92

NOVEMBER 2009

C.C. Dymond and

D.L. Spittlehouse

Ministry of Forests and Range
Research Branch

PO Box 9519 Stn Prov Govt
Victoria, B.C. V8W 9C2

MITIGATING
CLIMATE CHANGE

Extension Note

Forests in a Carbon-constrained World

Global climate change is one of

the most important environmental
challenges facing society today. The
burning of fossil fuels and to a lesser
extent, changes in land use patterns
have led to increased concentrations
of greenhouse gases in the atmo-
sphere, which are affecting the earth’s
climate. Not all of the greenhouse
gases that we produce stay in the
atmosphere—almost half are taken
up by the ocean and land ecosystems.
Carbon uptake in forests is an eco-
logical service that is becoming one
of the values managed by the British
Columbia Ministry of Forests and
Range. This extension note provides
an overview of why carbon uptake
and storage in forests are important,
some management considerations,
and a discussion on how climate
change may affect the forest carbon
balance.

What Does Carbon Have to Do
with Global Warming?

In 2007, the Intergovernmental Panel
on Climate Change (1pcc)—repre-
senting the most respected climate
and natural resource experts world-
wide—issued a report with four key
conclusions:

"IPCC (2007b), p. 26, Table TS.1.
2IPCC (2007a).
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* Our climate is changing, includ-
ing an increase in global average
temperatures since the mid-2oth
century.

o This change is caused by human
activities creating greenhouse
gases.

o The effects of this change will
worsen if no action is taken to
reduce our overall greenhouse
gas emissions.

o These climate changes will have
significant and damaging impacts
on human society, industry, and
our natural environment.?

Millions of people across Canada
believe they are already seeing the
effects of climate change in their lives.
For some people, climate change
means the warmer winter tempera-
tures that allowed the mountain pine
beetle to expand and spread—Kkilling
trees in cities and affecting forestry
workers across British Columbia. For
others, climate change is the ice roads
melting early and cutting off isolated
northern communities or access to
timber. Yet other people experience
climate change in the form of earlier
leaf-out of trees and the earlier return
of migrating birds. The best explana-
tion we have of these changes is the
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climate response to the accumulation
of human-created greenhouse gases
over the last 150 years.

A greenhouse gas (GHG) is any gas
that absorbs infrared radiation in the at-
mosphere. Carbon dioxide (CO,) is the
most important human-created GHG. Its
annual emission into the atmosphere
grew by about 80% between 1970 and
2004 and now far exceeds the natural
range over the last 650 ooo years.?
Global increases in CO, concentra-
tions are due primarily to fossil fuel
use, with land use change providing
a secondary contribution. Other hu-
man-created GHGS include methane,
carbon monoxide, and nitrous oxide,
all of which are produced during
the burning of wood and fossil fuels.
Additional human-created GHG
emissions that are not associated
with forestry are hydrofluorocarbons
(refrigerant), perfluorocarbons, and
sulphur hexafluoride (used in manu-
facturing).*

We convert other GHGS into a com-
mon basis of units—carbon dioxide
equivalents (CO,e)—to indicate the
global warming potential of each gas.
For example, methane has 21 times
the impact on global warming as CO,
over 100 years.> Nitrous oxide is even
higher at 310 times.

Globally, human activities pro-
duced 49 billion t of CO_e in 2004°
(15.6 t CO,e per person in British
Columbia in 20077) and these emis-

and GHGs started accumulating in

the atmosphere. We still rely on these
natural sinks to take up almost half of
our emissions from fossil fuel use and
changing land use.

Carbon has become synonymous
with the words “greenhouse gas”
when people refer to carbon-footprint
or low-carbon economy. However,
carbon is not identical to carbon diox-
ide and 1 g of carbon is the equivalent
of 3.67 g of CO,.® In forestry, we
measure or model the mass of carbon
stored in the soil and in the living
or dead biomass. The amounts of
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gaseous emissions or uptake are based
on changes in the mass. For example,
we can measure the amount of trees,
deadwood, and debris before and after
a forest fire. The change in mass is as-
sumed to be consumed in the fire and
released as gases. However, we have
to account for the loss of some of the
carbon as methane rather than carbon
dioxide and the release of other GHGS.
In the forest ecosystem, carbon
cycles from the atmosphere into the
forests as trees grow (Figure 1). It
moves between different components
of the ecosystem, including standing
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sions are increasing annually. The
forests, land, and oceans have been
absorbing our CO, emissions for
centuries. By the 1890s, these natural
carbon sinks were unable to take up
all of the human-created emissions

FIGURE 1 Carbon is taken up from the atmosphere as plants grow (green arrow). From

there, carbon may be released back to the atmosphere (blue arrows) or trans-
ferred within the ecosystem or to the forest products industry (yellow arrows).
Forest carbon also returns to the atmosphere through the burning and decay of
wood and decomposition of soils in deforested land. (Image credit: C. Dymond
and M. Apps)

3IPCC (20072), p. 5.

4UNFCCC (2009).

5British Columbia Ministry of Environment (2009), p. 5.

SIPCC (2007a), p. 5, Figure SPM.3.

7British Columbia Ministry of Environment (2009), p. 14.

8The value 3.67 is estimated from dividing the mass of a mole of carbon dioxide (44.0 grams) by the mass of a mole of carbon (12.0 grams).
A mole of chemical substance is, by definition, the number in grams corresponding to the atomic or molecular mass (in atomic mass units).

For example, since carbon-12 has atomic mass of 12, a mole of carbon is 12 grams. http://scienceworld.wolfram.com/chemistry/Mole.html




dead snags, leaf litter, fallen branches,
stumps, the humus or duff component
of the forest floor, and mineral soil.
Carbon returns to the atmosphere
primarily through respiration of the
living vegetation and decay of the
dead biomass. Burning of the forest
transfers carbon from the living bio-
mass to the atmosphere, deadwood,
and soils.

Carbon is taken out of the ecosys-
tem through harvesting or fuelwood
collection (Figure 1). The harvested
biomass may be used for long-lived
products such as construction mate-
rial, short-lived products like energy
or paper, or products that decompose
gradually in a landfill. Recycling and
reusing forest products slow the return
of carbon to the atmosphere. Replac-
ing buildings, disposing of furniture,
and burning can accelerate carbon
cycling. Additional GHGs are added to
the atmosphere from fossil fuel use in
transportation and manufacturing by
the forest sector.

When we convert forest land to
other types of land use, the release
of carbon to the atmosphere due to
decay is greater than the uptake of
carbon by any plants and trees that
are part of the new land use. The net
result is that these deforested sites are
net carbon sources to the atmosphere
for at least 10 years. In contrast, land
converted into forests tends to be a
net carbon sink.

British Columbia Forest Sector
Greenhouse Gas Emissions and
Uptake

British Columbia’s forests are cur-
rently a net source of carbon dioxide
and other GHGs to the atmosphere.
This is the result of harvesting, fires,
and the effect of the mountain pine
beetle infestation decreasing the

amount of tree growth and increasing
the amount of decay. Greenhouse
gas emissions increased and sinks
decreased in British Columbia’s forest
from 1990 to 2007° (Figure 2). The
upward trend was mostly due to in-
sect attack and wildfires. In 2006, B.C.
Ministry of Forests and Range surveys
detected 9.2 million ha of forest at-
tacked by the mountain pine beetle.
An increase in harvesting from
1990 to 2007 resulted in a greater
transfer of carbon from forests to
harvested wood products. In accor-
dance with international rules, this
is reported as a loss of carbon to the
atmosphere. In reality, about 40% of
the carbon removed from the forest is
turned into long-lived forest products
like lumber and panels. However, the
carbon in wood harvested over the
last 100 years is gradually returning to
the atmosphere. Provincially, nation-
ally, and internationally, the rules

around estimating and reporting GHG
emissions from forest products are
being revised to better represent what
is received by the atmosphere. We can
reduce the emission of GHGs from
forest products by reducing our con-
sumption, increasing recycling, and
using longer-lived products. We can
also reduce our overall GHG footprint
by using forest products instead of
those with a larger footprint such as
concrete and steel in construction.
The forest industry in British
Columbia consumes fossil fuels
in processing and manufacturing
facilities and through transporta-
tion. Greenhouse gas emissions were
estimated at approximately 4 Mt CO e
for 2006."° However, the fossil fuel
used in the fighting of wildland fires
is not included in these estimates. The
trend since 1990 is an overall decrease
in emissions as facilities and vehicles
have become more efficient, and more
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FIGURE 2 Greenhouse gas sources and sinks in the forest ecosystem of British Columbia
(approximately 64 million ha). The sum of growth and decay was a net sink,
although recently this sink has decreased due to the mountain pine beetle killing
trees. Harvesting, wildfires, and slashburning caused emissions. Consequently, the
ecosystem was a net sink from 1990 to 2002 and a net source to the atmosphere

in recent years.

9British Columbia Ministry of Environment (2009), Chapter 9.

'°Data from British Columbia Ministry of Environment and Environment Canada.




recently, due to the closing of mills
and reduced industrial activity. The
forest sector contributed about 6% to
the total provincial fossil fuel and land
use change emissions in 2006. This
percentage has been decreasing since
1990 as the amount of emissions from
the forest industry has decreased and
the amount from other sectors has
increased.

The losses of forests to other land
uses also contribute to GHG emissions.
(Note that harvesting followed by
regeneration is not considered defor-
estation.) It is important to monitor
this loss because it contributes to
10-30% of global fossil fuel and land
use change emissions, and represents
about 4% of British Columbia’s emis-
sions." The general trend in deforesta-
tion activity has been declining since
the 1970s when there was considerable
hydroelectric and agricultural devel-
opment. Since 2000, the annual rate
was approximately 6200 ha/yr (Figure
3). GHG emissions from deforesta-
tion are related to the harvesting and

burning during land clearing and
decomposition of the forest floor and
soil for 20 years following the land
clearing activities. Most of the current
emissions come from forestland con-
verted to settlements and industrial
development. Changes in land use
through urban development (e.g.,
roads and settlements) impact not
only biodiversity and water quality
but also carbon storage. In British
Columbia, communities are becoming
increasingly aware of this impact and
factoring it into their planning and
decision-making. Reducing deforesta-
tion can be achieved by avoiding or
reducing the permanent loss of forest.
Ways to achieve this include nar-
rowing rights-of-way, lowering road
density, or reducing urban sprawl.
Afforestation is the planting of
trees on land that has not been for-
ested since 1989. In British Columbia,
the afforestation rate was approxi-
mately 500-2000 ha/yr from 1990 to
2007. The trees were planted primarily
on abandoned farmland and increase
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FIGURE 3 Area affected by afforestation (increasing forest area) and deforestation
(decreasing forest area) for British Columbia.

"British Columbia Ministry of Environment (2009), p. 7.

the amount of carbon dioxide taken
up and stored on those sites.

Carbon Cycling in Forest Stands

In an example of a natural, lodgepole
pine stand, total carbon stored in
biomass increases as the stand grows,
and the proportion of biomass in
merchantable stemwood also increas-
es (Figure 4). The annual change in
the various carbon stock pools is used
to determine if an undisturbed stand
is a net carbon sink or source. The an-
nual growth represents the uptake of
carbon by the stand; the decay causes
an annual carbon emission to the
atmosphere. The loss or accumulation
of net ecosystem carbon stocks is the
balance between the two (Figure 4).
Young stands after a fire or harvesting
are net carbon sources (negative net
ecosystem carbon balance) because
the decay of woody debris and soil
dead organic matter is greater than
the uptake in growing biomass.
Stands that are mature and vigorously
growing are usually net carbon sinks.
Old stands with a predominantly
single-age cohort may be small sinks
or small sources (carbon neutral). Old
stands with multi-age stand structure
may be substantial carbon sinks."
Forest management can influence
the gains and losses of carbon from
the forest ecosystem. Therefore, for-
est management could potentially
increase the uptake of carbon dioxide
and help mitigate the climate change
impacts caused by fossil fuel and land
use change emissions. The science
of carbon dynamics in response to
management activities is still relatively
young, and research is ongoing. Below
are some examples with the caveat
that these results are preliminary.

>For example, a 500-year-old Douglas-fir stand in Washington State has been a carbon sink 7 out of 8 years that it has been monitored.

Luyssaert et al. (2007).
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FIGURE 4 An example of carbon stocks for a lodgepole pine stand using a yield table-driven
model of carbon dynamics.” This is an example for illustration purposes only.

Harvesting

Harvesting as soon as possible after

a stand passes its maximum annual
increment or increasing rotation
length are proposed as ways to help in
mitigating climate change. Harvesting
a stand with a low or zero yield incre-
ment and replacing it with a young
vigorous stand will probably increase
the annual uptake of carbon over the
next 50-100 years. However, clearcut
sites tend to be net carbon sources to
the atmosphere for at least 10 years,
until the trees grow large enough that
their carbon uptake through growth
is greater than the decay in the stand.
The key to carbon storage through
longer rotations is not via the rate of

uptake; it is simply the maintenance
of storage in the biomass and relative
balance of the annual turnover (lit-
ter fall) with the decomposition of
deadwood and soil carbon. If a stand
that historically was disturbed every
350 years is converted to a 30-year
rotation, there will be a lot of CO,
released from the soil. There will not
be as much carbon being transferred
from the living biomass to the dead-
wood and soil to maintain the carbon
stocks on the site. On the other hand,
if a site has already been harvested
and is part of a short-rotation system,
it might be better to maintain the
short rotation and have the carbon
stored as forest products.

Fuel Management

Fuel management involves thinning
stands and removing deadwood to
reduce the severity of wildland fires.
These treatments are usually done
around communities and infrastruc-
ture. It has been suggested that fuel
management will reduce the GG
emissions from wildfire. Certainly,
thinning a stand means there is less
carbon available to burn; however,
the likelihood of a severe wildfire
must be factored into this argument.
There is considerable debate in the
fire science community on the effect
of stand structure on fire risk and
severity because they also depend on
the geographic location of the stand,
and the vegetation, climate, and
ignition sources. For example, many
forest types in British Columbia are
dry during summer drought periods,
but some, such as those on the north
coast, never dry out sufficiently to
support a large wildfire. If we assume
that severe wildfires will occur, the
fire and emissions due to the treat-
ment must also be included in carbon
calculations. For example, if stands
are thinned and the biomass is burned
for energy production, then the treat-
ment still created emissions.

Fertilization

Fertilization of forest stands increases
the rate of tree growth. Thus, fertil-
ization can effectively increase the
merchantable yield and value of estab-
lished forests. Intuitively then, there
could be an increase in carbon uptake
and storage. When we compare a
representative lodgepole pine stand
(site index = 20) with or without
fertilization, there is approximately
a 15 m3/ha increase in stand volume.™#
In terms of whole-ecosystem carbon,
this translates into approximately

3The Carbon Budget Model of the Canadian Forest Sector (CBM-CFS3) is freely available from Natural Resources Canada.

4Brockley (2005).




5.8 t C/ha before harvest, or only a
2% increase, because a lot of carbon is
already present on the site. After har-
vesting and slashburning, the differ-
ence in carbon stocks is less than 1%
(1.8 t C/ha) (see top panel in Figure
5).5 After harvesting, the remaining
carbon on site will gradually decay
and either become part of the soil or
return to the atmosphere.

If we consider the annual sources
and sinks of GHGS shown in the lower
panel of Figure 5, the young stand is
a net source to the atmosphere (posi-
tive values) because there are greater
emissions from decay than uptake
through growth. After about age 10,
the stand becomes a net sink from the
atmosphere as the trees convert CO,
into wood through photosynthesis.
The small impact of fertilization can
be seen from age 40 to 50 as a greater
annual sink of carbon. When the
example stand is harvested at age 60
and the slash is burned, the harvested
carbon is shown as a source to the
atmosphere of approximately 380 t
CO,e.¢ In reality, 25-50% of the car-
bon is likely stored in harvested-wood
products; however, the research to
estimate that storage is still ongoing.

Rehabilitating Underperforming
Sites

The Forests for Tomorrow program
aims to re-establish young forests on
land that would otherwise remain
under-productive. The program fo-
cusses on land that is primarily within
the timber harvesting land base yet
outside of forest industry obligations.
Lands may be under-productive for

a number of reasons, such as insufhi-
cient natural regeneration and failure
of planted stock. When we look at

an example from the area severely
affected by the mountain pine beetle,
rehabilitating a stand with low natural

Beukema (2009).
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FIGURE 5 Fertilized and unfertilized lodgepole pine stands (site index = 20) in the Interior
of British Columbia. The top graph shows the ecosystem carbon stocks over time,
and the bottom graph shows the annual GHG sources and sinks as the stand
ages; this includes a harvest event at age 60. This is an example for illustration
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FIGURE 6 An example rehabilitation simulation for a lodgepole pine stand that naturally

regenerated to 325 stems per hectare following 100% mortality caused by the
mountain pine beetle. The top graph shows the ecosystem carbon stocks over
time, and the bottom graph shows the annual GHG sources and sinks. The
simulated treatment involved a clearcut, slashburn, and replant at 10 years after
being killed by the beetle. The rehabilitation scenario assumed a site index of 20
and included a harvest at age 60. This is an example for illustration purposes only.

regeneration (325 stems per hectare)
resulted in a net gain of ecosystem
carbon stocks of about 55 t C/ha in
the year before harvesting (top panel,
Figure 6). Four years after harvesting,
the sites had less ecosystem carbon
stocks (about 50 t C/ha) because log-
ging removes carbon. The relationship
between untreated and rehabilitated
sites will vary depending on the level
of productivity with and without
rehabilitation, and whether there is
future harvest.

In the lower panel, the untreated
stand is initially a net source of GHGS
because of the large amounts of
deadwood on site that were decaying.
Over time, the amount of deadwood
is reduced, but the poor regeneration
resulted in a GHG-neutral stand in the
simulation. The rehabilitation treat-
ment created a larger source than the
untreated site in year 10 of the simula-
tion because of cutting and burning
of the regenerated stand. The treated
stand created a larger source when
harvested because more carbon leaves
the ecosystem and is reported here as
immediate emissions.

Changing Land Use through
Afforestation

As previously discussed, afforestation
is the deliberate human action of
changing the land use of an area and
creating a forest. The amount of GHG
uptake due to changes in land use
varies greatly between sites depending
on the productivity, age, and tree spe-
cies of the forest. For example, coastal
forests can have carbon storage up to
three times greater than interior for-
ests. A newly afforested area will not
become a net carbon sink for about

2 years on open agricultural land,
while it may take 30 years for a site to
become a net GHG sink following the
clearing and burning of bushes and
small trees (e.g., Figure 7).
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examples. This is an example for illustration purposes only.

In the simulation, an example site
with some scattered trees and bushes
is cleared, burned, and planted in year
zero. These activities are reflected in
a 1-year increase in GHG emissions.
Over time, the ecosystem carbon
stocks increase in the afforested site
and it becomes a GHG sink (Figure
7). Note that the comparison site is
assumed to be GHG neutral.

Offset Carbon Markets

Forests and the forest sector have
roles to play in helping mitigate
climate change. We can work to
reduce sources of GHG emissions and
increase the sinks in the forests. As
emissions become capped or taxed,
a number of opportunities become
available for the forest sector in a
carbon-constrained world.

A carbon offset is any kind of re-
duction in GHG emissions or increase
in carbon storage that helps you meet

your target for mitigating climate
change. It was initially envisioned as
a last-hope mechanism after reducing
consumption and increasing energy
efficiency have failed to meet a target.
Realistically, offsets have become a
least-cost or least-effort mechanism
for many. The target may be voluntary
or regulated by an authority. Targets
may be defined for individuals, com-
panies, industries, sectors, or govern-
ments.

The natural process of trees taking
up carbon through growth obviously
lends itself to carbon sequestration
and storage. However, that does not
necessarily translate into a carbon
offset. To be included in a regulated
system, a carbon offset project must
be “additional to” or “incremental to”
current management—that usually
means a project deliberately imple-
mented to increase carbon uptake
or reduce emissions to meet climate
change goals. In the example af-

forestation project described in the
previous section, the initial treatment
of the site creates a net carbon source
that over time is compensated for
by tree growth. Figure 7 shows the
cumulative difference between the
afforestation simulation and the base-
line (GHG neutral) simulation. In this
example, the site became a net carbon
sink after about 30 years, and after 100
years had stored about 550 t COe.
There are risks associated with
these opportunities. The permanence
of the incremental carbon must be en-
sured over a defined period of time to
be sold as a carbon offset. Since forest
stands are susceptible to disturbance
or harvest, a risk management plan
must be in place. An offset project’s
efforts may be futile if they cause the
same or more emissions somewhere
else (e.g., result in deforestation
elsewhere). This is called leakage. The
importance of the additionality in
carbon offsets cannot be understated.
How “business as usual” for a project
is defined may limit forest sector
economic opportunities. More infor-
mation on regulated offsets in British
Columbia can be found on the web-
sites of the British Columbia Ministry
of Environment, Pacific Carbon Trust,
and Western Climate Initiative.

Climate Change Impacts

Climate change could subject British
Columbia’s forests to changes in spe-
cies communities and their geograph-
ic distribution. British Columbia’s
forests may also be subject to more
frequent extreme storms and wind
damage, droughts, fires, and insects.
All of these components of the forest
ecosystem affect the carbon balance
and will determine whether British
Columbia’s forests will be a net sink of
atmospheric carbon or a net source in
the future.




Predicting the future is always dif-
ficult, even more so when we cannot
rely on past experiences. Although
individual trees will likely survive
in their current location under a
changed climate, growth rates will
be affected. In general, we expect
an increase in forest productivity in
currently cold environments, and
decreased productivity in currently
warm environments.?” If a species
becomes unsuitable to the chang-
ing conditions, there may also be
increased competition from other
species more suited to the climate.
The potential ranges of species will
move northward and upward in eleva-
tion.” However, actual changes in the
species occupying an area will depend
on natural disturbances, slow natural
migration rates, soils suitability, and
other habitat factors. In managed ar-
eas, human activities such as harvest-
ing and planting will also contribute
to species migrations.

The rates and risks of natural dis-
turbances are expected to increase as
the climate changes. Wildfires, insects,
drought, windstorms, and diseases
may have increased impacts on the
timber supply and forestry operations.
Forestry operations will be impacted
directly by changes in productivity,
wood quality, and volume and size
of logs. Access to timber may be
limited especially in winter because of
warmer and wetter conditions short-
ening the season for winter roads or
increasing the sensitivity of wet sites.
Furthermore, increases in the occur-
rence of storms will affect logging
roads and increase the probability of
landslides and debris flows.” Both
the direct effects of loss of life and
property from natural disasters, plus
the indirect impacts on the forestry
industry, mean that British Columbia’s
rural communities will directly bear
the impacts of climate change.

Williamson et al. (2009), p. 33.
Bwilliamson et al. (2009), p. 34.

The combined effects of climate
change on the forest carbon balance
are currently an active area of re-
search. The forests of British Colum-
bia may become a net sink by 2020;
however, it may take much longer if
the worst effects of climate change
occur.
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