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Save the south, protect the north

Turning Up the Heat: Global Warming and the Degradation of Canada’s Boreal Forest

Most of the remaining intact forest landscapes in North America are part of 
the northernmost expanses of Canada’s Boreal Forest. More remote, less 
accessible, and as yet unallocated for industrial logging, these northern 
areas have undergone far less fragmentation than the more southern 
reaches of the forest. For this reason, they appear at first glance to provide 
the best opportunities for conservation. In the context of global warming, 
however, failing to protect what remains of the more fragmented south 
directly jeopardizes the future of the vast north. 

The more southern areas of the Boreal Forest have long been subject 
to human influence and impacts, and as a result little mature forest 
remains159. Owing to closer proximity to roads, mills, towns, and 
transportation infrastructure, logging in the southern Boreal has long been 
more intense, and its forest landscape is much more heavily fragmented160, 

161. According to satellite imagery, for example, less than 26 per cent of the 
commercial or southern Boreal Forest in the province of Ontario remains 
intact162. Still, the more southern areas house a unique biological richness, 
containing the most diverse assemblages of species within the Boreal163. 

This high level of biodiversity makes protecting the southern Boreal essential, 
even though its remaining forest landscapes are smaller and more fragmented 
than those farther north. A number of bird, mammal, and tree species reach 
their northern limit in the southern Boreal Forest, intermingling with Boreal 
species that are at their southern limit to form diverse communities164, 165, 166. 
This intersection of southern and northern Boreal plants and wildlife creates a 
unique ecosystem that cannot be replaced.

In the context of global warming, however, conservation of the dwindling 
intact areas of the more southern Boreal Forest takes on added 
importance, as it becomes essential for facilitating the adaptation and 
migration that will allow the northern Boreal to survive in a changing 
climate. The many plant and tree species that straddle the northern and 
southern areas of the Boreal will be able to use pre-adapted genotypes 
from southern areas to survive in warming conditions in more northerly 
landscapes167, 168. These genotypes have the potential to migrate north 
over many generations, but this cannot occur unless wide, intact forested 
north-south corridors are maintained169, 170.
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Storing 
carbon, 
slowing 
melt: 
Intact Boreal landscapes are 
mitigating global warming

As we have seen, the intact areas of Canada’s Boreal 
Forest have the potential to help the forest as a whole 
to resist and recover from the negative impacts of 
global warming. By stabilizing the local climate and 
housing diverse species and genotypes, they help 
plants and animals alike to adapt, migrate, and 
ultimately survive under rapidly changing conditions. 

At the same time, intact Boreal Forest landscapes are 
playing a key role in mitigating global warming itself on 
a global scale. By storing massive amounts of carbon 
and slowing permafrost melt, intact areas of the Boreal 
Forest are slowing the release of carbon and methane 
into the atmosphere, curbing the overall feedback loop 
between forest degradation and global warming.
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Intact forests sequester and store carbon

The Boreal Forest stores massive amounts of carbon. In fact, the world’s 

boreal forest ecosystems contain almost a quarter of the world’s land-

based carbon stocks 171, 172. According to one estimate, Canada’s Boreal 

Forest stores 186 billion tonnes of carbon 173, equal to 27 years’ worth of 

global carbon emissions from the burning of fossil fuels 174.

In most temperate and tropical forests, carbon is stored mainly in live tree 

tissues. In Canada’s Boreal, however, it is soils that serve as the primary 

carbon storehouses over much of the region. With 1.5 to 2 million lakes 

and enormous peatlands stretching across its landscape, the Boreal is 

rich in belowground carbon. An average of 84 per cent of the carbon in 

the Boreal Forest is stored in its soils 175. 

Trees still play an important role in carbon sequestration, however—even 

more so than previously believed. Traditionally, mature forests have 

largely been viewed as carbon neutral 176, meaning that once a forest had 

reached maturity, it was assumed to have stopped sequestering carbon. 

More recently, however, studies have found that many forests continue 

to sequester carbon as they age. One such study, for example, found 

that old-growth spruce, aspen, and jack pine forests were all moderate 

carbon sinks 177. Another found that black spruce continued to sequester 

carbon for over 140 years178 (see Figure 3), and others found similar 

results in mature ponderosa pine and subalpine forests179, 180. Another 

estimated that white spruce stands were still accumulating carbon at 

well over 200 years of age181. This appears to hold for other forest types 

as well. Recent studies of ancient temperate forests have documented 

surprisingly large carbon sinks182, 183, 184, 185; and old-growth tropical 

forests appear to operate as strong carbon sinks as well186, 187, 188.  

These findings are important, as they mean that forest cutting and 

removal not only results in losses in existing carbon stocks, but also 

results in lowered sequestration until the regenerating forest returns  

to previous carbon storage levels.
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Storing carbon, slowing melt: Intact Boreal landscapes are mitigating global warming

Black spruce chronosequence showing net ecosystem productivity 
(NEP, or carbon absorption by plants), net primary productivity (NPP, 
or carbon absorption by plants and carbon release by soils), and 
respiration (R). Mature stands continued to show positive NEP for over 
140 years, particularly in wetter stands. After Bond Lamberty B, Gower 
ST, Goulden ML, McMillan A (2006). Simulation of boreal black spruce 
chronosequences: Comparison to field measurements and model 
evaluation. Journal of Geophysical Research Biogeosciences 111.

Figure 3
Carbon absorption and respiration in black spruce over time 
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Is the Boreal a net carbon sink or a net  
carbon source?

Recently, questions have been raised about whether Canada’s Boreal 

Forest remains an overall carbon sink 189, 190, or whether it has become 

an overall carbon source 191, 192, 193, 194. As discussed above, many of the 

impacts of global warming on the Boreal Forest are causing carbon to be 

released into the atmosphere, tipping the balance between how much 

carbon the forest absorbs from the atmosphere in a given year and how 

much it releases back into the atmosphere.

The documented switch from a net carbon sink to a net carbon source 

has been attributed primarily to increased fire and insect outbreaks under 

changing climate conditions195, 196, 197, but the situation is exacerbated by 

high levels of logging. While natural disturbance levels can vary greatly, 

logging represents about 25 per cent of the Canadian Boreal Forest area 

lost in a given year198; and because industrial-scale logging is conducted 

in high-volume, high-carbon areas (that is, older-growth stands) and 

removes future woody debris that would remain on the forest floor under 

natural circumstances, researchers have concluded that it likely results in 

disproportionately high carbon losses compared to natural disturbances 

like forest fires and insect outbreaks199. Logging, therefore, appears 

to be playing an important role in the possible conversion of Canada’s 

Boreal Forest from an overall carbon sink to an overall carbon source.

It is important to understand, however, that regardless of whether 

the Boreal Forest is a net sink or a net source on an annual basis, it 

continues to store massive amounts of carbon. In order to maintain and 

promote carbon storage, therefore, it remains essential to protect the 

Boreal, especially its most carbon-rich intact and old-growth areas200.

Intact forests slow permafrost melt  
and methane release

In addition to storing carbon, intact Boreal Forest landscapes are helping mitigate 

global warming by slowing permafrost melting. Permafrost—soil that remains 

frozen throughout the year—covers approximately 24 per cent of the exposed 

land area of the northern hemisphere201. Over 60 per cent of the permafrost area 

is capable of supporting thick vegetation cover, including forests 202. 

Permafrost melt and the soil saturation that results could exacerbate 

global warming by releasing large amounts of greenhouse gasses into the 

atmosphere 203, 204. As permafrost melts, it releases carbon dioxide and 

methane into the atmosphere through rapid soil respiration and paludification, 

a process whereby newly melted soils become saturated with water. When 

paludification occurs, the water-logged soil emits large amounts of methane, 

a greenhouse gas 21 times more potent than carbon dioxide205, 206. According 

to current global warming projections, both permafrost loss and paludification 

are expected to increase 207, 208. In the western Boreal Forest, a 1.6-fold 

increase in carbon dioxide release and a 30-fold increase in methane release 

associated with melting permafrost have already been documented 209. 

Given the rapid warming across the Boreal, widespread permafrost melt is 

likely—increases in air temperature of only 1–2 degrees Celsius have the 

potential to thaw out large expanses of discontinuous permafrost 210. But 

intact forest cover may delay this thaw by decades or even centuries211, 212, 213. 

Intact forests’ moderated microclimates insulate permafrost from warming air 

temperatures 214, 215, and the permafrost layer under intact forests is thicker 

and more stable throughout the year compared to the permafrost under 

adjacent tundra or clearcut landscapes 216, 217. 

Intact forests may also reduce the amount of methane released from 

permafrost when it does melt. The soil in forested areas generally stores 

less moisture than bare ground or tundra areas because of the high water 

demands of forest vegetation 218, 219. In sample plots, this reduced soil 

moisture content has been associated with reduced methane release 220.
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Soil organic carbon in Canada’s Boreal Forest
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Peatlands in Canada’s Boreal Forest
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Permafrost in Canada’s Boreal Forest
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Although most of the literature related to global warming and forests 
focuses on the storage and release of greenhouse gasses, forests interact 
with the climate via other mechanisms as well. Primary among these is a 
phenomenon known as the albedo effect. Albedo describes the extent 
to which an ecosystem absorbs or reflects back the sun’s rays. Defined 
as the ratio of radiation reflected into space relative to the total radiation 
intercepted by an ecosystem, albedo essentially describes the reflectivity 
of an area. Areas with high albedo reflect large amounts of solar radiation 
back into space, whereas areas with low albedo absorb large amounts of 
radiation. This is relevant to global warming because forests tend to have 
low albedo compared to non-forested areas, especially during periods 
of snow cover. And low-albedo areas—that is, areas that absorb large 
amounts of heat—can contribute to climate warming.  

One recent study on this subject received considerable media attention 
in Canada and abroad: it reported a finding that deforestation of the 
Boreal would result in climate cooling due to the albedo effect. The 2007 
study by Bala et al. concluded that “afforestation projects in high latitudes 
would be counterproductive in mitigating global-scale warming” 221. This 
study was preceded by a 1992 study that concluded that removal of 
trees from logging and other disturbances could result in a cooling effect, 
especially pronounced in boreal forest areas during the winter 222.  

These studies, while interesting, are misleading. By over-estimating 
the potential cooling effects of albedo following logging, and under-
estimating the potential carbon losses associated with Boreal 
deforestation, they paint an unrealistic picture. These shortcomings 
stem from the studies’ bases in limited models and simulations. 

Both the 2007 study and the 1992 study rely on direct biome substitution to 
simulate deforestation—that is, they rely on a modelling scenario whereby 
they replace the physical attributes of an area of boreal forest with the physical 
attributes of a grassland, then compare the properties of the two. This 
modelling strategy has several critical limitations. 

First, it doesn’t account for the losses of soil carbon associated with logging. 
Because most carbon in the Boreal Forest is stored belowground, the potential 
carbon losses associated with logging or other types of forest clearing may 
have been drastically underestimated. Second, biome substitution does not 
take into account forest re-growth. In reality, large-scale logging in the Boreal 
would not result in a replacement of forests with grasslands, but rather in 
a replacement of old, mature forests with young, regenerating stands. This 
would almost certainly result in large losses of carbon, with only small changes 
in albedo. Third, neither of these modelling studies has used actual data on 
the albedo of post-disturbance boreal forest landscapes in their simulations. 
Changes in albedo are complex and influenced by many factors, including 
exposure and duration of snow cover; stand structure; surface roughness;  
and forest species composition223, 224, 225. Following fire, for example, there  
is generally a short-term reduction in growing-season albedo due to  
blackened surfaces226,227. 

While forested areas do generally absorb more solar radiation than non-
forested areas, this dynamic alone does not rationalize the deforestation of 
the Boreal. Even if deforestation did reduce the albedo of an area (which is 
not clear based on the research done to date), this would not compensate 
for the massive amounts of greenhouse gas release and lost sequestration 
potential that would result.

The albedo effect
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Making 
a bad 
situation 
worse:  
The destabilizing role of logging
The Boreal Forest is being destabilized by global warming. 
Climate gradients are shifting, plants and animals are 
migrating, and fire cycles are accelerating. Where intact 
landscapes have the potential to slow these changes 
and stabilize both the climate and the forest, industrial-
scale logging has the potential to do just the opposite. By 
releasing carbon, fragmenting the landscape, reducing 
biodiversity, and accelerating permafrost loss, logging in 
Canada’s Boreal Forest may both worsen global warming 
and weaken the forest’s ability to withstand its impacts.30

Turning Up the Heat: Global Warming and the Degradation of Canada’s Boreal Forest
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Logging releases massive amounts of carbon

As discussed above, old-growth forests contain more carbon than 

younger forests (see the section “Intact forests sequester and store 

carbon”, above)228. In addition to the massive amounts of carbon stored 

in their soils, mature areas of the Boreal can contain over 80 tonnes of 

carbon per hectare in their trees and aboveground vegetation229, 230. When 

these areas are logged, this aboveground carbon content is reduced to 

almost inconsequential levels 231. While some government and industry 

analysts claim that the aboveground carbon removed by logging is 

stored in forest products, this argument does not hold (see the section  

“Do forest products store carbon?”, below).

In addition to largely eliminating the carbon stocks represented by 

living trees, clearcut logging results in much lower levels of woody 

debris than would result from natural disturbances such as fire or 

insect-caused defoliation 232. This has serious consequences for carbon 

storage because as woody debris decomposes, much of the carbon 

within it becomes part of the soils beneath. In this way, woody debris is 

the source of much of the carbon eventually stored for long periods in 

the forest’s soil 233.

Woody debris levels are reduced even more drastically when forests 

are subjected to salvage logging (that is, logging following a natural 

disturbance such as fire or a pine beetle outbreak). One study, for 

example, found that more carbon was lost from salvage logging after 

a forest fire than from the fire itself 234, 235. Intensive extraction projects 

such as biofuel harvesting have the potential to do extensive damage 

as well, removing large amounts of carbon that would otherwise remain 

in the ecosystem 236.

Just how much belowground carbon is lost from soils during logging 

remains a matter of some debate: some studies have shown significant 

losses of soil carbon following logging 237, 238, while others have failed to 

find such losses 239, 240. What is clear, however, is that when trees are 

removed, the underlying soil is subjected to an extreme increase in heat 

exposure. Previously sheltered by trees, the soil is suddenly warmed 

by direct sunlight, leading to warmer conditions and increased soil 

decomposition 241. This decomposition results in carbon emissions, as 

reflected in studies that have found that young, regenerating forests are 

losing carbon 242, 243, 244. In some cases it takes decades before logged 

stands start sequestering more carbon through growth than they’re 

emitting through decay 245.

All these factors lead to large carbon losses when forests are logged. One 

study found that total carbon stocks were reduced by up to 54 per cent in 

spruce forests following logging246. Another found that sites assessed four 

years after logging contained 80 tonnes of carbon per hectare less than 

75-year-old stands of Scots pine247. Yet another found that a five-year-old 

jack pine site had 40 tonnes of aboveground carbon per hectare less than 

a 79-year-old stand248.

Considering the extent of logging across Canada’s Boreal Forest, the 

implications of this carbon loss are dramatic. Over 750,000 hectares 

(1.85 million acres) are logged every year 249—an area almost seven-

and-a-half times larger than New York City. While carbon levels vary 

across the landscape, if an intermediate level of 40 tonnes of carbon 

per hectare of aboveground carbon is used 250 and is projected across 

the approximately 750,000 hectares of Boreal Forest logged in Canada 

each year, then roughly 30 million tonnes of aboveground carbon are 

removed from Canada’s Boreal Forest every year by logging alone—

more carbon than is emitted each year by all the passenger vehicles  

in Canada combined 251. And this doesn’t even include the carbon  

lost from the forest’s soils.

Making a bad situation worse: The destabilizing role of logging
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Logged areas continue to emit  
carbon for years

In addition to the carbon removed during logging itself, research shows 

that forests continue to emit carbon after they’ve been logged—often for 

10 years or more—because of the damage and decay incurred through 

logging 252, 253. As the decomposition of soils and woody debris outpaces 

the re-growth of trees and other vegetation, carbon continues to be lost, 

making many young, regenerating stands carbon emission sources for 

more than a decade following logging 254, 255, 256. 

Government and industry documents, however, are increasingly 

characterizing young regenerating forests as active carbon sinks 

that draw large amounts of carbon out of the atmosphere. A Natural 

Resources Canada fact sheet titled “Does Harvesting in Canada’s 

Forests Contribute to Global warming?”, for example, claims that 

logging does not cause substantial carbon emissions because 

“harvested areas regenerate to become forests again, so that in any 

year there is substantial new storage of carbon occurring in the areas 

previously harvested” 257. An article in an industry magazine goes 

further: “Indeed, there is a case for cutting more forest. This is not to 

condone the indiscriminate felling of old forests; they have enormous 

value as eco-systems full of irreplaceable life forms. Let us be clear, 

though: they absorb far less carbon dioxide than younger, fast- 

growing stands. And in a time of increasingly rapid global warming,  

we desperately need to increase CO
2
 absorption”258. 

While replacing old stands with young ones may result in higher 

annual sequestration rates locally for the period when those young- 

and intermediate-aged stands are growing fastest 259, 260, this cannot 

compensate for the carbon lost during and after logging through the  

loss of carbon-dense old-growth trees, and the disturbance and 

warming of carbon-rich soils. The fact is that industrial logging results in 

less carbon remaining within the ecosystem 261. 

One study, for example, found that old-growth forest plots held up to 2.9 

times more carbon than second-growth forests262. 

In many cases it takes over a century for the carbon stocks in logged 

forests to return to pre-logging levels 263, 264. These forests’ carbon-storage 

potential is often cut short, however, as most logging in Canada’s Boreal 

Forest is conducted using rotation lengths between 50 and 100 years 265, 
266—at least twice the rate of pre-industrial fire regimes 267—preventing 

logged forests from ever achieving their maximum sequestration and 

storage potential 268.

Logging accelerates permafrost loss and 
methane release

Whereas intact forests slow permafrost melt, logging accelerates it. By 

removing the protective cover of forest vegetation, logging in permafrost 

areas exposes the cold and frozen soil to higher temperatures and solar 

radiation269, accelerating melting and, as a consequence, greenhouse gas 

release (for example, see Figure 4). Industrial logging has been occurring 

in permafrost areas in Scandinavia and Siberia for decades, and has more 

recently begun in discontinuous permafrost areas in Canada. Research 

shows that further expansion north would have dramatic consequences, 

including rapid bog expansion, methane release, and carbon dioxide release.

When permafrost melts, the newly thawed soil becomes saturated 

with water 270. Without the high water demands of trees this effect is 

exaggerated, and logged areas experience increased bog formation and 

rising water tables271, 272. Not only does this release methane into the 

atmosphere, but the large, rapidly expanding bog landscapes that replace 

previously forested areas are largely resistant to forest regeneration273, 

making the re-establishment of forest difficult if not impossible. Further, 

as the frozen ground thaws, soil respiration increases rapidly, contributing 

additional carbon to the atmosphere 274.
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Logging reduces the functional diversity  
of forests

Industrial-scale logging alters the structure and function of the Boreal 

Forest, reducing its diversity and, as a consequence, its resilience 

against climate impacts. By replacing a naturally diverse forest with one 

made up of uniformly aged trees with similar genetic make-ups, logging 

makes forests more vulnerable to diseases, insect outbreaks, and 

other threats. 

In general, landscapes that have been logged are less diverse than 

natural landscapes, both in terms of species and in terms of the ages 

of their trees275. Industrial logging decreases the prevalence of older 

stands across the landscape276, while increasing the prevalence of 

single-species dominance 277, 278. Through much of the southern Boreal, 

extensive logging has already resulted in a conversion of conifer-

dominated systems to systems dominated by certain hardwoods, 

particularly aspen and/or paper birch 279, 280, 281, 282. 

The physical, chemical, and mechanical manipulations of the soil that 

go along with industrial logging are partly responsible for this species 

conversion. Slash—or woody debris—burning and the use of heavy 

machinery, for example, are associated with strong changes in species 

composition that can persist for decades 283,  284. 

Roads and other infrastructure created to facilitate logging access can 

have large impacts on the structure and function of the Boreal Forest as 

well 285, 286. In addition to the direct and permanent deforestation caused 

by the construction of roads and yards (amounting to an estimated 

68,000 hectares, or 168,028 acres, per year, an area larger than the 

city of Toronto 287,288), roads alter drainage patterns and other aspects 

of the physical environment, provide a corridor for the invasion of exotic 

species, and provide increased access to humans who further affect  

the forest through hunting, fishing, and fire ignition. 

Average maximum thaw depths were determined by pounding 
a steel rod into the ground in forested (Site F) and clearcut (Site 
C) sample plots. For 2001 and 2002, maximum thaw depths 
were also determined by temperature profile. After Iwahana 
G, Machimura T, Kobayashi Y, Fedorov AN, Konstantinov PY, 
Fukuda M (2005). Influence of forest clear cutting on the thermal 
and hydrological regime of the active layer near Yakutsk, eastern 
Siberia. Journal of Geophysical Research 110.

Figure 4  
Permafrost loss as a result of clearcut logging
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Other types of industrial development, such as seismic survey lines, may 

have similarly large and long-lasting impacts as well 289. 

In all these ways, logging is homogenizing the Boreal Forest. The result 

is forests that are sensitive to impacts on those few species that remain. 

The conversion of mixed-wood forests to aspen-dominated forests in 

the Boreal, for example, has resulted in forests that are vulnerable to 

any disease or insect infestation that affects aspen trees 290. This type of 

vulnerability is especially important in the context of increasingly frequent 

and severe climate impacts. 

Logging removes natural wildlife habitats

Logging not only extirpates some wildlife species from their natural 

habitats but may also reduce their ability to adapt and migrate under 

changing climate conditions, putting numerous species in peril. By 

altering the composition of the forest, logging removes the habitat 

features many species need to survive; and by fragmenting the 

landscape, it leaves them without some of the options that would 

otherwise allow them to adapt under changing conditions.

While some Boreal animals can survive in a wide range of habitats, 

many others require very particular habitat types. Because of this, 

the homogenizing effects logging brings about in the structure and 

composition of a forest may have strong, negative consequences for 

wildlife. When the plants and trees comprising an area change, whether 

in terms of species makeup or in terms of age structure, the food and 

shelter available to wildlife change—sometimes in ways that make 

a previously hospitable area uninhabitable. Woodland caribou and 

American marten, for example, cannot thrive in an area without sufficient 

old-growth forest cover 291, 292. 

Habitat fragmentation lowers species survival as well293, 294, 295, 296. There 

are a number of reasons for this, including outright habitat loss, the 

creation of barriers to movement297, “edge effects” such as higher levels 

of predation and reduced interior habitat298, reductions in genetic variation, 

and higher susceptibility to local extinction following disturbance299. An 

average herd of woodland caribou, for example, requires 9,000 square 

kilometres (5592 square miles) of undisturbed wilderness, an area larger 

than most parks in Canada, and at least a 12-kilometre (7.5-mile) buffer 

between its habitat and forestry operations to survive300. The woodland 

caribou is now federally listed as a threatened species, with a Boreal 

population believed to number fewer than 33,000 animals301. 

In a changing climate, the habitat fragmentation caused by logging 

becomes an even greater concern for wildlife, since intact corridors 

and connectivity are critical in facilitating climate-induced migration, as 

discussed above. Without sufficient corridors, an “island scenario” can 

be created, where pockets of intactness remain but animal and plant 

species are unable to successfully migrate between them. 
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Do forest products store carbon? 

Recently, the Canadian forest products industry and government 

regulators have been arguing that when forests are logged, the carbon 

stored within them is not released into the atmosphere, but is instead 

stored for long periods of time in forest products 302, 303, 304. Essentially, 

they claim that through manufacturing, carbon is transferred from living 

forests to forest products. Some go as far as to argue that logging 

Canada’s Boreal Forest actually helps to slow global warming, because 

the carbon stored in mature trees is transferred to long-lasting forest 

products, and then those trees are replaced with young, growing 

saplings which quickly absorb more carbon 305. 

According to one government fact sheet, for example, the 

“combination of harvest and regrowth along with the storage 

of carbon in long-lasting forest products means that our forest 

management practices do not result in substantial emissions” 306.  

This argument does not live up to scientific scrutiny. 

First, the simulations used to support the claim that carbon is stored 

in forest products use unrealistically long estimates of product half-

life. For example, Colombo et al.307 assume that forest products lose 

less than 25 per cent of their carbon over 100 years, implying a half-

life of over 240 years. By contrast, the “good practice” defaults set 

by the United Nations Intergovernmental Panel on Climate Change 

(IPCC) for analyses of this type are two years for paper and thirty-

five years for sawn wood308—a far cry from the 240 years used by 

industry and government studies in the province of Ontario. Other 

studies use product half-lives of between one and three years for 

paper, and between thirty and fifty years for sawn wood 309. 

Second, this argument assumes that most if not all of the carbon 

from a logged forest is transferred to long-lasting forest products. 

Analyses of Douglas-fir forests suggest that after logging, most 

carbon is either stored in short-lived products such as paper, or 

lost during logging and processing—only a small fraction ends up 

in longer-term products such as dimensional lumber 310, 311. Some 

of the logged carbon may also end up “stored” in landfills when 

products are disposed of; but little is known about how quickly 

forest products decompose in landfills 312,313, and the potential for 

increased methane emissions from decomposing products is high. 

Additionally, the increased use of incineration in municipal waste 

management seems likely to reduce the period of carbon storage 

in products sent to landfill, making estimates based on historical 

data inappropriate. 

Third, this argument does not account for the additional carbon 

loss incurred through the road building, forest fragmentation, and 

storehouse damage associated with logging. As noted above, in 

addition to forests directly logged, an estimated 68,000 hectares 

(168,028 acres) per year is deforested through the construction 

of logging roads and landings 314, 315. Because these areas are 

permanently deforested, they represent a permanent loss of 

carbon storage potential. 

Lastly, this argument fails to account for the secondary emissions 

caused by the transportation, transformation, and distribution of 

forest products. 
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Deforestation vs. forest degradation
In lay terms, the word deforestation is used to describe any cutting or clearing of trees. Technically, however, 
deforestation refers only to the direct, human-caused conversion of forested land to non-forested land—for 
example, the conversion of a forest to urban or agricultural land or to roads316.

According to the explanatory notes accompanying the definition of deforestation by the Food and Agriculture 
Organization (FAO) of the United Nations, “the term specifically excludes areas where the trees have been 
removed as a result of harvesting or logging … unless logging is followed by the clearing of the remaining 
logged-over forest for the introduction of alternative land uses, or the maintenance of the clearings through 
continued disturbance, forests commonly regenerate, although often to a different, secondary condition”317.  
In this way deforestation is distinguished from forest fragmentation, which refers to the breakup of an intact 
forest area through logging, road-building, or other industrial activity; and from forest degradation, which  
refers more generally to the impoverishment of a forest area. 

This difference in definitions is highly relevant with reference to technical reports, policy mechanisms, and 
carbon accounting schemes that deal with forests and global warming. The frequently quoted IPCC figure 
which attributes approximately one fifth of global emissions to deforestation 318, for example, does not include 
emissions caused by forest fragmentation, degradation, or soil decay. Care must therefore be taken in the 
understanding and use of these terms. 
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The  
carbon 
bomb 
Forest fires, insect outbreaks, permafrost melting, and logging 
in Canada’s Boreal Forest have the potential to worsen global 
warming, while industrial development has the potential to 
weaken the Boreal’s resistance and resilience in the face of 
global warming’s intensifying impacts. If left unchecked, this 
situation could culminate in a catastrophic scenario known as 
“the carbon bomb”. 

The carbon bomb describes a massive release of greenhouse 
gasses into the atmosphere, driven, for example, by a widespread 
outbreak of forest or peat fires. As Greenpeace first warned in its 
1994 report, The Carbon Bomb, because Canada’s Boreal Forest 
contains 186 billion tonnes of carbon319—27 times the world’s 
annual fossil fuel emissions—a rapid release of its carbon into  
the atmosphere could cause a disastrous spike in emissions. 
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The drought and decay being caused by global warming, combined 

with the fragmentation caused by logging, have the potential to create a 

tinderbox in Canada’s north. Already, researchers are documenting an 

overall shift in the Boreal Forest from a net carbon sink to a net carbon 

source, due primarily to the increasing frequency and intensity of fires 

under warming climate conditions320. The more that intact forests are 

fragmented and degraded, the more susceptible the Boreal will become to 

these fires, and the more intense the fires themselves are likely to become. 

By altering drainage patterns and other conditions, logging in the northern 

Boreal could trigger even more damage, through large-scale peat fires. 

Because 84 per cent of the carbon in the Boreal Forest is stored in 

its soils, peat fires would be disastrous in terms of climate emissions. 

Such events are not unprecedented. In 1997, peat fires ignited across 

Indonesia, releasing between 0.87 and 2.57 billion tonnes of carbon 

into the atmosphere—an estimated 13–40 per cent of the global carbon 

emissions from fossil fuels in that year321. While these fires were ignited by 

storms, the conditions for their ignition and spread were created in part by 

rapid industrial development. In 1995, the naturally waterlogged peatlands 

were logged and drained to create massive rice plantations. When a long 

drought came in 1997, the dried-out peat caught fire, releasing thousands 

of years’ worth of stored carbon in a matter of months322. 

Logging and other industrial projects in Canada’s Boreal Forest may be 

setting us up for a similar disaster. The drier and more fragmented the 

forest and its peatlands become, the more susceptible they will be to 

widespread, intense fires that threaten the rapid release of thousands of 

years’ worth of accumulated carbon from the Boreal’s trees and soils.

If protected, Canada’s Boreal Forest can continue to play its crucial role 

in storing carbon, moderating local climates, and slowing permafrost 

melt. But if logging and industrial development continue to cut into 

forests at their current pace and global temperatures continue to rise,  

the Boreal Forest could turn from one of the world’s most important 

carbon sinks to one of the world’s biggest carbon sources. 

And the enormous stocks of carbon locked away in the Boreal’s trees and 

soils could become a serious threat to the global climate. 

The Boreal, the Amazon, the Congo, the Paradise forests of Asia-
Pacific—in a changing climate, the fates of all these great forests 
are linked. Forest ecosystems currently store about one-and-a-half 
times as much carbon as is present in the atmosphere. As the 
climate warms and deforestation and forest degradation accelerate, 
more and more of this stored carbon is being released into the 
atmosphere, driving feedback loops that compromise the survival 
of all the world’s forests.  

Deforestation is one of the main causes of global warming, 
second only to practices in the energy sector. According to the 
IPCC, it accounts for about a fifth of all global emissions—more 
than the emissions from all the world’s cars, trucks, and airplanes 
combined. Deforestation also results in less forest area to reabsorb 
the carbon emitted to the atmosphere. Tropical forests in particular 
play a powerful role in mitigating the growing change in the climate, 
but they are rapidly being destroyed by industrial logging and 
deforestation for plantations and agriculture. 

Already, rising global temperatures—caused in part by 
deforestation—are disrupting forest ecosystems around the world 
in ways that are provoking a feedback of more greenhouse gas 
emissions into the atmosphere through forest dieback, forest fire, 
and other means. Tropical forests in particular are critical to climate 
regulation, acting as a global cooling mechanism through the 
carbon they store, absorb, and cycle. But if temperatures continue 
to increase, tropical rainforests and peatlands could become 
sources of greenhouse gas emissions—increasing the likelihood 
that the Boreal will continue to transition from an annual carbon sink 
to an annual carbon source. 

The domino effect

41

G
reenpeace

The carbon bomb



Solutions
Comprehensive solutions are needed to protect 
Canada’s Boreal Forest against the impacts of global 
warming; to reduce the current level of emissions being 
caused by logging and industrial development in the 
Boreal; and to avoid potentially massive releases of 
greenhouse gas emissions from the Boreal in the future. 
In order to avert dangerous global warming and protect 
the Boreal Forest from climate impacts, urgent action is 
needed on three fronts:
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Intact areas of Canada’s Boreal Forest  
must be protected.

As detailed in this report, intact areas of Canada’s Boreal Forest are actively 

helping to slow global warming, both by storing massive amounts of carbon 

and by slowing permafrost melt and methane release. But with global 

temperatures on the rise, intact forests’ abilities to resist and recover from 

global warming impacts and to help trees, plants, and wildlife to adapt and 

migrate under changing climate conditions are proving just as crucial. 

When the Boreal Forest is degraded through logging and industrial 

development, not only are massive amounts of greenhouse gasses 

released into the atmosphere, but the forest becomes increasingly 

vulnerable to global warming impacts like fires and insect outbreaks—in 

many cases, impacts that themselves cause more greenhouse gasses to 

be released. At the same time, animals, birds, and trees lose the stability 

they need in order to adapt and the corridors they need in order to migrate. 

In short, when the Boreal Forest is degraded by logging, both the climate 

and the forest face dramatic consequences. 

Yet under current legislation, only 8.1 per cent of the large intact areas 

of Canada’s Boreal Forest are protected from industrial development323. 

Meanwhile, 45 per cent, or 154 million hectares (382 million acres), of the 

treed area of the Boreal is under license to logging companies, mainly in the 

biologically diverse southern areas of the Boreal Forest324. Many of the last 

remaining intact pockets of the more southern Boreal are slated for logging in 

coming years and the immense intact areas of the north are facing increasing 

risk of fragmentation through expanded logging, mining, and oil and gas 

development. What remains is in urgent need of protection. 

That is why Greenpeace is calling for a government-imposed, industry-

supported moratorium on industrial development in all intact areas of 

Canada’s Boreal Forest. 

A moratorium would make the most important areas of the Boreal off-limits to 

logging and other industrial development until an acceptable, comprehensive, 

science-based plan for its future management and protection is agreed to by  

First Nations, communities, governments, environmental organizations, and 

industry—a plan that’s sustainable for communities, for wildlife, and for the planet.

Greenhouse gas emissions from fossil fuels  
must be reduced. 

To protect the Boreal Forest and the carbon stored within it, global warming 

must be slowed, through a drastic reduction in greenhouse gas emissions. 

The burning of fossil fuels is the number one contributor to greenhouse gas 

emissions, accounting for about 75 per cent of emissions worldwide 325. To 

curb global warming, therefore, the use of coal, oil, and gas must be drastically 

reduced, especially in the industrialized world, where emissions are the highest. 

The Greenpeace Energy Revolution scenario shows that emissions from the 

power sector can be reduced by 50 per cent by 2050 if a massive uptake of 

sustainable renewable energy options, a doubling of energy efficiency, and a 

decentralization of energy generation systems are achieved 326. Greenpeace is 

calling for industrialized-country emissions to be reduced by 18 per cent from 

1990 levels for the second Kyoto commitment period, and by 30 per cent by 

the third period, covering 2018–2022 327. 

Tropical deforestation  
must be stopped. 

Second only to reducing fossil fuel burning, curbing tropical deforestation is 

one of the quickest, most effective ways to reduce greenhouse gas emissions. 

In addition to preserving global biodiversity, protecting these forests is crucial 

to stabilizing the climate, and therefore crucial to protecting the Boreal from 

intensifying global warming impacts. Greenpeace is calling for an end to 

deforestation in Indonesia and the Amazon rainforest—by far the two largest 

sources of greenhouse gas emissions from deforestation.
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Canada has a critical opportunity to help slow global warming 
by protecting the Boreal Forest. But it is an opportunity which, 
if ignored, could turn into a serious liability. Because the Boreal 
stores so much carbon in its soils, trees, and peatlands, its 
potential to contribute to the solution is darkly underlaid with 
the potential to worsen the problem. 

If Canada’s Boreal Forest is protected, it will continue to 
sequester and store carbon, and its intact landscapes will 
continue to help protect the forest and its inhabitants from 
the intensifying impacts of global warming. But if industrial 
development is allowed to continue its trajectory north, then 
what remains of the Boreal’s pristine expanses will be scarred 
with roads and clearcuts, it will become more and more 
vulnerable to insect outbreaks, fires, and melting, and the 
masses of carbon locked away in its soils and trees may  
be released into the atmosphere. 

Conclusion
In 1994, Greenpeace urged policy and decision makers to 
radically rethink energy policies in industrialized countries and 
logging practices in the Boreal Forest. Since then, fourteen 
years have passed without sufficient action on either front. We 
cannot continue to watch and wait: leading climate scientists 
warn that if we’re to avert dangerous climate change, global 
greenhouse gas emissions must reach their peak by 2015 and 
then decline dramatically by mid-century328. Governments and 
industry around the world must take immediate action to save 
what is left of Canada’s Boreal Forest, and to ensure that the 
global climate remains a liveable one.
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