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Executive
Summary

The sustainable management of
Canada’s forests is an important
policy priority for Canadians and
this priority is acknowledged by
Canadian governments and by
many forest companies that
operate in Canada.

The anthropogenic (human)
modification of forest landscapes
— via road building, logging, oil
and gas development, etc. — is an issue of significance for sustainable forest management.
Knowing the locations, concentrations, and rates of recently anthropogenically-disturbed forest
areas helps to monitor and thereby improve forest management decisions at multiple scales.

This report and the associated maps and data (available for download at
www.globalforestwatch.ca) present the initial results for part of Global Forest Watch Canada’s
project to monitor large forest areas in Canada. For this current stage of the project, we
identified, analyzed and mapped recent anthropogenic changes within the Boreal Plains
Ecozone of Manitoba and Saskatchewan.

The study is part of our nation-wide project, the working title of which is Recent Anthropogenic
Changes in Canada’s Forests. It is a project that will involve identifying, analyzing and mapping
all combined anthropogenic changes for the approximate period of 1990 to 2002 in
strategically-selected areas within all eleven of Canada’s forest ecozones. This is the second in a
series of reports for our nation-wide project. The first report, titled Recent Anthropogenic
Changes within the Northern Boreal, Southern Taiga, and Hudson Plains Ecozones of Québec,
was published in 2006.

The goal of the project is to establish efficient and effective methodologies that can be applied
by civil society organizations, in Canada and elsewhere, who wish to use remote sensing and
geographic information systems to monitor what is happening to forests over broad geographic
areas and at multiple scales.

We primarily set out to determine, for the Manitoba and Saskatchewan segment of the Canada-
wide project, the scope of anthropogenic change that has recently (i.e., over approximately 1990
to 2000) occurred in the Boreal Plains Ecozone within these two provinces, as well as the
geographic extent and location of such change within ecological and administrative units.

Following our completion of the identification, analysis and mapping of the combined recent
anthropogenic changes for strategically-selected forest areas for all the provinces and territories
of Canada, we plan (dependent on funding) to publish a comprehensive report with more
substantive analyses and results.

We are calling this report on the Manitoba and Saskatchewan study area an interim report as
we still aim to perform additional verification of the results. It provides a brief summary of
some of the possible analysis and results, without substantive comment or interpretation at this
time. However, we have made some preliminary conclusions regarding anthropogenic change in
the Boreal Plains Ecozone of Manitoba and Saskatchewan over the recent period of
approximately 1990 to 2000 resulting from our work to date:
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h Within the Boreal Plains Ecozone of Manitoba and Saskatchewan, the greatest amount of
recent anthropogenic change is in Saskatchewan, both in terms of total area of change
and in terms of proportional change.

h The major recent anthropogenic change within the two provinces is clearcut and salvage
logging, although there is also substantial change resulting from oil and gas exploration
and development in some parts of western Saskatchewan.

h There are substantial portions of the study area that contain large forest landscape
fragments within which no recent anthropogenic change was detected.

h Within Saskatchewan and Manitoba’s smaller administrative and ecological units, the
amount of recent anthropogenic disturbance varies substantially, with some units having
no sign of recent anthropogenic change and other units having very extensive change.
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Global Forest Watch Canada is committed to providing the best possible information for
improving decisions on forest land use in Canada. Thus, we plan to work to refine and expand
our analysis to include longer term monitoring of anthropogenic forest change as well as both
broader and finer scale monitoring of anthropogenic forest change, and to incorporate the
results of this and similar studies into social, economic, and environmental analyses.
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Introduction

“Forests and forest resources are an integral part of Canadian life. Comprising about half of
Canada’s landmass, well over 400 million hectares of forests moderate climate, purify water,
stabilize soil and provide sanctuary for wildlife. This wealth is vital to Canadian geography,
culture and industry. It provides a place of beauty and well-being in which to rest and play. And
it feeds the dreams and imaginations of Canadians and visitors alike.”?

Canada contains globally significant forest resources and, along with Russia and Brazil,
significant amounts of large intact forest landscapes. ® # 5

Sustainable management of Canada’s forests is an oft-stated policy priority for Canadian forest
companies and governments.® The anthropogenic (human) modification of forest landscapes —
via road building, logging, oil and gas exploration, etc. — is an issue of significance for
sustainable forest management.” Knowing the locations, concentrations and rates of recently
anthropogenically-disturbed forest areas helps to monitor and thereby improve forest
management decisions at multiple scales.

Global Forest Watch Canada has initiated a nation-wide project, the working title of which is
Recent Anthropogenic Changes in Canada’s Forests. The general goal of the project is to
establish efficient and effective methodologies that can be applied by civil society organizations,
in Canada and elsewhere, who wish to use remote sensing and geographic information systems
to monitor the extent of anthropogenic change in forests over broad geographic areas and at
multiple scales. The specific project goal is to identify, analyze, and map all combined
anthropogenic changes for the approximate period of 1990 to 2002 in strategically-selected
areas within the eleven forest ecozones of Canada: the Atlantic Maritime, Boreal Cordillera,

Legend
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Figure 1. Proposed study area of Global Forest Watch Canada’s project Recent Anthropogenic
Changes in Canada’s Forests and the study area for the Boreal Plains phase of the Saskatchewan-
Manitoba portion of the project.
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Boreal Shield, Boreal Plains, Hudson Plains, Mixedwood Plains, Montane Cordillera, Pacific
Maritime, Taiga Cordillera, Taiga Plains, and Taiga Shield.

This, the second publication of our Canada-wide project, is an interim report which summarizes
the preliminary results for our defined study area in the Boreal Plains Ecozone of Manitoba and
Saskatchewan (accompanying maps and data are also available on our website,
www.globalforestwatch.ca). At approximately 260,600 square kilometres (26,059,978
hectares), the study area covers approximately 3.7 % of the landbase of Canada, 14.2% of
Manitoba and 27.7% of Saskatchewan.

Portions of the British Columbia Interior are our next priority, followed by Ontario and Alberta.
The availability of funding will dictate how much of Canada we complete. Depending on the
response to our initial publications, we may or may not conduct further reviews of the
methodology and draft results prior to publishing results from other parts of Canada.

Following the completion of our work for strategically-selected regions of Canada, we plan (also
dependent on funding) to publish a comprehensive report containing a more substantive
analysis of our results.

Why are we doing this project?

Global Forest Watch Canada (GFW(C) is an organization whose role is to support the
stewardship and conservation of Canada’s remaining forests by providing timely, accurate
information on their location, state, and change to decision makers and civil society. In
particular, this mission includes monitoring the development activities occurring within and
around Canada’s forests which influence the current and future conditions of these ecosystems
as well as the people who live within them.

Our vision is that Canada’s forests will be increasingly well-managed through better
information that supports improved decision-making, and thereby will provide a full range of
benefits for both present and future generations.

Given the overall context of our mission and vision, we have identified the following project
priority in our organization’s strategic plan:

Global Forest Watch Canada will identify and analyze the rate and locations of

anthropogenic change in Canada’s forests by mapping:

1. 10+ year anthropogenic changes since approximately 1990;

2. 25+ year anthropogenic change since the 1970s;

3. Topic-specific anthropogenic changes over varying time periods, such as rates of
change near unfragmented forests, rates of decline of forest fragments, rates in
proximity to protected areas, and rates within and between logging concessions.

In addition to our organization’s stated goal of studying and reporting on anthropogenic
changes in Canada’s forest regions, the rationale for our study is multifold:

e The pace and scale of human activity in some regions of Canada’s forest ecozones is
considered to be dramatic;®

e Concern about the economic, environmental and cultural impacts of anthropogenic
changes in forests is increasing in Canada and worldwide;

e Monitoring and understanding the locations, concentrations and rates of anthropogenic
changes in forests in efficient and effective ways will serve to better inform sustainable
forest management decision making;®
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e Previous and ongoing research in Canada on this topic is, albeit detailed and
sophisticated in many cases, mainly local in scale: there is a need to obtain broader
regional- and national-scale perspectives; and

e Computer-based remote sensing interpretation and spatial analysis has the potential to
provide cost-efficient sophisticated forest monitoring of large forest regions.*

The Global Forest Watch Canada project, “Recent Anthropogenic Changes in Canada’s Forests,”
aims to explore and establish efficient, consistent, timely, credible and broadly-applicable
(regional, national and global) methodologies that we and other civil society organizations can

use to track and monitor anthropogenic changes in our forests.

Introduction

What questions did we set out to answer?
The questions we set out to answer for this Manitoba and Saskatchewan project include:

How much anthropogenic change has recently (i.e., over approximately 1990 to 2000)

1.
occurred in the Boreal Plains Ecozone of Manitoba and Saskatchewan?

2. What is the geographic extent and location of recent anthropogenic changes that have
occurred within both ecological and administrative units?

3. What are the advantages and disadvantages of employing our methodology to monitor

and track anthropogenic changes in Saskatchewan'’s, Manitoba’s, Canada’s, and the
world's forests?
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Methods
Background

Many countries, including
Canada, rely on remote
sensing (earth observation)
combined with geographic
information systems as a
practical and cost-effective
means of monitoring large
ecosystems. Such monitoring
may be done to assist in
sustainable management of
natural resources, to ensure
ecological integrity, to
identify and model the
impacts of weather events
and climate change, or to aid
in reporting to international
conventions and
agreements.! In Canada, for
small geographic areas, aerial
photography and high resolution satellite imagery are often used to monitor anthropogenic
change. A popular remote sensing data source for monitoring larger areas is medium resolution
satellite imagery such as Landsat.

Landsat ETM+ Path 32/R'ow 23:26/09/2001 (Manitoba)

Change analysis studies using satellite imagery have been conducted in both non-forested (e.g.,
southwestern Manitoba'?) and forested regions in Canada (e.g., the Inland Rainforest and
Williams Lake regions of central British Columbia;*® the Waterton Lakes Biosphere Reserve of
Alberta and Niagara Escarpment Biosphere Reserve of Ontario;* the Timmins area of Ontario;"®
southeastern New Brunswick and west-central Alberta; '® i Quebec;® and southwestern Nova
Scotia®). Various provincial and territorial government agencies conduct change analysis
studies as part of their sustainable forest management and reporting efforts.2°

Natural Resources Canada - Canadian Forest Services is playing a leading role in national
change analysis studies through the Earth Observation for Sustainable Development (EOSD)
program.?t EOSD is a collaborative project that has as its goal the periodic mapping of the forest
cover of Canada for the monitoring of forest change. The ambitious, sophisticated and detailed
EOSD work is still in its initial phases. The EOSD forest change results that have been published
to date cover only select geographic areas.

We hope that our citizen-based broad-scale methodology may be considered a rapid and cost-
effective assessment of recent anthropogenic-caused change in forests in Canada and elsewhere,
which complements the important EOSD work and other related monitoring efforts.

Use of remote sensing for change detection

Change detection is a method used in remote sensing research to highlight differences in
imagery acquired from different time periods.?? Differences that exist between images may be
due to any of a large number of factors, including, for example, urban development, logging,
deforestation, reservoir construction, seasonal change in vegetation characteristics, and fires.
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Land cover change detection over large areas is a challenging endeavour — technically,
methodologically, and financially. The biggest challenge of our project was to develop and
implement an efficient and effective methodology that was applicable over the large study area
and that would be successful within our financial and program limitations.

Many methods for change analysis using satellite imagery are available; they differ depending
on the project purpose, the resources available, the imagery type, and the type of change that is
to be analyzed, amongst other things. The data processing method we are using for our change
detection work is the image algebra method.

The image algebra method is based on a mathematical manipulation of the values of two input
images. Methods within the image algebra method include: simple differencing, image
regression, and image rationing. Rationing and regression are useful when considering more
than two dates: a common relationship is established between the images in an effort to
normalise areas of non-change. We have used the simple differencing method, which employs a
simple equation for the differencing of a common band of imagery for two image dates as shown
below:#

D, = BV, (1) =BV, (2) +¢

ijk

...where: Dy = change in pixel value

BVijk(l) = brightness value at time 1

BVijk(Z) = brightness value at time 2

¢ = constant

i = line number

j = column number

k = band number
The image algebra method allows the analyst to define the level of change that they are
interested in. In most cases during our analysis, we specified that the change in pixel value had
to be at least 10%. This threshold was selected after experimentation with a number of images
pairs at thresholds greater and lesser than 10%: when the seasonal difference between image

dates was less than 50 days, as was the case with most of our image pairs, a 10% threshold
difference produced the best results.

Data Used in this Project
Satellite Imagery

We compared satellite images from approximately 1990 to images from approximately 2000 in
order to detect changes caused by anthropogenic disturbances between these time periods.

Landsat imagery was selected for our analysis because it is:

of medium resolution;?*

available for all of Canada’s forests;
available over multiple image dates;
available at reasonable cost or for free.

® ® ® O



