operable landbase outside of 
Fennoscandia continues to be brought under man-
agement for sustained yield production. While large 
portions of the circumboreal region remain beyond 
operable limits for commercial forestry or is pro-
tected, industrial use the world’s northern forests 
remains controversial. The controversy is due to 
perceptions that conservation interests are not being 
met, that resource use practices are not sustainable, 
or that governance structures are failing to balance 
public interests.

Poorly coordinated forestry, mining, petroleum 
and transportation sectors in some boreal landscapes 
are resulting in cumulative impacts that stress eco-
systems more than any one sector alone (MacKen-
drick et al. 2001, Forbes et al. 2004). Negative and 
avoidable effects of multi-sector development have 
been demonstrated on aquatic and forest interior 
habitats, and result in the loss of productive forest 
land base (Ross 2002, Ripley et al. 2005). Schneider 
et al. (2003) illustrate the environmental benefits of 
integrated landscape management, which results in 
reduced development costs as well as mitigated im-
pacts. Governments have recently tried to facilitate 
such coordination (e.g., Osborne 2010).

It is being increasingly argued that ongoing 
threats to biodiversity and non-timber forest values 
reflect, at least in part, a mismatch of the industrial 
model of forest management with the complexity 

and dynamics of unmanaged forests and the mul-
titude of habitat needs that homogenous stands of 
conifers simply cannot meet (Hunter 1990, Linden-
mayer and Franklin 2002, Kuuluvainen 2009). The 
protection of rare species, and the role of forests 
in conservation, are important to northern nations, 
and this importance is expected to increase if the 
decline of biodiversity continues in those forests that 
are used intensively (Hanski 2000, Auvinen et al. 
2007). Reflecting such concerns, there are political 
initiatives to halt the increasing endangerment of rare 
species and habitats in the near future (e.g., the EU 
Countdown 2010 declaration). It has been suggested 
that the current negative association of rare species 
with managed plantations will not be reversed sim-
ply by making superficial modifications to forest 
practices (Kuuluvainen 2009). Rather, radical land 
use changes, coupled with conscious efforts at eco-
system restoration and more ecologically oriented 
forest management at stand and landscape scales, 
may be required if the flora and fauna indigenous to 
many regions of northern Europe are to be protected 
(Angelstam 1998, Kuuluvainen 2002). Conversely, 
knowledge gained from rehabilitating degraded 
forests in Europe may facilitate forest management 
reforms elsewhere.

Since the boreal zone as a whole does not have 
a high concentration of endemic species, and is not 
experiencing excessive loss of habitat, this region 
has not been considered among the world’s biodi-
versity hotspots (Meyers et al. 2000). Nevertheless, 
some conservation biologists have argued for a more 
cost-effective and comprehensive approach to eco-
system protection, guided by the value of ecosystem 
services and proactively addressing the prospect of 
future threats (Kareiva and Marvier 2003, Anielski 
and Wilson 2005, Underwood et al. 2008). By their 
reasoning, more protected areas and more ecologi-
cally sensitive development would be warranted in 
much of the circumboreal region.

As with much of Europe, a long history of in-
tensive forest management in Fennoscandia has 
resulted in drastic reductions in the amount of old 
forest and dead wood (Kuuluvainen 2009). This has 
been reflected in a deficit of native flora and fauna in 
the boreal forests of Norway, Sweden, and Finland 
(Bradshaw et al. 2009, Kuuluvainen 2009). Reduced 
biodiversity in managed, secondary forests is well 
documented for certain classes of fungi (Penttilä et 
al. 2004), cryptograms (Kruys and Jonsson 1999), 
and insects (Martikainen et al. 2000), largely related 
to the paucity of dead wood. Other organisms have 
become rare because of the reduced incidence of 
fire as an agent of natural disturbance, and forest 
structure changes due to forest management (Wikars 
2001). The local extirpation and reduced popula-
tion vigour of some bird and mammal species re-
flect habitat changes (e.g., the loss of large old trees 
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for nesting or denning) and also the loss of interior 
forest refuges as managed landscapes have become 
increasingly fragmented and well roaded (Angelstam 
1998, Rassi et al. 2001). When drastic and relatively 
abrupt changes in forest habitat properties in man-
aged landscapes are combined with the small area 
and often poor quality of protected areas, it is no 
surprise that a biodiversity decline has been observed 
in some jurisdictions (Berg and Tjernberg 1996) and 
is projected to continue (Rassi et al. 2001, Auvinen 
et al. 2007). For example, in Finland 564 forest spe-
cies have been classified as threatened and 62 forest 
species as extinct (Rassi et al. 2001). Consequently, 
efforts to reform forest practices (Puettmann et al. 
2008) and restore forest composition, structure, and 
biodiversity to more natural conditions (Angelstam 
1998, Korpilahti and Kuuluvainen 2002, Vanha-Ma-
jamaa et al. 2007) have become topical themes of 
public discussion in much of northern Europe.

In order to support indigenous biodiversity in 
the working forest, some progress has been made 
in developing guidelines and regulations for leav-
ing more dead wood (both standing and fallen) in 
managed forests (Siitonen and Martikainen 1994, 
Ehnström 2001), but recruitment of large trees to 
serve this purpose in the future remains a challenge. 
Likewise, patches of green trees are often retained 
within large clearcuts (DeLong 2002, Burton et al. 
2006), somewhat mimicking the “skips” of large 
wildfires, to provide structural diversity and some 
habitat continuity over time (Vanha-Majamaa and 
Jalonen 2001, Work et al. 2003). Efforts to integrate 
biodiversity conservation with product-oriented for-
est management continue to play an important role 
in forest research and extension programs in north-
ern regions and around the world (Voller and Har-
rison 1998, Hunter 1999, Lindenmayer and Franklin 
2002). Such efforts often emphasise the emulation 
of natural disturbances (in terms of the retention of 
biological legacies, disturbance patterns and frequen-
cies) as a “coarse filter” approach to integrating the 
conservation of biodiversity and ecosystem processes 
with resource harvesting (Perara et al. 2004, Burton 
et al. 2006, Gauthier et al. 2009). Some forest re-
searchers are further extending the need to restore 
degraded forests by calling for the purposeful de-
sign of forests with high levels of compositional 
and structural complexity (Puettmann et al. 2008) 
–perhaps even beyond those found in nature – as a 
means of enhancing their adaptive capacity in the 
face of an uncertain future.

Other land use impacts cannot emulate natural 
changes. Forest recovery after petroleum exploration 
and development, industrial air pollution, and surface 
mining (see Chapter 13 for extra-sectoral drivers) 
takes several decades (e.g., Gunn et al. 1995, Lee 
and Boutin 2006), or requires investments in land 
remediation and reclamation. Nevertheless, some 

forest lost (e.g., for transportation infrastructure) 
is considered necessary and permanent (Schneider 
2002).

14.3.2 Climate Change

Evidence suggests that direct and indirect climate 
change impacts are likely to be more pronounced at 
high latitudes than in most other parts of the world 
(Christensen et al. 2007). As a result, a rapidly chang-
ing climate is already one of the most pronounced 
agents of change in the arctic and subarctic regions 
of the world. Boreal forests are likely to experience 
increases of 4°C to 5°C in mean annual temperature 
over the next century, although different model and 
scenario combinations generate mean annual tem-
perature increases ranging from 2°C to 8°C (Chris-
tensen et al. 2007). Such changes are expected to 
have profound implications to forest productivity, 
disturbance risks, and land use potential. While at 
first glance, warmer conditions and a longer growing 
season might seem beneficial to subarctic forests, 
suitable soils for enhanced tree growth remain lim-
ited. Furthermore, a warmer climate is also amenable 
to forest pests (see Chapter 7 for forest health in 
a changing environment), forest fires, drought, the 
thawing of permafrost, and competitive displacement 
by species from the south (Stewart et al. 1998, Stocks 
et al. 1998, Volney and Fleming 2000).

Of the projected changes in forest disturbance 
regimes, the potential for increased fire danger has 
received the most attention. To date, research sug-
gests a general increase in area burned and fire occur-
rence (Flannigan et al. 2000). There is a lot of spatial 
variability in these projections, with the greatest im-
pacts projected for Siberia, Alaska, and west-central 
Canada, and with some areas expected to undergo no 
change or even decreases in fire frequency and area 
burned (Stocks et al. 1998). In the eastern Canadian 
boreal forest, predicted increases in burn rate will not 
move ecosystem conditions beyond those encoun-
tered in the past (Bergeron et al. 2010). Fire seasons 
are lengthening for temperate and boreal regions and 
this trend is expected to continue in a warmer world. 
Future trends of fire intensity and severity are dif-
ficult to determine owing to the complex and non-
linear interactions between weather, vegetation and 
people (Flannigan et al. 2009). Such shifts in fire 
regime will not only put human infrastructure and 
commercial timber at risk, but will be expressed as 
shorter fire return intervals, compressed forest age-
class distributions, and net transfers of carbon to the 
atmosphere (Stocks et al. 2008). A recently devel-
oped Canadian Wildland Fire Strategy (CCFM 2005) 
identified a number of emerging vulnerabilities that 
will affect forest fire activity, impacts, and manage-



264

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

René I. Alfaro

Natural disturbances, such as fire and insect pests, 
play an important role in maintaining ecological 
processes in the boreal forest. The spruce budworm 
(Choristoneura fumiferana) is a native defoliating 
insect of this forest, and one of the most important 
forest insects in North America. This insect feeds 
primarily on balsam fir (Abies balsamea) and white 
spruce (Picea glauca) over an extensive range of 
Canada’s boreal forest (Kettela 1983, Figure 14.3). 
As a native insect, spruce budworm is always present 
in the Canadian boreal forest in small numbers, but 
the defoliation it causes during non-outbreak years 
is usually not noticeable. Periodically, however, the 
population reaches epidemic levels and extensive 
damage to trees can occur for several years (Blais 
1985). Damage caused by the spruce budworm is 
of concern to forest managers because of the severe 
losses it inflicts to important timber and non-timber 
resources of the boreal forest. In addition to timber 
volume, budworm defoliation can negatively affect 
biodiversity by altering key attributes of areas set 
aside for nature conservation. However, effects of 
spruce budworm outbreaks can be highly variable 
depending on stand characteristics, location, and 
outbreak intensity (Bouchard et al. 2007). Studies 
in eastern Canada (New Brunswick, Quebec, and 
Ontario) using dendrochronology and defoliation 
maps suggest that spruce budworm populations 
cycle with an average period of 35 years (Royama 
1984, Candau et al. 1998). In north-eastern British 
Columbia, patterns of spruce budworm outbreaks in 
white spruce stands were reconstructed using den-
drochronology and were found to occur on average 
every 26 years (Burleigh et al. 2002).

Despite the large economic losses, recurrence of 
spruce budworm defoliation is not necessarily a sign 
of an unhealthy forest. As a natural component of 
the boreal ecosystem, budworm larvae serve as food 
to birds and small mammals, and ungulate wildlife 
benefit from forage growing in openings created 
by budworm-caused tree mortality. However, it is 
predicted that as the climate warms, there will be 
changes in the severity, frequency, and spatial dis-
tribution of spruce budworm outbreaks (Fleming 
and Volney 1995), which could drastically impact 
natural disturbance regimes of the boreal forest. 
A study on spruce budworm outbreaks in eastern 
Canada predicted future outbreaks to be an average 
of six years longer with 15% greater defoliation 
between 2081 and 2100 (Gray 2008). These impacts 
could not only have adverse effects on Canada’s 
boreal ecosystem and forest products industry, but 
could also reduce the amount of carbon sequestered 
by boreal forests and further contribute to global 
warming in a positive feedback mechanism. Thus, 
forest managers have an opportunity to contribute to 
climate change mitigation by developing strategies 
to keep spruce budworm populations at endemic 
levels, such as maintaining appropriate proportions 
of the broadleaf trees that harbour the budworm’s 
predators and parasites (Campbell et al. 2008). Us-
ing budworm management as a climate mitigation 
option requires decision support systems capable of 
predicting future frequency and intensity of spruce 
budworm outbreaks in a changing environment. 
These tools could guide forest management efforts 
to minimise impacts of spruce budworm defoliation 
and climate change.

Box 14.4 more insect damage to come: the spruce budworm in Canada’s boreal forest

Figure 14.3 historic dis-
tribution (1986–1996) of 
spruce budworm defolia-
tion (modified from Simp-
son and Coy 1999).
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ment in the coming decades. Many of the concerns 
related to increasing risk and vulnerability apply to 
other boreal countries as well. These vulnerabilities 
centre on climate change, forest health, competition 
for the forest land base, expanding communities, and 
fire management capabilities. Adaptation to more 
frequent and severe fire impacts will likely result in 
a gradual reassessment and realignment of protection 
priorities wherein natural fire is likely to be permitted 
over larger areas, while intensive protection efforts 
will focus more narrowly on high-value areas and 
resources (Stocks et al. 2008).

The prospect of a resurgence in the use of pre-
scribed fire (for the maintenance or restoration of 
biological diversity) and anticipated increases in 
natural fires in northern forests presents a dilemma 
in environmental management, for those fires will 
release carbon dioxide from forests rather than keep-
ing carbon sequestered (Kasischke et al. 1995, Amiro 
et al. 2001). There are also concerns about the vul-
nerability of forest communities to any increased 
incidence or extent of forest fires. One widespread 
solution being proposed (though perhaps limited in 
the area of forest it can influence) is to remove flam-
mable fuels from around northern communities to 
reduce the risk of wildfires destroying infrastructure 
and private property, with small-scale processing 
facilities to utilise chipped or pelletised wood for 
the generation of heat or electricity, thereby also re-
ducing some dependencies on petroleum products 
(Chapin et al. 2008).

Warmer temperatures are expected to accelerate 
population growth and range expansion of many for-
est insects and fungal pathogens (Dale et al. 2001, 
Logan et al. 2003), and many such trends are already 
being observed. In western Canada, for example, 
the mountain pine beetle (Dendroctonus ponderosae) 
has broken out of its core sub-boreal and montane 
habitats into the western boreal forest, from which 
it could spread into jack pine (Pinus banksiana) for-
ests across Canada (Nealis and Peter 2008). While a 
regional glut of susceptible host (primarily lodgepole 
pine, P. contorta var. contorta) contributed to the 
outbreak that was growing since the mid-1990s, the 
absence of severe cold for the last several decades 
is largely regarded as having facilitated explosive 
population growth (Safranyik and Wilson 2006). 
Similar outbreaks of spruce beetle (Dendroctonus 
rufipennis) have killed white spruce (Picea glauca) 
in south-western Yukon and its hybrids with Sitka 
spruce (Picea sitchensis) in Alaska (Berg et al. 2006). 
Because the growth and reproduction of many insect 
and fungal pests are strongly responsive to chang-
es in temperature and humidity, projections for a 
number of individual pest species suggest a risk of 
expansion and increased tree mortality in various 
regions of the circumboreal. For example, outbreaks 
of a defoliating Lepidopteran, the spruce budworm 

(Choristoneura fumiferana), are expected to be 
more frequent, more severe, and affect larger areas 
of Canada (Box 14.4). Similarly, Finland is bracing 
for an expansion of root and butt rots in conifers 
due to range expansion and increased virulence of 
Heterobasidion parviporum (Box 14.5). With greater 
frequency and areas of tree mortality due to fire, 
insect outbreaks, and windstorms, more and more 
of the harvested wood supply in many parts of the 
world is now being salvaged from damaged forests, 
a practice that can have additional environmental 
impacts (Lindenmayer et al. 2008).

Surface air temperatures north of 60°N have risen 
1–2°C since the 1960s and 1970s, approximately 
twice the global average rate (McBean et al. 2005). 
Some changes in forest productivity and tree sur-
vivorship have already been observed, especially 
at the margins of the boreal forest. For example, 
considerable mortality of trembling aspen (Populus 
tremuloides) was noted after several dry years and a 
persistent outbreak of forest tent caterpillar (Mala-
cosoma disstria) in the forest-grassland ecotone of 
western Canada (Hogg et al. 2008). In Russia, spruce 
species appear to be undergoing dieback in response 
to the combined impacts of bark beetle outbreaks, 
deterioration of hydrological regimes, and an ap-
parent change in virulence of the fungal pathogens 
Fomitopsis annosa and Armillaria mellea (Teplyakov 
2007). Hinzman et al. (2005) documented a variety of 
observed climate change impacts, including a steady 
advance of the arctic treeline into tundra, lengthening 
growing season, and thermokarst development (soil 
collapse as a result of permafrost thawing) in the bo-
real forests of Alaska. Within the last decade, north-
western North America experienced widespread 
forest fires, with a record 2.7 million ha burned in 
Alaska in 2004 (Stohl et al. 2006), and a doubling 
of annual area burned across the North American 
boreal forest during the last 20 years compared to 
earlier decades (Murphy et al. 2000); similarly, 23 
million ha in Russia burned in the extreme fire year 
of 2003 (Teplyakov 2007).

The polar treeline of Siberian, Soyan, and Ural 
Mountains forests has shifted northward over the past 
50 years, although the treeline has remained stable 
in other regions (Teplyakov 2007). Projections for 
climate-mediated changes over the next century are 
even more dramatic. For example, models of vegeta-
tion response to the Hadley general circulation model 
(GCM) and moderate scenarios for economic trends 
suggest that northern treeline boundaries with the 
tundra biome will advance an average of 175 km by 
the 2090s, ranging from about 50 km (in the Mack-
enzie and Lena River drainages and western Europe) 
to about 450 km into Greenland (Kaplan et al. 2003). 
Over the same period of time, climate suitable for 
hemi-boreal and temperate forests is projected to 
expand into current boreal terrain, such that the over-
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Historically, the climate in Finland has consisted of 
four distinct seasons. As climatic change is expected 
to increase average temperatures, winters charac-
terised by freezing air temperatures and snow cover 
will decrease; summer conditions are expected to 
persist longer in the year. In addition, rainfall dur-
ing the autumn, winter, and spring is consistently 
expected to increase. However, projections regard-
ing summer rainfall are less certain: precipitation 
may either increase or decrease, depending on the 
model and scenario.

In Finland, Heterobasidion parviporum is eco-
nomically the most important tree disease, causing 
root rot and butt rot in mature conifers (Tamminen 
1985). Its distribution in the country is primarily 
southern, and the fungus is only rarely observed in 
the northern parts of the country. The reasons for 
the southern distribution of H. parviporum are not 
clear. It could be due to (a) the climatic demands 
of the fungus, (b) the soil type, which in northern 
parts of the country is dominated by peatlands com-
pared to mineral soils in south, or (c) simply due to 
the short history of intensive forest utilisation and 
management in northern Finland.

The spread of the H. parviporum to new for-
est sites is based on spore dispersal to fresh stump 
surfaces during the summer (phase I), after which 
the disease moves through the root systems to neigh-
bouring trees (phase II). Phase I of the disease can 
be controlled by the timing of cuttings (as no spore 
dispersal occurs in winter), or, in the summer, stump 
surfaces can be protected by biological or chemi-
cal deterrents. Removal of stumps from the cutting 
area will also decrease infection by spores (Piri 
2003), although this method can be expensive and 
contributes to the loss of dead wood from the for-
est ecosystem. Control of phase II Heterobasidion 
spread is more problematic. Tree species rotation 
(i.e., growing hardwood species instead of coni-
fers) would be effective in limiting the spread of H. 
parviporum (Piri 2003), but the grazing of moose 
(Alces alces) often causes considerable damage, and 
therefore forest owners are not interested in hard-
wood plantations. The desirability of alternating tree 

crops is also constrained by the lower value land 
owners can expect from the sale of hardwood logs 
compared to conifer logs.

Climate change is expected to affect H. parvipo-
rum in several different ways. A shortening of the 
winter season will increase harvest operations in the 
summer, when infection by spores can occur. Also, 
more damage is caused by machinery as tree roots 
are less protected by snow and frozen ground. Both 
of these factors create more dispersal routes for H. 
parviporum, which simultaneously is expected to 
have a longer spore production season and acceler-
ated mycelial growth rates. Both mycelial growth 
and spore production are partially temperature-
dependent, so the warming and lengthening of 
the summer season will increase the spread and 
virulence of H. parviporum. This may be partially 
compensated for by accelerated growth rates for 
some tree species on some sites, which could lead 
to reduced rotation times and a reduced chance of 
fungal infection at fatal levels.

Finally, wind storms are expected to increase 
in Finland with climatic warming. Forest suscep-
tibility to damage will be directly connected to the 
extent of root rot and butt rot, as trees with decayed 
root systems are more susceptible to wind throw 
than healthy ones. Blowdown of diseased trees will 
create openings in the forest, and allow strong winds 
later to bring down nearby healthy trees as well. 
Further, this will have a direct effect on the spread 
of H. parviporum, as the fungus can use stumps left 
from wind throw to start new infections. This, in 
turn, increases the susceptibility of forest trees to 
strong winds, inducing a positive feedback system 
of increasing damage.

Overall, most of the effects of the expected cli-
matic change in Finland seem to benefit H. parvi-
porum species if no preventive human actions are 
taken. In order to block the resulting forest dete-
rioration, forest owners should be motivated to use 
the control actions already available to retard the 
spread of the fungus. Furthermore, the research and 
innovation sector should be supported in its efforts 
to develop novel means to remove the disease from 
already contaminated growing sites.

Box 14.5 Heterobasidion parviporum in Finland: expectations for climatic change

all area of boreal climate in Russia is expected to 
decline by 19% (Krankina et al. 1997). A linear trend 
analysis suggests that ice roads (built over lakes, 
bogs and mires, as well as solid ground) in Canada’s 
Northwest Territories, which now provide an average 
65-day period of safe travel, will only support an 
average of 54 days of safe travel per year by 2020 

(McGregor et al. 2008). Sub-arctic ponds have been 
decreasing in area, apparently as a result of increased 
evaporation rates associated with warmer tempera-
tures (Riordan et al. 2006). Other examples include 
reduced growth rates of white spruce in some parts of 
Alaska, apparently as a result of heat stress (Barber 
et al. 2000), although improved growth and treeline 
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advancement might be expected in eastern Canada, 
where moisture is less limiting. Across boreal North 
America, the trend of satellite-sensed photosynthesis 
rates since 1982 has been largely negative (Goetz et 
al. 2005). All of these trends are expected to continue 
and intensify over the course of the 21st century (see 
Section 2.2.2 for the impacts of climate change on 
the world´s forests).

14.3.3 Forest Ecosystem Management 
in Canada

At the end of the last century, the Canadian Coun-
cil of Forest Ministers embraced a commitment 
to sustainable forest management (SFM) (CCFM 
1995), reflecting the growing adoption of legisla-
tion and policies that promoted broader concepts of 
sustainable forestry (e.g., BCMF 1995). Since then, 
several Canadian jurisdictions (e.g., OMNR 2001, 
QMNF 2009) have actively promoted the emula-
tion of natural disturbances as a guiding principle 
in forest management. There is an increasing will to 
modernise the traditional forest management model 
and to ensure that ecosystem management is at the 
centre of public forest management. Despite the 
interest in ecosystem-based management and some 
experimental implementation, its practical aspects 
are not fully developed, and it plays a limited role to 
date in the managed forests in Canada’s boreal zone 
(Gauthier et al. 2009).

Ecosystem-based forest management is based on 
sound knowledge of natural forest dynamics. Forest 
dynamics are characterised by long-term disturbance 
regimes (various combinations and severity of fire, 
wind, insect outbreaks, etc.) and by stand structure 
and composition changes following these distur-
bances. Development and implementation of man-
agement strategies based on natural forest dynam-
ics include several steps and options, including the 
determination of a regionally appropriate age class 
distribution (Box 14.1), forest composition, internal 
stand structure, spatial configuration at stand and 
landscape levels, maintenance of soil productivity, 
and the protection of key biotopes and microhabitats 
(Gauthier et al. 2009).

One of the main ecosystem management ob-
jectives is to ensure that forestry allows for some 
variability within a system’s natural historical range 
of variation. In recent years, observed differences 
between natural landscapes and those generated by 
forestry led to the identification of critical differ-
ences between natural disturbance regimes and forest 
management regimes (Cyr et al. 2009, Jetté et al. 
2009). Important issues for biodiversity preserva-
tion were identified, for instance, in Eastern Canada 
and Fennoscandia, such as the loss of mature and 

old-growth forests that dominated in natural forest 
landscapes, the loss of large forest landscapes to in-
creased landscape fragmentation, low levels of green 
tree and structural retention within managed areas 
compared with naturally disturbed landscapes, and 
the absence of fire as a catalyst for nutrient recycling 
in some regions (Gluck and Rempel 1996, Angelstam 
1998, Imbeau et al. 2001). To address these differ-
ences, various practices have been proposed, such as 
aggregating and increasing spacing between cutting 
areas in order to maintain larger areas of continuous 
forest, increasing retention in cutblock layout and 
in vegetation control, variable rotation lengths, and 
using soil scarification and controlled burning for 
site preparation and ecological restoration (Bergeron 
et al. 1999, Spence 2001, DeLong 2002, Hauessler 
and Kneeshaw 2003, Angelstam and Kuuluvainen 
2004). Unfortunately, few statistics are compiled 
and reported on the extent to which these alterna-
tive practices have been adopted.

There are some problems impeding the practical 
development and implementation of ecosystem man-
agement concepts in the world’s boreal forests:

(1) the need for detailed spatially explicit data on 
ecosystem (soil, biota, climate) and natural dis-
turbance regime (event size, frequency, selectiv-
ity, severity) attributes, rarely available on an 
operational basis or over large areas;

(2) large management areas and high labour costs 
result in a standard mid-intensity approach (i.e., 
clearcut logging, which translates to high dis-
turbance intensity at the canopy level, coupled 
with forest practices guidelines and widespread 
winter logging that promote low disturbance 
intensity at the soil level) being applied to the 
whole territory rather than practices being well 
adapted to local ecosystem particularities;

(3) a small number of forest specialists having ex-
perience with uneven-aged silviculture, variable 
retention and other partial cutting methods suit-
able for application in boreal forests, or whose 
training is sufficiently appropriate to guide man-
agement based on local ecosystem dynamics; 
and

(4) reluctance on the part of regulatory agencies and 
environmental groups to accept large clearcuts 
(with variable levels and configurations of re-
tention) that more closely match the scale and 
variability of natural forest fires.

There are three pilot projects in Quebec where formal 
implementation of the ecosystem management ap-
proach is ongoing: the Tembec project (Belleau and 
Légaré 2009), the Triad Project in central Québec, 
and the Laurentian Wildlife Reserve project. The 
Triad Project has been underway in the Haute-Mau-
ricie region since 2003. Initiated by a multi-sectoral 
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table in the Mauricie and coordinated by the forest 
industry (AbitibiBowater), this pilot project aims to 
apply the concept of triad zoning, i.e., spatially or-
ganising forest management activities according to 
three alternative priorities so that different portions 
of the forest are dedicated mainly to 1) wood or 
fibre production, 2) ecosystem management, and 3) 
conservation. Further details on this approach are 
provided in Chapter 22.

Another project in the Laurentian Wildlife Re-
serve, managed by the Ministère des Ressources 
Naturelles du Québec (MNRF), aims to develop 
an adaptive forest management approach that uses 
forest ecosystem management as a reference point 
(Leduc et al. 2009). To date, the main differences 
between natural and managed landscapes have been 
identified and strategies to minimise these differ-
ences have been presented for preliminary public 
consultation. Moreover, diverse silvicultural trials 
have been established. The Tembec project has pro-
duced its first ecosystem management plan (Belleau 
and Légaré 2009). Since 2007, two strategies have 
been tried operationally before their large-scale ap-
plication: 1) the implementation of a logging area 
trial where one of the harvesting treatments aims to 
maintain residual forest; and 2) trials using adapted 
silvicultural practices that aim to conserve the cover 
and attributes of old-growth forests. For each trial 
conducted in the area, a direct follow-up with re-
gard to costs, outputs, and environmental impacts is 
made. The achievement of the initial objectives will 
also be evaluated and strategies adjusted so that the 
global strategy more fully addresses the landscape 
management issues of the forest management unit. 
An analogous large-scale EBM-inspired trial can be 
found in western Canada at the >1000-ha EMEND 
research site in north-western Alberta (Work et al. 
2004; see EMEND 2006).

In other locations across Canada, several forestry 
companies have begun to integrate forest ecosystem 
management principles into harvest planning. For in-
stance, Tembec in Ontario (see Tembec 2010), Mys-
tik Management Ltd. in Saskatchewan (see Mistik 
2010), and Alberta-Pacific Forest Industries Inc. in 
Alberta (see Al-Pac 2010) have implemented strate-
gies inspired by natural disturbances in their forest 
management planning. In much of British Columbia, 
the use of clear-cutting with reserves, snag retention, 
and cutblock aggregation have become standard op-
erating procedures (DeLong 2002, Work et al. 2003). 
Numerous advantages, including improved potential 
for forest certification, ensure that companies have 
much to gain by integrating an ecosystem manage-
ment approach into their planning and operations.

14.3.4 Different Management 
Imperatives Where Commercial 
Forestry Does Not Prevail

Forest ecosystem management takes on different 
forms in different parts of the circumboreal forest, 
reflecting regional ecologies and economies. Alaska, 
for example, is a distinctive part of the North Ameri-
ca boreal forest region from biophysical, ecological, 
and socioeconomic standpoints. Interior valleys ex-
perience persistent cold air inversions and are usu-
ally permafrost-dominated black spruce woodland 
or stunted forest, while low elevation sites on the 
floodplain terraces of major rivers and slopes near 
major rivers covered with thick loess deposits sup-
port productive forests. Because of this landscape 
heterogeneity, few parts of boreal Alaska support 
unbroken forest canopy. Alaska supports numerous 
plant and animal species not found elsewhere in the 
Americas, in part due to its biogeographic history as 
an ice-free refugium during the Pleistocene and its 
proximity to Asia. Alaska has become widely known 
for its wildlife and scenery, and the large established 
parks, refuges, and wilderness areas are assets for 
tourism, scientific study, and provisioning traditional 
users in their homeland.

As in the neighbouring Yukon and Northwest Ter-
ritories, and in much of northern Ontario and Que-
bec in Canada, the sporadic, isolated occurrence of 
productive forest sites in interior Alaska has been a 
significant disincentive to investments (road access, 
processing facilities, etc.) required for large-scale 
commercial timber production. In the boreal zone 
of Alaska, the area of forest totals 46–66 million ha 
(as variously defined), of which only about 12% is 
of potential commercial value. The largest national 
parks and national wildlife refuges in the USA occur 
in Alaska. The proportion of protected forest land is 
higher in Alaska (about 40%) than anywhere else in 
the boreal region (Juday 1997). At least 25% of Alas-
ka’s most productive boreal timberland is reserved by 
law from forest harvest (Labau and Van Hess 1990). 
No single goal of management dominates the use of 
the Alaskan boreal forest, notably not commercial 
timber harvesting and production.

Natural disturbances, particularly insect-caused 
tree death or defoliation and wildland fire, and not 
forest management, overwhelmingly predominate 
in non-commercial boreal forests around the world. 
Large wildland fires are a regular feature of summers 
in interior Alaska, and the last decade has included 
several years of more than 1 million ha burned. Nearly 
two-thirds of interior Alaska is maintained under an 
essentially natural fire regime of negligible suppres-
sion activity, many large lightning-caused fires, and 
few human ignitions. About 17% of interior Alaska 
is zoned for fire suppression because of the presence 
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of communities and roads, and this suppression effort 
has been demonstrated to have effectively achieved 
a 50% reduction in the proportion of area burned 
from 1992 through 2001, compared to areas with-
out suppression (DeWilde and Chapin 2007). The 
remaining 16% of land receives some suppression 
and experiences an intermediate fire regime.

There is a small-scale wood industry in Alaska, 
but the volume of wood needed to supply it can be 
met with a very small fraction of the allowable har-
vest. This has created a unique situation in which 
most Alaska residents live in a forested environment, 
but are not dependent on timber harvesting for their 
livelihood, and many see industrial harvesting as 
contrary to their interests. As a result, there is no 
consensus to expand forest harvest nor to establish 
or expand forest products processing in Alaska. How-
ever, there is a working consensus that the high cost 
of energy in rural Alaska, especially where petroleum 
or major hydroelectric systems are not practical, rep-
resents a potential application for renewable biomass 
energy facilities and forest management programs 
to feed them. Similar community-centred initiatives 
are under way in Yukon and the Northwest Territo-
ries; this means that many areas of taiga, considered 
commercially inoperable a decade ago, may soon be 
brought under management, with employment op-
portunities in woodland and processing operations.

The philosophy of environmental protection 
found in Alaska can also create cumbersome review 
and approval processes that can, for example, pose 
significant challenges for even widely supported 
goals and projects such as renewable energy facili-
ties. But looming as a question over all activities and 
future plans is the scale and pace of climate change 
effects that are already evident and that are expected 
to continue. For example, the apparent drying of 
wetlands across nearly all of Alaska (Riordan et al. 
2006) appears to interfere seriously with benefits of 
a network of wildlife refuges. Efforts at develop-
ing alternative economic activities in Alaska, and 
throughout the circumboreal region, seem particu-
larly sensitive to the state of the world economy, the 
price of petroleum, and the vagaries of climate.

14.3.5 The Boreal Position in 
the Global Economy

The future of forest product industries in the bo-
real region is uncertain and varied. One possible 
driver of change may be global efforts to constrain 
greenhouse gas concentrations in the atmosphere. 
A carbon-constrained world will challenge forest 
managers to rebalance management priorities and 
still achieve SFM goals. If climate change mitigation 
policies are fully adopted worldwide, this will pro-

vide an incentive to maintain and enhance biological 
carbon stocks on the one hand, but (in the drive to 
use renewable rather than petroleum-based energy 
and raw materials) increase demand for wood and 
fibre products on the other. The net effect on the 
boreal forest industries is not clear. Not knowing 
the exact rules of a future global climate mitigation 
framework or to what extent increased demand for 
wood products will be met by supply in non-boreal 
regions means the future structure and size of boreal 
forest industries is particularly uncertain.

14.4. Social, Economic, and 
Institutional Trends

There is considerable geographic variation in the 
development opportunities and challenges faced by 
boreal forests and boreal communities, and in their 
ability to absorb expected changes. Fennoscandia 
is embarking on modest programs of biodiversity 
conservation and forest restoration, supported by a 
strong infrastructure and community capacity. North 
American boreal forests remain largely intact, with 
strong regulatory frameworks, and economically 
and socially sustainable communities in place, but 
with the prospect of massive resource developments. 
Northern Russia still seems to be coping with prob-
lems of under-regulated industrial impacts coupled 
with social problems (Forbes et al. 2004).

A recent component of the social equation af-
fecting public demands and expectations associated 
with boreal forests is the focused attention of many 
international environmental non-governmental or-
ganizations (ENGOs). These recent environmental 
protection efforts highlight wilderness values and 
ecosystem services as much as conservation of bio-
diversity. For example, the Canadian Boreal Initiative 
(Canadian Boreal Initiative 2010) was launched in 
2003 with considerable underwriting from the Pew 
Foundation based in the USA; it has mobilised in-
dustry, other ENGOs, and public opinion to promote 
the designation of protected areas and sustainable 
resource management. Even while other parts of 
Canada’s boreal forest are still being brought under 
industrial development for timber production or other 
primary resources (e.g., Schneider 2002), Canadian 
governments have subsequently expanded protection 
for wild boreal landscapes. In July 2008, the govern-
ment of Ontario announced its intention to protect 
225 000 km2 under its “Far North Planning Initia-
tive.” In March 2009, the government of Québec 
announced that it would be doubling its protected 
areas network to 8.12% of the land area, with the goal 
of protecting 12% by 2015, primarily through addi-
tions in boreal and subarctic regions. In June 2009, 
the Canadian federal government and the Dehcho 
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First Nation jointly announced legislation to increase 
the area of Nahanni National Park (Northwest Ter-
ritories) by more than six times. Global Forest Watch 
Russia (Global Forest Watch 2010) and Greenpeace 
Russia (Greenpeace Russia 2010) are active in rais-
ing greater awareness of Russia’s forest resources 
and sustainable forest management issues. However, 
there has been little protection offered to wild forest 
landscapes in Russia over the last 15 years.

Indigenous peoples across the boreal forest have 
formed alliances with ENGOs and have joined them 
in various campaigns for wilderness protection and 
improved forestry standards (Holmes 2003). There 
has also been progress in reconciling their needs for 
sustainable access to both subsistence resources and 
to good jobs, primarily by means of joint ventures 
and co-management agreements between forest com-
panies and First Nations (Natcher 2008).

14.4.1 Enforcement and Encourage-
ment of Higher Forestry Standards

There is some debate in many boreal countries on 
whether current timber harvesting levels (including 
the illegal logging that occurs in some jurisdictions) 
are justifiable in the light of environmental goals, 
biodiversity protection, and principles of SFM. A 
consciously non-renewable approach to timber har-
vesting is rare today, but has been problematic in 
the past in regions where governance structure or 
oversight was poor or where forest growth and re-
newal were poorly understood. Illegal logging, in 
particular, can compromise local and regional con-
servation plans, sustainability of the timber supply, 
and the generation of government revenues. A Eu-
rope and Northern Asia Forest Law Enforcement and 
Governance (ENA FLEG) Ministerial Conference 
in 2005 addressed some of these issues. The Rus-
sian government adopted a national action plan to 
combat illegal logging and promote more domestic 
processing of wood products (Box 14.3). The Rus-
sian Federal Forestry Agency was assigned to follow 
this plan and introduce a monitoring system over 
the vast area of Siberia and the Russian Far East 
using aerial surveys and ground labelling in sup-
port of certification schemes, among other means. 
Climate change is another significant issue affect-
ing the projected sustainability of timber supplies in 
many boreal jurisdictions because losses due to the 
incidence, severity, and extent of pests and wildfire 
could be unpredictably high.

There are positive trends in boreal forest manage-
ment, including the development of new approaches 
to forest management based on participation of in-
terested parties in decision-making, landscape-level 
planning, community-based forest management, and 

partnerships between industrial and aboriginal organ-
isations (Burton et al. 2006, Teplyakov 2006). The 
Model Forest concept, initiated in Canada in 1990 
and since extended to 17 countries, promotes innova-
tive and exemplary community-based approaches to 
SFM (see IMFN 2008). Many countries are review-
ing national forest policies towards sustainable forest 
use (e.g., national action plans against illegal logging 
within the ENA FLEG Ministerial process), are intro-
ducing principles of forest ethics, and are developing 
and implementing best management practices to shift 
towards the protection of ecological values (Saint-
Laurent et al. 2005).

The last decade has seen global expansion of the 
use of third-party forest certification to demonstrate 
to markets that wood and paper products are being 
produced from sustainably managed forests. Many 
northern forest products companies and jurisdic-
tions have joined the certification movement to be 
competitive in the international arena. In Europe, 
the most widespread forest certification takes place 
under the Pan-European Forest Certification (PEFC) 
Sustainability Benchmark and the Forest Steward-
ship Council (FSC) system. In North America, the 
USA-led Sustainable Forestry Initiative (SFI), and 
the Canadian Standards Association (CSA) have cer-
tified much of the timber production lands of boreal 
and sub-boreal Canada. For more information on 
the certification of forests and forest products, see 
Section 23.5.1 and MetaFore (2007).

Russia has recently made progress in integrating 
the principles of planning and sustainability into its 
forest policies and practices. Russian forest policy 
has been characterised by a tension between cen-
tralised vs. local authority, and the reassertion of 
administrative and professional control after almost 
two decades of poorly regulated forest exploitation 
after collapse of the Soviet Union. Upon adoption of 
the Forest Code of the Russian Federation in 2006, 
a period of decentralisation began, which has its ad-
vantages and disadvantages. The emerging trends 
and challenges in Russian forest administration and 
management consist of:

◆ a more decentralised system of forest manage-
ment;

◆ an expanded list of forest types considered suit-
able for timber utilisation;

◆ more opportunity to use forest lands for infra-
structure development and mining;

◆ the identification of priority investment areas to 
promote forest utilisation; and

◆ preparation for the introduction of long-term for-
est tenures (leases).

The new Forest Code of the Russian Federation, in ef-
fect since January 1, 2007, became fully operational 
in 2009; it consists of more than 60 legal instruments 
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altogether. To date, there have been six amendments 
to the Code, most recently in March 2009. The sys-
tem of forest management has been fundamentally 
changed. In the near future, it is supposed to resolve 
issues concerning new regulations for final and in-
termediate harvesting, the role of green zones near 
settlements, the designation of protection forests, and 
so on. It is proposed that about 16 decisions or orders 
of the Government of the Russian Federation need 
to be passed, and about 30 supporting documents 
of the Russian Ministry of Agriculture remain to be 
adopted in order to complete the bylaws to the Forest 
Code (Giryaev 2009).

14.4.2 Climate Change Adaptation 
and Sustainable Forest Management

While there is considerable research documenting 
current and projected impacts of climate change on 
the boreal forest, discussion on how, when, and where 
to adapt boreal forest management to climate change 
is relatively limited. Adaptation seeks to reduce or 
moderate risks associated with climate change and 
is important in the boreal forest for three reasons: 
1) climate change is already occurring in this region 
and is having an impact on forest ecosystems and 
forest-dependent communities; 2) even with aggres-
sive measures to control greenhouse gas emissions, 
current atmospheric concentrations of carbon diox-
ide mean that warming will continue regardless; and 
3) proactive approaches to adaptation are more likely 
to avoid or reduce negative consequences of climate 
change than are reactive responses.

Forest management can reduce vulnerability to 
climate change by increasing resilience and enhanc-
ing adaptive capacity, but climate change, in turn, will 
complicate the ability to achieve SFM (Innes et al. 
2009, Seppälä et al. 2009). While the scale and scope 
of climate change effects on forest ecosystems are 
not fully appreciated, the reality of climate change 
poses some basic questions about our fundamental 
management paradigms. Can sustainability be as-
sured or even aimed for under changing conditions 
and a newly uncertain future? Is strong sustainability 
(i.e., the sustained protection or production, at some 
level, of all current values; Neumayer 2003) an ap-
propriate goal for forest management? Regardless, 
the principles and practices of SFM embody many 
of the activities that will be required to respond to 
the effects of climate change on forests (Spittlehouse 
and Stewart 2003, Ogden and Innes 2007). Failure 
to implement SFM limits the capacity of forests and 
forest-dependent people to adapt to climate change. 
To meet the challenges of adaptation, ongoing com-
mitment to achieving the internationally recognised 
goals of SFM for the boreal forest is needed at all 

levels (Hall 2001, Seppälä et al. 2009).
A logical starting point for climate change adap-

tation in the forest sector is to proactively identify 
management practices and policies that have a higher 
likelihood of achieving management objectives across 
a wide range of potential climate futures (Ogden and 
Innes 2007, 2008); one small example is provided 
in Box 14.6. Another example is the implementation 
of policies for the facilitated migration of tree spe-
cies and seed lots (Krankina et al. 1997, McKenney 
et al. 2009). Such policies are being designed in a 
“no regrets” context (Heltberg et al. 2009) so that 
results will be satisfactory regardless of whether or 
not climate changes unfold as predicted (Table 14.5). 
Because of the uncertainties involved, such programs 
must include monitoring of their effectiveness in an 
adaptive management context.

An effective policy for climate change adaptation 
must be responsive to multiple objectives. This is 
particularly true for the boreal forest sector, where 
socioeconomic and environmental systems are intri-
cately linked. Adaptation strategies are more likely to 
be successful if they are mainstreamed into existing 
decision-making processes (Ford et al. 2006), and 
if they are developed by local actors who are more 
likely to ensure their consistency with local priorities, 
norms, goals, and institutions (Lim and Spanger-
Siegfried 2005, Chapin et al. 2006).

The diversity of forest conditions, climate change 
impacts and vulnerabilities, and management objec-
tives across the boreal, and the uncertainties involved 
in making projections about how climate will change 
at a particular location, make it unfeasible to provide 
prescriptive recommendations for how to adapt for-
est management practices and policies. Since there 
is no universally applicable measure for adapting to 
climate change, boreal forest managers should have 
sufficient flexibility to deploy the adaptation mea-
sures that are most appropriate for their local situ-
ations (Innes et al. 2009, Seppälä et al. 2009). This 
flexibility is typically expressed through the dual 
promotion of diversity and adaptive management: 
(1) diversification of crop trees, stand structures, 
silvicultural practices, saleable goods and services 
from the forest, wood products, and markets; and 
(2) monitoring mechanisms to evaluate the ongoing 
suitability of forest practices and policies, coupled 
with receptivity to make adjustments in response to 
new realities.

Krankina et al. (1997) recommend a set of adap-
tive measures for Russian forest management, which 
can be considered widely applicable. These include: 
(1) greater use of artificial reforestation and affores-
tation to facilitate northward migration of species and 
provenances; (2) silvicultural measures to influence 
the species mix of stands and to maintain productiv-
ity under future climates; (3) identifying forests at 
risk (from climatic stress, pests, or fire) and devel-
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There is accumulating evidence that climate change 
is having an impact on forests and forest-dependent 
communities in the Champagne-Aishihik Tradition-
al Territory of south-western Yukon. This region, 
characterised by large tracts of mature white spruce 
(Picea glauca), has experienced the largest and most 
intense recorded outbreak of spruce beetle (Den-
droctonus rufipennis) in Canada. Climate conditions 
have played a critical role in increasing the popula-
tion of beetles to epidemic levels and weakening the 
defences of the spruce trees. Widespread mortality 
of white spruce has led to the loss of merchantable 
timber, significant changes to the regional ecology, 
increased flammability and extent of forest fuels, 
and heightened vulnerability to wildfire.

The beetle infestation has driven forest man-
agement and planning in this region since the mid-
1990s. In November 2004, the Government of Yukon 
and the Champagne-Aishihik First Nation approved 
the first community-directed strategic forest man-
agement plan in the Yukon that identifies reduction 
of fire hazard, forest renewal, economic benefits, 
and preservation of wildlife habitat as forest man-
agement and planning priorities. While the plan 
incorporates some examples of “best management 
practices” for sustainable forest management that 
are consistent with appropriate climate adaptation 
responses (Ogden and Innes 2007), the plan does 
not explicitly identify climate change vulnerabili-
ties and actions that will be taken to reduce those 
vulnerabilities and manage risks. As such, the plan 
is characterised as a “Reactive-Indirect” plan, with 
respect to how it addresses climate change (Ogden 
and Innes 2008).

An examination of forest management actions 
that could be undertaken to reduce the vulnerabil-
ity to climate change of forest ecosystems and the 
people and economies that depend on them was un-
dertaken (Ogden 2007). Activities included a work-
shop on “Our Changing Boreal Forest,” hosted by 
the Champagne-Aishihik First Nation and the Alsek 
Renewable Resource Council, and involving local 
residents, governments and management agencies, 
and researchers (McKinnon 2006). The workshop 
outcomes provided a foundation for a preliminary 
research framework to support forest management 
decision-making in the changing climate of south-
western Yukon (Ogden and Innes 2009b).

Research also has been conducted to document 
the perspectives of local forest practitioners on 
the effectiveness of forest management adaptation 
options under a range of potential future climate 
conditions (Ogden and Innes 2009a). In this study, 
practitioners identified 24 adaptation options that 
they considered important to implement in order to 
achieve the regional goals and objectives of sustain-
able forest management in light of climate change 
(Table 14.5). The following targeted research needs 
were also identified: 1) local residents highlighted 
the importance of formalising a monitoring network 
based on local knowledge as part of a broader adap-
tive management framework; and 2) practitioners 
expressed a need for research to identify forest man-
agement tactics that would enable them to achieve 
community-directed forest management objectives 
in light of climate change (Ogden and Innes 2009b). 
In this region, climate change is providing the impe-
tus and a forum for discussion on the need for more 
comprehensive research and monitoring programs 
to support the sustainable management of forest 
resources.

Box 14.6 A Case study of sustainable forest management in a changing climate: Champagne-
Aishihik Traditional Territory, South-west Yukon, Canada

oping special management adaptation measures for 
them; (4) alternative products, processing, and uses 
of wood and non-wood products from future forests; 
and (5) evaluation of infrastructure and transport sys-
tems (especially in thawing permafrost zones) for 
maintenance, reconstruction, and rerouting needs.

14.5. Conclusions – A Boreal 
Prospectus

Boreal forests, forest industries and forest com-
munities are largely sustainable even in the face of 
changing physical and economic conditions, even 
though individual regions face particular chal-
lenges. Climate change and its effects are already 
evident in the world’s boreal forests. But large ar-
eas of wilderness and dominance by wide-niched 
and disturbance-adapted species suggest that the 
boreal biome has good capacity for resilience and 
adaptation. Limited agricultural capabilities, long 
distances from markets, and historic dependence 



14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

275

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE

on a few primary industries may threaten the stabil-
ity of local economies, but northern communities 
(especially indigenous ones) are exhibiting a new 
assertive involvement in planning and development. 
Because boreal forests worldwide are primarily on 
public land, in regions with low populations, and few 
competing land uses (at a worldwide level), there is 
an opportunity to act proactively through landscape 
and regional planning, integrated multi-sectoral land 
management, and alternative models of governance 
that collectively facilitate adaptation to shifts in cli-
mate and markets.

Many boreal jurisdictions are already considering 
climate change adaptation measures for forestry, such 
as facilitated migration of crop tree species and seed 
lots, coupled with programs of genetic conservation. 
Much of the world’s boreal region can be expected 
to continue as generally low-productivity but large 
areas of forest managed for fibre production by native 
trees. This boreal model of extensive forestry, with 
few silvicultural interventions and comparatively 
long rotations, may have a relative advantage from 
environmental and sustainability perspectives (Booth 
et al. 1993). There also exists the (as yet largely un-
realised) potential to manage disturbance frequency 
and severity to approximate those of natural distur-
bance regimes under a program of ecosystem-based 
management. Such a management regime facilitates 
protection of ecological processes and wilderness 
values while extracting commodities and promoting 
sustainability in the international marketplace.

Additional research is required to reduce current 
uncertainties about the impacts of climate change on 
boreal forests, and to improve knowledge about the 
effectiveness of alternative management and policy 
measures. Even if adaptation measures are fully 
implemented, unmitigated climate change would, 
during the course of the current century, exceed the 
adaptive capacity of many forests. Global efforts to 
reduce greenhouse gas emissions are needed to en-
sure that boreal forests retain their mitigative and 
adaptive capacities. We must not forget the global 
responsibility of maintaining (or, preferably, enhanc-
ing) the role of boreal landscapes in sequestering 
greenhouse gases. It is estimated that approximately 
35% of the world’s carbon is currently stored in bo-
real forests and soils (Kasischke et al. 1995), with 
stocks found in peatlands especially uncertain and es-
pecially vulnerable to thresholds of temperature and 
moisture. Consequently, management policies and 
practices that result in a net loss of carbon dioxide or 
methane from northern forests, peatlands, and soils 
must be avoided if at all possible. Despite relatively 
low productivity (and hence low carbon fixation) 
rates, boreal forests have the capacity to both seques-
ter additional carbon and to retain that carbon for a 
long time. The challenge is to find the right balance in 
each landscape between those young growing forests 

and the old forests that contain high carbon stocks 
(Kellomäki 2000). Targeted management practices, 
such as enhanced fire protection around high car-
bon stocks and the promotion of higher stocking 
throughout a rotation (Garcia-Gonzalo et al. 2007), 
can demonstrably increase carbon sequestration and 
retention in boreal forests.

The comparative advantage of boreal forests and 
forestry (slow-growing, strong fibre, forest harvesting 
sustainable while maintaining ecological processes 
and wilderness attributes) can be expected to persist 
in the global economy, though not from all boreal re-
gions at all times. Many northern communities would 
benefit from diversification and education to enhance 
their adaptive capacity and global competitiveness, 
and thereby avoid some of the risks of unemploy-
ment and wide population swings associated with 
single-industry dependence. For large areas of the 
circumboreal region in which commercial forestry 
is not viable now or in the foreseeable future, the 
land may have greater value in supporting carbon 
sequestration, freshwater retention, wilderness, and 
wildlife habitat than for the production of timber or 
pulp. Although a potentially renewable alternative 
to fossil fuels, current initiatives to develop a wood-
based biofuel sector should consider the sustainabil-
ity of forest production and renewal.

Despite a superficial similarity in composition, 
structure, and driving factors around the world, the 
world’s boreal forests are a collection of social-
ecological systems representing a wide range of 
challenges and opportunities (Forbes et al. 2004, 
Angelstam et al. 2007). In addition to regional dif-
ferences in historical climate and current climatic 
trends, there is also a diversity of socio-political 
histories and cultural values found throughout the 
circumboreal region. The last decade or two has seen 
some dramatic shifts in biophysical and socioeco-
nomic considerations for forest management, and 
the coming decades can be expected to be just as 
dynamic. In Europe, for example, we are seeing a 
changing emphasis on forest values both in west-
ern countries, where more environmental values 
are now espoused, and in eastern countries, where 
commercial potentials are being explored along 
with a renewed commitment to timber sustainability 
(Angelstam et al. 2005). The intensively managed 
forests of Fennoscandia provide a warning to other 
boreal jurisdictions that industrial efficiencies may 
be achieved at the expense of biodiversity, while the 
wild forests of Russia and Canada provide important 
templates for restoration and ecological manage-
ment. In all circumboreal socio-ecological regions, 
however, there seem to be modest stepwise move-
ments to the “triple-bottom line” approach – i.e., 
with equal consideration to environmental and social 
benefits as well as economic ones – in evaluating 
industrial proposals and new government policies 



276

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

in an effort to achieve sustainability and adaptive 
governance.

Forest researchers, managers, and policy-makers 
will be facing some challenges and dilemmas in the 
years to come. For example, reliable statistics com-
piled not only by political jurisdiction, but by eco-
logical region as well, are difficult to come by, yet 
are essential to gauge the state of sustainability of 
a biome. Other issues centre on how much manag-
ers can or should resist forest loss associated with 
local climate shifts and land use change. For ex-
ample, if ecosystem conversion from forest to park-
land or grassland is projected as being warranted 
in adjustment to the future climate, are we actually 
engaged in sustainable environmental management? 
Is strong sustainability a reasonable goal in times 
of high disturbance risk or dramatic environmental 
change? Perhaps the spatial scales over which we 
evaluate sustainability need to be reconsidered at 
the same time as we implement adaptive practices. 
The organisms and ecosystems we manage today 
probably faced similar or analogous challenges in 
the past. The difference today is that humans have 
already constrained the viability of many popula-
tions and have fragmented the continuity of habitat 
over large areas. In addition, we have constructed 
complex infrastructure and economies based on the 
status quo, so are less flexible in our response to a 
changing environment, though we are also potential 
agents of action to mitigate changes. The challenge is 
to improve our ability to make decisions in a chang-
ing world and to be wise enough to make the most 
constructive and adaptive choices.

Acknowledgements

Thanks to Doug Maynard, Christian Messier, Maggie 
Paquet for constructive comments on earlier versions 
of this manuscript. The authors are also grateful to 
Carla Burton, Lili Sun, and Gurp Thandi for help 
with research.

References

Aksenov, D., Dobrynin, D., Dubinin, M., Egorov, A., Isaev, A., 
Karpachevskiy, M., Laestadius, L., Potapov, P., Purekhovskiy, 
A., Turubanova, S. & Yaroshenko, A. 2002. Atlas of Rus-
sia’s Intact Forest Landscapes. Global Forest Watch Russia, 
Moscow. Available at: http://www.forest.ru/eng/publications/
intact/ [Cited 16 Mar 2010].

Al-Pac (Alberta-Pacific Forest Industries Inc.) 2010. [Internet site]. 
Available at: http://www.alpac.ca [Cited 16 Mar 2010].

Amiro, B.D., Todd, J.B., Wotton, B.M., Logan, K.A., Flannigan, 
M.D., Stocks, B.J., Mason, J.A., Martell, D.L. & Hirsch, 
K.G. 2001. Direct carbon emissions from Canadian forest 
fires, 1959–1999. Canadian Journal of Forest Research 31: 
512–525.

Andison, D.W. & Kimmins, J.P. 1999. Scaling up to understand 
British Columbia’s boreal mixedwoods. Environmental Re-
views 7: 19–30.

Angelstam, P. 1998. Maintaining and restoring biodiversity in 
European boreal forests by developing natural disturbance 
regimes. Journal of Vegetation Science 9: 593–602.

Angelstam, P., Boutin, S., Schmiegelow, F., Villard, M-A., 
Drapeau, P., Host, G., Innes, J., Isachenko, G., Kuuluvainen, 
T., Mönkkönen, M., Niemelä, J., Niemi, G., Roberge, J.-
M., Spence, J. & Stone, D. 2004. Targets for boreal forest 
biodiversity conservation – a rationale for macroecological 
research and adaptive management. Ecological Bulletins 51: 
487–509.

Angelstam, P., Elbakidze, M., Axelsson, R., Lopatin, E., Sand-
ström, C., Törnblom, J., Dixelius, M., Gorchakov, V. & Kovr-
iga, L. 2007. Learning for sustainable forest management: 
Europe’s East and West as a landscape laboratory. Forest 
Facts 1. Swedish University of Agricultural Sciences, Umea, 
Sweden. 4 p.

Angelstam, P., Kopylova, E., Korn, H., Lazdinis, M., Sayer, J.A., 
Teplyakov, V. & Törnblom, J. 2005. Changing forest values 
in Europe. In: Sayer, J.A. & Maginnis, S. (eds.). Forests in 
Landscapes: Ecosystem Approaches to Sustainability. Earth-
scan, London. p. 59–74.

Angelstam, P. & Kuuluvainen, T. 2004. Boreal forest disturbance 
regimes, successional dynamics and landscape structures –a 
European perspective. Ecological Bulletin 51: 117–136.

Anielski, M. & Wilson, S. 2005. Counting Canada’s National 
Capital: Assessing the Real Value of Canada’s Boreal Ecosys-
tems. The Pembina Institute and Canadian Boreal Initiative, 
Drayton Valley, Alberta, and Ottawa, Ontario. 78 p. Available 
at: http://www.borealcanada.ca/documents/Boreal_Wealth_
Report_Nov_2005.pdf [Cited 8 Mar 2010].

Auvinen, A.-P., Hildén, M., Toivonen, H., Primmer, E., Niemelä, 
J., Aapala, K., Bäck, S., Härmä, P., Ikävalko, J., Järvenpää, 
E., Kaipiainen, H., Korhonen, K.T., Kumela, H., Kärkkäinen, 
L., Lankoski, J., Laukkanen, M., Mannerkoski, I., Nuutinen, 
T., Nöjd, A., Punttila, P., Salminen, O., Söderman, G., Törmä, 
M. & Virkkala, R. 2007. Evaluation of the Finnish National 
Biodiversity Action Plan 1997–2005. Monographs of Boreal 
Environmental Research 29. 54 p.

Barber, V.A., Juday, G.P. & Finney, B.P. 2000. Reduced growth of 
Alaska white spruce in the twentieth century from tempera-
ture-induced drought stress. Nature 405: 668–673.

BCMF (British Columbia Ministry of Forests) 1995. Biodiversity 
Guidebook. Forest Practices Code of British Columbia. Min-
istry of Forests and B.C. Environment, Victoria, B.C. 99 p.

Beier, C., Lovecraft, A.L. & Chapin, T. 2009. Growth and collapse 
of a resource system: an adaptive cycle of change in public 
lands governance and forest management in Alaska. Ecology 
and Society 14(2): 5. Available at: http://www.ecologyand-
society.org/vol14/iss2/art5/ [Cited 1 May 2010].

Belleau, A. & Légaré, S. 2009. Project Tembec: Towards the 
Implementation of a Forest Management Strategy Based on 
the Natural Disturbance Dynamics of the Northern Abitibi 



14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

277

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE

Region. In: Gauthier, S., Vaillancourt, M.-A., Leduc, A., De 
Grandpré, L., Kneeshaw, D.D., Morin, H., Drapeau, P. & 
Bergeron, Y. (eds.). Ecosystem Management in the Boreal 
Forest. Presses de l’Université du Québec, Quebec, Quebec. 
p. 479–499.

Berg, A. & Tjernberg, M. 1996. Common and rare Swedish ver-
tebrates – distribution and habitat preferences. Biodiversity 
Conservation 5: 101–128.

Berg, E.E., Henry, J.D., Fastie, C.J., De Volder, A.D. & Matsuoka, 
S.M. 2006. Spruce beetle outbreaks on the Kenai Peninsula, 
Alaska, and Kluane National Park Reserve, Yukon Territory: 
Relationship to summer temperature and regional differences 
in disturbance regimes. Forest Ecology and Management 227: 
219–232.

Bergeron, Y. 2004. Is regulated even-aged management the right 
strategy for the Canadian boreal forest? Forestry Chronicle 
80: 458–462.

Bergeron, Y., Gauthier, S. & Vaillancourt, M.-A. 2009. Forest 
ecosystem management implementation. In: Gauthier, S., 
Vaillancourt, M.-A., Leduc, A., De Grandpre, L., Kneeshaw, 
D.D., Morin, H., Drapeau, P. & Bergeron, Y. (eds.). Ecosys-
tem Management in the Boreal Forest. Presses de l’Université 
du Québec, Quebec, Quebec. p. 315–318.

Bergeron, Y. & Harper, K.A. 2009. Old-growth forests in the 
Canadian boreal: the exception rather than the rule? In: Wirth, 
C., Gleixner, G. & Heimann, M. (eds.). Old-Growth Forests: 
Function, Fate and Value. Ecological Studies 207. Springer-
Verlag, Berlin. p. 285–300.

Bergeron, Y., Harvey, B., Leduc, A. & Gauthier, S. 1999. For-
est management guidelines based on natural disturbance 
dynamics: Stand- and forest-level considerations. Forestry 
Chronicle 75: 49–54.

Bergeron, Y., Leduc, A., Harvey, B.D. & Gauthier, S. 2002. Natu-
ral fire regime: A guide for sustainable forest management of 
the Canadian boreal forest. Silva Fennica 36: 81–95.

Beltrán, J. (ed.) 2000. Indigenous and Traditional Peoples and 
Protected Areas: Principles, Guidelines and Case Studies. 
International Union for the Conservation of Nature, Gland, 
Switzerland and Cambridge, UK. 133 p. Available at: http://
data.iucn.org/dbtw-wpd/edocs/PAG-004.pdf [Cited 1 May 
2010].

Blackburn, T.M. & Gaston, K.J. 1996. A sideways look at patterns 
in species richness or why there are so few species outside 
the tropics. Biodiversity Letters 3: 44–53.

Blais, J.R. 1985. The ecology of the eastern spruce budworm: A 
review and discussion. In: Sanders, C.J., Stark, R.W., Mul-
lins, E.J. & Murphy, J. (eds.). Recent Advances in Spruce 
Budworms Research: Proceedings of the CANUSA Spruce 
Budworms Research Symposium. Minister of Supply and 
Services Canada, Ottawa, Ontario. p. 49–59.

Blancher, P. & Wells, J. 2005. The Boreal Forest Region: North 
America’s Bird Nursery. Report commissioned by the Bo-
real Songbird Initiative and the Canadian Boreal Initiative. 
11 p. Available at:http://www.borealcanada.ca/documents/
Bird_Report_2005_Final.pdf [Cited 6 Apr 2009].

Bogdanski, B.E.C. 2008. Canada’s boreal forest economy: Eco-
nomic and socio-economic issues and research opportunities. 
Information Report BC-X-414. Natural Resources Canada, 
Canadian Forest Service, Pacific Forestry Centre. Victoria, 
BC. 58 p.

Bolshakov, B. 2008. Long-term strategy of forestry development 
in Russian Federation up to 2020. Presentation. Federal For-
estry Agency of Russia. Available at: http://www.rosleshoz.
gov.ru/english/media [Cited 10 Jun 2009].

Booth, D.L., Boulter, D.W.K., Neave, D.J., Rotherham, A.A. & 
Welsh, D.A. 1993. Natural forest landscape management: A 
strategy for Canada. Forestry Chronicle 69: 141–145.

Bouchard, M. 2009. Silviculture in the context of ecosystem man-
agement in boreal and southern boreal forests. In: Gauthier, S., 
Vaillancourt, M.-A., Leduc, A., De Grandpré, L., Kneeshaw, 

D., Morin, H., Drapeau, P. & Bergeron, Y. (eds.). Ecosystem 
management in the Boreal Forest. Presses de l'Université due 
Québec, Québec, Canada. p. 319–342.

Bouchard, M., Kneeshaw, D. & Messier, C. 2007. Forest dynam-
ics following spruce budworm outbreaks in the northern and 
southern mixedwoods of central Quebec. Canadian Journal 
of Forest Research 37: 673–772.

Boreal Songbirds Initiative 2009. [Internet site]. Available at: 
www.borealbirds.org [Cited 16 Mar 2010].

Bradshaw, C.J.A., Warkentin, I.G. & Sodhi, N.S. 2009. Ur-
gent preservation of boreal carbon stocks and biodiversity. 
Trends in Ecology and Evolution 24: 541–548. doi 10.1016/j.
tree.2009.03.019.

Brandt, J.P. 2009. The extent of the North American boreal zone. 
Environmental Reviews 17: 101–161.

Bryant, D., Nielsen, D. & Tangley, L. 1997. Last Frontier Forests: 
Ecosystems and Economies on the Edge. World Resources 
Institute, Washington, D.C. 42 p. Available at: http://archive.
wri.org/publication_detail.cfm?pubid=2619 [Cited 16 Mar 
2010].

Burleigh, J.S., Alfaro, R.I., Borden, J.H. & Taylor, S. 2002. His-
torical and spatial characteristics of spruce budworm Chlo-
ristoneura fumiferana (Clem.) (Lepidoptera: Torticidae) 
outbreaks in northeastern British Columbia. Forest Ecology 
and Management 168: 301–309.

Burton, P.J., Adamowicz, W.L., Weetman, G.F., Messier, C., Pre-
pas, E. & Tittler, R. 2003. The state of boreal forestry and the 
drive for change. In: Burton, P.J., Messier, C., Smith, D.W. 
& Adamowicz, W.L. (eds.). Towards Sustainable Manage-
ment of the Boreal Forest. NRC Research Press, Ottawa, 
Ontario. p. 1–40.

Burton, P.J., Kneeshaw, D.D. & Coates, K.D. 1999. Managing 
forest harvesting to maintain old growth in boreal and sub-
boreal forests. Forestry Chronicle 75: 623–631.

Burton, P.J., Messier, C., Adamowicz, W.L., & Kuuluvainen, T. 
2006. Sustainable management of Canada’s boreal forests: 
progress and propects. EcoScience 13: 234–248.

Burton, P.J., Parisien, M.-A., Hicke, J.A., Hall, R.J. & Freeburn, 
J.T. 2008. Large fires as agents of ecological diversity in 
the North American boreal forest. International Journal of 
Wildland Fire 17:754–767.

Campbell, E.M., MacLean, D.A. & Bergeron, Y. 2008. The sever-
ity of budworm-caused growth reductions in balsam fir/spruce 
stands varies with the hardwood content of surrounding forest 
landscapes. Forest Science 54: 195–205.

Canadian Boreal Initiative. 2010. [Internet site]. Available at: 
www.borealcanada.ca [Cited 16 Mar 2010].

Candau, J.-N., Fleming, R.A. & Hopkin, A. 1998. Spatiotempo-
ral patterns of large-scale defoliation caused by the spruce 
budworm in Ontario since 1941. Canadian Journal of Forest 
Research 28: 1733–1741.

Carleton, T.J. & Maycock, P.F. 1978. Dynamics of the boreal 
forest south of James Bay. Canadian Journal of Botany 56: 
1157–1173.

CCFM (Canadian Council of Forest Ministers) 1995. Defining 
sustainable forest management: A Canadian approach to 
criteria and indicators. Natural Resources Canada, Ottawa, 
Ontario. 22 p. Available at: http://bookstore.cfs.nrcan.gc.ca/
detail_e.php?recid=39973 [Cited 4 May 2010].

CCFM 2005. Canadian Wildland Fire Strategy: A Vision for an 
Innovative and Integrated Approach to Managing the Risks. 
Natural Resources Canada, Ottawa, Ontario. 17 p. Avail-
able at: http://www.ccmf.org/pdf/Vision_E_web.pdf [Cited 
21 Nov 2009].

Chapin, F.S., Hoel, M., Carpenter, S.R., Lubchenco, J., Walker, B., 
Callaghan, T.V., Folke, C., Levin, S.A., Maler, K.G., Nilsson, 
C., Barrett, S., Berkes, F., Crepin, A.S., Danell, K., Rosswall, 
T., Starrett, D., Xepapadeas, A. & Zimov, S.A. 2006. Building 
resilience and adaptation to manage Arctic change. Ambio 
35: 198–202.



278

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

Chapin, F.S., Trainor, S.F., Huntington, O., Lovecroft, A.L., Za-
valeta, E., Natcher, D.C., McGuire, A.D., Nelson, J.L., Ray, 
L., Calef, M., Fresco, N., Huntington, H., Rupp, T.S., DeW-
ilde, L. & Naylor, R.L. 2008. Increasing wildfire in Alaska’s 
boreal forest: Pathways to potential solutions of a wicked 
problem. BioScience 58: 531–540.

Christensen, J.H., Hewitson, B., Busuioc, A., Chen, A., Gao, X., 
Held, I., Jones, R., Kolli, R.K., Kwon, W.-T., Laprise, R., 
Magaña Rueda, V., Mearns, L., Menéndez, C.G., Räisänen, 
J., Rinke, A., Sarr, A. & Whetton, P. 2007. Regional Climate 
Projections. In: Solomon, S., Qin, D., Manning, M., Chen, 
Z., Marquis, M., Averyt, K.B., Tignor, M. & Miller, H.L. 
(eds.). Climate Change 2007: The Physical Science Basis. 
Contribution of Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change. 
Cambridge University Press, Cambridge, U.K.

Conard, S.G. & Davidenko, E.P. 1998. Fire in Siberian boreal 
forests – implications for global climate and air quality. In: 
Bytnerowicz, A., Arbaugh, M.J. & Schilling, S.L. (eds.). Pro-
ceedings of the international symposium on air pollution and 
climate change effects on forest ecosystems. General Techni-
cal Report PSW-GTR-166. USDA Forest Service, Albany, 
California. p. 87–94.

Cyr, D., Bergeron, Y., Gauthier, S. & Larouche, A.C. 2005. Are 
the old-growth forests of the Clay Belt part of a fire-regulated 
mosaic? Canadian Journal of Forest Research 35: 65–73.

Cyr, D., Gauthier, S., Bergeron, Y. & Carcaillet, C. 2009. Forest 
management is driving the eastern North American boreal for-
est outside its natural range of variability. Frontiers in Ecology 
and the Environment 7: 519–524. doi:10.1890/080088.

Dale, V.H., Joyce, L.A., McNulty, S., Neilson, R.P., Ayres, M.P., 
Flannigan, M.D., Hanson, P.J., Irland, L.C., Lugo, A.E., Pe-
terson, C.J., Simberloff, D., Swanson, F.J., Stocks, B.J. & 
Wotton, B.M. 2001. Climate change and forest disturbances. 
BioScience 51: 723–734.

Davidson, D.J., Williamson, T. & Parkins, J.R. 2003. Understand-
ing climate change risk and vulnerability in northern forest-
based communities. Canadian Journal of Forest Research 
33: 2252–2261.

DeLong, S.C. 2002. Using nature’s template to best advantage in 
the Canadian boreal forest. Silva Fennica 36: 401–408.

DeWilde, L. & Chapin, F.S. 2007. Human impacts on the fire 
regime of interior Alaska: Interactions among fuels, ignition 
sources, and fire suppression. Ecosystems 9: 1342–1353. doi: 
10.1007/s10021-006-0095-0.

Drapeau, P., Leduc, A., Giroux, J.-F., Savard, J.-P.L., Bergeron, 
Y. & Vickery, W.L. 2000. Landscape-scale disturbances and 
changes in bird communities of boreal mixed-wood forests. 
Ecological Monographs 70: 423–444.

Ehnström, B. 2001. Leaving dead wood for insects in boreal 
forests: suggestions for the future. Scandinavian Journal of 
Forest Research 16(Suppl. 3): 91–98.

Erdenechuluun, T. 2006. Wood supply in Mongolia: The legal and 
illegal economies. Mongolia Discussion Papers, East Asia and 
Pacific Environment and Social Development Department. 
World Bank, Washington, D.C.

EMEND 2006. [Internet site]. Ecosystem Management Emulating 
Natural Disturbance (EMEND) Project Biologically-Based 
Research in Forest Management. Available at: http://www.
emend.rr.ualberta.ca/ [Cited 16 Mar 2010].

FAO (Food and Agriculture Organization of the United Nations) 
2003. Map of World Soil Resources. World Reference Base 
for Soil Resources, FAO, Rome, Italy. Available at: http://
www.fao.org/Ag/agl/agll/wrb/soilres.stm [Cited 16 Mar 
2010].

Fenton, N., Lecomte, N., Légaré, S. & Bergeron, Y. 2005. Paludi-
fication in black spruce (Picea mariana) forests of eastern 
Canada: potential factors and management implications. For-
est Ecology and Management 213: 151–159.

Flannigan, M.D., Campbell, D., Wotton, M., Carcaillet, C., Rich-

ard, P. & Bergeron, Y. 2001. Future fire in Canada’s boreal 
forest: paleoecology results and general circulation model 
– regional climate model simulations. Canadian Journal of 
Forest Research 31: 854–864.

Flannigan, M.D., Stocks, B.J. & Wotton, B.M. 2000. Climate 
change and forest fires. Science of the Total Environment 
262: 221–230.

Flannigan; M.D., Krawchuk, M.A, de Groot, W.J., Wotton, B.M. 
& Gowman, L.M. 2009. Implications of changing climate 
for global wildland fire. International Journal of Wildland 
Fire 18(5): 483–507.

Fleming, R.A. & Volney, W.J.A. 1995. Effects of climate-change 
on insect defoliator population processes in Canada boreal 
forest – some plausible scenario’s. Water, Air and Soil Pol-
lution 82: 445–454.

Fondahl, G. & Poelzer, G. 2003. Aboriginal land rights in Russia 
at the beginning of the twenty-first century. Polar Record 
39: 111–122.

Forbes, B.C., Fresco, N., Shvidenko, A., Danell, K. & Chapin, 
F.S. 2004. Geographic variations in anthropogenic drivers that 
influence the vulnerability and resilience of social-ecological 
systems. Ambio 33: 377–382.

Ford, J., Pearce, T., Smit, B., Wandel, J., Allurut, M., Shappa, K., 
Ittusujurat, H. & Qrunnut, K. 2006. Reducing Vulnerability to 
Climate Change in the Arctic: The Case of Nunavut, Canada. 
Arctic 60: 150–166.

Garcia-Gonzalo, J., Peltola, H., Gerendiain, A.Z. & Kellomäki, S. 
2007. Impacts of forest landscape structure and management 
on timber production and carbon stocks in the boreal forest 
ecosystem under changing climate. Forest Ecology and Ma-
nagement 241: 243–257.

Gauthier, S., Vaillancourt, M.-A., Leduc, A., De Grandpré, L., 
Kneeshaw, D., Morin, H., Drapeau, P. & Bergeron, Y. (eds.). 
2009. Ecosystem Management in the Boreal Forest. Presses 
de l’Université du Québec, Quebec, Quebec. 539 p.

Gerasimov, Y. & Karjalainen, T. 2009. Estimation of supply and 
delivery cost of energy wood from Northwest Russia. Work-
ing Paper 123, Finnish Forest Research Institute. Vantaa, 
Finland. 21 p. Available at: http://www.metla.fi/julkaisut/
workingpapers/2009/mwp123.pdf [Cited 1 May 2010].

Giryaeva, M.D. 2009. Transcript of remarks by Deputy Head of 
Federal Forestry Agency, M.D. Giryaeva, from the internet 
conference hosted on 11 November, 2009, by the Garant 
Co. Translated from the Russian by V. Teplyakov. Available 
at: http://www.rosleshoz.gov.ru/media/appearance/47[Cited 
8 Mar 2010].

Gluck, M.J. & Rempel, R.S. 1996. Structural characteristics of 
post-wildfire and clear-cut landscapes. Environmental Moni-
toring and Assessment 39: 435–450.

Global Forest Watch. 2010. [Internet site]. Russia: Initiatives. 
Available at: www.globalforestwatch.org/english/russia/ 
[Cited 16 Mar 2010].

Goetz, S.J., Bunn, A.G., Fiske, G.J. & Houghton, R.A. 2005. 
Satellite-observed photosynthetic trends across boreal North 
America associated with climate and fire disturbance. Pro-
ceedings of the National Academy of Sciences 102: 13521–
13525.

Gray, D.R. 2008. The relationship between climate and outbreak 
characteristics of the spruce budworm in eastern Canada. 
Climatic Change 87: 361–383.

Greenpeace Russia 2010. [Internet site]. Available at: www.green-
peace.org/russia/ [Cited 16 Mar 2010].

Gunn, J., Keller, W., Negusanti, J., Potvin, R., Beckett, P. & Win-
terhalder, K. 1995. Ecosystem recovery after emission re-
ductions: Sudbury, Canada. Water, Air, & Soil Pollution 85: 
1783–1788.

Haeussler, S. & Kneeshaw, D.D. 2003. Comparing forest man-
agement to natural processes. In: Burton, P.J., Messier, C., 
Smith, D.W. & Adamowicz, W.L. (eds.). Towards Sustainable 
Management of the Boreal Forest. NRC Research Press, Ot-



14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

279

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE

tawa, Ontario. p. 307–368.
Hagman, M. 2003. Genetic diversity of Eurasian boreal coni-

fers. Acta Horticulturae (ISHS) 615: 177–187. Available at: 
http://www.actahort.org/books/615/615_17.htm [Cited 6 Apr 
2009].

Halbrook, J.M., Morgan, T.A., Brandt, J.P., Keegan, C.E., Dillon, 
T. & Barrett, T.M. 2009. Alaska’s timber harvest and forest 
products industry, 2005. General Technical Report PNW-
GTR-787. USDA Forest Service, Portland, Oregon. 30 p.

Hall, J.P. 2001. Criteria and indicators of sustainable forest 
management. Environmental Monitoring and Assessment 
67: 109–119.

Hanski, I. 2000. Extinction debt and species credit in boreal for-
ests: Modelling the consequences of different approaches 
to biodiversity conservation. Annales Zoologica Fennici 37: 
271–280.

Heltberg, R., Siegel, P.B. & Jorgensen, S.l. 2009. Addressing hu-
man vulnerability to climate change: toward a ‘no-regrets’ 
approach. Global Environmental Change 19: 89–99.

Hinzman, L.D., Bettez, N.D., Bolton, W.R., Chapin, F.S., 
Dyurgerov, M.B., Fastie, C.L., Briffith, B., Hollister, R.D., 
Hope, A., Huntington, H.P., Jensen, A.M., Jia, G.J., Jorgen-
son, T., Kane, D.L., Klein, D.R., Kofinas, G., Lynch, A.H., 
Lloyd, A.H., McGuire, A.D., Nelson, F.E., Oechel, W.C., Os-
terkamp, T.E., Racine, C.H., Romanovsky, V.R., Stone, R.S., 
Stow, D.A., Sturm, M., Tweedie, C.E., Vourlitis, G.L., Walker, 
M.D., Walker, D.A., Webber, P.J., Welker, J.M., Winker, K.S. 
& Yoshikawa, K. 2005. Evidence and implications of recent 
climate change in northern Alaska and other Arctic regions. 
Climatic Change 72: 251–298.

Hogg, E.H., Brandt, J.P. & Michaelian, M. 2008. Impacts of a 
regional drought on the productivity, dieback, and biomass of 
western Canadian aspen forests. Canadian Journal of Forest 
Research 38: 1373–1384.

Holmes, T. (ed.). 2003. Trends, Friends and Enemies … – An 
Overview of the Boreal Forest. Taiga Rescue Network, Jok-
kmokk, Sweden. 33 p. Available at http://www.taigarescue.
org/_v3/files/pdf/39.pdf [Cited 2 May 2010].

Hunta, V., Persson, T. & Setälä, H. 1998. Functional implications 
of soil fauna diversity in boreal forests. Applied Soil Ecology 
10: 277–288.

Hunter, M.L. 1990. Wildlife, Forests, and Forestry: Principles 
of Managing Forests for Biological Diversity. Prentice-Hall, 
Englewood Cliffs, New Jersey. 370 p.

Hunter, M.L. (ed.). 1999. Maintaining Biodiversity in Forest 
Ecosystems. Cambridge University Press, Cambridge, U.K. 
698 p.

Imbeau, L., Mönkkönen, M. & Desrochers, A. 2001. Long-term 
effects of forestry on birds of the eastern Canadian boreal 
forests: A comparison with Fennoscandia. Conservation Bi-
ology 15: 1151–1162.

IMFN (International Model Forest Network). 2008. [Internet site]. 
Available at: http://www.imfn.net [Cited 16 Mar 2010].

Innes, J., Blouman, S., Joyce, L., Ogden, A.E., Parotta, J. & 
Thompson, I. 2009. Management Options for Adaptation. 
In: Seppälä, R., Buck, A. & Katila, P. (eds.). Adaptation of 
Forests and People to Climate Change – A Global Assess-
ment Report. IUFRO World Series Vol. 22. International 
Union of Forest Research Organizations, Vienna, Austria. 
p. 135–185.

IUCN (International Union for the Conservation of Nature and 
Natural Resources). 2001. IUCN Red List Categories and 
Criteria: Version 3.1. IUCN Species Survival Commission. 
International Union of the Conservation of Nature and Natural 
Resources, Gland, Switzerland, and Cambridge, U.K. 30 p.

IUCN 2008. The IUCN Red List of Threatened Species 2008. 
International Union of the Conservation of Nature and Natural 
Resources, Gland, Switzerland, and Cambridge, U.K. Avail-
able at: http://www.iucnredlist.org [Cited 6 Mar 2009].

Jovanovic, M.N. 2003. Spatial location of firms and industries: An 

overview of theory. Economia Internazionale 56: 23–82.
Jetté, J.-P., Vaillancourt, M.-A., Leduc, A. & Gauthier, S. 2009. 

Introduction: Ecological issues related to forest management. 
In: Gauthier, S., Vaillancourt, M.-A., Leduc, A., De Grandpre, 
L., Kneeshaw, D.D., Morin, H., Drapeau, P. & Bergeron, Y. 
(eds.). Ecosystem Management in the Boreal Forest. Presses 
de l’Université du Québec, Quebec, Quebec. p. 110.

Johnson, E.A. 1992. Fire and Vegetation Dynamics: Studies from 
the North American Boreal Forest. Cambridge University 
Press, Cambridge, U.K. 129 p.

Juday, G.P. 1997. Boreal Forests (Taiga). In: The Biosphere and 
Concepts of Ecology. Volume 14 Encyclopedia Britannica, 
15th edition. p. 1210–1216.

Kaplan, J.O., Bigelow, N.H., Prentice, I.C., Harrison, S.P., Bar-
tlein, P.J., Christensen, T.R., Cramer, W., Matveyeva, N.V., 
McGuire, A.D., Murray, D.F., Razzhivin, V.Y., Smith, B., 
Walker, D.A., Anderson, P.M., Andreev, A.A., Brubaker, L.B., 
Edwards, M.E. & Lozhkin, A.V. 2003. Climate change and 
Arctic ecosystems: 2 Modeling, paleodata-model compari-
sons, and future projections. Journal of Geophysical Research 
108, No. D198171. doi: 10.1029/2002JD002559, 2003.

Kareiva, P. & Marvier, M. 2003. Conserving biodiversity cold-
spots. American Scientist 91: 344–351.

Kasischke, E.S., Christensen, N.L. & Stocks, B.J. 1995. Fire, 
global warming, and the carbon balance of boreal forests. 
Ecological Applications 5: 437–451.

Kellomäki, S. 2000. Forests of the boreal region: gaps in knowl-
edge and research needs. Forest Ecology and Management 
132: 63–71.

Kettela, E.G. 1983. A cartographic history of spruce budworm 
defoliation 1967 to 1981 in eastern north America. Informa-
tion Report DPC-X-14. Canadian Forest Service, Ottawa, 
Ontario.

Konishchev, V.N. 2001. Permafrost. In: The Earth: Universal En-
cyclopedia for Youth. Sovremennaya Pedagogika. Moscow, 
Russia. 672 p. (In Russian).

Korpilahti, E. & Kuuluvainen, T. 2002. Disturbance dynamics in 
boreal forests: Defining the ecological basis of restoration and 
management of biodiversity. Silva Fennica 36. 447 p.

Krankina, O.N., Dixon, R.K., Kirilenko, A.P. & Kobak, K.I. 
1997. Global climate change adaptation: Examples from 
Russian boreal forests. Climatic Change 36: 197–215. doi: 
10.1023/A:1005348614843.

Kruys, N. & Jonsson, B.G. 1999. Fine woody debris is important 
for species richness on logs in managed boreal spruce forests 
of northern Sweden. Canadian Journal of Forest Research 
29: 1295–1299.

Kushlin, A., Schillhorn van Veen, T. & Sutton, W. 2004. Kazakh-
stan forest sector in transition: The resource, the users and 
sustainable use. World Bank Technical Paper. World Bank, 
Washington, D.C.

Kuuluvainen, T. 2002. Disturbance dynamics in boreal forests: 
Defining the ecological basis of restoration and management 
of biodiversity. Silva Fennica 36: 5–11.

Kuuluvainen, T. 2009. Forest management and biodiversity con-
servation based on natural ecosystem dynamics in northern 
Europe: The complexity challenge. Ambio 38: 309–315.

Kuusela, K. 1992. The boreal forests: An overview. Unasylva 
43(170): 3–13.

Labau, V.J. & Van Hess, W. 1990. An inventory of Alaska’s bo-
real forests: Their extent, condition, and potential use. In: 
Proceedings of the International Symposium Boreal Forests: 
Condition, Dynamics, Anthropogenic Effects. 16–26 July, 
1990. Archangel, Russia. State Committee of USSR on For-
ests. Moscow.

Lebedys, A. 2008. Contribution of the Forestry Sector to Na-
tional Economies, 1990–2006. Forest Finance Working Paper 
FSFM/ACC/08. Food and Agriculture Organization of the 
United Nations, Rome, Italy.

Leduc, A., Gauthier, S., Vaillancourt, M.-A., Bergeron, Y., De 



280

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

Grandpré, L., Drapeau, P., Kneeshaw, D.D., Morin, H. & Cyr, 
D. 2009. Perspectives. In: Gauthier, S., Vaillancourt, M.-A., 
Leduc, A., De Grandpre, L., Kneeshaw, D.D., Morin, H., 
Drapeau, P. & Bergeron, Y. (eds.). Ecosystem Management in 
the Boreal Forest. Presses de l’Université du Québec, Quebec, 
Quebec. p. 519–526.

Lee, P. & Boutin, S. 2006. Persistence and developmental transi-
tion of wide seismic lines in the western Boreal Plains of Can-
ada. Journal of Environmental Management 78: 240–250.

Lieffers, V.J., Messier, C., Burton, P.J., Ruel, J.-C. & Grover, 
B.E. 2003. Nature-based silviculture for sustaining a variety 
of boreal forest values. In: Burton, P.J., Messier, C., Smith, 
D.W. & Adamowicz, W.L. (eds.). Towards Sustainable Man-
agement of the Boreal Forest. NRC Research Press, Ottawa, 
Ontario. p. 481–530.

Lim, B. & Spanger-Siegfried, E. (eds.). 2005. Adaptation Policy 
Frameworks for Climate Change: Developing Strategies, 
Policies and Measures. United Nations Development Pro-
gramme. Cambridge University Press, New York.

Lindenmayer, D.B., Burton, P.J. & Franklin, J.F. 2008. Salvage 
Logging and its Ecological Consequences. Island Press, 
Washington, D.C. 227 p.

Lindenmayer, D.B. & Franklin, J.F. 2002. Conserving Forest Bio-
diversity: A Comprehensive Multiscaled Approach. Island 
Press, Washington, D.C. 351 p.

Logan, J.A., Regniere, J. & Powell, J.A. 2003. Assessing the 
impacts of global warming on forest pest dynamics. Frontiers 
in Ecology and the Environment 1: 130–137.

Mace, G.M., Collar, N.J., Gaston, K.J., Hilton-Taylor, C., Akçaka-
ya, H.R., Leader Williams N., Milner-Gulland, E.J. & Stuart, 
S.N. 2008. Quantification of extinction risk: IUCN’s system 
for classifying threatened species. Conservation Biology 22: 
1424–1442.

MacKendrick, N., Fluet, C., Davidson, D.J., Krogman, N. & Ross, 
M. 2001. Integrated Resource Management in Alberta’s Bo-
real Forest: Opportunities and Constraints. Project Report 
2001–22. Sustainable Forest Management Network, Edmon-
ton, Alberta. 29 p.

Martikainen, P., Siitonen, J., Punttilä, P., Kaila, L. & Rauh, J. 2000. 
Species richness of Coleoptera in mature managed and old-
growth boreal forests in southern Finland. Biological Conser-
vation 94: 199–209. doi:10.1016/S0006-3207(99)00175-5.

McBean, G., Alekseev, G., Chen, D., Førland, E., Fyfe, J., Grois-
man, P.Y., King, R., Melling, Vose, H.R. & Whitfield, P.H. 
2005. Arctic climate: Past and present. In: Symon, C., Arris, 
L. & Heal, B. (eds.). Arctic Climate Impacts Assessment, 
Cambridge University Press. Cambridge, U.K. p. 21–60

McGregor, R.V., Hassan, M. & Hayley, D. 2008. Climate change 
impacts and adaptation: Case studies of roads in northern 
Canada. EBA Engineering Consultants Ltd. Paper presented 
at the 2008 Annual Conference of the Transportation Associa-
tion of Canada, Toronto, Ontario. Available at: http://www.
tac-atc.ca/english/resourcecentre/readingroom/ conference/
conf2008/docs/a1/mcgregor.pdf [Cited 15 Oct 2009].

McKenney, D.W., Pedlar, J.H. & O’Neill, G.A. 2009. Climate 
change and forest seed zones: past trends, future prospects 
and challenges to ponder. Forestry Chronicle 85: 258–266.

McKinnon, A. 2006. Workshop: Climate Change in our Back-
yard. Alsek Renewable Resource Council and Champagne 
and Aishihik First Nations. Haines Junction, Yukon.

MetaFore 2007. [Internet site]. Forest certification resource center. 
Available at: http://www.metafore.org/index.php?p=Forest_
Certification_Resource_Center&s=147 [Cited 14 Apr 
2010].

Meyers, N., Mittermeier, R.A., Mittermeier, C.G., da Fonssecda, 
G.A.B. & Kent, J. 2000. Biodiversity hotspots for conserva-
tion priorities. Nature 403: 853–858.

Mistik 2010. [Internet site]. Mistik Management Ltd. Available 
at: http://www.mistik.ca [Cited 16 Mar 2010].

Murphy, P.J., Mudd, J.P., Stocks, B.J., Kasischke, E.S., Barry, 

D., Alexander, M.E. & French, N.H.F. 2000. Historical fire 
records in the North American boreal forest. In: Kasischke, 
E.S. & Stocks, B.J. (eds.). Fire, Climate Change and Carbon 
Cycling in the Boreal Forest, Springer-Verlag, New York. 
p. 274–288.

Mutanen, A., Viitanen, J., Toppinen, A., Hänninen, R. & Holo-
painen, P. 2005. Forest resources, production and exports of 
roundwood and sawnwood from Russia. Working Paper of 
the Finnish Forest Research Institute. Vantaa, Finland. 34 p. 
Available at: www.metla.fi/julkaisut/workingpapers/2005/
mwp009.pdf [Cited 16 Mar 2010].

Natcher, D.C. 2008. Seeing Beyond the Trees: The Social Di-
mensions of Aboriginal Forest Management. Captus Press, 
Concord, Ontario. 245 p.

Nealis, V. & Peter, B. (compilers) 2008. Risk Assessment of the 
Threat of Mountain Pine Beetle to Canada’s Boreal and East-
ern Pine Forests. Information Report BC-X-417. Canadian 
Forest Service, Victoria British Columbia. 31 p.

Newmayer, E. 2003. Weak Versus Strong Sustainability: Explor-
ing the Limits of Two Opposing Paradigms, 2nd Edition. Ed-
ward Elgar Publishing, Cheltenham, U.K. 223 p.

Nilsson, S. 1997. Challenges for the Boreal Forest Zone and 
IBFRA. Sustainable Boreal Forest Resources Project, In-
ternational Institute for Applied Systems Analysis (IIASA), 
Laxenburg, Austria. 16 p. Available at: http://www.iiasa.ac.at/
Research/FOR/papers/ Overview_Boreal_Forest.pdf [Cited 
16 Mar 2010].

Ogden, A.E. 2007. Forest management in a changing climate: 
Building the environmental information base for the South-
west Yukon. Forestry Chronicle 83: 806–809.

Ogden, A.E. & Innes, J.L. 2007. Incorporating climate change 
adaptation considerations into forest management and plan-
ning in the boreal forest. International Forestry Review 9: 
713–733.

Ogden, A.E. & Innes, J.L. 2008. Climate change adaptation and re-
gional forest planning in southern Yukon, Canada. Mitigation 
and Adaptation Strategies for Global Change 13: 833–861.

Ogden, A.E. & Innes, J.L. 2009a. Application of structured 
decision-making to an assessment of climate change vul-
nerabilities and adaptation options for sustainable forest 
management. Ecology and Society 14(1): 11. Available at: 
http://www.ecologyandsociety.org/vol14/iss1/art11/ [Cited 
16 Mar 2010].

Ogden, A.E. & Innes, J.L. 2009b. Adapting to climate change in 
the southwest Yukon: Locally identified research and monitor-
ing needs to support decision making on sustainable forest 
management. Arctic 62: 159–174.

Olson, D.M., Dinerstein, E., Wikramanayake, E.D., Burgess, 
N.D., Powell, G.V.N., Underwood, E.C., D'amico, J.A., Itoua, 
I., Strand, H.E., Morrison, J.C., Loucks, C.J., Allnutt, T.F., 
Ricketts, T.H., Kura, Y., Lamoreux, J.F., Wettengel, W.W., 
Hedao, P. & Kassem, K.R. 2001. Terrestrial Ecoregions of 
the World: A New Map of Life on Earth. BioScience 51: 
933–938.

OMNR (Ontario Ministry of Natural Resources). 2001. Forest 
Management Guide for Natural Disturbance Pattern Emula-
tion. Version 3.1. Ontario Ministry of Natural Resources, 
Queen’s Printer for Ontario, Toronto, Ontario.

Osborne, B. 2010. Exploring integrated landscape manage-
ment in Canada. Policy Research Initiative Horizons 
10(4): 42–49. Available at: http://www.pri-prp.gc.ca/page.
asp?pagenm=2010-0022_07 [Cited 3 May 2010].

Penttilä, R., Siitonen, J. & Kuusinen, M. 2004. Polypore diversi-
ty in managed and old-growth boreal Picea abies forests in 
southern Finland. Biological Conservation 117(3): 271–283. 
doi:10.1016/j.biocon.2003.12.007.

Perera, A.H., Buse, L.J. & Weber, M.G. (eds.). 2004. Emulating 
Natural Forest Landscape Disturbances: Concepts and App-
lications. Columbia University Press, New York. 315 p.

Piri, T. 2003. Silvicultural control of Heterobasidion root rot in 



14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

281

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE

Norway spruce forests in southern Finland. The Finnish For-
est Research Institute. Research Papers 898. 64 p.

Pozdnyakov, L.K. 1986. Forest at Permafrost. Nauka, Siberian 
Branch. Novosibirsk, Soviet Union. 192 p. (In Russian).

Puettmann, K.J., Coates, K.D. & Messier, C. 2008. A Critique 
of Silviculture: Managing for Complexity. Island Press, 
Washington, D.C. 188 p.

QMNF (Québec Ministre des ressources naturelles et de la Faune). 
2009. Projet de loi no 57. Loi sur l’aménagement durable du 
territoire forestier. Éditeur officiel du Québec. 105 p.

Rassi, P., Alanen, A., Kanerva, T. & Mannerkoski, I. (eds.). 2001. 
The 2000 Red List of Finnish Species. Ministry of the En-
vironment & Finnish Environment Institute, Helsinki. 432 
p. (in Finnish).

Raunio, A., Schulman, A. & Kontula, T. eds.). 2008. The assess-
ment of threatened habitat types in Finland – Part 1: Results 
and basis for assessment. Finnish Environment Institute, Hel-
sinki. 264 p. (in Finnish with English summary). Available 
at: http://www.environment.fi/threatenedhabitattypes [Cited 
7 Mar 2010].

Riordan, B., Verbyla, D. & McGuire, A.D. 2006. Shrinking ponds 
in subarctic Alaska based on 1950 – 2002 remotely sensed 
images. Journal of Geophysical Ressearch 111, G04002. 
doi:10.1029/2005JG000150.

Ripley, T., Scrimgeour, G. & Boyce, M.S. 2005. Bull trout (Salve-
linus confluentus) occurrence and abundance influenced by 
cumulative industrial developments in a Canadian boreal for-
est watershed. Canadian Journal of Fisheries and Aquatic 
Sciences 62: 2431–2442.

Roshchupkin, V.P. 2008. Forest Resources of Russia. Presentation. 
Federal Forestry Agency of Russia. Available at: http://www.
rosleshoz.gov.ru/english/media [Cited 10 Jun 2009].

Ross, M. 2002. Legal and Institutional Responses to Conflicts 
Involving the Oil and Gas and Forestry Sectors. CIRL Oc-
casional Paper #10. Canadian Institute of Resources Law, 
Calgary, Alberta. 38 p. Available at http://dspace.ucalgary.
ca/bitstream/1880/47199/1/OP10Conflicts.pdf [Cited 2 May 
2010].

Royama, T. 1984. Population dynamics of the spruce budworm, 
Choristoneura fumiferana. Ecological Monographs 54: 
429–462.

Safranyik, L. & Wilson, B. (eds.). 2006. The Mountain Pine 
Beetle: A Synthesis of Biology, Management and Impacts 
on Lodgepole Pine. Canadian Forest Service, Victoria, Brit-
ish Columbia. 304 p.

Saint-Laurent, C., Teplyakov, V. & Maginnis, S. 2005. Europe and 
Northern Asia FLEG: an IUCN experience. In: Illegal log-
ging: Focus on the government-private business dialogue in 
the Russian forest sector. Proceedings of an international sem-
inar held in Pushkino, Russia, 7–8 July, 2005. p. 88–90.

Simpson, R. & Coy, D. 1999. An Ecological Atlas of Forest Insect 
Defoliation in Canada 1980–1996. Information Report M-X-
206E. Natural Resources Canada, Canadian Forest Service, 
Atlantic Forestry Centre, Fredericton, N.B.

Schneider, R.R. 2002. Alternative Futures: Alberta’s Boreal For-
ests at the Crossroads. Federation of Alberta Naturalists, 
Edmonton, Alberta. 152 p.

Schneider, R.R., Stelfox, J.B., Boutin, S. & Wasel, S. 2003. Man-
aging the cumulative impacts of land uses in the Western 
Canadian Sedimentary Basin: A modeling approach. Conser-
vation Ecology 7(1): 8. Available at: http://www.ecologyand-
society.org/vol7/ iss1/art8/ [Cited 16 Mar 2010].

Schulze, E.D., Lloyd, J., Kelliher, F.M., Wirth, C., Rebmann, C., 
Lühker, B., Mund, M., Knohl, A., Milyukova, I.M., Schulze, 
W., Ziegler, W., Varlagin, A., Sogachev, A.F., Valentini, R., 
Dore, S., Grigoriev, S., Kolle, O., Panfyorov, M.I., Tcheba-
kova, N. & Vygodskaya, N.N. 1999. Productivity of forests 
in the Eurosiberian boreal region and their potential to act 
as a carbon sink: A synthesis. Global Change Biology 5: 
703–722.

Seppälä, R., Buck, A. & Katila, P. (eds.). 2009. Adaptation of 
Forests and People to Climate Change – A Global Assess-
ment Report. IUFRO World Series Vol 22.Vienna, Austria. 
224 p.

Siitonen, J. & Martikainen, P. 1994. Occurrence of rare and threat-
ened insects living on decaying Populus tremula: A com-
parison between Finnish and Russian Karelia. Scandinavian 
Journal of Forest Research 9: 185–191.

Sokolov, V.A., Danilin, I.M., Semetchkin, I.V., Farber, S.K., 
Bel’kov, V.V., Burenina, T.A., Vtyurina, O.P., Onuchin, A.A., 
Raspopin, K.I., Sokolova, N.V. & Shishikin, A.S. 2003. Si-
berian Expectations: An Overview of Regional Forest Policy 
and Sustainable Forest Management. World Forest Institute, 
Portland, Oregon, USA. 67 p. Available at: http://wfi.world-
forestry.org/media/publications/specialreports/Siberian_Ex-
pecations_Danilin.pdf [Cited 8 Mar 2010].

Spence, J.R. 2001. The new boreal forestry: Adjusting timber 
management to accommodate biodiversity. Trends in Ecology 
and Evolution 16: 591–593.

Spittlehouse, D.L. & Stewart, R.B. 2003. Adaptation to climate 
change in forest management. BC Journal of Ecosystems and 
Management 4(1): 1–11. Available at: www.forrex.org/jem/
ISS21/vol4_no1_art1.pdf [Cited 16 Mar 2010].

Stewart, R.B., Wheaton, E. & Spittlehouse, D.L. 1998. Climate 
change: Implications for the boreal forest. In: Calgary, A.B., 
Legge, A.H. & Jones, L.L. (eds.). Emerging Air Issues for 
the 21st Century: The Need for Multidisciplinary Manage-
ment. Proceedings of a Speciality Conference, Sep. 22–24, 
1997. Air and Waste Management Association, Pittsburg, 
Pennsylvania. p. 86–101

Stocks, B.J., Fosberg, M.A., Lynham, T.J., Mearns, L., Wotton, 
B.M., Yang, Q., Jin, J.-Z., Lawrence, K., Hartley, G.R., Ma-
son, J.A. & McKenney, D.W. 1998. Climate change and forest 
fire potential in Russian and Canadian boreal forests. Climatic 
Change 38: 1–13.

Stocks, B.J., Goldammer, J.G. & Kondrashov, L. 2008. Forest 
Fires and Fire Management in the Circumboreal Zone: Past 
Trends and Future Uncertainties. Discussion Paper 01, Inter-
national Model Forest Secretariat, Natural Resources Canada, 
Ottawa, Ontario. 18 p.

Stohl, A., Andrews, E., Burkhart, J.F., Forster, C., Herber, A., 
Hoch, S.W., Kowal, D., Lunder, C., Mefford, T., Ogren, J.A., 
Sharma, S., Spichtinger, N., Stebel, K., Stone, R., Ström, 
J., Tørseth, K., Wehrli, C. & Yttri, K.E. 2006. Pan-Arctic 
enhancements of light absorbing aerosol concentrations 
due to North American boreal forest fires during summer 
2004. Journal of Geophysical Research 111: D22214. 
doi:10.1029/2006JD007216.

Suvi, R. 2009. Natural management in commercial forests pro-
motes biodiversity. Paper and Wood Insights, Finnish Forest 
Industries Federation. Available at http://www.forestindus-
tries.fi/Infokortit/natural%20management/Pages/default.aspx 
[Cited 4 May 2010].

Tamminen, P. 1985. Butt-rot in Norway spruce in southern Fin-
land. Communicationes Instituti Forestalis Fenniae 127. 52 
p.

Teitelbaum, S., Beckley, T., Nadeau, S. & Southcott, C. 2003. 
Milltown revisited: Strategies for assessing and enhancing 
forest-dependent community sustainability. In: Burton, P.J., 
Messier, C., Smith, D.W. & Adamowicz, W.L. (eds.). Towards 
Sustainable Management of the Boreal Forest. NRC Research 
Press, Ottawa, Ontario. p. 155–179.

Tembec 2010. [Internet site]. Tembec Ontario – Forest Resource 
Management. Available at: http://tembec-frm-ontario.ca 
[Cited 16 Mar 2010].

Teplyakov, V. (ed.) 2006. Building partnerships for forest conser-
vation and management in Russia. Compiled by A. Blagovi-
dov, E.Kopylova, N.Shmatkov and V.Teplyakov. Moscow, 
IUCN Global TBFP and IUCN office for Russia and CIS. 
91 p.



282

14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT

FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE

Teplyakov, V.K. 2007. Conservation of biodiversity in boreal for-
ests: The Russian experience. In: Freer-Smith, P.H., Broad-
meadow, M.S.J. & Lynch, J.M. (eds.). Forestry and Climate 
Change. CABI, Wallingford, U.K. p. 174–183.

Turetsky, M., Wieder, K., Halsey, L. & Vitt, D. 2002. Cur-
rent disturbance and the diminishing peatland carbon 
sink. Geophysical Research Letters 29: 21-1–21-4. doi: 
10.1029/2001GL014000.

Underwood, E.C., Shaw, M.R., Wilson, K.A., Kareiva, P., Klaus-
meyer, K.R., McBride, M.F., Bode, M., Morrison, S.A., Hoek-
stra, J.A. & Possingham, H.P. 2008. Protecting biodiversity 
when money matters: Maximizing returns on investment. 
PLoS ONE 3: e1515. doi:10.1371/journal.pone.0001515.

Vanha-Majamaa, I. & Jalonen, J. 2001. Green tree retention in 
Fennoscandian forestry. Scandinavian Journal of Forest Re-
search, 16(Suppl. 3): 79–90.

Vanha-Majamaa, I., Lilja, S., Ryömä, R., Kotiaho, J., Laaka-
Lindberg, S., Lindberg, H., Puttonen, P., Tamminen, P., 
Toivanen, T. & Kuuluvainen, T. 2007. Rehabilitating boreal 
forest structure and species composition in Finland through 
logging, dead wood creation and fire: The EVO experiment. 
Forest Ecology and Management 250: 77–88. doi:10.1016/j.
foreco.2007.03.012.

Vistnes, I. & Nellemann, C. 2007. Impacts of human activity 
on reindeer and caribou: the matter of spatial and temporal 
scales. Rangifer Special Report 12: 47–56.

Voller, J. & Harrison, S. (eds.). 1998. Conservation Biology 
Principles for Forested Landscapes. UBC Press, Vancouver, 
B.C. 243 p.

Volney, W.J.A. & Fleming, R.A. 2000. Climate change and im-
pacts of boreal forest insects. Agriculture, Ecosystems & 
Environment 82: 283–294.

Wade, T.G., Riitters, K.H., Wickham, J.D. & Jones, K.B. 2003. 
Distribution and causes of global forest fragmentation. Con-
servation Ecology 7(2): 7. Available at: http://www.ecolog-
yandsociety.org/vol7/iss2/art7/ [Cited 1 May 2010].

Walter, H. 1985. Vegetation of the Earth and Ecological Systems 
of the Geo-Biosphere. Translated from the 5th revised Ger-
man edition. Springer-Verlag, Berlin. 318 p.

Wardle, D.A., Walker, L.R. & Bardgett, R.D. 2004. Ecosystem 
properties and forest decline in contrasting long-term chro-
nosequences. Science 305: 509–513.

Wikars, L-O. 2001. Dependence on fire in wood-living insects: 
An experiment with burned and unburned spruce and 
birch logs. Journal of Insect Conservation 6: 1–12. doi: 
10.1023/A:1015734630309.

Work, T.T., Spence, J.R., Volney, W.J.A., Morgantini, L.E. & Innis, 
J.L. 2003. Integrating biodiversity and forestry practices in 
western Canada. Forestry Chronicle 79: 906–916.

Work, T.T., Shorthouse, D.P., Spence, J.R., Volney, W.J.A. & 
Langor, D. 2004. Stand composition and structure of the 
boreal mixedwood and epigaeic arthropods of the Ecosys-
tem Management Emulating Natural Disturbance (EMEND) 
landbase in northwestern Alberta. Canadian Journal of Forest 
Research 34: 417–430.

Wurtz, T.L., Ott, R.A. & Maisch, J.C. 2006. Timber harvest in 
interior Alaska. Ch. 18. In: Chapin, F.S., Oswood, M.W., Van 
Cleve, K., Viereck, L.A. & Verbyla, D.L. (eds.). Alaska’s 
Changing Boreal Forest. Oxford University Press. UK. p. 
302–308.

WRI (World Resources Institute). 2010. [Internet site]. Defini-
tions. Available at: http://www.wri.org/publication/con-
tent/8648 [Cited 16 Mar 2010].

Zasada, J.C., Gordon, A.G., Slaughter, C.W. & Duchesne, L.C. 
1997. Ecological Considerations for the Sustainable Manage-
ment of the North American Boreal Forests. Interim Report 
97-024. IIASA, International Institute for Applied Systems 
Analysis. Laxenburg, Austria.


