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Predicting changes in the western boreal forest
Predicting how forests will grow in scientist Dr. Ian Campbell and his complex computer model that will
the future, especially if the climate associates at Edmonton’s Northern use existing data to deduce what may
changes, is no easy task. Research Forestry Centre are developing a happen.

"We want to develop an im-

proved boreal forest simulation
model that will predict the species
composition and structure of the
western boreal forest as it may
change with future global climate
change,"” explained Dr. Campbell.

The process is a long one.
Although he hopes to have a first
version of the model in two years, it
may take another two years or longer
to fine-tune and test the model to
ensure its accuracy.

Present computer models are
good first attempts but are not as
comprehensive as the one being
developed by the Canadian Forest
Service. NoFC’s research officer
Harjit Grewal is studying the exist-
ing models to determine what modifi-
cations will be needed in the new
model.

"One model is good at predicting
direct climate change on tree physiol-
ogy but doesn’t account for the fact
that disturbances, such as fire or
insect infestations, may devastate a
forest," Dr. Campbell explained.
CFS I'Cseal’CherS geal’ Up for BOREAS "Another model is good at predicting
the effects of fire on an area but is
weak in other aspects. We want to
develop a more coherent and
complete model."

Several hundred researchers from around the world, including 12
from the Canadian Forest Service, are involved in BOREAS (Boreal
Ecosystem Atmosphere Study). Intensive Field Campaigns will
take place in Saskatchewan and Manitoba in the spring and sum-
mer of 1994. Rick Hurdle (NoFC) checks a data logger used to .
record sap flow in aspen at Batoche National Historifgl’ark, south Data collection

of Prince Albert, Saskatchewan (Fall 1993). The information col- In order to collect some of the
lected will be compared to data collected at BOREAS sites north data needed for the model,

of Prince Albert.

Continued on next page . . .

Natural Resources Ressources naturelles e
I*I Canada Canada \\‘ /, CANADA’'S Canada

Canadian Forest Service canadien f) . GREEN

Service des foréts

A »_ PLAN



Predicting changes in the western boreal forest

Continued from page 1

Dr. Campbell and technician Thierry
Varem-Sanders developed an x-ray
densitometry system that counts and
measures tree rings and wood density
using x-rays. It can also be used to scan
tree cookies (trunk cross-sections) or
cores without x-raying, if only the ring
counts and widths are needed.

Although the technology is not new,
this system is innovative in that it was
assembled largely from sur-
plus and off-the-shelf equip-
ment and as such was much
less expensive than most
other densitometry facilities,
which are often custom-
built.

Dr. Campbell is looking
at the actual density of the
wood at any point in time.
This will indicate how much
carbon the tree stored as
wood in a given year.

Every tree species in
the western boreal forest
will be studied, and biodi-
versity, plus longevity and
relative abundance of a par-
ticular species, will be taken
into account. _

"We will also look at fire
scarring and events leading
to tree death and the connec-
tion between ring width and
density," he said. "We can

relate this to the weather during that
year and see what impact different types
of weather events have on the long-term
health of a tree.”

As well as measuring wood density,
work has started on making stem maps.
These maps locate each tree stem on a
particular plot and indicate where it is in
relation to other trees in that plot.

Dr. Ian Campbell

Where there’s a will, there’s a way.
nician Thierry Varem-Sanders have

tive x-ray densitometry setup.

The system measures the density of
wood using x-rays and reads ring
widths without x-raying. Although the
technology is not new, this system is
much less expensive than most other
densitometry facilities.

"The system was assembled largely

estry Centre—an x-ray machine, a
darkroom, a scanner connected to a
486 computer, and Thierry’s soft-
ware,” Dr. Campbell said. "The speed,
accuracy, resolution, and precision of

That’s what Dr. Ian Campbell and tech-

demonstrated by developing an innova-

from items already at the Northern For-

High calibre system for less

the system is comparable to other
x-ray densitometry systems in use
around the world, at a fraction of the
cost."

A visit to FORINTEK’s $110,000
x-ray densitometry facility confirmed
this fact. The ultimate resolution of the
FORINTEK setup is 0.025 mm,
allowing measurement of rings as
narrow as 0.2 mm. The NoFC facility
reaches 0.0024 mm and allows for the
accurate measurement of rings as
narrow as 0.02 mm. The system at
NoFC was put together for under
$3000 not including the value of the
"on hand" equipment, which is worth
another $20.000.

"These maps give us information on
the interactions between trees such as
how much shade a spruce can tolerate
when the weather is dry as compared to
how much it can tolerate when it’s wet."

Tl%e plots are small, from 5 m’ to
20 m®, but they will present an accurate
picture of the trees a particular plot
holds. The plots are scattered along the
Boreal Forest Transect—an imaginary
line stretching 900 km from
central Saskatchewan to northern
Manitoba along which Canadian
Forest Service scientists are con-
ducting a variety of experiments.

Other work underway by Dr.
Campbell includes the study of pol-
len and charcoal in peat and lake
sediments. Pollen and charcoal
have accumulated in sediment lay-
ers over centuries and can be dated
using radio-carbon dating.

"This is exciting work. It gives
us an idea of how the forest looked
at different times in the past and
how climate has affected forests
in prehistoric times," said Dr.
Campbell. "The charcoal samples
will provide information on how
changes in climate and vegetation
can influence the incidence of for-
est fires. Later, this will be used to
double-check the model we are de-
veloping to see if our predictions
are accurate.”
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Climate change and permafrost in peatlands

One of the main consequences of
climate change is expected to be higher
temperatures, especially at high lati-
tudes. These warmer temperatures
would result in increased thawing of
permafrost in the northern regions.

In addition, the incidence and inten-
sity of wildfires is expected to increase
in the subarctic woodlands. Fires that de-
stroy the insulating organic layer are the
primary agents for initiating permafrost
melting.

These possibilities prompted a 2-year
research study that examines the fire-
permafrost relationships in peatlands of
northwestern Alberta. Extensive perma-
frost occurs in the peatlands in this area,
but there are many depressions where
the permafrost has thawed and the
surface subsided.

Yet, even in such depressions small,
incipient permafrost lenses can be
found, indicating that a new cycle of per-
mafrost development has begun. Such
conditions are commonly encountered
along the northern portion of the boreal
transect.

Eight peatlands are being examined
to determine the nature of the thawing-
subsidence-redevelopment cycle of the
permafrost. In peat cores taken from the
frozen and unfrozen peat several charred
layers were found.

Each of the charred layers was cov-
ered by a kind of peat moss that grows
only in very wet unfrozen peatlands,
followed by peat laid down in less wet
conditions, and finally capped by well
decomposed forest peat that contains
permafrost.

The upper part of this forest peat is
charred, followed by peat formed in wet
conditions, repeating the cycle as before.
In all cores at least one but sometimes
three such cycles were found.

The interpretation is that after perma-
frost became established in the peat, the
change from water to ice caused an
upward expansion of the peat and the
surface became dry enough to support
open canopied black spruce forest.

The peat began to decompose under
such dry conditions. However, a fire
charred the surface and caused the per-
mafrost to melt, developing a wet,
subsided depression. In time, however,
the newly accumulating peat created
somewhat drier conditions. allowing the
redevelopment of permafrost.

Radiocarbon dates of the charred
layers established that the first fire on
the permafrost surface occurred about
3700 years ago and recurred at irregular
intervals since then. The shortest inter-
val between a cycle of fire-thawing-
collapse-redevelopment-fire was 500
years.

This study shows that permafrost
existed in the peatlands 3700 years ago,
at a time when the mid-Holocene warm
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period ended and a cooler climate pre-
vailed. Such permafrost peatlands were
subject to forest fires that initiated the
thawing of permafrost, but permafrost
was readily re-established.

Under a changed climatic regime,
however, the redevelopment of perma-
frost may be delayed or prevented by
the warmer temperatures.

Steve Zoltai

Insect outbreaks may increase with

warmer climate

Forest insects may become more of a
problem if the climate becomes warmer,
according to research being conducted at
the Forest Pest Management Institute in
Sault Ste. Marie, Ontario.

"There are a number of reasons why
we expect insects will be able to adapt
to changes in climate much more
quickly than the trees with which they
interact," explained research scientist
Dr. Richard Fleming. "This may result
in pest outbreaks in forest areas that
haven’t seen problems in the past.”

The outcome of this could be very
far reaching. Insects are considered a
forest disturbance that has much more
complex dynamics than even fire. Insect
populations affect tree growth, longev-
ity, and tree species ratios and have been
shown in the past to influence fire
occurrence.

Indicator species

There are two interdependent thrusts
to this insect response research. One
concerns the concept of biological indi-
cators. Insect development rates are
potentially very useful indicators of the
biological impact of climate change
because they integrate the effects of a
variety of climatic variables such as
temperature, humidity, and cloudiness.

In this research, recent historical data
(which is unique world-wide in terms of
the resolution and continuity of sam-
pling) is searched for evidence of the
trends in the development rates expected
as a result of recent greenhouse warm-
ing. This provides quantitative measure-
ments of the degree to which insects

Continued on page 4 . . .



Canadian Forest Service
Headquarters
Place Vincent Massey
351 St. Joseph Boulevard
Hull, Quebec
K1A 1G5

National Program

Team Leader

Dr. Mike Apps (NoFC)
Climate Change Working Group
Chairman

Mr. Steve Zoltai (NoFC)
Headquarters Coordination

Dr. Bob Stewart

Pacific and Yukon Region
Pacific Forestry Centre (PFC)
506 West Burnside Road
Victoria, British Columbia
V8Z IM5 '

Canadian Intersite Decom-
position ExperimenT (CIDET)

Northwest Region
Northern Forestry Centre (NoFC)
5320 - 122 Street
Edmonton, Alberta
T6H 385

BOREAS and NBIOME leadership
Dr. Mike Apps
Vegetation/climate interactions
Dr. Ted Hogg

Dr. Ian Campbell

Dr. Tony Trofymow/Dr. Caroline Preston

Climate change productivity modelling

Carbon budgets of forests
Dr. Mike Apps

Carbon storage in peatlands
Mr. Steve Zoltai

Ontario Region
Great Lakes Forestry Centre (GLFC)
P.O. Box 490
1219 Queen Street East
Sault Ste. Marie, Ontario
P6A 5M7

Regional climate model
Mr. Brian Stocks

Quebec Region
Laurentian Forestry Centre (LFC)
P.O. Box 3800
1055 du P.E.P.S.
Sainte-Foy, Quebec
G1V 4C7

Sugar maple decline
Dr. Gilles Robitaille

Maritimes Region
Maritimes Forestry Centre (MFC)
P.O. Box 4000
Regent Street
Fredericton, New Brunswick
E3B 5P7

Hardwood dieback
Dr. Roger Cox
Crown development model
Woody tissue respiration
Dr. Mike Lavigne

Newfoundland and Labrador
Region
Newfoundland Forestry Centre (NeFC)

Who's who in Canadian Forest Service’s climate change research

Building 304, Pleasantville
P.O. Box 6028

St John’s, Newfoundland
A1C5X8

Forest Pest Management
Institute (FPMI)

P.O. Box 490

1219 Queen Street East

Sault Ste. Marie, Ontario

P6A 5M7

Forest insect responses
Dr. Richard Fleming

Petawawa National Forestry
Institute (PNFT)

P.O. Box 2000

Chalk River, Ontario

KOJ 1JO

Crown development model
Dr. Margaret Penner
Microflora of litter
Dr. Luc Duchesne

Some of these Canadian Forest
Service climate change studies are
linked with other regional, national and
international climate change research
initiatives, including the Global Energy
and Water Exchange Experiment
(GEWEX), the Arctic Environmental
Strategy (AES), the Boreal Forest
Transect Case Study (BFTCS), the
Northern Biosphere Observation and
Modeling Experiment (NBIOME) and
the Boreal Ecosystem Atmosphere
Study (BOREAS).

Insect outbreaks may increase with warmer climate
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have actually responded to the warming
experienced over the last 25 years.
Early findings suggest that these
insect species are now, on average,
finishing their development about one
week earlier in the year than they were
just 25 years ago. "To the best of our
knowledge, no one has been able to re-
port such quantitative results for any
other species," said Dr. Fleming,.
“These results indicate the type of
response that one might expect to find
under global warming. The question
now is will trees change as fast as the
insects? We suspect they will not. We
expect that the insects will develop ear-
lier in the year when the trees are just

budding. This leaves us with large in-
sects feeding on small buds—a situation
that is often very damaging for the
trees.”

Computer modelling

The second focus of this research is
prediction—how the occurrence of im-
portant forest pests might be affected by
projected climate changes. Prediction
requires the construction of models
describing insect development rates as
functions of climatic variables. The
work on indicator species will be impor-
tant in calibrating these models. By us-
ing data predicted by global circulation
models these proposed climate-based

models could forecast the effects of
climate change on insect development
rates.

Since the geographic range of many
insects is limited by climate, this will
provide guidelines about potential
changes in insect distribution as a result
of climate change. "Range expansion by
insects could provide them with access
to particularly susceptible forests,”
explained Dr. Fleming. "These forests
may be particularly susceptible if the
defences of their trees are unadapted to
this insect, having never experienced it
before, or if their defences are already
weakened by the physiological stress
imposed by climate change."




