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About the Pembina Institute

The Pembina Institute is an independent, citizen-based organization involved in environmental
education, research, public policy development and corporate environmental management services. Its
mandate is to research, develop, and promote policies and programs that lead to environmental
protection, resource conservation, and environmentally sound and sustainable resource management.
Incorporated in 1985, the Ingtitute’ s main office is in Drayton Valley, Alberta with additional offices
in Calgary and Ottawa, and research associates in Edmonton, Toronto, Saskatoon, Vancouver and
other locations across Canada. The Institute’ s mission is to implement holistic and practical solutions
for a sustainable world.

The Green Economics Program is dedicated to designing and implementing practical, street-smart
economic tools that would reorient society back to the original meaning of the word “economy” —the
care and management of the wealth of the household. By developing new tools for measuring the true
wealth or well-being of nations, we can help guide Canadians and Albertans to a sustainable future.

For more information on the Pembina Institute’ s work, please visit our website at www.pembina.org,
or contact:

The Pembina I nstitute
Box 7558
Drayton Valey, AB T7A 1S7
tel: 780-542-6272 fax: 780-542-6464
e-mail: info@pembina.org

About this Report

Thisisone of 28 reports that provide background for the Genuine Progress Indicators (GPI) System of
Sustainable Well-being Accounts. See Appendix A for afull list of reports. Research was compl eted
early in 2001.

This report examines the trends in the sustainability and ecological hedlth of Alberta's forests as a
measure of the genuine well-being of Alberta's natural capital and ecosystem integrity. The report
represents the continued development of forest resource accounts for Alberta that were initiated by
Mark Anielski (formerly of Alberta Forestry, Lands and Wildlife, and Alberta Environment) to
provide a meaningful accounting system that tracks the sustainability of forest capital. This report
looks at several trends in some key indicators of both the biophysical condition of Alberta’ s forests as
well as the economic returns to Albertans from developing forest and timber capital resources.
Indicators such as the Timber Sustainability Index (TSI) are derived from detailed forest resource
accounts that compare annual growth rates of timber with the annual depletion rates due to harvesting
and natural disturbances by fire, insect and disease. This report also examines the condition of forest
ecosystems by looking at the trends in the fragmentation of these ecosystems due to industrial
development and linear disturbance. We aso examine other forest ecosystem services including
carbon sequestration and watershed services. Finally, the report examines the economic returns to
consuming timber capital that contribute to Alberta’s economic growth and prosperity; indicators such
as forestry GDP, forest economic rent and jobs per unit of wood harvested. The report provides a
forty-year picture of the sustainability of the living capital of Alberta’s forest and asks the questions:
are Alberta s forests sustainable over the long term and are there emerging risks to sustained timber
harvest due to fire and other liabilities?
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1. Executive Summary

1.1 Timber Sustainability in Alberta: How Much?

Forests cover about 58 percent of Alberta’s 66.2-million hectare land base. Roughly 17.8 million
hectares are suitable for industria timber harvesting. Are Alberta s forests sustainable? Two indi-
cators, the Timber Sustainability Index (TSI) and the Annual Allowable Cut (ACC) reved differ-
ent stories (see figure below). Using detailed forest resource accounting methods, we estimated a

TSI, which isthe ratio of annual growth of

. . . . Noteworthy
timber P&\OItd to. totdl tl.mber deplexlons_from - Since 1961, the volume of timber harvested has
harvesti ng, fire, industrial land use and in- increased by 586%—to 23.0 million cubic metres in 1999.
sects. The TSI shows that in the late 1990s, - Based on our estimated Timber Sustainability Index,
total deplaions exceeded annud grov\/[h of Alberta went from a “surplus” of 4.7 in 1964 to a timber

timber C&Jitd implying unsustainable tim- sustainability “ deficit” of 0.87 by 1999. In other words,

more timber is being liquidated than is being replenished

ber consumption. In contrast, the 1999 tim- through natural growth and regeneration.
ber harvest was roughly 93 percent of the - The volume of timber harvested in relation to the Annual
AAC—the amount of timber that profes— Allowable Cut (AAC) has gone from 19.3% in 1974 to as

high as 95.0% in 1997; thus the limit of allowable cut as

sional foresters determine is harvestable on a defined by the Alberta Government is virtually maximized.

sustained yield basis. Thus, while the TS| - If current harvesting, fire, and linear disturbance (oil, gas,
indicates that current rates of forest harvest- roads, and other developments) continue, Alberta’s oldest
ing exceed sustainable levels, the AAC say's trees—so-called “ overmature timber"—uwill be gone in

. L . roughly 42 years and will have been converted to an
harvesti ng ra_\tes ae W|th|r_] sustainable industrial forest where timber capital is managed on a
levels. Therisk to exceeding the AAC justin-time inventory basis.

increases with natural catastrophes (fire,
insects), oil and gas development and timber harvest demands. Looking beyond simple timber
capital, we also account for the integrity of forest ecosystems by assessing the degree of
fragmentation due to dramatic increasesin oil and gas devel opment across the province. By 1999,
roughly nine percent of Alberta’s “productive’ forests were estimated to be in an unfragmented
condition.

Alberta Timber Sustainability Index (TSI) vs. Annual Allowable Cut (AAC) to
Harvest Ratio, 1961 to 1999

6.00
TSI (using AFS 1.98
m3/yr growth rate
5.00 A /
4.00 A
AAC to Harvest Ratio
3.00 o
2.00 1
Timber Sustainability Threshold
1.00 l
Soruce: Alberta GPI forest accounts using data from Alberta Forest Service and Statistics Canada
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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Sustainable stewardship of renewable resources means living off the interest of nature without
eating into the capital stock. The GPI forest accounts show that both timber capital sustainability
and forest ecosystem integrity (due to fragmentation) have been declining. While exceeding
timber capita sustainability may not be of immediate concern to the forest industry—uwhich can
adapt to changing market demands and resource scarcity—there is a more fundamental question
about the long-term ecologica and economic impacts of loss of ecosystem integrity. Forests are
complex systems that provide many benefits and services. Our timber accounts show that Alberta
appears to be living beyond the interest of nature’s capital when the cumulative effects of
harvesting, industrial development and natural impacts are considered. These conditions and
trends may not be problematic for industrial foresters whose goal may be to move towards an
evenaged forest management regime. However, to some ecol ogists the fragmentation of the
forest, loss of species diversity and effective wildlife habitat as well as the liquidation of old-
growth (“overmature”) trees is seen as a red threat to ecological health. Our Timber
Sustainability Index (TSI) shows that timber sustainability was breached in 1981-82, 1995 and
then 1998-99 even as the GDP continued to increase (see the figure below).

Timber Sustainability Index: Where are we today?

100 3 100 More

V Sustainable
Practices
o
90 + + 90 < 7'S
-
©
80 —+ 1 %)
80 &
3 «
2]
o7 T T70 x
] ]
3 £
x 60 —+ T 60 2
< [
£ <
g 50 T T50 8
S ©
9 £
3 >
o 40 + T =
B 0 40 3
5 3
a =
1) 30 T+ - 30 ©
(%]
20 T T2 2
£
—— Economic growth =
10 T . - =+ 10 Less
= Timber sustainability Sustainable
Practices

T T T T T T T
1961 1966 1971 1976 1981 1986 1991 1996

Despite expansion of Alberta s forest industry, economic returnsin terms of forest industry GDP
per tree harvested, have remained virtually unchanged over 30 years of development (see figure
below). Moreover, direct employment per cubic metre of timber harvested has actualy declined
from 2.4 jobs per 1,000 cubic metres harvested in 1967 to just 0.84 jobs per 1,000 cubic metresin
1999. While putting a price tag on the cost of unsustainable timber consumption is difficult, we
estimate: @) cost of non-timber values due to loss of productive forest land to be $23.8-millionin
1999, and b) the cost of unsustainable timber capital depletion in terms of pulp production vaues
at $14.6-million in 1999. Thus, the total cost was an estimated $38.4-million in 1999.
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Alberta Forestry GDP per Cubic Metre of Wood Harvested,

1971 to 1999 (19989$)

$120.00

e _/A\/\/\
$80.00

A
JAA

$40.00

- \V/M

Alberta Forestry GDP 1998$ per cubic metre harvested

$20.00

$-

Source: Alberta Public Accounts, 1999 and Alberta Environment (Lands and Forest Service)

1971 1974 1977 1980 1983

1989 1992 1995 1998

1.2 Forest Fragmentation in Alberta: The condition of forest

ecosystems

Alberta’ s forests are highly fragmented due to the impacts of timber harvesting, roads, wellsites,

seismic lines, pipdines, powerlines, and other
forms of linear disturbance. Based on the
Alberta GPI forest resource accounts, as of
1999, over 90 percent of Alberta s productive
forest was fragmented. The extent of forest
fragmentation can best beillustrated in aeria
photographs. The images below show the same
area of the Swan Hills forest in 1949 and 1991.
Up until 1999, the total area affected by energy
and other industrial development in Alberta’s
Green Area (forest) was estimated at 1,482,430
hectares—an area almost half the size of
Vancouver |dand.

A 1998 study for Alberta Environmental
Protection found that the ecological integrity of
Alberta s boreal forest ecosystem (the mgjority
of the province' s forest land) had been
moderately to serioudy compromised, with only
12.8 percent of the area without roads, and 14

percent remaining as viable core wildlife habitat.

A previous study found that in Alberta's

Noteworthy

- The cumulative impact of human activity (agriculture, oil

and gas exploration, forestry, settlement, roads, oilsands
mining, power lines and other activities) has resulted in
an ecological footprint so large that less than 9% of
townships in the Boreal forests and 1% in the Foothills
forest remain intact as wilderness (unfragmented).

Up until 1999, the total Green Area (forest) affected by
industrial and agricultural development was estimated at
1,482,430 hectares—roughly 115% of the total forest
area havested between 1961 and 1999.

- A 1998 report for Alberta Environmental Protection, The

Boreal Forest Natural Region in Alberta, found that only
23.4% of the boreal forest portion of Alberta’s Green Area
is not allocated to Forest Management Agreements.

- The rate of deforestation (1949-1995) in Alberta’s

southern Dry Mixedwood forests was found in one study
to be proportionately higher than the annual rate of
deforestation for the Amazon rain forest (1975-1988).

- Agriculture development is responsible for the largest

area of wildlife habitat loss while oil and gas development
has caused most of the habitat fragmentation.

Foothills forest region, linear disturbance had left less than 1% of the forest unfragmented. Both
studies concluded that cumulative impacts of human activity threatened long-term biodiversity.

This fragmentation isillustrated below.
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Alberta sSwan H|IIs Foreﬂ Ecowstem 1949 (Ieft) and 1991 (rlght)

Whether visual or numeric, measures of integrity of forest ecosystemstell us a great deal about our
stewardship of the environment.

The visua and empirica evidence of fragmentation and loss of integrity of forest ecosystemsis
clear. The figure below shows that as Alberta’s GDP has increased since 1961, so too has the
amount of forest fragmentation. The forest fragmentation index stood at a mere 9.5in 1999 on a
scale of 0 to 100, where 100 represents optimum ecological integrity for the period 1961 to 1999.
Satellite or aerial imagery of Albertawould revea a*“spider web” of linear disturbance that cuts
up the provincia land base. Should we be concerned? The redl, long-term impacts on ecological
health, wildlife, climate and human hedlth are as yet unknown. Understanding why forest
ecosystem integrity matters to the well-being of present and future Albertans and to natureisa
challenge. At the very least, Albertans should be shown the visual costs of developing these
resources and exporting mostly non-renewable natural capital over the last 30 years.

Forest Fragmentation Index: Where are we today?

100 Less Forest
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The full ecologica costs of these impacts are just beginning to be evaluated. In the meantime,
more pipelines, wellsites, seismic lines and other corridors are being constructed to give access to
smaller pools of natural gas and enable Alberta’ s natural capital to be exported. With demand for
natural gas growing and oilsands devel opment expanding, no corner of Alberta outside of
designated parks will be left untouched by development (see figure below). Ultimately, Albertans
must decide if the benefits of an additiona barrel of oil or cubic metre of gas exports outweigh
the uncertain costs of loss of ecologica integrity. Sustainable stewardship of natural capita
requires careful management of all values, ensuring the maintenance of ecosystem health,
diversity and resiliency.

Putting a price tag on the cost of loss of forest ecosystem integrity due to fragmentation is beyond
the scope of this study. However, some researchers have begun to estimate the non-market values
from the loss of ecosystem services, which might be considered in future GPI estimates.

Remaining areas with access densities greater than 9.0 km? in the forests of Alberta
and northeastern British Columbia, 1997

Thefigureto the left shows a
satellite image of Albertain
1997. The blue (dark) areas are
major lakes and the green (gray)
areas are roadless areas of more
than 9 km?, excluding parks
(white).

World Resources Institute

50 0 50 100 150 Kilometers
]
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2. Introduction

Sustainability means living off the interest of nature’ s capital. To sustain forest capital means
living within the carrying capacity of the forest ecosystem to sustain a flow of goods and services
without alossin materia quaity—that is, sustaining the integrity of al forest vaues, including
timber and non-timber capital. GPI accounting for the living capital of forests entails constructing
total forest capital accounts that show the long-term conditions of the forest ecosystem as well as
the monetary value of benefitsin terms of goods and services derived from the forest for
consumption or non-consumptive use. These GPI accounts examine both the depletion and
regenerative rate of timber capita (i.e., trees consumed for commercia value) as well asthe
integrity of forest ecosystems for sustained ecologica services.

Forest ecosystems provide a variety of timber and non-timber products and ecosystem services,
including construction material, paper products, fuelwood, drinking and irrigation water, and
fodder. Forests also provide recreation, genetic resources, and aesthetic beauty. They remove air
pollutants and emit oxygen, sequester carbon, moderate weather impacts, cycle nutrients, provide
human and wildlife habitat, generate soil, and maintain watershed functions and biodiversity.
Throughout this paper we define these goods and services provided by forest ecosystems as
“forest capital” or “forest wealth.”® Many of the goods and services provided by forest
ecosystemns and values go unnoticed in economic accounts of nations, implying they are “free,” at
least in terms of monetary value. Conventiona economic accounting measures the value of
forests primarily in terms of the market value of timber harvested. As we harvest more timber,
measured income rises, giving us the illusion of limitless growth even if we are eroding the living
capital assets of the forest. The GPI Accounts begin to expand the perspective by accounting for
the condition and sustainability of al forest ecosystem values, both in physical and qualitative
terms and in terms of their full monetary benefits and cogts.

How should we account for the sustainability of goods and services provided by complex forest
ecosystems in our money-based economic accounting system? Defining and measuring
sustainability of a complex system such as aforest is a complicated matter. What constitutes
ecologica integrity and how should we measure it? With different values held by society on how
forests should be managed and to what ends, there is no accounting stance or indicator of forest
well-being that will satisfy al parties who benefit from the forest. Common sense suggests that
we must first account for the current state of all forest ecosystem resources and values, expressed
in physical terms (stocks and flows) and in terms of ecosystem services and monetary values
(benefits and costs) for both market (timber) and non-market (non-timber) vaues as an integrated
system. We also need historical accounts of how forest capital conditions have changed over time
as aresult of human impacts (e.g., harvesting, linear disturbance) and natural disturbance (e.g.,
fire, insects).

Second, we must examine the risks and threats to sustained values and services from forest
ecosystems. These risk profiles will vary according to different values held by society. The
progressive liquidation of old-growth (“overmature”) timber may matter little to aflexible,

adaptive forest industry that will adopt new standards, processes and products to make use of
younger and smaller trees. However, citizens might be concerned with the loss of old-growth
forests and valuable large trees, and forest wildlife and ecosystem services might suffer as aresult
of alessbio-diverse forest.

&Wealth, in fact, means“ the condition of well-being” in the Old English (see Webster's New World
Dictionary).
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Third, we can examine the full benefits and costs of using timber to make forest products and
exports, and compare them with the value of forest ecosystem services and non-timber resources
in away that recognizes both market and non-market values. In other words, the total value of
forests must be accounted for in assessing their contribution to the well-being of Albertans. This
is the essence of GPI Accounting—hoalistic value accounting for sustainability.

The Alberta GPI Forest accounts are a work-in-progress using the best available data at our
disposal (see Appendix B for data information). Despite more than ten years of work to develop
forest accounts that provide a definitive picture of forest sustainability in Alberta, Sgnificant data
and information gaps remain. We have attempted to use the evidence revealed by interpreting raw
data or indicators—compositions of raw data that give important insights about sustainability. We
sought to strike a balance between the timber-supply focus of industry and an environmental
protection perspective, accepting that a range of values will ways exist and that consensus on
the right mix of values and management practices will require ongoing dialogue and

compromises. We recognize that, to some, our interpretation of the data may seem biased and
pessimistic, while to others it may seem optimistic. Thisis the nature of discussions about
sustainable development of vaue-laden issues like environment and forests.

Our approach recognizes the inherent shortcomings of the data and the uncertainty in defining

and measuring sustainability on a provincial scale. There are no “black and white” answers,

rather there are many gray areas. We acknowledge the need for continuing research and analysis
to provide amore informed picture of forest sustainability. Thiswill require a mature and open
diaogue among all parties—industry foresters, government foresters, academics,
environmentaidgts, citizens, Aborigina people and political leaders. We have tried to present the
data without bias and leave interpretation of the trends to the reader, and we stand accountable for
our positions and interpretations.

We acknowledge, for example, that the long-term, ecologica impacts of continued fragmentation
of forest ecosystems due to seismic, energy and other linear disturbances are uncertain.
Nevertheless, such fragmentation continues and will increase as oil and gas developments ramp
up in the years ahead. In the long term, fragmented forests will likely heal themselves in spite of
our best management efforts. With respect to carbon, there is uncertainty about whether forests
are net sources or net sinks of carbon. While forests act as massive sinks of carbon and sequester
carbon annually, we are still unclear whether forests can absorb excess amounts of carbon emitted
by households and industry and how other natural impacts (e.g., fire) fit into the carbon budget
equation. The evidence from timber inventories suggests that “overmature” timber (old growth) is
gradually disappearing. When the cumulative impacts of harvesting, fire, insects, and oil, gas and
agriculture development are considered, these “overmature” timber age classes on productive,
public forest land will eventudly be gone. To most professiona foresters, this comes as no
surprise with the fulfillment of a policy of harvesting the oldest timber first and moving to a
younger, evenraged forest inventory stand; to others, this trend of losing Alberta's old-growth
forest may be disturbing.

Depending on your perspective or scale of analysis (macro or on-the-forest floor), the assessment
of sustainability will vary. As aforester working on the ground, you might see some of the good
things that are happening—Iike reforestation success and new forest management practices to
address some of the longstanding concerns about clearcutting and its impact on wildlife and
ecosystem services. Moving to a just-in-time inventory of mature trees” may be a desired

b A “just-in-timeinventory” would mean a 70-year cycle for deciduous hardwoods and 100 years for
coniferous softwoods.
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outcome for professiona foresters but it may differ from the values of some citizens for an
ecologically diverse forest. We acknowledge the successes and progress of many forest
companies in moving to aless fibre-intensive forest management regime, as we learn from nature
and from our desire to “manage” forests for economic and financial returns. Forest management
is an iterative learning experience, requiring flexibility and ongoing calibration.

Measuring forest sustainability is complex and beyond a single indicator. Our own Timber
Sustainability Index, or TSI, provides a narrow view of sustainability by focusing only on timber
supply. However, combining the TSI with indicators of forest fragmentation, as a proxy for forest
ecosystemn health, and with indicators of age-class diversity, we begin to create a more complete
picture of forest conditions that relate to both economic and ecologica sustainability. While we
need to examine the forest from atimber “supply side,” we must also examine the “demand side’
without losing an ecdogical perspective on forest ecosystem health. And we must account for the
permanent loss of the value of “overmature” trees that will result from our harvest-at-maturity
timber supply practices, including the market and non-market value of large spruce, pine or aspen
trees. The GPI accounts attempt to consider a broad spectrum of ecosystem health and timber
sustainability indicators, based on best available evidence and in recognition that we may have
missed some emerging scientific evidence that could refute our observations.

Some of the constraints to achieving long-term forest sustainability in Alberta may not be entirely
timber supply issues but may require greater flexibility from government policies for resource
alocation. This points to the need for flexibility in the face of continued uncertainty, particularly
uncertainty related to natura disturbance and climate change. For example, as timber supply
constraints do emerge, asis likely with the cumulative impact of fires, insect and land use losses
to oil and gas development, more flexibility will be needed in assigning timber property rights.

We know that Alberta s forests will survive in one form or another beyond our generation.
However, the forests we leave to our grandchildren most certainly will differ from those we
inherited. The question remains, what kind of forest legacy do we want to leave future Albertans
given the evidence presented in these accounts about the current conditions and health of our
forests?

“The TSl istheratio of timber growth to depletions.
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3. Noteworthy Changes in Alberta Forest Conditions

The condition of Alberta' s forest capital over the 38 years of the Alberta GPI accounts (1961 to
1999) shows a decline.” These conditions vary according to the particular parameter used to
measure forest capital conditions, but some noteworthy indicators of forest ecosystem health and
sustainability are given in Table 1 below.

Table 1: Indicators of Forest Ecosystem Health

Forest Ecosystem Condition Indicators Condition-Trend (1961-1999)
Timber Sustainability Index: long-term sustainability = Worse — Declining

of timber supply (down 45%)

Diversity of forest age-classes Worse — Declining

(younger forests; less old growth)

Old-growth (“overmature”) timber Worse — Declining
(30% loss of 80+ year age classes since 1991. Old-
growth forests on provincial, productive forest land
are estimated to be depleted in 42 years.)

Timber harvesting Increasing
(up 586% to 23 million cubic metres)

Forest fragmentation (due to oil, gas, roads, Worse — Increasing

harvesting and agricultural development) (Over 90% of Alberta’s non-preserved forests are
fragmented; the deforestation and fragmentation
rate in Alberta’s forests are greater than in the
Amazon rainforest)

Loss of keystone forest fish and wildlife species Worse in some cases (grizzly bear, caribou) and
better in others (deer)

Deforestation due to energy and agricultural Worse — Increasing

development (up 315% per annum, a total of 1.36 million
hectares—2.4 times the size of Prince Edward
Island or roughly 48% the size of Vancouver Island)

Indicator of Forest Economic Health® Condition-Trend (1961-1999)

Real Forestry GDP (1998 constant dollars) Better — Increasing (up 330%)

Real Forestry GDP per cubic metre of timber harvest Worse — Improving (down 2%)
(1998 constant dollars)

Jobs per cubic metre of timber harvest Worse — Declining (down 47%)

4 There are many different perspectives on assessing the overall conditions of forest ecosystems, depending
on what values one holds and considers meaningful in presenting such awell-being portrait. The lack of
longitudinal datathat extend more than 50 years makes it difficult to meaningfully compare the conditions

of today’ s forests with the forests 100 or more years ago, during atime when fire was a far more dominant
force. In some respects, today’ s forests have more diversity and distribution of age classes asaresult of fire
suppression efforts, which means older age classes remain longer than they did under historical 40-year fire
cycles. Y et, at the same time harvesting and linear disturbance due to industrial development (e.g.,
agriculture and petroleum exploration) have become predominant human impacts on forest ecosystems.
Whether human impacts result in a measurably poorer condition of forest ecosystemsrelative to natural
disturbances such asfireis difficult to determine. At best, we can only assess the trends in the condition of
aforest by the degree to which human impacts have affected the flow of resources and services (if these

can be measured) from forests.
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Overal these indicators send mixed signals about the long-term socia and ecologica conditions
of Alberta' s forestsin terms of both timber and non-timber capital. These conditions are
examined in greater detail in this report.

The rates of decline in the above indicators of forest conditions are long-term trends and may
mask trends in the 1990s and the projected changes in land use impacts. In particular, the
escalating trends in land use impacts due to industrial (oil and gas) commitments on the forest
land base will be significant, considering:

1
2.

3.

4.

expected rate of new conventiona petroleum activities throughout Alberta;

expected rate of new conventional petroleum activities in focused geographic areas of
Alberta, such as the Eastern Slopes for natural gas;

massive in situ exploration and devel opment throughout the northeast quarter of Alberta;
and,

new forestry alocations and developments.

4. Shortcomings of GDP

The GDP and national-provincia income accounts ignore the value of natural capital and whether
or not natural capital is being depleted at unsustainable rates. In a sense, the economic accounts
treat the services of forests as “free,” so markets ignore them. While the GDP records the value of
each tree converted to lumber or paper, the GDP accounts provide no record of either the costs
(depletion) or benefits (accretion) of forest ecosystem services. While we may be harvesting
timber at unsustainable levels, the GDP would ignore this unsustainable redlity and provide no
early warning system.

The GDP and national/provincia income accounting have three primary shortcomings:

1

They fail to consider the physical condition (depreciation or appreciation) of forest

capita in its many forms—timber capita, wildlife habitat, subs stence values, carbon
sequestration values, watershed values, forest soils and other ecological service values.
Ignoring the physical condition and long-term sustainability and the economic health of
forest resources is akin to Coca Colaignoring the value of its secret formula patent or the
depreciation vaue of its bottling plants.

By considering only the monetary value of the harvest and sale of timber capital and
products, the GDP fails to measure the full costs and benefits of the values of forest
ecosystems. It provides no guidance on whether the forest capital will provide a
sustainable income and value stream over the long term

By focusing on the export of forest capita as the engine of prosperity, the GDP and
income accounts fail to address the issue of how much should be harvested and exported,
and how much maintained for security of forest capital and forest ecosystem services for
present and future Albertans.

The GDP provides no guidance for fiscal and public policy on whether Canada' s or Alberta's
forest capital vaues are sustainable or renewable in physica and economic terms in the medium
to long term. How then should we measure sustainability of our forest capital assets?
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5. Defining Sustainable Forests

There is no single measure to define sustainable forestry. Measures that track the trends in timber
capital use and the condition or state of the timber and non-timber resources of the forest will
provide the most meaningful measures to track forest sustainability. In principle, forests are
renewabl e to the extent that they provide a sustained flow of goods and services over time. They
become unsustainable or non-renewable through deforestation activities that denude land of trees
and other forest capital. Deforestation also has a negative impact on forest ecosystem services.

The Alberta Forest Service, in @1995 study The Status of Alberta’s Timber Supply, provided
these definitions of what it means to manage forests in a sustainable fashion:

Sustained yield means the province wants to maintain coniferous, deciduous and mixed
wood forestsin about the same proportion asthey now exist in perpetuity [ and] that the
amount of timber harvested annually cannot exceed the rate of annual growthlesslosses
dueto natural causeslikefires, insects and human activities such asoil and gasrelated
operations.’

The province has adopted the following definition of “sustainability” as presented in the Alberta
Forest Legacy:’

Sustainability isthe state in which we can be confident that the forest resourceand all its
values will be available to us not just today but, also tomorrow.

The Alberta Forest Legacy will reinforce and safeguard Albertans’ view of the kind of
forest we want — a forest capable of providing us with diverse social and economic
benefits today and tomorrow, while at the same time retaining the ecol ogical vibrancy
that has made it such a special part of our lives and our landscape.

The Alberta Forest Management Science Council (1997)* presented the following definition of
sustainable forest management:

The maintenance of the ecological integrity of the forest ecosystemwhile providing for
social and economic values such as ecosystems services, economic, social and cultural
opportunities for the benefit of present and future generations.

Using these definitions we offer our own definition of sustainable forest management:

Sustainable forest capital management meansliving off theinterest of both timber and
non-timber capital without compromising the productive capacity and integrity of the
forest ecosystem to provide timber and non-timber resourcesand ecological servicesfor
current and future generations.

Using this broad definition of sustainability of forests, the performance of sustainable forest
management and the condition of Alberta’ s forests can be examined.

The PembinaInstitute, page 11



The Alberta GPI Accounts: Forests

6. Accounting for Forest Sustainability

Tremendous progress has been made in attempting to construct an accounting framework for
measuring sustainable forest management. Various frameworks have emerged including the
sustainable forest management indicators devel oped by the Canadian Council of Forest Ministers
(CCFM), the OECD forest management indicators, Statistics Canada’s natural capital accounts
for timber assets, the World Commission on Forests and Sustainable Development, the World
Resources Institute (Global Forest Watch) forestry indicators, and the total wealth accounting by
the World Bank.

None of these frameworks has yet been formally applied to Albertain accounting for forest
sustainability. The first attempt to apply the CCFM sustainable forest management indicators was
by GPI étlantic in the construction of their GPI Forest Account by Sara Wilson and Ronald
Colman.

We devel oped a system of forest accounts for Alberta based on the early work of Anielski (1992,
1996) and using the most current Statistics Canada timber asset account data for Alberta, based
on the National Forest Inventory database.® The Alberta GPI forest account examines the
condition of forest assets from 1961 to 1999 to answer these fundamental questions:

Are Alberta s timber resources and forest ecosystem services sustainable based on
historical forest use practices?

What is the overall ecological hedlth of Alberta’s forestsin terms of ecological services,
watersheds, carbon sinks, wildlife habitat, forest recregtion, clean air and the impacts of
wildfire, insects and disease?

What are the long-term liabilities or risks to timber sustainability and supply and to
ecosystem health from forest fragmentation due to continued oil and gas development?
What are the full costs of loss of forest ecosystem services?

What is the real rate of return on each tree harvested?

What are the carbon sequestration benefits of forests and forest peatlandsin relation to
climate change issues?

These forest accounts and the carbon accounts, first pioneered by Anielski in 1992” and updated
in 1996, were developed in consultation with Statistics Canada, which has aso developed timber
assets accountsin Econnections.’ The Alberta GPI forest accounts track the physical condition of
forest capital assets and aso their full economic value as abasis for tying these values directly to
other natural capital accounts and eventually to the GDP and national-provincial economic
accounts.

6.1. The CCFM Criteria and Indicators

In 1993, the Canadian Council of Forest Ministers began developing sustainable forest
management criteria (6), eements (22), and indicators (83) for measuring forest sustainability;
however, no full accounting using these indicators has yet emerged. In addition, the OECD has
proposed a series of forestry indicators (see Appendix C for detailed list). The CCFM’s 83
indicators cover arange of issues and forest values: biological diversity, carbon storage and
sequestration, soil erosion, watershed supply and regulation, nutrient cycling, biologicd contral,
employment, and protection of cultural and natural heritage. The only full accounting using the
CCFM indicators has been the work by GPI Atlantic in their report The GPI Forest Accounts:
Ecological, Economic and Social Values of Forestsin Nova Scotia (SaraWilson 1999) inwhich
an attempt was made to complete al 83 indicators for Nova Scotia. While the CCFM indicators
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appear to cover the spectrum of sustainable forest management issues, they do not provide a
simple, composite picture of forest sustainability for easy comprehension. The CCFM indicators
framework aso does not provide guidance on the relative importance of one indicator or group of
indicators over another; all indicators are presented as equally important.

6.2. World Commission on Forests and Sustainable Development
One of the most promising suggestions for a composite measure of forest sustainability comes
from the World Commission on Forests and Sustainable Development. The Commission
advocates a Forest Capital Index to assess the changes in forest capital in quantitative and
qualitative terms, to value ecosystem services, and to create market mechanisms to compensate
for ecological services (Krishnaswamy and Hanson 1999).

6.3. World Resources Institute Global Forest Watch Report

The World Resources Ingtitute (WRI) recently teamed up with severa forestry experts (Global
Forest Watch Canada) to produce a report titled “Canada’ s Forests at a Crossroads. An
Assessment in the Year 2000.” The report contains a number of intuitively attractive indicators of
the state of Canada s forests on a provincia basis. The indicators include both physical and socio-
economic condition indicators including:™

Forest cover indicators

Forest extent

Forest type

Forest condition

Cumulative forest development

Watershed devel opment

Cleared aress (forest conversion due to harvesting and other land use devel opment)
Accessed forest (forest fragmentation due to access and industrial development)
Unfragmented forest (as a measure of ecosystem integrity)
Forest-dwelling species at risk

Logging trends

Forest dlocation

Rate of logging

Natural disturbance trends

Insect trends

Fire trends

Sustainability

Sustaining long-term production

Regeneration

Socioeconomic value of the forest industry

Economic vaue

Globd export ranking

Forestry companies

Jobs and wages

First Nations and Metis

We bdlieve these indicators provide a useful basis for reporting on the condition and
sustainability of forests in Canada and have adopted the framework for accounting for the
sustainability of Alberta s forests. The indicators provide the right balance between the physica
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conditions of the forest and the socioeconomic values. Such indicators do require some kind of
benchmark (a common starting point or some notion of normal condition) againgt which trends in
the sustainability of aforest can be assessed.

We have opted to combine the strengths of the WRI indicators of forest condition with the forest

accounts devel oped by Statistics Canada as the basis for accounting for sustainability of Alberta's
forest resources.

7. Natural Resource Accounting for Sustainability

The theory of natural resource accounting is rooted in the principles of economics, ecology, and
accounting. It is founded on the notion that the stock, consumption, and natural resources and
environmental services should be accounted for in the same way we account for humarn-made
capital assets (e.g., plants, equipment, machinery). Renewabl e resources, such as forests,
appreciate as they grow and depreciate as we deplete the timber capital stock and degrade the
forest ecosystem. And maintenance investments, such as reforestation and stand tending, are
required to maintain the productive capacity of the forest.

Traditional measures of economic performance (e.g., Gross Domestic Product) and our current
nationa income accounts do not account for the value of our natura resources. While timber
harvesting generates economic benefits from the production of lumber and pulp—a positive
impact on GDP—any depreciation or degradation of the forest as a capital asset is unaccounted
for. Resource accounting corrects these shortcomings of traditional economic measures of growth
by accounting for the changes in physical stock and value of natural capital.

Environmental economists argue that the use of natural resources, particularly renewable
resources, can only be sustainable as long as the productive capacity of the ecosystems that
provide environmental goods and services can be maintained. That means living off of nature’s
income or the interest on nature’s capital without compromising the productive capacity of the
natural capital stock. While we can choose to live beyond nature' s sustainable income stream to
serve our short-term income needs (e.g., harvest at arate greater than the growth of the timber
capita), we do so at the expense of depleting the capital stock itself.

By accounting for the annual additions and dl depletions® of the capital stock of natural
resources, we can better determine whether the productive capacity of that asset base is being
sustained. Table 2 illustrates the framework of atypical natural resource account balance sheet
that can be applied to both renewable and non-renewabl e resources.

® These include forest growth, reforestation, and harvesting, degradation, deforestation, and natural
depletions (fire, insects, disease).
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Table 2: Natural Resour ce Accounting Framework

a b
Physical Account Unit Value
(physical units) (economic rent:

$/unit production)

axb
Value Account

€

Opening Stock

Additions:

Growth*

Reproduction/Regeneration (reforestation) *
Extensions

Revisions

Reductions:

Production (harvesting)

Deforestation*

Natural Causes* (fire, insect, disease, natural mortality)
Net Change = Additions — Reductions

Revaluations

Closing Stock = Opening Stock + Net Change

Source: Repetto, Robert et al. (1989). Wasting Assets: Natural Resources in the National Income Accounts. World

Resources Institute, Washington, D.C.

* |tems marked are specific to forest resources; all other categories are applicable to subsoil minerals; e.g., oil and

gas.

The strength of natural resource accounting is that it provides a framework within which the issue

of sustainability can be assessed. The framework provides a means of (a) exploring the

interdependence of various natura capita assets and resource-based sectors of the economy, and

(b) organizing often fragmented and digointed information into akind of a natura capita

“balance sheet.” For example, while we tend to devote effort to collecting forest inventories, land
use depletion statistics, and fire statistics, there is no single balance sheet that reconciles or
integrates this information into a picture of sustainability. The balance sheet is the sustainable
volume of timber that takes al factors into consideration using the inventory snapshot, accounting

for additions and reductions to the inventory from human and natural impacts.

A natural resource account can look at depletions of forest capital due to harvesting, fire, insects,
disease, and other land use development impacts, and compare them with the annual growth of
the origina and the newly established forest. Aslong as depletions and additions are in balance
we know that the capital stock of timber is being maintained. These accounts can be presented in
both physical terms (e.g., timber land area and timber supply) and monetary terms (e.g., economic

value of the timber supply and economic value of annual depreciation).

Traditional forestry indicators of sustainability, such as annual alowable cut' or the long run
sustained yield, while still valid, have their inherent weaknesses. Annual allowable cut (AAC),

for example, while traditionally a good proxy for the maximum sustainable level of harves, is

often inconsistently applied by provinces and does not allow consecutive time series of data to be
compared. AAC aso may hide some of the details of how annual growth rates and depletion rates
affect overal timber capital stock. AACs are developed on a Forest Management Unit or Forest

f Annual Allowable Cut, or AAC, isthe annual amount of timber that can be harvested (determined by

government foresters) on a sustainable basis within a defined planning area.
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Management Agreement basis. They are reviewed by the provincia government at least every 10
years and are revised accordingly. Fluctuations in the approved AAC are aresult of the following
factors:

updated forest inventory and new growth and yield information;

changesin the available land base (i.e., changes to provincial parks and other reserved
areas);

new administrative boundaries including Forest Management Agreement Areas and
Forest Management Unit amagamations;

updated analysis procedures,

harvest analysis changes;

updating the net land base for catastrophic events such asfire; and

changing management strategies.

Natural resource accounts provide a full disclosure of the depletions and additions to the capita
stock in the structure of a balance sheet, and reconcile these two sides of the ledger. The physical
and monetary information contained in the accounts speaks to the forester, biologist, economist,
accountant, and politician aike. The accounting framework aso provides a means of comparing,
for example, the stock of timber capital with wildlife, energy, and water resources and revealing
some interdependence. Trends in depletion and additions to natural capital stocks can be evalu-
ated. Accounts can also be compared across regions, provinces, and nations.? Decision makers,
empowered with such information, will be better equipped to make sustainable development
decisions. The mgjor shortcoming is the availability of data or resource inventories and
inconsistencies in timber inventories over time due to different methodologies. We acknowledge
the forest inventories were never designed to track an explicit time series accounting of accrual
and withdrawals to the forest land base, thus making it difficult to project backwards in time
productive forest area or standing volume of timber. Thisis amaor shortcoming for completing
longitudinal forest accounts that provide a meaningful assessment of forest sustainability.
Nevertheless, the construction of accounts using historical data on depletions and estimates of
growth is possible, assuming a given starting point or benchmark year is agreed upon.

8. Alberta Forest Resource Accounts

The Alberta GPI forest accounts are based in part on the timber asset accounting framework
developed by Statistics Canada in Econnections—the Canadian System of Environmental and
Resource Accounts (CSERA)—which includes environmenta and resource accounts for timber
assets, subsoil assets (oil, gas, coal, minerals) and land accounts.*” These natural resource
accounts are meant to complement the Canadian System of National Accounts (CSNA) and,
when natural capital is measured in monetary value terms, could be seen as an extension of the
National Balance Sheet Accounts. The CSERA have not become fully integrated into the CSNA
but rather reside as satellite addenda, at best. First published in 1997, the CSERA have been
updated to 2000"* and recently released by Statistics Canada.

CSERA provides a comprehensive framework for linking the economy and the environment
through physical and monetary statistics. The CSERA contain three main components:

Natural Resource Stock (and flow) Accounts to measure quantities of the stocks and
annual changesin natural resource stocks,

9 Cross-jurisdictional comparisons must be made with caution, given differencesin provincial inventory
systems and in the underlying inventory data.
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Materia and Energy Flow Accounts to record the physical flow of natura resource
materials and energy between the economy and environment; and

Environmental Protection Expenditure Accounts that track current and capital
expenditures by households, business and government on protecting the environment.

The timber asset accounts, as part of the CSERA developed by Statistics Canada comprise two
accounts—one physical and one monetary—to account for the stock, flow and economic value of
Canada’ s timber assets. The timber accounts use provincid/territoria and national forest
inventory data and cover the period from 1961 to 1997. Canada s Forest Inventory 1991
(CanF191), developed by Natural Resources Canada™ in cooperation with provincia/territorial
forest ministries, is used as the starting point from which the timber capita inventory isliteraly
“grown” forward to 1997 and backwards to 1961 using a modified population growth model
developed at Statistics Canada. From the base inventory year of 1991, the timber capital area and
volume accounts are grown through time simulating the impact of growth, harvesting, natural 1oss
(mortality and fire) and other changesin timber capital stock. The growth model assumes that
each age class of trees moves up one age increment with corresponding volume increment on the
total forest land base, adjusting for depletions of growing timber capital due to harvesting and
natura disturbance. This type of modding, though conceptualy similar to a populaion modd, is
similar to timber supply analyses done by provincia forest managers, including the Alberta Land
and Forest Service (LFS).

The Alberta GPI forest accounts include a timber volume account and productive forest timber
area account based on National Forest Inventory data and Alberta LFS data (see Tables 3 and 4).
The monetary timber asset account, which provides an economic value accounting of timber
capital, is based on Statistics Canada s Monetary Timber Asset Account in Econnections.
Estimates of the full economic costs and benefits of forest service vaues are drawn from various
sources, including research studies and academic papers. Table 3 shows the closing stock of
timber capital over time adjusting for annual growth, harvesting, fire, naturd mortality, and
deforestation due to industrial land use. Table 4 shows the changes in the productive forest land
area and the magnitude of impacts based on the same variables in the timber volume account.

The timber asset accounts are important since they provide along-term view of changesin the
physica stock of timber capital, the annual increment, and annua depletion rates (both harvesting
and natura disturbance). However, they do not express any opinion on whether these trendsin
inventory are sustainable or not. Thisis|eft for anadysts to determine and debate.

This Alberta timber resource account for 1999 is the fourth such account since 1991 when
Anielski (1992) prepared the first timber resource account for Alberta (and Canada). The
accounting framework used is based on the pioneering resource accounting work of Robert
Repetto (1991) for Indonesia and Costa Rica and on the United Nations SNA Handbook on
Integrated Environmental and Economic Account (1991). These origind frameworks were
refined by Statistics Canada in developing Econnections. The new Econnections accounts for
2000 were published in spring 2001.* The release of The Status of Alberta’s Timber Supply by
Alberta Environmental Protection (1996) also provided estimates of an average provincia timber
growth rate useful in constructing the Alberta timber volume accounts.”

" Asis noted elsewhere, it is unfortunate that annual provincial growth estimates are not available for each
year in our accounting period (1961 to 1999) to provide a more accurate reflection of the “interest rate” on
timber capital.
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Table 3: Alberta Timber Volume Account

Alberta Timber Volume Account

(000 cubic meters)

Annual
Opening Stock Increment Reductions Net Change Closing Stock
Deforestation due
Year Growth Harvest Fire to Other Land Use Mortality Total Depletions
1961 1,657,109 27,885 3,352 673 1,613 3,700 9,338 18,546 1,675,656
1962 1,675,656 27,675 3,729 20 1,613 3,568 8,929 18,746 1,694,402
1963 1,694,402 27,535 3,779 51 1,613 3,423 8,866 18,670 1,713,072
1964 1,713,072 27,443 3,525 27 850 3,285 7,688 19,755 1,732,827
1965 1,732,827 27,314 3,584 81 926 3,156 7,747 19,568 1,752,394
1966 1,752,394 27,635 3,689 97 2,606 3,032 9,424 18,211 1,770,606
1967 1,770,606 27,347 3,151 30 2,280 2,914 8,375 18,972 1,789,578
1968 1,789,578 27,148 3,703 2,697 1,855 2,805 11,060 16,087 1,805,665
1969 1,805,665 26,961 4,128 1,172 1,695 2,699 9,694 17,267 1,822,931
1970 1,822,931 26,807 4,143 1,614 1,358 2,598 9,713 17,094 1,840,026
1971 1,840,026 26,825 4,138 567 1,316 2,504 8,526 18,299 1,858,325
1972 1,858,325 26,464 4,893 2,943 1,264 2,415 11,515 14,949 1,873,274
1973 1,873,274 26,257 5,599 27 1,283 2,331 9,239 17,018 1,890,292
1974 1,890,292 26,405 5,058 1,311 1,209 2,249 9,826 16,579 1,906,870
1975 1,906,870 26,434 4,963 33 1,188 2,173 8,357 18,078 1,924,948
1976 1,924,948 26,138 5,627 1,070 1,322 2,101 10,121 16,017 1,940,965
1977 1,940,965 26,177 6,370 3 1,551 2,033 9,957 16,220 1,957,185
1978 1,957,185 25,937 6,519 116 1,107 1,968 9,710 16,228 1,973,413
1979 1,973,413 25,744 6,995 4,251 1,008 1,901 14,155 11,589 1,985,002
1980 1,985,002 25,493 5,933 16,437 3,454 1,822 27,645 -2,153 1,982,849
1981 1,982,849 24,950 6,586 24,993 3,405 1,729 36,712 -11,762 1,971,087
1982 1,971,087 24,685 5,714 23,269 3,585 1,757 34,325 -9,640 1,961,448
1983 1,961,448 24,331 7,344 62 5,535 1,805 14,747 9,584 1,971,032
1984 1,971,032 24,987 8,457 669 4,640 1,846 15,612 9,375 1,980,407
1985 1,980,407 27,370 8,979 279 4,356 1,881 15,495 11,875 1,992,282
1986 1,992,282 31,089 10,387 96 5,011 1,912 17,407 13,682 2,005,965
1987 2,005,965 28,002 10,496 1,837 7,605 1,936 21,874 6,128 2,012,093
1988 2,012,093 24,673 11,990 702 3,978 1,958 18,627 6,046 2,018,139
1989 2,018,139 24,874 12,393 211 3,369 1,974 17,947 6,926 2,025,065
1990 2,025,065 24,736 11,911 2,269 (841) 1,986 15,325 9,411 2,034,477
1991 2,034,477 24,714 12,926 165 (26) 1,996 15,061 9,654 2,044,130
1992 2,044,130 24,632 14,594 81 684 2,003 17,362 7,270 2,051,400
1993 2,051,400 24,639 14,897 1,468 3,067 2,005 21,438 3,201 2,054,601
1994 2,054,601 24,052 19,790 1,014 1,820 2,005 24,629 -578 2,054,024
1995 2,054,024 23,793 20,287 22,108 1,747 1,988 46,130 -22,336 2,031,687
1996 2,031,687 23,771 20,037 106 1,092 1,977 23,213 558 2,032,246
1997 2,032,246 23,530 22,227 261 4,271 1,965 28,724 -5,194 2,027,051
1998 2,027,051 23,432 17,000 47,074 2,939 1,965 68,978 -45,545 1,981,506
1999 1,981,506 23,399 23,000 7,889 4,143 1,965 36,998 -13,599 1,967,907
Totals 1,011,285 351,893 167,774 91,490 89,330 700,487 310,798
Annual Averages 25,930 9,023 4,302 2,346 2,291 17,961 7,969

(Source: Alberta Forest Service and Alberta Environment statistics and Statistics Canada Timber Resource Accounts.
Statistics Canada. 2001. Econnections: Linking the Environment and the Economy: Indicators and Detailed Statistics. Cat. No. 16-200-XKE, February 2001, Ottawa
1. Growth is derived from Statistics Canada Alberta timber volume account models which uses a population modeling approach to estimate annual increments of volume and area to the next age class netting out land

use impacts; the average MAI from the Stat Can model is 1.438 m3/ha/yr which is lower than Alberta Forest Service estimates of 1.98 m3/ha/yr
2. Closing Stock balances are calculated using opening stock balance plus annual volume increment (growth) less total depletions (harvest, fire, mortality (insect and disease), deforestation (land use) and land use

deletions.
3. Harvest and fire statistics are from Alberta Forest Service data

4. Mortality estimates are from Statistics Canada's timber capital model and would include mortality from insect infestation and disease. While we did have area of forest infested with insect or disease we were unable
to determine how much timber volume succumbed to mortality.

5. The 1997 closing stock volume from Statistics Canada Alberta timber accounts is used as the starting point for reconstructing the closing stock volume figures back to 1961.
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Table 4: Forest Area (Productive) Account

The Alberta GPI Accounts: Forests

Alberta Productive Forest Land Area (hectares)

Year
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

Opening Stock of
Productive Forest
Land

18,377,320
18,362,146
18,346,972
18,331,798
18,324,404
18,316,355
18,293,697
18,273,872
18,257,739
18,243,000
18,231,196
18,219,750
18,208,757
18,197,604
18,187,091
18,176,765
18,165,269
18,151,783
18,146,884
18,154,220
18,124,186
18,094,802
18,063,627
18,016,908
18,019,796
17,993,934
17,977,841
17,932,598
17,907,045
17,879,920
17,927,628
17,964,598
17,958,652
17,933,315
17,917,486
17,902,294
17,924,421
17,887,284
17,861,730

Totals (1961-1999)

Source: Statistics Canada, "Econnections

Timber Supply”

Additions to

Forest Land Forest Land Impacts and Deletions

Harvest
(ha) (ha)

0] 13,000
0 13,000
0] 13,000
0 13,671
(0] 14,241
0] 14,426
0 12,040
0] 11,506
0 17,213
(0] 16,961
0] 17,046
0 20,620
(0] 20,672
0 18,242
(0] 20,677
0 20,635
0 21,567
4,730 24,333
16,105 24,689
0] 20,605
223 26,933
0 35,083
1,411 29,904
43,239 34,097
12,012 39,861
27,481 40,277
20,886 44,054
9,036 43,488
2,172 47,178
40,398 47,671
36,740 50,468
(0] 53,147
1,336 57,080
(o) 74,298
(0] 65,321
31,624 61,105
0] 62,738
0 61,222
0 61,222
247,393 1,283,291

Fire

(ha)
32,643
876
3,158
1,578
12,205
5,244
2,711
157,027
12,056
15,829
7,431
25,244
225
11,178
555
7,776
275
2,175
121,060
413,381
395,792
280,682
1,073
21,650
2,894
1,617
22,841
3,456
2,272
19,743
1,432
705
12,769
8,819
192,241
926
2,271
409,337
68,601

2,281,749

Insect and
Disease
(ha)

6,000

0

0

3,000
2,875,000
1,750,000
3,000,000
4,291,000
1,320,000
2,000
156,000
316,000
1,328,000
2,827,000
1,276,000
1,537,000
270,200
34,200
65,500
355,600
494,000
337,784
195,059
467,042
774,788

23,681,173

Deforestation due
to Other Land Use
(ha)
15,174
15,174
15,174
7,394
8,049
22,658
19,826
16,133
14,739
11,804
11,445
10,994
11,153
10,512
10,326
11,496
13,486
9,629
8,769
30,034
29,607
31,175
48,129
40,351
37,874
43,574
66,128
34,589
29,297
(7,309)
(230)
5,945
26,674
15,829
15,192
9,497
37,137
25,554
36,027

799,010

Net Change in
Productive
Forest Land

(ha)
-15,174
-15,174
-15,174

-7,394
-8,049
-22,658
-19,826
-16,133
-14,739
-11,804
-11,445
-10,994
-11,153
-10,512
-10,326
-11,496
-13,486
-4,899
7,336
-30,034
-29,384
-31,175
-46,718
2,888
-25,863
-16,093
-45,243
-25,553
-27,125
47,707
36,970
-5,945
-25,337
-15,829
-15,192
22,127
-37,137
-25,554
-36,027

-551,617

Notes: 1. Stock balances for 1964-1998 are derived based on 1999 Alberta Forest Service timber inventory estimates which estimate 17,825,703 hectares of productive forest land.

2. Closing stock balances are estimated and projected back in time using the net loss or gain in productive forest land due to land use deletions

3. Productive forest land (roughly 59 % of Alberta's Green Area) is public forest land area suitable for timber harvesting.

Closing Stock of
Productive Forest

Land

Forest
(ha)
18,362,146
18,346,972
18,331,798
18,324,404
18,316,355
18,293,697
18,273,872
18,257,739
18,243,000
18,231,196
18,219,750
18,208,757
18,197,604
18,187,091
18,176,765
18,165,269
18,151,783
18,146,884
18,154,220
18,124,186
18,094,802
18,063,627
18,016,908
18,019,796
17,993,934
17,977,841
17,932,598
17,907,045
17,879,920
17,927,628
17,964,598
17,958,652
17,933,315
17,917,486
17,902,294
17,924,421
17,887,284
17,861,730
17,825,703

. Alberat Forest Resource ACCOUNts. vVarious statistics from Alberta Environmental Protection and Alberta Environment Protection (1996) “Ine Status of Alberta’s

4. We assume that the area harvested, burned, infested by insects, or returned to forest land, while disturbed and depleted of timber, remains part of the productive land base, thus are not deleted

5.Deforestation results from land use changes such as agricultural development, linear disturbance (ii.e.seismic lines, roads,powerlines, pipelines), and mineral surface leases are treated as permanent

deletions from available productive forest land

6. "Net change” is the reduction in productive forest land due to deforestation from linear disburance plus additions from conversion back to forest land from agricultural land use
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The timber capital account is constructed based on the resource account framework shown in
Table 5 below.

Table 5: Physical Timber Account
TIMBER ACCOUNT FRAMEWORK

Physical Account (1) Physical Account (2) Value Account**
(productive forest land area)* (timber volume)
(hectares) (cubic metres)

[1] Opening stock

Additions:
[2] Natural growth
[3] Land use additions

Reductions:

[4] Harvest

[5] Fire

[6] Mortality (Insects and disease)

[7] Loss due to roads, energy and agriculture development

[8] Closing stock [1+2+3-4-5-6-7]

* accounts for only the publicly-owned productive, non-reserved provincial forest land area.
**The economic value of timber capital is based on applying economic rent (economic rent = price less costs of
production) estimates by Statistics Canada (Econnections) for Alberta and other provinces.

The account assesses both the public productive forest land base (or merchantable forest 1and)
and the total and merchantable timber growing stock. The account begins with the annua opening
balance of forest land and timber volumes. The volume account differs somewhat from the area
account. Additions to volume of timber capita result from growth on the stocked portion of
productive forest land. Additions to the forest area land base come from afforestation or
reconversion of agricultural land back to forest land. Depletions in volumes result from
harvesting, fire, natural mortality due to insect infestation and disease, and land use disturbances
(energy development, roads, powerlines, agricultural expansion). Depletions in area of forest are
due to forest land conversion to other uses.

It is possible to show net changes in the area and volume of forest and timber capital using the
detailed additions and depletions information. A time series of the annua and cumulative impacts
of industrial and natural disturbances or depletions can be derived. The account tells us whether
the current use of Alberta s timber capitd is sustainable.

Datafor the account covering 1961 to 1999 came primarily from the Alberta Forest Service, the
National Forest Inventory or Statistics Canada. For the most part, time series data on depletions
due to harvest, fire, insects, disease and land use were available. Time series estimates of the
annua increment or growth rate of timber capital were not available with the exception of a
single growth rate of 1.98 nt/ha estimated by Alberta LFS using Phase 3 Forest Inventory data.*°
In previous timber resource accounts, Anielski (1992, 1994, 1996, 1997) used estimates from

" While government estimates of the area of forest that has been infested with insects or disease are
available, estimates of the actual volume of timber affected (i.e., mortality) as aresult of infestation are not
available. We have thus relied on Statistics Canada’ s model ed estimates of mortality for Alberta as the best
estimate of tree mortality from natural causes, which includesinsects and disease.
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Canadian Forest Service studies. With the release of The Status of Alberta’s Timber Supply in
1996 the Alberta LFS revealed an average provincial growth rate of 1.98 mi/halyr. Efforts are
now being made to derive new timber yield tables compiled on a natural subregion basis that will
provide a more accurate estimate of growth rates on the productive forest land base at the
provincial scale. Statistics Canada’ s timber asset accounts use a population modeling approach,
growing the forest by age class increments through time rather than applying an average growth
rate figure to the forest land base.

Because of the incompatibility of three historical Alberta timber supply inventories/ one of the
most challenging issues of the timber accounting exercise is establishing a defensible starting
balance for area and timber volume. The Alberta GPI timber account begins with the 1999
estimates of productive forest area, based on updated Phase 3 inventory data, provided by the
Alberta LFS. This starting point is then used to “grow” the timber supply back in time to 1961
using actual depletion statistics and estimates of annua growth of the provincial growing timber
inventory.’

There are some inherent structural weaknesses and apparent problems with the timber resource
account that relate primarily to the data. FHrst, there are significant differences between the
forestry data sets used by Statistics Canada and those of Alberta LFS. Specificaly, the area
harvest figures shown by Statistics Canada are almost double those reported by the LFS even
though the total volume harvest figures are comparable. The discrepancy is due partly to the way
Statistics Canada calculates harvest area, working from volume harvest figures reported by forest
industry mills in terms of fibre input to their mills, then using an average stocking rate for

Alberta sforest types. The LFS harvest area figures are much lower, which may be partialy due
to not accounting for private land area harvested to meet fibre demand by mills* The discrepancy
in harvest area figures is significant. We opted to use the LFS harvest area figures given the
confidence that the LFS had in these figures. However, we are concerned that the harvest area
reported may significantly underestimate the total impact of forestry operations on both public
and private forest land sustainability and that long-term timber supplies may be at risk. Thisis
because we generally know very little about timber harvest and sustainability on private forest
land even though this timber capital is an important contributor to Alberta forest products.

We were unable to resolve the discrepancy between the LFS figures and Statistics Canada figures
even after discussions with LFS.™® What is apparent is the importance of understanding the extent
and impact of private forest land logging vis-avis public forest harvesting to meet the long-term
timber requirements of Alberta mills.”

The second major concern is with the annua growth rate—the increment, or “interest,” on total
timber capital.® Statistics Canada timber capital accounts for Alberta reveal an annual growth
average of 1.438 m/halyr (ranging from 1.315 nt/halyr to 1.723 ni'/halyr). Thisis lower than the
LFS estimated growth rate of 1.98 n/halyr.?* In the first Alberta timber resource accounts
developed by Anidski (1992) the average annual growth was estimate at only 1.35 m*/halyr.??
The discrepancy between LFS growth estimates and Statistics Canada growth estimates is due to
Statistics Canada using a population modeling approach to “grow” age-classes of timber area and

! Phase 1in 1964, Phase 2 and Phase 3 in 1984

K The private forest land base has not been as extensively quantified as Crown forest land. Several
initiatives are underway to extend the coverage of forest classification in Alberta beyond the Green Area.
' The discrepancy is best revealed by estimating the apparent yield of timber harvest comparing LFS
harvest volume figures with harvest area figures, which shows ayield or stock rate considerably higher
than their own timber volume inventory table for 1999.
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volume back in time, rather than a single growth estimate by the LFS. In the Alberta GPI
accounts we perform sengitivity analysis in the Timber Sustainability Index calculations using
both LFS and Statistics Canada growth figures. Future work by the Alberta Forest Servicein
developing new yield tables will help resolve at least some of these discrepancies®®

The third concern is with Statistics Canada' s timber asset accounts, which until now only
considered the impact of roads in the timber account. They ignored the significant impact of
linear disturbance such as seismic lines, pipeines, powerlines, oil and gas well-sites, agricultura
development, and other land use developments. The Alberta GPI forest accounts consider the
accumulated impact of al land use disturbance. The Pembina Ingtitute is now working closdly
with Statistics Canada, in consultation with the Alberta LFS, to modify the Alberta timber asset
accounts to accommodate linear disturbance impacts other than roads.

Notwithstanding these weaknesses, we believe the Statistics Canada timber asset accounting
model and architecture is conceptually and operationally sound for assessing the sustainability
and condition of the timber capital in aforest. Improvements to the accuracy of land use impacts
in the database will be required.” The Alberta GPI forest accounts use the architecture of the
CSERA; however, we use reported or actua area and volume estimates for harvest, linear
disturbance, fire, insect and disease (natural mortality) data from Alberta Environment and
Alberta Forest Service to construct the accounts. We conducted some sensitivity analyses on the
assumed growth rate that is built into Statistics Canada timber volume tables, applying both the
Statistics Canada annual assumed growth increment as well as the estimated provincia mean
annual increment of 1.98 nT*/halyr to provide two estimates of timber sustainability.

The results of the Alberta GPI timber capital accounts were referenced earlier (Table 3, Timber
Volume Account®® and Table 4, Productive Forest Area Account), and awealth of information
and indicators of sustainability can be drawn from the volume and area accounts.
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9. Forest Sustainability Indicators

9.1. Indicator 1: Timber Sustainability Index

While few simple measures of timber sustainability have emerged, we believe that an intuitive
expression of sustainability istheratio of the annua timber growth to total depletions. We call
this the Timber Sustainability Index (TSl). The OECD has recommended a similar indicator™ for
assessing forest sustainability.

Using data from the Alberta timber volume account in Table 3 we can derive the TSI for any
given year for the provincia public forest land base. The TSl is derived from estimates of the
annual increment of total standing timber supplies. There is some uncertainty about the exact
annua growth rate to usein this calculation, depending on whether we use Statistics Canada’ s
timber asset account for Alberta to derive an annua growth rate (which varies by year but
averages roughly 1.47 m’/halyr) or the Alberta LFS 1996 estimate of 1.98 ni*/halyr. In the
denominator of the TS ratio is the cumulative impact of timber removed through harvesting and
land use deforestation and/or through natural causes. Normally, such ratios only consider timber
harvesting impacts but this is too narrow given the importance and magnitude of fire and oil, gas
and agricultural impacts. If the TSI ratio of growth to total depletionsis greater than one, this
means that the forest is growing faster than it is being depleted—that is, we are living sustainably
off the interest of the forest capital stock. A TSI of less than one means that we are drawing down
timber capital stock at unsustainable levels that will eventualy deplete the inventory, reducing
timber volume available for future forest industry production.

The Alberta government reports timber sustainability as the ratio of harvesting to the annua
alowable cut." In principle, foresters note that as long as the level of harvest does not exceed the
calculated AAC, timber sustainability is being achieved. However, this accounting for timber
sustainability has severa shortcomings. First, the AAC itself is a calculated metric of overall
timber sustainability, but the AAC is like a“black box” with no transparency in terms of the data
and assumptions used in its calculation by the province' s professional foresters. In theory, the
AAC should explicitly incorporate growth and yield changes and impacts of land deletions, linear
disturbance and natural disturbance like fire and insects. However, the AAC figures are reported
as agiven “bottom line” without these details. Thus when interpreting the ratio of harvest to AAC
as the sole proxy for timber sustainability, the reader must effectively trust the accuracy of the
AAC caculation Indeed, we could not confirm where provincia AAC caculations in fact
considered all forest impacts or what growth and yield assumptions were used.”” Second, if the
AAC cdculation ignores the impacts of some land use and natural disturbance impacts then using
aratio of timber harvest to AAC alone would tend to overestimate sustainability by ignoring the
cumulative impact on timber supply from non-harvest impacts.

The TSl and GPI timber resource accounts provide the basis for examining the vaidity of the
caculated AAC figures by making the detailed components for ng timber sustainability
more transparent. This transparency has led to some concerns about the reliability and confidence
inthe AAC calculations. In particular, uncertainty about the exact rate of timber growth at the
provincia forest land base scale leaves some doubt about the confidence in AAC calculations and

™OECD has recommended aratio of annual depletion to productive capacity (growth).
" This measure is used in Measuring Up, the Alberta Government’ s annual performance report card.
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thus in timber sustainability in generd.® More work is required to develop more accurate
measures of timber capital growth rates at both a provincial and forest management unit scale.

We have calculated the TSI using Statistics Canada’ s timber asset accounts for Alberta for
deriving annual timber growth estimates and natural mortality rates and Alberta Environment
(Alberta Forest Service) statistics for harvest, fire, insect/disease, and deforestation due to land
use impacts. The data used to calculate the TSl are shown in Table 3.

We also conducted sensitivity analyses estimating three TSIs. The first used Statistics Canada' s
Econnections Alberta timber volume and area account figures to calculate the TSI. The second
used the Alberta GPI forest account data (based on Alberta LFS data) for total volume depletions
and Statistics Canada’ s annual growth estimates. The third TSI used Alberta GPI forest account
togd depletion figures but an annua average growth figure (based on LFS 1996 estimates) of 1.98
m’/halyr.

The results are sobering. As Figure 1 shows, when we consider the cumulative impact of
harvesting, fire, mortality (insects and disease), and deforestation from land use and industrial
development impacts. Figure 1 suggests that the sustainability of Alberta s timber capital became
unsustainable in the latter part of the 1990s.

° Thefirst estimates of Alberta'stimber capital accounts by Anielski (1992) had no official average annual
provincial growth estimate for timber capital. Then in May 1996, Alberta Environmental Protection
(Alberta Forest Service) released its report The Status of Alberta’s Timber Supply, providing the first pro-
vincial growth estimate of 1.98 n*/halyr. Applied to the total productive forest land base, this suggested
that “the annual growth of all inventoried public forested landsin the province has been estimated at 44.5
million cubic metres... [compared with] the total net annual allowable cut [AAC] within the Green Area

[of] approximately 22.1 million cubic metres’ (Alberta Environmental Protection, 1996, p. 16). The
conclusion was that there was a significant surplus of timber capital available that would satisfy demand
even up to full harvest of the AAC (at the time, 1994/95 the provincial harvest was only 15.1 million cubic
metres or 34 percent of the total annual growth). The estimated growth rate of 1.98 m*/halyr is significantly
higher than Anielski found in his 1992 study. Based on Canadian Forest Service estimates, annual growth
rates have been estimated as low as 1.35 n*/halyr. In previous accounts, this much lower growth figure
produced lower TSI figures, suggesting serious concerns about timber sustainability. New growth and yield
estimates being calculated by Carl Peck for the Alberta Forest Service should provide more accurate
measures of timber growth rates for Alberta’ s forest ecosystems. What isimportant is the significant range
of estimates of growth suggesting considerable uncertainty about the most important part of the
sustainability equation—the interest rate on timber capital stocks.
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Figure 1: Alberta Timber Sugtainability Index (TSI) vs. AAC to Harvest Ratio, 1961
to 1999
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Source: Alberta GPI forest accounts using data from Alberta Forest Service and Statistics Canada
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While al three TSI estimates vary dightly due to different growth rates and other depletion
figures, they dl show the sustainability threshold (TSl = 1.00) being first breached in 1980 to
1982 and then repeatedly between 1994 and 1999. The Statistics Canada TSI figuresrevea a
more depressed TS| due to the use of alower annua increment rate but lower estimates of land
use depletion impacts. The Alberta GPI TSI islikely more redistic since it incorporates tota land
use impacts even though it may overestimate timber capital growth. The LFS growth TSl yields
the most favourable results due to a higher growth rate assumption, yet it too fell below the
timber sustainability threshold in the past four years. The breach in 1981 and 1982 was due to the
impact of catastrophic fires. In the 1990s the TSI drifted to what might be called the “timber
sustainability threshold” where total annual depletions exceed annual growth of timber capita. In
1995 the TSI fell below the sustainability threshold and then again in 1998 and 1999 reaching its
lowest higtorical level in 1998 at 0.47 due to large fires and the cumulative impact of linear
disturbance. This means that the annual growth in 1998 was only 51 percent of the total volume
depleted or, conversdly, total depletions were 1.95 times annua growth. Thislow TSI compares
to an dl-time TSl high of 4.72 in 1964.

This trend is due mainly to combined impacts of timber harvesting, fire in the 1990s and the
accumulated impact of deforestation and fragmentation due to linear disturbance from oil and gas,
pipeline, powerline, roads and agriculture development. Much of the oil and gas activity on the
forestland base results in long-term deforestation.

There are just as many shortcomings to the TSI calculation as there are with interpreting the ratio
of harvest to AAC. Both, we believe, suffer from a common shortcoming of irregular and
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incomparable forest inventories over time and the complexity of maintaining accurate timber
inventory “balance sheets’ using estimates of annual growth and depletion data. As Daryl Price
of Alberta LFS has noted:

Thereispotential for double counting as a significant portion of the volume from forest
land area impacted by other industrial usersis actually salvaged and utilized by
Alberta’ s forest industry. There is a mixing of terms here; there is confusion between
“ standing volume” and “ growth.” The AAC takes standing volume into account, while
growth isused to predict future sustainability. The terms cannot be used inter changeably
nor can they beinappropriately mixed. How did fire affect the net land base? The forest
inventory records fire damage to the productive land base. How did oil and gas activities
affect the net land base? Although these impacts cannot be directly quantified fromthe
existing forest inventory data, the differenceislikely significant when compared to the
grossland baseimpact (i.e., simply taking total hectares affected). Insect and diseaseare
implicit in AAC deter mination. Endemic insect and disease effects are accounted for in
growth estimates.”®

To us, this simply confirms the need for more transparency of data and assumptions regardless of
how timber sustainability accounting is conducted.

Conducting TSI analysis at the Forest Management Unit or forest region level would be
beneficial, revealing where timber sustainability is most at risk in the province. This would
require the same kind of detailed information on growth and depletions as at the provincial scale.
Indeed, this scale of analysis might provide more meaningful insight into where individua
forestry companies may be most at risk of timber supply shortages due to fire, insect, disease or
sustained indudtrid activity.

9.1.1. The Potential End of Old-Growth Forest
An important question that arises as timber capital is depleted by harvesting, industrial develop-
ment and natura disturbance, is how many years remain until the old-growth or “overmature’
timber stock is fully depleted? While useful to portray total timber supply sustainability, the TSI
provides little information on how much of the “overmature” age classes (80 year or older trees)
or “old growth” (by some definitions) remains. We might define overmature age classes as those
trees that are 70 years or older for deciduous/hardwood trees such as aspen, poplar and birch, and
100 years or older for coniferous/softwood trees like spruce, pine and fir.

Forests are managed on a “sustained yield” basis. This effectively means timber is harvested on a
regulated basis where the oldest trees are harvested first; eventually there will be aregulated
forest of largely evenraged forest age classes. In plain language this means liquidating old-growth
(or “overmature” in the language of foresters) trees and moving to a managed forest where just-
in-time inventory is practiced. In this system, trees are alowed to grow to maturity and are then
harvested. This is done primarily for economic reasons by harvesting at the maximum sustained
yield when trees have reached their peak annua growth increment.

To the layperson this means that old-growth trees are being systematically removed from the
timber inventory. This process of old-growth depletion is accelerated by the cumulative impacts
of ail and gas, agriculture, pipelines, powerlines, roads and natura disturbances from fire and
insects. How many years are left until Alberta’s old-growth forest is gone? That depends on our
assumptions about the continued rate of annual growth and total depletion rates. The GPI forest
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accounts can be used to forecast this end-of-dd-growth event by using historical rates of growth
and total depletion impacts.

We have attempted to model when the last remaining stock of overmature/old-growth timber
would be exhausted due to the cumulative effects of harvesting, land use, and natural disturbance.
First, we assume that 1999 harvest levels continue into the future and that the average 10-year
cycles of forest fires, insect mortality and land use depletions continue. Second, we assume that
younger trees grow incrementally, adding to the supply of overmature timber age classes? net of
any loss of “immature” age classes due to natural disturbance and land use impacts (again based
on the last 10-year averages). We also assume successful reforestation of harvested, burned and
indugtrialy-disturbed forest land, thus adding to the young age classes of timber which also grow
through time.

With this model, we can estimate, based on these cumulative effects, in what year the last stands
of overmature/old-growth will be fully depleted leaving arelatively evenraged forest that is
managed such that trees grow only to maturity and then are harvested. Preliminary analysis using
our model suggests that Alberta’ s overmature/old-growth timber supplies would be exhausted by
2042—in roughly 41 years—if historical cumulative impact patterns continue.

This may surprise some, but not others. To laypersons, the loss of Alberta s remaining older trees
in less than 50 years may seem like an undesirable legacy to leave their grandchildren. To
professional foresters it means we have achieved our desired outcome—a managed, long-run-
sustained-yield forest, albeit one based on younger age classes with less age diversity. Thus the
results for foresters and industry would not come as a surprise since they are managing the
productive forest land base as a just-in-time inventory system, similar to agriculture or other
inventory system.

The problem with managing forestsin this way is that they are continually subject to the risks of
natural disturbance and to the uncertainty of impacts of land use. These cumulative impacts may
threaten sustained harvesting needed to meet timber volume demands of the existing forestry
infrastructure as well as future supply needs. Such sudden shocks to timber-supply flows from a
regulated, just-in-time inventory may pose a serious risk to the short- to medium-term viability of
some forestry companies whose operations require a continuous supply of mature timber to
remain efficient and provide the necessary financia returns on their investments. These shocks
ultimately jeopardize the available inventory of mature trees to keep the mills in operation.

Exactly where such risks lie geographically in Albertais beyond the scope of this anadysis;
however, future accounts of timber capital could be developed at the forest level, at the forest
management agreement (FMA) levd, or the firm level. Which companies or forests would be
most at risk with a significant decline or collgpse in mature timber stock to supply millsis
anyone' s guess.

Dr. Brad Stelfox has been modeling the cumulative impacts of fire and land use on Alberta
Pecific’ s FMA area and has estimated that their overmature timber supply will be exhausted in 40
to 60 years (compared to our estimate of 42 years remaining at the provincia scale). The lower
bound of 40 years assumes no effective fire suppression while the upper bound of 60 years

P Strictly speaking, we would break out deciduous and coniferous timber supplies and model their

respective depletion of overmature volumes given that they have different maturity thresholds. Our analysis
ispreliminary, simply toillustrate the potential use of timber resource accounts to develop such “what if”
scenarios.
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assumes full fire suppression and fast recovery rates from energy sector impacts. Stelfox’s
ALCES®* cumulative impact mode can estimate future timber supplies by assessing risks due
to fire, oil and gas development and other impacts on the landscape. His modd is an idedl
framework within which to conduct “what if” scenarios for timber supply at the provincia, forest
or firm level. Stelfox’ s analysis provides a good tool for assessing the potential impacts of various
drivers or key impact variables (e.g., fire, logging, level of energy sector development, and
regeneration rates for energy sector footprints). The ALCES model empowers foresters and
public policy decision makers to assess risk and mitigate against risk given the evidence the
model revedls. It points to the need to consider the cumulative impact of both natural and humar+
related disturbances when developing long-term timber supply strategies.

The key point in our andysisis that while industry can and will likely remain viable despite the
loss of overmature/old-growth forest, there is a fundamental ecologica cost and potentialy
ethical dilemmathat society faces if such asignificant amount of Alberta's natural ecosystem is
being affected. Despite the risk to industry, firmswill respond by remaining flexible and making
necessary mid-course corrections—where flexibility alows on the land base and given the
congtraints of tenure systems and property rights. Technologica innovations will also enable us to
respond in the medium term to timber capital risks.

The move to afully regulated, productive forest management regime representing roughly 26
percent of Alberta s 66-million hectare land base will have a cost associated with restructuring of
the natural forest. These costs will include losses in biodiversity, age-class diversity and effective
species habitat, as well as possible threats to ecosystem health and services. While these costs
remain unaccounted-for in monetary terms, they may be seen as regrettable impacts on future
generations for short- and medium-term monetary gains.

Another unaccounted-for loss is the qualitative loss—both in monetary and non-monetary
terms—aof the old-growth trees that could have vaue for log home construction, veneer logs,
aesthetics, as a carbon sink, or other ecosystem vaues. Also, we know little about the ecosystem
service values of a more age-class-diverse forest compared to an even-aged, regulated forest.

Our analysis does not suggest that the loss of mature timber is certain or potentialy catastrophic
for economic well-being or the prosperity of Alberta’s forest industry. Nevertheless, the distinct
possibility that Alberta s old-growth forest legacy may be gone in 50 to 60 years should be open
for public debate. Is it acceptable for this“cost” of more economic growth and more exports of
timber capital to be imposed on future generations? Are there other aternativesto afully
regulated industrial forest management regime? Consider, too, that most of Alberta’s timber
capitd is being exported to the U.S. and other markets for short- to medium-term financia and
economic benefits—an amount of timber that far exceeds what is needed to sustain current and
future domestic needs of Albertans. How much of our timber capital are Albertans willing to
export or forgo exporting to achieve aforest ecosystem that includes old growth?
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9.2. Indicator 2: Forest Area

Alberta s totd land base is 66.3 million hectares (662,948 kmz), of which 58 percent, or 38.2
million hectares, is forested.? Roughly 87 percent of forest land is public, or Crown, land.*
According to the Alberta GPI forest land accounts (see Table 4) the area of productive forest land
in Albertain 1961 was 18,362,146 hectares and had declined 2.9 percent by 1999 to an estimated
17,825,703 hectares. Thusin 1999 some 17.8 million hectares (or 26 percent of the total forest
land base) was considered “ productive’ stocked, forest land (or “non-reserved, accessible
stocked”) available for commercial forest harvesting.®* An additional 2.1 million hectares of the
total forest land base is considered productive but is not stocked with growing trees (i.e.,
“nonstocked forest”).

The vast mgjority of Alberta’s forests are part of a great global Boreal forest ecosystem that

constitutes one of the world' s largest remaining tracts of intact forest. Alberta’s forests are
divided into six terrestrial ecozones, as shown in Table 6.

Table 6: Alberta Forest Land Ecozones

thousand % of total forest

hectares land area
Boreal plans 28,689 75%
Taiga plains 5,234 14%
Montane cordillera 2,764 7%
Prairies 706 2%
Taiga shield 430 1%
Boreal shield 391 1%
Total forest area 38,214

Source: National Forest Database Program

The decline in Alberta’ s productive forest land base is due to the combined impacts of land use
development related to energy, agriculture, mining and other land use activities. Although oil and
gas development is arguably along-term removal of forest for timber management purposes, it is
not necessarily a permanent deletion. Also, roads, well sites and seismic lines can be reclaimed in
the future and put back to productive forest.

Figure 2 shows the relative impacts between 1961 and 1999 on Alberta s productive forest land.
According to Alberta LFS statistics, by the far the greatest impacts on forests are from insects and
diseases, with an accumulated impact from 1961 to 1999 of 23,681,173 hectares. Thisis an
extraordinary total since it represents an area greater than the current estimated productive forest
land base of 17.8 million hectares. This large figure may be because the same area of forest could
be infested repeatedly, resulting in double counting of the same area. Fire ranks as the second
largest forest land impact with an accumulated 2,281,749 hectares of productive forest land
burned since 1961. However, the impacts of fire, insects and disease do not create a permanent
loss of productive forest land base. Timber harvesting has the third largest impact at 1,311,035
hectares over the study period, followed by 830,608 hectares removed due to agriculture, energy
development, roads and other linear disturbances. Balancing the reduction in productive forest
land due to land use changes has been the reconversion of agricultural land back to forest land,
totaling 302,226 hectares since 1961.

9 The province uses “ Green Area’ geographic region convention. The Green Area represents 53 percent, or
roughly 31,135,000 hectares, of Alberta.
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Figure2: Harvest, Fire, Insect and Deforestation (Oil, Gas, Roads, Agriculture)
Impacts on Alberta Productive Forest Land, 1961 to 1999 Accumulated
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Source: Alberta GPI Forest Accounts, 1961 to 1999 and Alberta Land and Forest Service statistics

The accumulated area that has been deforested due to roads, energy and agriculture devel opment
since 1961 is equivaent to 63 percent of the total harvested area. Energy and agricultura
development continue to have a profound impact on Alberta’ s forest land, both in terms of
commercial timber supplies and in terms of forest fragmentation and degradation of forest
ecosystem health. These issues are dealt with later in this report.

Selsmic lines used for oil and gas exploration and development have had the greatest impact of
al, followed by agricultural leases not leading to title (e.g., grazing leases), roads (licence of
occupation), wellsites and minera leases. Figure 3 shows the accumulated impact of these
deforestation activities from 1961 to 1999.

Figure 3. Deforestation and Land Use Impacts by Type, Total Area Impacted on the
Total (Green) Forest Land Base, 1961 to 1999
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9.3. Indicator 3: Forest Age-Class Distribution

Alberta s forests are getting younger as older trees are harvested first and the forest islosing its
age-class diversity. What this means for future forest ecosystem health and integrity is not known,
but clearly a more diverse age-class forest is more desirable state. Figure 4 is arough comparison
of the distribution of Alberta' s timber inventory by age class and shows a shift from older to
younger age classes between 1991 and 1999 on provincia public forest land. This portrait should
be interpreted with some caution. Unfortunately the Alberta Land and Forest Service does not
have alongitudina portrait of changes in age-class distribution over time.** Even this comparison
of 1991 and 1999 requires a cautionary note that the two years may not be directly comparable as
the total reported area differs between the two data sets. Thisis due partly to incomparability of
Alberta s three forest inventories beginning with Phase 1 Inventory in 1964.%

Figure4: Alberta Timber Age-Class Distribution, 1991 to 1999
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Source: Alberta Land and Forest Service Age-class (20 year increments)

Notwithstanding the data challenges, the data reveal that the area of mature forest declined by
nearly 30 percent from 1991 to 1999 based on Alberta Forest Service timber inventory updates
for those two years. Factors that reduce older age classes include harvesting, disease, catastrophic
fires (e.g., in 1995 and 1998), and the impacts of energy development activities. And liquidating
the oldest-age classes of timber capital has undoubtedly had some impact. The mature age classes
are critical to supplying Alberta s forest industry with a sustainable supply of timber capital.

While harvesting may be reducing the oldest age class profile, it islikely that fire suppression has
actually saved some of this timber. Tracking changes in the age-class distribution over time will

be critical to ng the risk to Alberta’ s forest industry from catastrophic and sudden timber
capital losses dueto fire, particularly at the Forest Management Unit or regional scale.
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Roughly 57 percent of Alberta’ s forests were in mature age classes while 44 percent werein an
immature or non-merchantable state (less than 80 years); only 3.1 percent of old-growth forest
stands (160 years and older) remain. With the exception of the 101- to 120-year age class (which
increased in ared), all other mature age classes are in decline and will continue as harvesting of
older age classes occurs and as industrial and natural disturbances reduce this population.
Protecting the health and vitality of the 60- to 100-year age classes will be critical to ensure the
long-term sustainability of Alberta's timber capital for forest industry use over the next 25 years.

The development of timber capital accounts at the forest management unit level or by forest
management agreement area would provide evidence to assess the risks to sustained timber
supply in the short, medium and long term. Timber Sustainability Indices at the forest
management level would aso provide an indicator of sustainability.

The completion of the Alberta Vegetation Inventory (AVI) to replace the 1984 Phase 3 Inventory
will provide more accurate information. Therefore, a more accurate representation of the current
age class distribution should be derived from the individua forest management unit (FMU) or
Forest Management Agreement (FMA) level AVI where it has been completed. However, until
such time asthe AV1 is completed for al of the productive forest land in the province, developing
a composite provincid age class distribution combining the available AV1 data and extracting the
remaining areawith Phase 3 data would be a significant task.>*

9.4. Indicator 4: Harvesting (Logging) Trends

Until about 1982, timber harvests averaged approximately 4.6 million cubic metres per year, but
by 1997 timber harvest volumes had multiplied amost five times, to over 22 million cubic metres
annually (see Figure 5). This dramatic increase was due to massive expansion of Alberta' s forest
industry in the mid-1980s, with the burgeoning pulp and paper industry and panelboard (OSB)
production using what was once considered a weed tree, aspen.

Figure5: Timber Harvest Volumes, 1961 to 1999
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Figure 6 shows a significant discrepancy between the Alberta LFS harvest area figures and those
derived by Statistics Canada (Econnections).* Statistics Canada harvest area figures are
estimated by converting roundwood timber input reported by Alberta forest industry firmsto an
area of timber-harvest equivaent (using an average yield or stocking figure for Albertaforest
land). We believe that Statistics Canada s average yield numbers (162 m/ha), based on dividing
harvest volumes by harvest area, from 1961 to 1999, are reasonable. Comparing LFS and
Statistics Canada harvest volume figures reveal s the same data time series, so the problem is not
with volume figures. If we apply the Statistics Canada volume-harvest-to-area-harvest calculation
to LFS harvest volume and harvest area figures between 1961 and 1999 we get an average yield
of 256 nT/ha, or 1.57 times the Statistics Canada figure. The LFS yield figures do not appear to
reconcile with LFS timber inventory tables for 1999, which show average yields for al age
classes of only 106 m*/ha and only 148 n/ha for mature timber. One explanation for the growing
discrepancy between Statistics Canada and LFS harvest areafigures is that the LFS harvest
figures do not include harvesting from private forest land, although Alberta LFS disagrees with
this assumption.*® Whether the gap can be explained by the unaccounted private forest land
harvest area remains to be examined, however, the areais apparently significant. For example, the
difference of 79,362 hectares of harvest area seen by comparing the 1997 Statistics Canada
harvest area (142,100 hectares) with 1997 LFS harvest area (62,738 hectares) suggests a
significant policy issue if in fact the difference is due to logging of private forest lands.

Figure 6: Discrepancy Between Statistics Canada Harvest Area and Alberta Forest
Service Reported Harvest Area
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While public forest land may be managed carefully, there are no such guarantees on private forest
land. If Alberta s forest industry is this dependent on private forest timber capital, then there
should be considerable concern about future sustainable timber supplies to meet current forest
industry demand and capacity. This issue, combined with the continued impact of oil and gas
development on the forest land base provides little comfort about the long-term sustainability of
timber capital for the existing Alberta forest industry.
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9.5. Indicator 5: Forest Fragmentation and Cumulative Impacts of

Development

Fragmentation of aforest ecosystem due to linear disturbances has a measurable and visua
impact on the integrity of the forest ecosystem, even if the impacts are difficult to assess. A
certain amount of fragmentation may benefit some species of wildlife and be detrimenta to
others. The key questions concerning forest ecosystem fragmentation include: (1) how permanent
are the impacts of linear disturbance on ecosystem services, wildlife and natural capital flows;
and (2) how does the type of fragmentation affect Alberta species that may be adapted to natural
disturbance from fire effects? These questions require more research and measurement work.

Using our Alberta forest resource accounts, we have updated the World Resources Ingtitute’ s
forest fragmentation analysis. We estimate that over 90 percent of Alberta' s productive forested
area has been fragmented due to roads, seismic lines, wellsites, pipelines, powerlines and other
land use impacts. For example, by 1999 an estimated 199,025 oil and gaswellsand 1.5t0 1.8
million kilometres of seismic lines crisscrossed Albertd’ s forests, with more linear disturbance
expected with new oil and gas developments.®’

The World Resources Ingtitute’ s report Canada’s Forests at a Crossroads (2000) estimated that
in 1997, 83 percent of Alberta s forests were fragmented by roads, forestry, energy industry and
agricultural development, and other access routes. This places Alberta second in Canadain terms
of forest fragmentation, after New Brunswick with 88 percent of their forests accessed and
fragmented. Fragmentation is defined in the WRI study as any forest area with linear access
densities greater than 9.0 square kilometres. Using the WRI 1997 estimate and definition of
fragmentation as a starting point, we then backcast the trends from 1961 to 1997 and from 1998
to 1999 based on linear disturbance data in the Alberta GPI forest account. Looking forward to
1999, we estimate that 90.5 percent of Alberta’ s forest area (outside of nationa parks) is
fragmented. Put another way, less than 10 percent of Alberta s forests remain as wilderness. The
WRI estimates are consistent with those by Richard Thomas in a study he completed for Alberta
Environmental Protection in 1998; Thomas estimated that only 14 percent of Alberta s Bored
forest ecosystem had not been fragmented by roads, seismic lines, pipelines or other linear and
land use disturbance, while less than one percent of the Foothills forest ecosystem remained
unfragmented.

The Thomas report notes that the deforestation of Alberta’ s forests is comparable to the historical
deforestation of the Amazon rainforest.” The report notes that, “ Annual deforestation rates in the
southern Dry Mixedwood [forest] between 1949/50 and 1994/95 averaged 0.91 percent (= 192
kn/yr), which is proportionally higher than the annual rate (0.87 percent) reported for Amazonia
during 1975-1988. The rate of forest lossin the northern Dry Mixedwood between 1961 and 1986
was 0.81 percent/yr.”®

Thomas found that Alberta s forests are significantly fragmented by seismic lines, pipelines,
wellsites, harvest blocks and other land use disturbances. According to recent studies an
estimated 14 percent of Albertal s Boreal Forest natural region (346,964 sq km, or 63 percent of
Alberta's Green Area of forest land base, or 52.3 percent of Alberta’s land base™) and less than
one percent of the Foothills natura region (94,790 sq km, or 14.3 percent of Alberta' s total land
base) remain in an unfragmented or wilderness condition. Combining Thomas's two

" Alberta LFS argues that comparing Albertawith the Amazon is unfair since the loss of Amazon rainforest
is considered a permanent |oss of forest while the fragmentation of Alberta’ s forest land is considered
acceptable, since Albertaforests are already adapted to some level of natural disturbance.
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fragmentation estimates for the Boreal and Foothills forests yields a composite fragmentation
estimate of 9.5 percent of these forest ecosystems, which represents over 77 percent of the total
forest land base. Thus the combined Thomas figure of 9.5 percent unfragmented Boreal-Foathills
forestsis not entirely comparable with the WRI estimate of 17 percent of total forest area. The
differences are due largely to differences in definition of fragmentation parameters. Regardless,
the impacts are real and severe.

The story of forest fragmentation and the impacts of 50 years of energy and industria
development in Alberta s forests is best revealed in aeria photographs of the same portion of the
Swan Hills forest (Bored) area, comparing 1949 with 1991 (Figures 7 and 8). The contrast is
stark. They show how the area has changed from a roadless wilderness to a strongly fragmented
landscape in only 40 years and, as the Thomas report on the state of the Boreal forests states, “to
agreater or lesser extent, the same is true for much of the Foothills Region.”*°

It would be ingtructive to show linear disturbance impacts across the entire forest land base of the
province using colours to show the extent of linear disturbance in relationship to forest cover;
unfortunately such satellite imagery is not readily publicly available® As with the Swan Hills
example, such visua images provide a striking reminder of the physical impact of industria
activity on the landscape. The rea and measurable impacts on ecological integrity, ecosystem
sarvices, wildlife, long-term climate impacts, and human health are largely undetermined at this
stage and require further study.

The development of Alberta s energy resources (oil, gas and coal) has had as much of a cumula-
tive impact on the forest as timber harvesting. A total of 1,311,035 hectares were harvested be-
tween 1961 and 1999, roughly seven percent of the total productive forest areain 1999 (an
estimated 17.83 million hectares). By contrast, 830,608 hectares of Alberta s productive forest
area has been deforested or affected by energy and agricultura development—about 63.3 percent
of the total area harvested. Natura disturbances have had the most profound impact on forests
with 2,281,749 hectares (12.8 percent of productive forest land) burned between 1961 and 1999.

The cumulative impact of all land use is most poignantly portrayed by comparing the Alberta
Green Area Map (Figure 9) with amap of forest fragmentation produced by the World Resources
Institute using aerial imagery (Figure 10). Figure 9 shows the extent of Alberta s total forest area
while Figure 10 shows the remaining area of forest land with access densities of less than 9.0 km®
(i.e., areas that remain roadless and unfragmented) in Alberta and northeastern British Columbia
The white areain Figure 10 isforest land that is not fragmented (that is, areas that are less than
9.0 km*in size) while the green squares (polygons) are aress that retain their integrity (i.e., more
than a contiguous 9.0 km?) or are not accessed and fragmented by linear disturbance. Figure 11
shows the various degrees of access densitiesin the forests of the Alberta and northeastern British
Columbia portion of the Western Canadian Sedimentary Basin. This information led the World
Resources Ingtitute to conclude that roughly 83 percent of Alberta’'s forests were fully accessible
through various linear disturbance corridor fragmentation.

*Wefind it unfortunate and ironic that satellite or aerial images of the total forest land base showing the
extent of industrial development impacts are not readily available. We can only imagine the reaction of
Albertansto contrasting images of 1960 (before) and 2000 (after 40 years of economic growth) similar to

the Swan Hills aerial photos. We would be | eft asking ourselves whether devel opment at the cost of such
forest ecosystem devastation is an acceptable “price” to pay for more development of nonrenewabl e natural
resources.
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Figure7: An Area of the Swan Hills Forest in 1949
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Figure9: Alberta’s Green AreaMap

Source: http://www.gov.ab.ca/env/forests/f md/timber/mapl.html
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Figure 10: Remaining Areaswith Access Densities >9.0 km? in the Forest of the
Alberta and Northeastern British Columbia Portion of the Western Canadian
Sedimentary Basin
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Source: World Resources Institute. 2000. Canada’ s Forests at a Crossroads: An Assessment in the Year
2000. A Global Forest Watch Canada Report, Washington, D.C.
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Figure 11: Access Densitiesin the Forest of the Alberta and Northeastern British
Columbia Portion of the Western Canadian Sedimentary Basin
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Source: World Resources Institute. 2000. Canada’s Forests at a Crossroads: An Assessment in the Year
2000. A Global Forest Watch Canada Report, Washington, D.C.
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The loss of ecologica integrity and wilderness due to fragmentation is largely unknown and
uncal culated, though the losses do represent ligbilities for wildlife, climate change, watershed and
water quality and other ecosystem services.

The combined impacts of human activities on Alberta s forest land base have left primary forest
natural regions, the Boreal Forest region and Foothills Forest region, in a seriously fragmented
state. The cumulative impacts of roads, seismic lines, pipelines, wellsites, grazing leases and

other disturbances have |eft only nine percent of Boreal Forest and less than one percent of
Alberta’ s Foothills forest region in what might be called “wilderness’ or unfragmented
condition.** According to the Global Forest Watch report, “Of the 10 major forest types found
within Canada, two have lost about 60 percent of their forest cover. Seven of these 10 have more
than half of their remaining forest area fragmented by access routes.*”” Fragmentation is especially
important for wildlife, as it improves access for predators, both wild and human. Habitat
fragmentation has been cited as “the most serious threat to biologica diversity” and “the primary
cause of the present extinction crisis.”*

Thomas examined the various causes of this fragmentation. He found that by mid-1997, 88,588
wells had been drilled in the Boreal Forest region (34.8 percent of al wells drilled in Alberta) and
there was an average of one well every 3.92 square kilometres.** Using a conservative estimate
that each wellsite is one hectare in size, he calculated that atotal area of at least 885 km? (9.5
townships) had been cleared for wellsites in the region. By the end of 1998, there were an
estimated 93,731 wells in the Boreal Forest region (an increase of 5.8 percent in 18 months),
giving atota cleared area of 937 kn’.

Each wellsite needs an access road, which further increases fragmentation. There are no accurate
data concerning the total length of this road network, but Thomas estimated that the roads had a
total length of nearly 142,000 km. Taking an average access road width of 15 metres, he
estimated 2,126 sq km were occupied by the actua roadbeds (22.8 townships) by mid-1997.

Given the 5.8-percent increase in the number of wells by the end of 1998, the length of access
roads could have increased to 150,236 km by the end of 1998, while the area occupied by access
roads could have increased by afurther 123 sg km, for atotal of 2,249 sq km.

Seismic lines are the greatest single cause of fragmentation in the Boreal Forest. Lee and
Timoney™ estimated the total length of seismic lines at 1.5 to 1.8 million kilometres. Using
Thomas's estimate that the Boreal Forest region represents 63 percent of the Green Area of the
province and an average cutline is 8 metres wide, over 5,000 sq km have been cleared for cutlines
since 1979. Seismic lines are no longer 8 metres in width having been reduced in many casesto
less than 1.5 metres and in other cases completely avoided. Future linear disturbance accounting
within the GPI forest accounts will reflect these positive impacts of smaler seismic widths. Many
seismic lines will reforest naturaly if they are not recut.

Pipelines cause further fragmentation. The cumulative length of pipelines constructed in Alberta
(to the end of 1999) is 276,550 km, of which over 241,000 are still operational.*® Working from
data used by Thomas, we estimate that approximately one-third of pipelines are located in the
Bored forest. This means that by the end of 1999, about 88,496 km of pipeline had been
constructed in the boreal forest, excluding the interprovincia and internationa pipelines that are
under the jurisdiction of the National Energy Board. Assuming a conservative average corridor
width of 15 metres, at least 1,327 sq km had been cleared for pipelinesin the Boreal Forest
Natural Region.

The Pembinalnstitute, page 40



The Alberta GPI Accounts: Forests

Thomas's figures are based on data to December 1996. Alberta Energy and Utility Board (EUB)
figures show 51,397 km of pipelines constructed between 1994 and 1997, giving an average of
12,849 km per year. Deducting this from the EUB’s 1997 figure of 240,644 km gives a tota
length of pipeinesin Albertain 1996 of 227,795 km. Thomeas estimates that 73,103 km of
pipelines were located in the Boreal Forest by the end of 1996, which is 32 percent of the Alberta
total. Thomas estimated that 34.8 percent of wells were drilled in the Boreal Forest region.
Taking the average of 32 percent and 34.8 percent means that an estimated 33.4 percent or one-
third of Alberta's Boreal Forest has endured energy linear disturbance.*’

The figures Thomas used for calculating the area occupied by wellsites, access roads and seismic

lines are quite conservative and smaller than figures used in areport prepared for the Alberta
government in 1981 by Hardy Associates, as shown in the table below.*®

Table 7: Comparison of Estimated Area Taken by Energy Projects

Hardy, 1981 Thomas, 1998
Well site area 1.6 ha (4 acres) | 1ha(2.5acres)
Access road width 20 metres (66 ft) | 15 metres (49 feet)
Seismic line width 7.6 metres (25 ft) [ 8 metres (2.5 feet)

The 1981 study, which was based on a sample of eight percent of townships in the Green Area of
the province, adjusted to provide an 80-percent confidence limit for the results, found that at the
end of December 1979, 314,133 hectares (or one percent of the Green Area) were disturbed by
energy exploration and development.*® Of that, 52 percent was within areas mapped as productive
forest. About 70 percent of the ared disturbance (219,071 ha) was due to seismic lines, 10.2
percent to oil and gas roads and wellsites (32,152 ha), 10 percent to multipurpose rights-of -way,
4.8 percent to power lines and pipelines, and the remaining five percent to coa mines, oilsands,
miscellaneous oil and gas areas, and gas plants.*

The Hardy study drew attention to a 1979 study by the Environment Council of Alberta™ that was
based on data from the files at Alberta Environment. This indicated that the area affected by
seismic activity was 45 percent larger than in the Hardy survey. Reca culating the ECA data, to
update it for comparison with the survey figures, Hardy estimated the total area affected by
seismic activity was 783,000 acres (317,000 ha) in the ECA study, compared with 541,451 acres
(219,000 ha) in the Hardy survey.

The Hardy study reported that, “While the amount of previous forest clearing for energy
development is significant (one percent of total area), it is not cause for darm. Only about half of
this clearing has occurred on productive forest.” It asserted that, “ Government is not complacent
about this clearing, and continues attempts to minimize depletions and their long term effects.” >

It seems that the government has not been very effective in reducing deletions and their long-term
effects. Twenty years later, Thomas noted that oil and gas devel opment causes serious problems
within the forest area.>® Wildlife habitat is destroyed and fragmented, and animals themselves are
killed in collisions with road traffic or removed from industry sites due to safety concerns.
Increased sedimentation can damage fish habitat during construction and use of roads and
pipeines. And air and land pollution arise from emissions from flaring, leaks from pipelines and
wellsite blowouts or spills from poor management of oilfield wastes.

The PembinaInstitute, page 41



The Alberta GPI Accounts: Forests

In 1998, there were 885 pipdine failures in Alberta.>* If the distribution of failures were based on
the distribution of pipelines across the province, nearly 300" would have occurred in the Boresl
Forest natural region. Two-thirds of these failures were due to corrosion, which, as pipelines age,
is an increasing cause of failure. In the same period, there were 1,354 liquid releases (including
water and oil) from pipelines, wells, and other oil and gas sources, which could mean over 400
occurred in the supposedly “natural” Boreal Forest region.

Fragmentation in the Foothills Natural Region of Alberta has also been documented. This
region, as its name implies, extends from south to north along the eastern dopes of the Rocky
Mountains and covers 14.3 percent of the total area of the province. It is intermediate in character
between the Boreal and Rocky Mountain Natural Regions, containing extensive mixed forests
with white spruce and lodgepole pine as major species, according to location. Logging and the
energy industry have affected amost the entire region, serioudy fragmenting habitat.

The Foothills study of the impact of oil and gas lines showed an average of one well every 4.1 5q
km and only 91 of the 1,297 townships (7 percent) in the Foothills Natural Region showed no
evidence of logging or well sites.”® Of these 91 townships, only five were not dissected by
pipeline rights of way, transmission lines or more than 5 km of seismic lines, and could be
regarded as “wilderness’ townships. Therefore only 0.4 percent of the Foothills Natural Region
might be considered as wilderness or unfragmented. Since some of the air photos on which the
assessment was based date from 1988, the status of these remaining townships may now have
changed.

Other aspects of energy exploration and extraction also have impacts. “ Traffic and noise related
to the construction and use of pipelines, roads, compressor stations, cutlines and gas plants, plus
well drilling and servicing activity results in the disturbance an displacement of wildlife. In
addition, acoustic pollution (from explosions, bulldozers and other vehicles) during seismic
exploration—especialy heliborne seismic programs—stresses wildlife and can disrupt their
normal behavioural patterns.”®’ The same report cites studies from various locations (not
necessarily within the Alberta Foothills) that show how ek have abandoned traditiond rutting

and calving areas, mountain goat numbers have declined; moose have moved away from wellsite
areas, and bighorn sheep have abandoned parts of their range due to seismic activity. While one
activity may not appear too serious, the cumulative impact of the various activities is significant.
Indeed, the remaining natural habitat within the Foothills natural region as awhole has, on
average, been moderately to seriously compromised. Creation of an extensive network of access
corridors throughout the region—principaly by the oil and gas and forestry industries—is
considered to be the single most significant factor contributing to this loss. In some cases,
clearings (wellsites and cutblocks) may benefit certain wildlife species such as ungulates (e.g.,
moose, mountain sheep) and bears.>®

! Edtimateis 885 x 32% = 283.
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9.6. Indicator 6: Insect Infestation Trends

According to Alberta LFS statistics, insects and diseases have had the greatest impact of all
natural and human disturbances in Alberta’ s forests. Between 1961 and 1999, an estimated
23,681,173 hectares of productive forest land in the Green Area of Alberta suffered insect
infestations or disease (see Table 4 and Figure 12). This represents an area greater than the
estimated balance of productive forest land in 1999. The impact of insects and disease eclipses
harvesting and fire impacts by a significant margin.

Figure 12 shows a general moderation in areainfested in the latter part of the 1990s after major
outbreaks from 1979 to 1983 and then again from 1987 to 1990. Estimates of infested areas in the
distant past (before the 1950s) may not have been that accurate because of the limited technology
and accessibility challenges, according to Alberta LFS.>® The history of the Boreal Forest and
Foothills Forest Region shows periodic outbreaks of insect pests. According to the LFS there are
some indications that the frequency of outbreaks of some magor pests, such as the spruce
budworm, may have increased during the past three centuries. Even these indications are open to
guestion because they are based on dendrochronological data. According to the LFS, other
outbreaks of pests such as the mountain pine beetle are smply nature’ sway of handling
overmature forests.

Figure 12: Insect Infestation
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Source: National Forestry Data base. Table "Area within which moderate to severe defoliation occurs including area of beetle-killed trees,
by insects and province territory, 1975-1999." http://nfdp.ccfm.org/framesinv_e.htm

The problem with interpreting such figuresiis that infestations may occur repeatedly over the
same hectare of forest land and may not result in mortality or sustained lossesin yield. Impactsin
terms of reduced growth may not be evident until forests have been reinventoried. According to
Alberta LFS,*® endemic infestations are accounted for in yield curves, whereas areas affected by
insect epidemics are removed from the net land base when calculating annual alowable cuts. Nor,
according to the LFS, can we assume that rising infestations are a sign of poor forest health.
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Problematic for the forest volume accounts is the fact that the area of infestation cannot be
equated to aloss of either land base area or standing volume. Growth and yield estimates by the
LFS account for past insect and disease activity (i.e., the forests we have today are shaped by past
conditions and events—climate, weather, insects, disease, and fire). The LFS adopts a policy
where timber harvest activities are directed at areas of epidemic infestation. For example, in the
case of the Mountain Pine Beetle infestation in the late 1970s and early 1980s, where the impact
is catastrophic, new AACs were developed to account for the shift in age class distribution
following the salvage activities.

While not al infestations result in mortality, considerable volumes of affected timber may need to
be salvaged to ensure that merchantable timber can be used. The extent of salvaging operations
depends on the pest, pest severity and the management objectives for the areainfested. The LFS
advocates salvaging timber in some stands infested with pest species (such as the pine bestle,
spruce beetle and spruce budworm) at epidemic levels. They do not advocate it for large tracts of
stands affected by forest tent caterpillar and large aspen tortrix“ unless these stands are being
killed by secondary pests.®*

Are insect outbreaks related to the stresses of climate change? According to Alberta LFS, “the
jury is still out” on whether climatic changes in Alberta s forests have increased infestations.®
They have noticed that the range of some pest outbreaks, such as those of the forest tent
caterpillar, have extended further north than previoudy recorded. Rising pest populations may or
may not be a sign of forest health. Pests are an integral part of the ecosystem and their
populations will fluctuate depending on many biotic and abiotic factors. A hedthy forest is one
that can go through these pest infestations and still sustain its growth. For example, although a
few million hectares of forest have been severely defoliated by the large aspen tortrix in northern
Alberta, the LFS does not expect this outbreak to have long-term effects on the forest stands; i.e.,
the forest is still healthy although it has suffered alarge pest outbreak.

9.7. Indicator 7: Fire

Fireisanatural part of Alberta’sforest ecosystem history and has had dramatic impacts on timber
supply. The accumulated area of productive forest land burned between 1961 and 1999 is
estimated at 2,281,749 hectares, or 167 million cubic metres, more than 174 percent of the total
area harvested and 48 percent of the volume harvested.

Major fires have swept the province, primarily in the Boreal Forest and to a lesser degree in the
Foothills forest ecosystems. While the Alberta government has spent a great deal of money and
effort to manage fire and reduce its effect on timber supply and communities, fire continues to
have significant and potentially industry- and life-threatening impacts. Figure 13 shows that
despite these public expenditures, fire in the 1990s continued to be awild card for a sustainable
timber supply for Albertal s forest industry, which is now harvesting virtualy its entire annual
alowable cut. The possible impacts of climate change could further increase the risk of fire.
While industry can salvage some fire-killed trees, not al the timber can usually be recovered
before it begins to decay, or it may be physically impossible or too costly to access. Fire affects
harvest schedules and, in some cases, can be catastrophic for aforestry company should asingle
fire on its forest management area destroy its alocated timber capital.

Y Thetortrix is atype of moth whose larval forms are pests of aspen.
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Figure 13: Area of Productive Forest Land Burned, 1961 to 1999
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9.8. Indicator 8: Biodiversity and Forest Species Health

Forest fragmentation and intrusion of industria development into Alberta' s boreal and other
forest ecosystems has dramatically affected both biodiversity and core habitat of forest-dwelling
species. Unfortunately, very little is known about the cumulative impacts of timber harvesting
and deforestation on wildlife. According to the World Resources Ingtitute, “if current rates of
tropical deforestation continue, the number of al forest species could be reduced by 4 to 8
percent.”®® While we cannot directly compare tropical deforestation impacts on biodiversity with
Alberta s Boreal Forest deforestation, the portrayal of Alberta’ s forest fragmentation as the
“Amazonia’ of the north makes us pause to consider what possible and even latent impacts on
species diversity and ecosystem health may exist.

The Foothills Report examines the effect of habitat loss and human disturbance on a number of
major species.® It points out, for example, that the grizzly bear is the “keystone” foothills species
and that its current range corresponds closely with the Foothills Natural Region boundary. The
Status of Alberta Wildlife® notesthat the grizzly bear is on the “blue’ list as a species that may be
at risk. The report states that the grizzly is “ currently sustaining its population under avery
restrictive sport hunting regime. [ The] greatest threat is loss and degradation of wilderness
habitats through resource extraction and recreational development.” The Foothills Report® cites
the Interagency Grizzly Bear Committee Taskforce Report for 1994, whichrecognized that bears
need core protected aress, “free of motorized traffic and high levels of human use,” but such areas
are becoming increasingly scarce.

In 1994, wildlife expert Dr. Brian Horegi stated that, “ Albertal s Grizzly Bear population is on the
brink of what potentially could prove to be its decline”®” Observing how human and industria
impacts have accelerated, he says with a great deal of confidence that the situation is more likely
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worse today than five years ago.®® He also notes that despite the fact that the bear population is
not faring well, there have been no regulatory advances in protecting bear habitat.

The pictures of the “before” and “after” development of a portion of the Swan Hills forest (Fig-
ures 7 and 8) provide a visua expression of how such fragmentation might have led to the demise
of the Swan Hills Grizzly Bear. According to a study by Nagy and Gunson,*® Alberta s grizzly
population has declined from roughly 6,000 (pre-settlement) to 800, a decline of 85 percent.

The woodland caribou has aso been serioudy affected by industrial development in the Foothills
and Boreal Forest regions. Nationaly, the woodland caribou was listed as a threatened species for
the first timein 2000.”° In Alberta, the woodland caribou is listed as an endangered species under
the Wildlife Act. The Status of Wildlife in Alberta report estimates there are 3,500 animals in the
province, with the population stable to declining. According to the Boreal Caribou Research
Program, “These caribou are likely to become extirpated in Albertaif the factors causing their
reduction in numbers are not reversed.” "

The Status of Wildlife in Alberta 1996 report states there is “ Concern over maintenance of old-
growth forest to provide critical winter habitat.” Citing various authors, the Foothills Forest
report notes that timber harvesting in west central Albertais removing large areas of currently
occupied caribou habitat and that high levels of industria and other human activity are a serious
thresat to the continued survival of the Little Smoky herd. There are two types of woodland
caribou, the Mountain eco-type and the Boreal ecotype. All the winter range of the Mountain eco-
type and of the Little Smoky (Boreal eco-type) herd have been committed for timber harvesting. "

Direct loss of habitat is one problem, but the impact of human activity is far greater than the
actua arealost. Caribou avoid human developments by up to one kilometre for wells and 250
metres for roads and seismic lines, according to one study.”® While roads form something of a
barrier to caribou movement, this does not appear to be the case with seismic lines. However,
other research has shown that caribou are subject to greater wolf predation close to linear
corridors, such as seismic lines.”* This study concluded “...increased industria activity in and
near caribou range could have a significant effect on caribou population dynamics by increasing
predation.”

Attention here has focused on the grizzly bear and woodland caribou, as these are “keystone”
species. If there is sufficient habitat for these larger mammals to flourish, other species will
probably be safe. When habitat for these so-cdled “umbrella’ species is threatened, it probably
means that the viability of other smaller species will be at risk in the future. However, we also
lack accurate data about the real impacts on other keystone species such as moose and black bear,
but that information vacuum has not deterred further intrusion into the forest. Brian Horegji
suggests that an index of core habitat effectiveness be developed that measures the condition of
core habitat for any given wildlife species. Because the impacts of fragmentation and forest
disturbance will vary, atotal wildlife species habitat systems approach must be taken that
considers the tradeoffs between species—comparing, for example, those that may benefit from
more forest edge and those that could be affected negatively by any anthropogenic disturbance of
habitat.

The Alberta Natural Heritage Information Centre, set up in 1996, is compiling a geographic
database of elements of conservation concern, including plants, plant communities, animals and
landforms, based primarily on literature studies. This information provides a useful basgline, but
the Centre does not have resources to systematically verify whether species are till to be found in
the recorded locations.
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9.9. Indicator 9: Reforestation

To maintain a sustainable supply of timber, investment in reforestation is needed. If the reforesta-
tion investment fails to provide new timber capital growing stock for future harvest, sustainability
of renewable capital will be jeopardized, although the forest will grow back if left aone.

Based on the Alberta LFS “ Stocking Inventory” table,” roughly 324,994 hectares of forest land
are designated “understocked” ° after harvesting of atotal 972,226 hectares between 1975 and
1998. This means that about 33 percent of the total forest area harvested since 1975 remains as a
reforestation liability. However, these figures should not be misinterpreted to suggest that a
reforestation crisis exists. Rather, the figures smply suggest that of the area harvested over the
past 10 to 15 years, some has not been given a clean bill of hedth (i.e, it is not “fully stocked”).
For example, the 1995 Alberta timber resource accounts’® showed that roughly 97 percent of the
area harvested between 1964 and 1981 was considered successfully restocked with growing
seedlings, based on the old reforestation standard. Nevertheless, these understocked forest lands
should be identified as a“liability” on the timber capital accounts of the province and should be
removed when they are deemed “ stocked.”

Ensuring the success of reforestation is even more important given the evidence presented by the
TSI calculations that Alberta s forests (from atotal timber supply) may be unsustainable at
current levels of harvest, land use impacts and fire, should these impacts continue. Regular
monitoring of reforestation performance will be critical to ensuring sustainable supplies of

timber. We also note that these figures do not account for the reforestation rate failure on areas
affected by fire, insects, and industrial developments.

9.10. Indicator 10: Watershed Development

Forest cover helps to maintain clean water supplies by filtering water and reducing soil erosion
and sedimentation.”” Deforestation, broadly defined asincluding harvesting and land use
development, roads and other linear disturbances, undermines these natural processes. The World
Resources Institute says that nearly 30 percent of the world’s major watersheds have lost more
than three-quarters of their original forest cover.”® According to the Alberta LFS, Canadian Forest
Service studies indicate that the “ideal” watersheds have a certain level of disturbance to
maximize water retention.”

Most of Alberta s forested watersheds (except for portions of the northeast quadrant of the
province) are over 50 percent developed according to Global Forest Watch Canada s Report.®
This report notes that some human development is evident in 95 percent of Canada’ s forested
watersheds. Thisis consistent with estimates of high fragmentation of the forest ecosystems.
Watersheds provide arange of critical ecosystem services including maintenance of water flow,
protection against soil erosion, and habitat for aguatic species. The absence of development in
forested watersheds would serve as an indicator of the integrity and maximization of services
from watersheds.

The full and long-term ecological and economic impacts of development and deforestation of
Alberta s critical forest watersheds are largely unknown and unaccounted-for, based on our
preliminary analysis. This area should receive greater atention in future GPI work, given the
growing importance of the vaue of water in Canada and internationaly.

Y The* Alberta Forest Service Stocking Inventory” table for Status Y ear 1998 was provided by the Alberta
Land and Forest Service and shows the area of forest land that has been restocked/regenerated and that
which remains not-satisfactorily restocked (NSR) in Alberta’ s Green Areaforest lands from 1975-1998.
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9.11. Indicator 11: Carbon Sequestration

According to the World Resources Ingtitute, forest vegetation and soils hold almost 40 percent of
all carbon stored in terrestrial ecosystems.®™ WRI reports that forest regrowth in the northern
hemisphere absorbs carbon dioxide from the atmosphere, currently creating a“ net sink” whereby
absorption rates exceed respiration rates. Methods for estimating the stock and flow of carbonin
forest biomass, soils and other vegetation are emerging through various nationa and international
carbon budgeting research. Y oung trees generally grow faster than older trees and thus naturally
seguester more carbon per unit of volume growth; standing volumes of old-growth timber do
nevertheless serve as important carbon sinks. This preliminary treatment does not delve into the
details of carbon sequestration and sinks by forests, athough carbon sequestration issues are
addressed in Alberta GPI Report #26 Carbon Budget.

Canada s boreal forests play acritical role in fixing carbon. Boreal forests in general dominate the
dynamics of the terrestrial carbon cycle® and account for some 50 percent of the natural
exchange of carbon dioxide (Maini 1994).%% They act as massive, net carbon sinks or storage
reservoirs. Earlier estimates by van Kooten et. al. (1992)%* indicate that 97.7 million tonnes
(megatonnes, or Mt) of carbon are sequestered each year, or roughly 62 percent of the total
carbon sequestered by al Canadian forests.

A carbon budget account has been developed in the Alberta GPI Accounts; it profilesin more
detail the role of forests and pesatlands as carbon sinks and their capacity to absorb carbon on an
annua basis. The amount of carbon sequestered by Alberta’ s forests can be estimated by using
data on carbon sequestered in a cubic metre of growing timber (green wood), the total area of
productive forest land, and the productivity (growth per unit area per annum) of forests.

However, previous preliminary studies on Alberta' s carbon account®®® show that the capacity of
Alberta s forests and peatlands to sequester carbon on an annualized basis is less than 25 percent
of the carbon emitted by industry, households, transportation, and other anthropogenic sources.
However, this does not imply that forests and peatlands can in fact sequester any human carbon
emissions since forests are likely in a natural balance of respiration and photosynthesis. For ex-
ample, according to a United Nations report by the Intergovernmental Panel on Climate Change,
evidence suggests that new forests cannot be relied on as new carbon sinks.*” The report notes
that plans for investing in new forests to sequester additiona greenhouse gases will fail to reduce
carbon dioxide atmospheric levels because of the inevitability of a saturated carbon balance.

In 1995, the total carbon-equivalent sequestered by Alberta’ s productive forest land base, which
contains the carbon sequestering growing stock of timber, was estimated to be 9.58 Mt of carbon
in 1988, declining to roughly 9.55 Mt of carbon in 1995."

" The original 1992 estimates estimated annual sequestration rates of 8.17 million tonnes per annum based
on alower growth rate (MAI — mean annual increment) of 1.70 m*/halyr. Based on the recent Timber
Supply Status Report prepared by Alberta Environmental Protection, the average provincial MAI has been
revised upwards to 1.98 ni*/halyr.
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10. The Total Economic Benefits and Costs of Forest Capital

To assess the sustainability of al forest capital values, afull cost and benefit analysis of timber
and non-timber capital vauesis required. The origina purpose of natural resource accounting is
to provide evidence of both physical and economic sustainability of natura capital. The natura
resource accounts give policy makers a clearer picture of aggregate welfare of a nation or
province than do conventional income accounts and the GDP. Conventional forestry GDP figures,
for example, only measure the monetary value of timber harvested and converted to forest
products such as lumber, pulp, paper, and panelboard. Resource accounts can be used to examine
the relationships between the environment, the economy, and society, thus providing a more
holistic view of sustainability. The resource accounts are expressed in physical terms and can be
converted to economic or monetary accounts by determining market and non-market val ues of
natural capital and environmental services. The economic accounts for forest capital revea the
monetary value of timber and non-timber capital as well as the estimated economic value of
forest ecosystem services. For example, the Alberta GPI forest economic accounts estimate the
monetary and socio-economic values of commercia timber harvesting, trapping, and fishing, as
well as non-commercia activities such as subsistence resource use by Aboriginal cultures. These
non-market services include recreational activities (fishing, hunting, camping) and ecosystem
services (carbon sequestration, biodiversity maintenance, water and air regulation).

The monetary vauation of natural capital wesalth allows economists to explicitly compare natural
capital values with the GDP and the national income accounts. A “green GNP/GDP’ can be
estimated from the market and non-market values for al forest ecosystems capital and servicesby
adjusting conventional GDP. The GDP is adjusted by first depreciating human-made capital (e.g.,
plant and equipment), then subtracting the depreciation of natural capital, subtracting the costs of
pollution, and findly adding the net vaue of non-market services. Economists define this net

GDP as “green NNP” (Net National Product).® The Green NNP is a more comprehensive
indicator of forest sustainability because it expresses conventional forestry GDP in terms of a“net
forest sustainable income” line by adding unaccounted ecosystem service benefits and deducting
ecosystem depreciation costs. If the green NNP falls, thisindicates either that a society’ s natural
capital stock is being depleted or that sustainable income is falling. Such an indicator signals

policy makersto consider reinvestment in natural capital and ecosystem services to ensure the
sustainability of benefits for future generations.

The forest capital economic accounts can aso be useful for budget decision making. They
provide evidence of the relative “returns’ to timber and non-timber capital. For example,
indicators of returns on timber capital include the forestry GDP and forestry employment per
cubic metre of wood harvest. This indicator would show whether we are achieving higher socio-
economic returns for every tree harvested over time. Another indicator is the economic rent (price
of product sold less al costs of production) per cubic metre of wood harvested. Economic rent
provides a good estimate of the net return to the province (that is, the people of Alberta) for every
tree allocated and harvested by industry. These rents can be compared to the government
expenditures on forest management, fire management, and environmental management to
determine whether forests alocated for commercia production are providing a net socioeconomic
benefit to society.

The vauation of timber capitd is particularly useful to:

assess the total value of Alberta’' s timber capital stock;
assess the amount of economic rent generated by timber harvesting to the province versus
other economic benefits derived from forest land;
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assess how much of the economic rent generated by commercial use of the public timber
capitd is being captured by the government through stumpage fees and other taxes, and
assess Whether the current levels of investment in capital maintenance (i.e., reforestation)
are sufficient to sustain the timber capital stock.

Although calculating a green NNP (or GDP) is useful for assessing sustainability of natural
capital, accounting for sustainability in physical and qualitative termsis just as relevant and
should have equa weighting in sustainability accounting. The Alberta GPI accounts provide such
a balance between the importance of physical, qualitative and monetary vaues of al capitad.

In the U.S. GPI accounting methodology (see Appendix D), an estimate of the cost of loss of old-
growth forest is made in calculating a net sustainable economic welfare figure. The argument to
adjust personal consumption expenditures (the magor portion of GDP) for the loss of the value of
od-growth forest is made on the basis that:

Whenever forest land iscut for timber arange of ecological valuesarelost, at least until
theforest isregenerated to the same age as the stand that has been cut. Evenif successiul
forest management resultsin full restocking of the same species of timber, the original
forest ecosystem may never be renewed. Forest management that focuses primarily on
the timber capital may preclude the species complexity and thus t he ecosystem services of
theoriginal forest. If theforest iscut or regenerated improperly, or if the size of thetotal
cut is sufficient to drive unique speciesinto extinction, the damage fromroadbuilding,
cutting, and reforestation can be effectively permanent.

In theory, an account of value of forest ecosystems should account for the loss of forest
ecosystem integrity and ecological services and the cost of unsustainable forest
management practices. Conceptual ly, we focus on two distinct, though interrdated, types
of costs associated with roadbuilding and timber harvesting. Oneisresourceloss: the
reduction in the amount of timber that can be harvested in the future. The other is
ecological: the destruction in species of both plants and animals. Our analysis, however,
only focuses on the old growth forest of the Pacific Northwest thus precluding analysis of
theloss of ecological servicesthat may have been realized on vast areas of other U.S.
forest lands, most of which are now managed and thus no longer intheir original or old
growth state. We believe our estimates of the loss of forests are conservative. Future
accounts should account for the value of sustainable or unsustainable timber capital
which isunder managed conditions as well asthe economic |osses of ecological services
due to loss of forest ecosystem integrity and biodiversity.*

In the case of the Australian GPI accounts (see Appendix E for details), the value of loss of native
forestsisincluded in calculating a net sustainable economic welfare estimates.”

Wetaketheview that it isinappropriate to place economic values on loss of biodiversity
and the losses experienced by people when they see an old-growth forest destroyed.
These are ethical issuesrather than economic ones. However, since loss of old-growth
forests may represent a large impact on well-being, we have decided to include a
monetary estimate of the losses for comparison with the GDP measures of changesin
welfare. Rather than attempting to value each component of loss, a comprehensive
approach to monetary val uation can be obtained by estimates of willingnessto pay for
preservation of environmental values. (This approach is based on an anthropocentric
ethic, one that many would regard as inappropriate.)
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In constructing the Alberta GPI Income statement, we took a more conservative approach than
either the U.S. or Australian GPI accounts. The Alberta GPI net sustainable income calculation
considers the value of unsustainable use of timber capita and posits a methodological approach to
moving towards a full benefit/cost valuation of the loss of forest ecosystem services that results
from industrial development and associated forest ecosystem fragmentation. Because the latter
estimates are more complex and controversial, we chose smply to provide some discussion of
potential methodologica approaches and even preliminary estimates of the non-market values of
forest ecosystem services.

Our Alberta GPI net sustainable income estimates make two adjustments for unsustainable timber
capital consumption. First, we estimated the cost of non-timber forest values lost due to changes
(losses) in productive forest land to other land uses. These values ranged from $390,000 (1998%)
in 1962 to $23,780,000 (1998%) in 1999. Second, we estimated the cost of unsustainable timber
resource use based on the Timber Sustainability Index cal culations using opportunity cost values
associated with pulp production. These figures range from $240,000 (1998$) in 1962 to
$14,600,000 (1998%) in 1999 (see Appendix B for details).

10.1. Accounting for the Economic Sustainability of Forests

The forest industry across Canada is regarded as a significant sector of the nation’s economy.
Thisis substantiated by the revenues and jobs provided, as well as by investment and profits
gained. However, reports on the economic benefits of the forest industry often misrepresent the
net benefits because they do not account for the environmental and social costs of forestry
activities. Nor do they account for the public costs or subsidies provided to the forest industry.

Sustainability accounting, as developed by Gale et a. “attempts to capture or describe al of the
benefit and costs borne by society as a consequence of a productive activity.”®* This approach to
accounting adds in the net social and environmental benefits/costs. The same study identified the
following six areas that conventional accounting of industrial forest use excludes:

direct and indirect subsidies paid by government to forest companies (artificially low
domestic log prices, low rates of stumpage, forgone taxes through preferential tax rates,
accelerated capital depreciation and tax credits, and direct government support from a
range of federal and provincia sources);

- government support through investment;

- socia costs of forest industry dependence;

- cogts of maintaining public order;

- gppropriate reporting of employment levels, and

- costs imposed on First Nations.

In addition, they include the following environmental and natural resource management costs:

public administration cogts,
- environmenta externalities,
- environmenta restoration,;
- depreciation of natura capital;
- neglect of dternative economic uses; and
- second paychegue.

Using these findings, a World Resources Ingtitute Forest Note entitled Perverse Habits: The G8
and Subsidies that Harm Forests and Economics, estimated the provincial subsidies and public
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investments by each province' s value of shipments for 1997. B.C.’ s estimated provincia
subsidies and public investments were used to calculate other value. Forgone and incurred
expenditures by the B.C. provincia government in the forest products industry in 1997 included:

Revenues forgone due to stumpage rates and raw log export ban
Forest Renewd British Columbia (FRBC) vaue-added programs
FRBC communities programs

FRBC watershed restoration programs

Other FRBC spending

Government investment

Ministry of Employment and Investment, Natural Resources Community Fund
Public order costs

First Nations compensation costs

Public administration costs, Ministry of Forests

Public administration costs, Ministry of Environment, Lands and Parks

Thereis no current reliable estimate of what constitutes a perverse subsidy, but the report
estimates a scenario where 50 percent of the above expenditures are considered perverse. A
detailed andlysis of each expenditure is provided.

WRI used the mid-range estimate of B.C.’s estimated provincial subsidies and public
investments—$2.51-hillion—to calculate a percentage of total value of shipments (10.5 percent

of $23.8-hillion). Alberta’s annual forestry shipments are reported as $4.2-hillion (from 1996-97
Public Accounts, Government of Alberta). Therefore, estimated provinciad subsidies and public
investment amount to $441-million, assuming 10.5 percent of value of shipments. To be more
conservative, WRI also estimates at half the B.C. percentage (5.25 percent), in the case that B.C.
is unique and the level of support isonly half as much in other provinces. In this case, the
provincia estimate is $220.5-million.

The same method is used to derive an estimate of federal subsidies and public support. Forgone
and incurred expenditures by the Canadian federal government in the forest products industry in
1997 included:
- Federa Income Tax Abatement Program

Manufacturing and Processing Profits Program

Reduced Property Taxes Program

Federal Capital Cost Allowance Program (deferred taxes)

Tax credits

Federa Public Administration Costs, Industrial Forestry

All of these expenditures can be considered perverse, according to Gale et a. 1999, insofar as
they flow directly or indirectly to industry and encourage the practice of unsustainable industrial
forestry in Canada. In this case, the calculated mid-range support payment for B.C. is $421-
million, 1.8 percent of the value of shipments ($23.8-billion). In Alberta, this extrapolates to an
estimated $75.6-million if the same percentage of subsidy and federa support is assumed, and
$37.8-million if only half that percentage.

* For comparison, the Alberta Ministry of Environmental Protection expenditures were $489.8-million in
1998/99; direct forest management public expendituresin Albertawere $116.3-millionin 1997.
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In summary, the total public subsidy is an estimated $516.6-million if we assume the percentage
of subsidiesisthe samein Albertaasin B.C., or $258.3-million if public subsidies and support
are only haf thosein B.C.

Annual reports on the 1997 and 1998 economic impact of the forest industry in Alberta have
been released by the Alberta Forest Products Association (AFPA), based on independent
analysis by PriceWaterhouseCoopers. They report that AFPA member companies contributed
$207-million in capita expenditures, $2.3-billion in operating expenditures (wages, salaries, raw
materials, transportation, chemicas, energy supplies), $234-million in provincid tax revenue
(direct and indirect income tax, corporate tax, stumpage and levies), $62-million in municipa
taxes, and $278-million in federa tax paymentsin 1997.% Based on this report the total
contribution to Albertal s economy is $2.803-hillion; with the addition of the federal tax
payments, the total is $3.081-billion. In comparison, the forest industry contribution to Alberta’s
GDP was a reported $2.372-hillion in 1997.

If we subtract Alberta’' s estimated provincia support and subsidies, the provincia and municipal
revenues decline to between $75.5-million and $145-million. Federa revenues of $278-million
minus the estimated federa support and subsidies decline to between $202.4-million and
$240.2-million in revenues.

Gaeet al. (1999) aso point out that the PriceWaterhouseCoopers report on the economic
benefits of the B.C. forest industry does not take into account depletion of natural capital, thus
dramatically overstating the net benefits of the sector. They use an interest/depletion approach,
where the extent of natural capital depletion depends on the extraction ceiling selected.

Three extraction rate ceilings are presented in Accounting for the Forests.*® Thefirst isthe
minimum correction required, using an extraction rate ceiling equivaent to the Ministry of
Forests Long Term Harvest Level (LTHL). The LTHL for Timber Supply Areasin B.C. is 22
percent lower than the AAC. Gale et a.** note that at best only 78 percent of the proceeds from
industrial forestry can be deemed income and that any timber extraction above this level
involves depletion. This ceiling is based narrowly on the forest’s ability to provide timber, and
does not take into consideration ecologica values.

A second correction advocated by Gale et d. (1999) isto estimate an extraction level consi stent
with ecosystem-based planning. They cite an estimated ecol ogically-sustainable extraction level
based on plans for the Soocan Vdley, undertaken by The Silva Forest Foundation (Hammond et
al. 1996). The Slocan Ecosystem-Based Plan estimates a sustainable extraction rate less than 10
percent of the current AAC. Given the environmentally sensitive terrain in this region, this
estimate cannot be applied across the province. Thus, Gale et a. (1999) estimate that the AAC
needs to be reduced by about 70 percent to ensure that it would be sufficient to alow for
implementation of ecosystem-based planning and the adoption of ecofarestry practices.

However, a more moderate estimate of natural capita depletion rate is given as a mid-range (46
percent), thus income is an estimated 54 percent. Using these estimates, the net contribution of
the Forest Sector to Government Finances can be tabulated using the Gale et a. (1999)
methodology and estimates (Table 8).
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Table 8: Net Contribution of Alberta’s Forest Sector to Gover nment Finances when
Natural Capital Depletion, Provincial Subsidiesand Support, and Federal Subsidies
and Support Are Taken into Account, 1997

Category of
Revenue or Expense

Natural Capital
depletion at 22%
(based on MOF

Natural Capital
depletion rate at
46% (intermediate

Natural Capital depletion at
70% (based on ecosystem-
based plans)

LTHL) scenario)
Gross industry 278,000,000 278,000,000 278,000,000
contribution to federal
revenue
Less allowance for -$61,160,000 - 127,880,000 - 194,600,000

natural capital depletion

Less federal subsidies

-$37,800,000 (low-end
estimate)
-$75,600,000 (higher-
end estimate)

-$37,800,000 (low-end
estimate)
-$75,600,000 (higher-
end estimate)

-$37,800,000 (low-end estimate)
-$75,600,000 (higher-end
estimate)

Net federal contribution

179,040,000 (low)
141,240,000

112,320,000 (low)
74,520,000

45,600,000 (low)
7,800,000

Gross industry
contribution to provincial
revenue

$234,000,000

$234,000,000

$234,000,000

Less allowance for
natural capital depletion

-$51,480,000

-$107,640,000

-$163,800,000

Less provincial
subsidies

-$220,500,000 (low-end
estimate)
-$441,000,000 (higher-
end estimate)

-$220,500,000 (low-end
estimate)
-$441,000,000 (higher-
end estimate)

-$220,500,000 (low-end
estimate)

-$441,000,000 (higher-end
estimate)

10.2. Non-Timber Forest Values

Using the Green Area of Alberta and the estimated non-timber forest values identified by Haener
and Adamovicz,> we extrapolated the values of non-timber forest values for the province's
forested area. In Table 9, the total Alberta non-timber forest values are estimated at $25.31 per

hectare per year.

Table9: Alberta’sNon-Timber Forest Values

1998$ per ha land area
Commercial Use
Fishing 0.04
Trapping 0.06
Recreational Use
Hunting 0.09
Fishing 0.23
Camping 0.03
Subsistence use
Aboriginal land use 2.54
Biodiversity 8.41
maintenance
Carbon sequestration 14.36
Total 25.31

Note: Carbon sequestration value is based on the Alberta GPI Carbon account
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Using the per hectare values and the forest land area account, the change in non-timber values
was estimated between 1961 and 1999. In 1961, the non-timber forest values were an estimated
$824.8-million (1998%) and by 1999 these values had declined to $801.0-million (1998%). Figure
14 shows the change in non-timber values as well as the cumulative losses in non-timber and
timber annua values. Based on the change in forest area since 1961, an estimated $23.8-million
per year was lost in non-timber forest values, and $14.6-million in potentid pulp production.

Figure 14: Total Non-Timber Values, Lossesin Non-Timber Values, and L ossesin
Timber Production based on Pulp Production dueto Lossesin Forest Area, 1961 to
1999
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The estimates used here are quite conservative in relation to other estimates of non-timber forest
values. For example, Costanza et al. (1997)%° estimated $384.52 per hectare per year (1998$Cdn).
Using this estimate, the value of Alberta’s non-timber forest values dropped from $12.3-hillionin
1961 to $12.0-billion in 1999, aloss of $355.5-million per year as of 1999.

10.3. Total Economic Value of Timber Capital

Statistics Canada has developed Monetary Timber Asset Accounts (MTAA). The MTAA
represent the annual estimates of the value of standing timber on Canada s timber-productive,
stocked, accessible forest land base. Two methods can be used to cal culate economic rent
analysis. The first method uses a net present value (PV 1) formula assuming positive returns to
capital; the second method uses a net present value (PVI1) formula assuming zero returns to
capital. Method 2 yields higher values than method 1.

Table 10 shows that the value of Alberta s timber capita stock in 1997 (the most recent estimate)
ranged from $12,945-million (PV1) to $16,913-million (PVII). The total Canadian timber capital
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stock is valued at between $233,452-million (PV1) and $268,259-million (PV11). These monetary
value accounts are useful for expressing the current monetary values of the growing stock of
timber capital inventory on the land, if the timber were alocated to commercia use. While
interesting from the perspective of market values of timber capital, the monetary wealth accounts
tell us little about physical sustainability and carrying capacity of the forest ecosystem as awhole.

Table 10: Alberta Timber Capital Monetary Value Account

Value of Alberta’s Timber Capital Stocks
Value of Timber Stock Value of Timber Stock
(Method 1, PVI) (Method 2, PVII)

1961 14.3 92.7
1962 21.1 99.5
1963 86.2 163.7
1964 110.6 187.2
1965 116.8 192.8
1966 141.3 216.3
1967 167.6 241.4
1968 157.2 230.3
1969 162.7 235.4
1970 175.7 248.1
1971 204.8 277.0
1972 261.2 340.0
1973 363.0 462.1
1974 479.6 615.6
1975 533.8 716.4
1976 567.0 803.4
1977 577.6 869.3
1978 636.9 976.9
1979 670.0 1,055.0
1980 610.2 1,046.1
1981 497.3 986.9
1982 267.2 817.0
1983 91.8 703.2
1984 17.3 677.8
1985 - 685.3
1986 45.8 754.5
1987 528.3 1,262.1
1988 1,002.6 1,846.2
1989 858.5 1,979.4
1990 948.4 2,437.7
1991 591.7 2,477.6
1992 96.1 2,472.1
1993 - 2,844.1
1994 2,263.0 5,482.5
1995 7,024.2 10,569.1
1996 10,210.1 14,031.5
1997 12,945.1 16,913.1

Notes:
1. PVI (net present value | method) expresses values based on a present val ue cal culation that
assumes a positive return to capital (present valuel).

2. PVII (net present value Il method) expresses val ues based on a present value caculation that
assumes a zero return to capital (present valuell).

For a description of this method, see page 37 of the Concepts, Sources and Methods of the
Canadian System of Environmental Resource Accounts.

Catalogue No. 16-505-GPE, which isincluded in PDF format on the Econnections, Indicatorsand
Detailed Statistics 2000 CD-ROM.
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10.4.  Indicator 12: Forestry GDP per Cubic Metre Harvested

One measure of return on timber capital isthe ratio of the GDP of Alberta’s forest industries to
annua timber harvest volumes (Figure 15). Using Alberta economic and national accounts, we
derived aforestry GDP for Albertafrom 1971 to 1999, combining the GDP values of forestry
(logging); wood industries (lumber, panelboard and other); and pulp, paper and dlied industries.
In 1971, these three combined produced a forestry GDP of $87.0-million (current dollars) or 1.1
percent of Alberta's GDP. By 1999, Alberta’'s forestry GDP had risen to $2,179-million (current
dollars) or 1.9 percent of Alberta's GDP.

Converting these forestry GDP figures to a value per cubic metre of wood harvested shows that
despite massive investments in forest industry development over the past 30 years, the GDP per
cubic metre of wood harvested actually fell throughout the 1970s and up to 1985. In 1971, for-
estry GDP per cubic metre harvested was $91.83 (19989%), falling to alow of $55.68 in 1985. The
GDP returns increased from 1985, reaching a pesk of $110.06/cubic metrein 1995. Ironicaly,
forestry GDP per cubic metre harvested was actualy lower in 1999 at $90.05 than in 1971.

Figure 15: Alberta Forestry GDP per Cubic Metre of Wood Harvested, 1998%

$120.00

N AN
TN J N
\ 7\

60.00
$ N

$40.00

Alberta Forestry GDP 1998$ per cubic metre harvested

$20.00

Source: Alberta Public Accounts, 1999 and Alberta Forest Service

1971 1974 1977 1980 1983 1986 1989 1992 1995 1998

¥ 1998 recorded a higher GDP per cubic metre harvested, at $113.71; however, thisis artificial since LFS
harvest statisticsin 1998 exclude fire salvage volumes.
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10.5. Indicator 13: Rate of Economic Return per Cubic Metre

Harvested

Another measure of the economic return per unit of timber harvested is the economic rent.
Economic rent is the return to the owner of the resource—Albertans—from each cubic metre of
timber harvested over and above payments to industry, which harvests the timber. Not al of these
rents accrue to Albertans in the form of stumpage fees and taxes; a portion accrues to the federal
government in the form of corporate income taxes, an aspect that was analyzed by Anielski in
1991.°" The rent collected by the Alberta government has been affected by recent changesto
Alberta s stumpage system for both saw logs and pulp, a shift to a market-based rate that is more
sengitive to market prices, production costs, and returns to capital. These changes have resulted in
higher returns (i.e., alarger share of economic rent) to the Crown than in the past.

Using Statistics Canada s Monetary Timber Asset Accounts, we derived an average annua
economic rent per cubic metre of wood harvested (using method 2, PVI1). Figure 16 shows the
trendsin real (19989%) rate of economic return per cubic metre of timber harvested. According to
the Statistics Canada monetary accounts for Alberta timber capital, the rents per cubic metre
harvested remained relatively constant throughout the 1960s, 1970s and 1980s then rose in the
1990s. Average resource rents rose 260 percent, from $12.88/cubic metre in 1965 to $33.73/cubic
metre of wood harvested in 1997. This dramatic increase cannot be fully explained or reconciled
with the forestry GDP per cubic metre harvest figures, which showed stagnant returns per unit
harvested. The increasing rents may be attributed to rising forest product prices relative to flat or
declining production costs.®® A more detailed analysis of Statistics Canada’s data, including
production costs and capita costs, is recommended for future analysis.

Figure 16: Economic Return per Cubic Metre of Wood Harvested
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Source: Statistics Canada, Econnections, special monetary accounts table for Alberta timber capital, using PVII method
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10.6. Indicator 14: Forestry Jobs

We can aso express returns to timber capital in terms of forestry employment, or jobs per tree
harvested. Forestry employment (logging, wood industries, pulp and alied)® has risen steadily
since 1961 from alabour force of 4,701 to an estimated 19,209 in 1999.

However, Figure 17 tells a different story, showing employment per cubic metre of timber
harvested faling over the past 40 years while timber harvesting has increased. The volume of
trees harvested has increased 563 percent since 1961, while the number of jobs per volume of
trees harvested fell 46.8 percent over the same period. Employment per thousand cubic metres of
wood harvested was 1.40 jobs in 1961, peaking at 2.40 jobs in 1967, then dropping to its lowest
point in 1995 at 0.73 jobs. In 1999, we estimate that employment per 1000 cubic metres harvested
was 0.835 lower than in 1961, 1971, or 1981. Thisis the result of increased capital investments
and efficiency improvements. While efficiency gains should be celebrated, they have come at a
cost to human and socid capita by reducing employment in the forest.

Figure 17: Forestry Employment per Thousand Cubic Metresof Timber Harvested
versusHarvest Volume
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11. Conclusions

The GPI forestry accounts report for Alberta attempts to address the fundamental question: Are
Alberta s forests sustainable now and for the benefit of future generations—sustainable, not only
in terms of the natural capita flows of timber but aso in terms of the integrity of complex, living
systems called forests? To answer these questions, the Alberta GPI forestry capital accounts were
developed aong the lines of atraditional balance sheet, income statement and ledgers to assess
the genuine weslth, or condition of the well-being, of Alberta’ s forests. The forest accounts take a
“capital” approach to ng the sustainability of forests as renewable natural capital, including
the physical stock of forest capital and the flow of timber volume and ecosystem services from
1961 to 1999.

The forest accounts also examine the market returns on forest capita in terms of forest economic
rents generated as a result of converting timber capital into forest products for domestic
consumption and export. The monetary forest accounts thus answer the question of whether
Albertans are receiving a reasonable return on each tree harvested, in terms of stumpage and tax
revenues and in terms of jobs. The forest accounts also examine other important trends in forest
ecosystem services, particularly their role in carbon sequestration.

From the Alberta GPI forest accounts a number of indicators of forest ecosystem sustainability
can be derived. We examined 14 key indicators of forest sustainability, which revealed the
following trends between 1961 and 1999:

1. Timber Sustainability Index declined 75.5 percent.

2. Productive forest land areadeclined 2.9 percent to 17.825 million hectaresin 1999.

3. Forest age-class distribution saw a significant loss of old age classes with an estimated
42 years before al old age classes are harvested, burned or removed for oil, gas and
agricultural development.

4. Harvesting rates increased 586.1 percent by volume for an accumulated total of 351.9
million cubic metres from 1961 to 1999.

5. Forest fragmentation and cumulative impacts of forest land development:
Fragmentation increased from a mere 3.5 percent of Alberta' s forestsin 1961 to 90.7
percent by 1999.

6. Insect and disease infestation: Between 1975 and 1999 an accumulated estimate of
23.68 million hectares of productive forest were infested with insects and/or disease.

7. Fire: Anaccumulated total of 5.06 million hectares or 167.8 million cubic metres of fibre
burned (47.7 percent of timber volume harvested) on Crown forest land between 1961
and 1999.

8. Biodiversity and forest species health: Both grizzly bear and woodland caribou
populations and their effective habitat declined.

9. Reforestation: Thirty-three percent of the Crown forest land harvested since 1975 is
considered as a “reforestation liability”; that is, it remains “understocked”.

10. Watershed development” Over 50 percent of Alberta s watersheds are “developed” in
terms of industria activity and land use devel opment, according to the World Resources
Institute.

11. Carbon sequestration: Alberta sforests and peatlands have the capacity to sequester no
more than 25 percent of total carbon emissions from anthropogenic sources.

12. Real forestry GDP per cubic metre harvest: Total red (adjusted for inflation) forestry
GDP increased 330.1 percent from 1971 to 1999, however, rea forestry GDP per cubic
metre of timber harvested actualy declined by 1.94 percent from 1971 to 1999, to $90.05
(19989%) per cubic metre.
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13. Economic return (rent) per cubic metre of timber harvested increased 162 percent
from 1961 to 1997 to an estimated $33.73 (1998%) per cubic metre harvested.

14. Forestry employment per cubic metre of timber harvest declined 40.4 percent from
1.4 jobs per 1000 cubic metres harvested in 1961 to 0.83 jobs per 1,000 cubic metres
harvested in 1999.

Assessing the hedlth, integrity and sustainability of complex living systems such as forestsis no
easy accounting task. Y et, the GPI forest accounts and the 14 forest sustainability indicators
suggest that while the economic benefits in terms of Alberta s forestry GDP have increased
handsomely in 40 years there are reasons to be concerned about the long-term sustainability of
Alberta stimber supply and the condition of the forest ecosystem at current rates of industrial
development and human impacts. While threats for forest sustainability may not be immediately
apparent, the ongoing risk of fire and the cumulative impact of oil, gas and other forest land
development throughout the province do point to the potentia for risk to the long-term economic
viability (i.e., sustained timber supplies) of some forestry operations.

If sustainahility of forestsis defined by living off the interest of forest capita then, a a minimum,
sustainability of timber supplies requires arate of harvesting plus other depletions that does not
exceed the annual rate of growth of the timber capita stock. From the GPI forest accounts it
would seem that that the timber sustainability threshold was exceeded for two consecutive
years—in 1998 and 1999. Even conventiona ratios of harvest volumes to the annua alowable
cut suggest a need for prudence and frugality in managing Alberta’ s timber capital stocks.

Forests are more than simply timber fibre supply factories. They are living, dynamic systems
made up of complex interactions and interrelationships of flora and fauna whose integrity must be
accounted for within an accounting framework that mimics the forest as aliving system. The GPI
forest accounts are far from living system accounts that reflect the complex interrel ationships that
ultimately define the integrity of forests. However, the GPI forestry accounts developed for
Alberta, consistent with the structure of Statistics Canadd’ s environment and natural resource
accounts, hold considerable promise for accounting for the human pressures and demands on
forest capital and forest ecosystem services that will eventualy lead us to a greater understanding
of how to account for forest ecosystem health.
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Appendix A.  List of Alberta GPI Background Reports

A series of Alberta GPI background reports accompanies the Alberta Sustainability Trends 2000
report and this report. These documents are being released in late 2001 and early 2002 and will be
available on the Pembina Institute’ s website at www.pembina.org.

Alberta GPI Background Reports and Sustainability Indicators

GPI Background Reports

GPI Accounts Covered by Report

1. Economy, GDP, and Trade

Economic growth (GDP)
Economic diversity
Trade

2. Personal Consumption Expenditures,
Disposable Income and Savings

Disposable income
Personal expenditures
Taxes

Savings rate

3. Money, Debt, Assets and Net Worth

Household debt

4. Income Inequality, Poverty and Living Wages

Income distribution
Poverty

5. Household and Public Infrastructure

Public infrastructure
Household infrastructure

6. Employment

Weekly wage rate
Unemployment
Underemployment

7. Transportation

Transportation expenditures

8. Time Use

Paid work time
Household work
Parenting and eldercare
Free time

Volunteerism
Commuting time

9. Human Health and Wellness

Life expectancy
Premature mortality
Infant mortality
Obesity

10. Suicide

Suicide

11. Substance Abuse; Alcohol, Drugs and
Tobacco

Drug use (youth)

12. Auto Crashes and Injuries

Auto crashes

13. Family Breakdown Divorce
14. Crime Crime
15. Gambling Problem gambling

16. Democracy

Voter participation

17. Intellectual Capital and Educational
Attainment

Educational attainment

18. Energy (Oil, Gas, Coal and Renewable)

Oil and gas reserve life
Oilsands reserve life

19. Agriculture

Agricultural sustainability

20. Forests

Timber sustainability
Forest fragmentation

21. Parks and Wilderness

Parks and wilderness
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GPI Background Reports

GPI Accounts Covered by Report

22. Fish and Wildlife

Fish and wildlife

23. Wetlands and Peatlands

Wetlands
Peatlands

24. Water Resource and Quality

Water quality

25. Energy Use Intensity, Greenhouse Gas
Emissions and Air Quality

Energy use intensity
Air quality-related emissions
Greenhouse gas emissions

26. Carbon Budget

Carbon budget deficit

27. Municipal and Hazardous Waste

Hazardous waste
Landfill waste

28. Ecological Footprint

Ecological footprint
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Forestry GPI Data and Environmental Costs

Timber Sustainability
Index, the ratio of annual
increment (growth)
divided by total harvest,

Timber Sustainability
Index for GPI Wheel
uses a benchmark of a
TSI=1.10 providing 10%

Percentage of Alberta’s
forests (Boreal and
Foothill) that remain

unfragmented, based on

Fragmentation Index
where 100 represents
no fragmentation

energy and agriculture | addition room for risk, a WRI report
depletions TSl over 1.10 gets a 100
pomt Score.
1961 3.90 100.00 96.7% 96.66
1962 4.07 100.00 95.8% 95.75
1963 4.10 100.00 94.8% 94.85
1964 4,72 100.00 93.9% 93.94
1965 4.68 100.00 93.3% 93.26
1966 3.85 100.00 91.5% 91.52
1967 4.32 100.00 90.0% 90.02
1968 3.27 100.00 88.7% 88.74
1969 3.73 100.00 87.4% 87.36
1970 3.72 100.00 86.1% 86.15
1971 4.23 100.00 85.0% 84.96
1972 3.13 100.00 83.7% 83.67
1973 3.90 100.00 82.4% 82.38
1974 3.67 100.00 81.2% 81.20
1975 4.31 100.00 80.0% 79.96
1976 3.56 100.00 78.6% 78.65
1977 3.61 100.00 77.2% 77.19
1978 3.70 100.00 75.9% 75.87
1979 2.54 100.00 74.3% 74.26
1980 1.30 100.00 71.5% 71.50
1981 0.98 86.92 68.5% 68.54
1982 1.04 92.30 65.2% 65.18
1983 2.43 100.00 60.8% 60.76
1984 2.28 100.00 56.8% 56.84
1985 2.30 100.00 53.0% 52.99
1986 2.05 100.00 49.0% 48.96
1987 1.63 100.00 43.5% 43.45
1988 1.91 100.00 39.8% 39.81
1989 1.98 100.00 36.9% 36.94
1990 2.31 100.00 36.2% 36.24
1991 2.36 100.00 34.7% 34.65
1992 2.05 100.00 32.2% 32.19
1993 1.66 100.00 28.0% 27.99
1994 1.44 100.00, 24.6% 24.57
1995 0.77 70.34 22.2% 22.20
1996 1.53 93.46 20.4% 20.38
1997 1.24 93.34 17.0% 17.00
1998 0.51 33.18 14.0% 14.03
1999 0.96 78.90 10.9% 10.95
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Cost of non-timber forest| Cost of Unsustainable

values due to change in| Timber Resource Use

productive forest (loss in pulp production

(millions, 1998%) value)
(millions, 1998$)

1961 - -
1962 0.39 0.24
1963 0.78 0.48
1964 1.11 0.68
1965 1.47 0.90
1966 2.49 1.53
1967 3.38 2.08
1968 4.11 2.52
1969 4.77 2.93
1970 5.30 3.25
1971 5.82 3.57
1972 6.31 3.87
1973 6.81 4.18
1974 7.28 4.47
1975 7.75 4.75)
1976 8.26 5.07
1977 8.84 5.43
1978 9.24 5.67
1979 9.60 5.89
1980 10.78 6.61
1981 12.07 7.41
1982 13.46 8.26
1983 15.37 9.43
1984 15.08 9.25
1985 15.75 9.67
1986 15.42 9.46
1987 15.56 9.55
1988 15.93 9.78
1989 17.25 10.58
1990 16.65 10.22
1991 16.15] 9.91
1992 16.42 10.08
1993 17.62 10.81
1994 18.33 11.25
1995 18.92 11.61
1996 19.35 11.87
1997 21.02 12.90
1998 22.16 13.60
1999 23.78 14.60

The PembinaInstitute, page 67



The Alberta GPI Accounts: Forests

Appendix C.  CCFM, World Bank and OECD Forestry
Indicators

CCFM Criteria and Indicators for Sustainable Forest Management
(a sdlection of those indicators proposed, which could be shown using this account)

Biological Diversity

1.1.1 Percentage and extent, in area, of forest types relative to historical conditions and to total
forest area

1.1.2 Percentage and extent of area by forest type and age class

1.1.4 Leve of fragmentation and connectedness of forest ecosystem components

Forest Ecosystem Health, Condition and Productivity

2.1.1 Area and severity of insect and disease attack and infestation

2.1.3 Area and severity of fire damage

2.2.1 Percentage and extent of area by forest type and age class

2.2.2 Percentage of area successfully naturaly regenerated and artificially regenerated
2.3.1 Mean annual increment by forest type and age class

Conservation of Soil and Water Resour ces
3.1.2 Area of forest converted to non-forest land use
3.2.1 Percentage of forest managed primarily for soil and water protection

Forest Ecosystem Contributionsto Global Ecological Cycles
4.1.1 Tree biomass volumes

4.1.5 Soil carbon pools

4.1.6 Soil carbon pool decay rates

4.1.7 Area of forest depletion

4.1.8 Forest wood product life

4.1.9 Forest sector CO, emissions

4.2.1 Area of forest permanently converted to non-forest land use
4.2.2 Semi-permanent or temporary loss or gain of forest ecosystems
4.3.1 Foss| fuel emissions

4.3.2 Fossi| carbon products emissions

4.5.1 Surface area of water within forested areas.

Multiple Benefits to Society

Productive Capacity

5.1.1 Annua removal of forest products relative to the volume of removals determined to be
sustainable.

5.1.2 Digtribution of, and changes in, the land base available for timber production

5.1.4 Management and development expenditures

5.2.1 Net profitability (economic rents)

5.2.2 Trends in globa market share.

5.3.1 Contribution to GDP of timber and non-timber sectors of the economy

5.3.2 Tota employment in al forest-related sectors

5.3.3 Utilization of forests for non-market goods and services, including forest land use for
subsistence purposes

5.3.4 Economic value of non-market goods and services

5.4.2 Tota expenditures by individuals on activities related to non-timber use

5.4.4 Area and percentage of protected forest by degree of protection
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OCED Environmental Indicators for Forest Resources
The Organisation for Economic Co-operation and Devel opment (OECD) has proposed the
following set of short- and long-term environmental indicators for forest resources:
Productive capacity = rate of harvest versus productive capacity of the forest
Area and volume digtribution of forests
Share of disturbed/deteriorated forests in total forest area
Percentage of harvest area successfully regenerated (including natural regeneration)
Percentage of protected forest in total forest area

World Bank Ideas for Forest Sustainability Indicators
The World Bank suggests severa approaches for examining the composition, condition,
continuity, and management of forests. These include:

Forest area and supply
Standing tree volumes
Percentage change in forest cover types
Tota biomass
Harvest of old growth forest vs. new growth
Harvest vs. mean annual increment (OECD)
Comparing projected supply and demand patterns with MAL.
Productive yield relative to managed stands
Comparison of natural and managed landscapes
Representation of forest ecosystems in viable protected areas
Areas planted with indigenous species

Forest health and integrity (impact of natural and human disturbance on viability and
productlwty of forest ecosystems).
Forest condition (to determine whether secondary forests are degraded to sustain species
adapted to primary forest habitat). An indicator would be the population of top predatorsin the
ecosystems or populations of species or groups of species that influence ecosystem processes.
Leve of disturbance of remaining natural forests
Agricultural and other land use disturbance patterns
Continuity of available (non-reserved) wood supply (productive forest land base)
Carbon budgets
Watershed indicators—soil erosion, soil stabilization, turbidity and sltation of waterways
Soil nutrient status

Fragmentation (habitat continuity)
Fragmentation of the forests, including impacts of human and natural disturbance on
watersheds, forest ecosystems, wildlife habitat (to decide whether the remaining continuous
areas of forest are sufficient for species survival)
Population trends in migratory species and representative fauna
Area of forest types which support given species of wildlife
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Appendix D. U.S. GPI Methodology for Loss of Forests

The U.S. GPI estimates include an estimate of the cost of the loss of old growth forest. These and
other detailed GPI methodologica descriptions for the U.S. GPI analysis can be found in Anielski
and Rowe (1999);*® readers are referred to the work by Anielski and Rowe for details on
references cited in this appendix.

Cost of L oss of Forests

Whenever forest land is cut for timber or to build aroad, arange of ecologica valuesislog, at
least until the forest is regenerated to the same age as the stand that has been cut. Even if
successful forest management results in full restocking of the same species of timber, the origina
forest ecosystem may never be renewed. Forest management that focuses primarily on the timber
capital may preclude the species complexity and thus the ecosystem services of the origina

forest. If the forest is cut or regenerated improperly, or if the size of the total cut is sufficient to
drive unique speciesinto extinction, the damage from roadbuilding, cutting, and reforestation can
be effectively permanent.

In theory, an account of value of forest ecosystems should account for the loss of forest
ecosystem integrity and ecological services and the cost of unsustainable forest management
practices. Conceptualy, we focus on two distinct, though interrelated, types of costs associated
with roadbuilding and timber harvesting. One is resource loss. the reduction in the amount of
timber that can be harvested in the future. The other is ecological: the destruction in species of
both plants and animals. Our analysis, however, only focuses on the old growth forest of the
Pecific Northwest thus precluding analysis of the loss of ecologica services that may have been
realized on vast areas of other U.S. forest lands, most of which are now managed and thus no
longer in their original or old growth state. We believe our estimates of the loss of forests are
conservative. Future accounts should account for the value of sustainable or unsustainable timber
capital, which is under managed conditions, as well as the economic losses of ecologica services
due to loss of forest ecosystem integrity and biodiversity.

Replacing complex, old-growth forests with monoculture tree farms creates the impression that
the first cost can be easily managed. In fact, the net growing stock of softwoods in the United
States has remained approximately constant since the 1950s, and the stock of hardwoods has
increased (Powell 1988, p. 50). (Softwood volume grew from 432 hillion cubic feet in 1952 to
467 billion in 1977, then fell to 450 hillion in 1992. The net stock of hardwood has increased
sgnificantly from 1952 to 1992: from 185 billion to 336 billion cubic feet.)

Y et the forests or tree farms that have replaced old-growth forests are not biologically equivaent.
Tree farms are productive and profitable, at least for one or two rotations of the timber stock; but
they do not support the range of wildlife that can be found in old-growth forests. In addition,
commercia slviculture makes demands on soil that are not sustainable. In the Pacific Northwest,
80-year-rotation tree harvesting removes around 1,000 pounds of nitrogen per acre from the soil,
whereas old-growth forests tend to add 2,000 to 4,000 pounds of nitrogen per acre (Norse 1988).
Thus, even when the accounts show an increase in total volume of wood, the living resource is
likely to have been diminished.

Our estimate of non-market or environmental values is based largely on the changing stock of
od-growth forest. Much of the debate over the amount of remaining old-growth forest hinges on
definition. Old-growth forest in the Pacific Northwest has been defined by the U.S. Forest Service
since 1986 as stands with at least eight trees per acre over 200 years old or 32 inches in diameter,

The Pembinalnstitute, page 70



The Alberta GPI Accounts: Forests

a specific dengity of conifer snags, and two or more tree species (Old-Growth Definition Task
Group 1986, and Peter Morrison 1988). Some studies have used less redtrictive definitions based
entirely on the age of stands.

However, even the most restrictive definitions may understate the ecological 1osses from edge
effects. ten isolated 100-acre stands have far less ecological vaue than a single 1,000-acre stand.
As aresult of such factors, any numerical estimate of loss will be imprecise.

The discrepancy in the definition of old-growth forest is epitomized by the following two
examples. The U.S. Forest Service estimates that of an estimated 16.4 million acres in their
Pacific Northwest (PNW) plan area, 52 percent is estimated to be currently in a large-tree or old-
growth condition. Their plan projects an increase to 73 percent over the long-term. They aso note
that “the PNW plan anticipates that forests of young trees will continuously occupy about 20 to
40 percent of these lands. In areas of scheduled timber management, the plan would maintain
about 50 percent of the forest in alarge-tree or old-growth condition.”

A second study by Bolsinger and Waddell (1993) estimated that old-growth forestsin California,
Oregon, and Washington cover about 10.3 million acres. Estimates were obtained for Nationa
Forests, national parks, state parks, state forests, Bureau of Land Management land, U.S. Fish and
Wildlife Service land, Native American land, and private ownership. Oregon has almost half of

the old-growth acres with about five million acres in seven different ownerships. More than 80
percent of the old growth is on federal land, primarily Nationa Forests. Old growth occupied
about half of the forest area when the first comprehensive forest surveys were done in the 1930s
and 1940s. They conclude that less than 20 percent of the original forest areais now old growth.

To egtimate the cost of losing old-growth forests, we assume that the forgone benefits are directly
related to the cumulative erosion of the ecosystems composed of these forests. Although a few
secondary forests in the Northeast, Midwest, or Southeast may have been re-growing long enough
to qudify as old growth, we have assumed that the remaining old growth of consequenceislim-
ited to the Pacific Northwest. Furthermore, since most of the old-growth forest on private lands
appears to have been cut by 1950, we focus exclusively on that remaining in Nationa Forests.

From 1950 to 1997, we used rates of reduction of old-growth forests in the Pacific Northwest to
estimate the additional cumulative cost of forest decline. Thisis based on the premise that the
vaue of a diminishing resource for which thereis increasing demand (in this case ecological
amenities) increases at a growing rate as the supply declines. Each year, we added the |oss of
value to the cumulative loss up to that point because the erosion of ecological services from
cutting an old-growth forest does not occur in the initial year alone but over a period of decades.

The rate of decline in old-growth forest from 1991 to 1997 from the 2.0 million acres assumed
stock in 1990 is based on the growth rate of tota roadsin Nationa Forests at 0.878 percent per
annum. Thisisapurely arbitrary projection given that no official U.S. Forest Service statistics
exig for old-growth forests. The rate of depletion, while undoubtedly dowing, may indeed be
higher than our extrapolations suggest. This extrapolation assumes that road construction is
uniformly distributed across al Nationa Forests including old-growth forests. A more accurate
picture would require road miles estimates for the Pacific Northwest region, which contains the
mgjority of old-growth forest.

Theinitia estimated cost of the ecological services lost due to accumulated loss of old-growth
forest in 1950 is estimated at $42.6-billion (1992 dollars). We assumed that the ecological value
of the remaining old growth in Nationa Forestsin 1950 (beyond their value for timber or pulp)
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was $1,419 per acre ($1000/acre in 1982% in the 1995 GPI). We assume that their value increased
by five percent per year until only five million acres remained in 1967; by eight percent per year
from 1968 to 1979; and by 10 percent per year from 1980 until the present. This reflects the
increasing margina vaue of old-growth forest as it declines. By 1994, an acre of old-growth
forest is valued at $28,000 per acre (in 1992 dollars)—not as timber, but as a source of ecologica
and recreationa values. By 1997, the estimated cost of old-growth forest lossis estimated at
$78.2-hillion, in 1992 dollars.

In addition to the loss of old-growth forests, the existence of roads in Nationa Forests reduces the
population of sensitive species that are affected by noise and traffic, erosion and sedimentation,
and the increased presence of humans. These costs are especially pronounced during the
construction period, but they persist through the life of the road to a lesser degree.

It might be argued that roads have non-market benefits because they increase access to forests.
The evidence for thisistherise in visitor-days at various federal and state recreation areas,
including National Forests. However, there is a certain irony in defining forest roads as a benefit
in this respect. The dimination of most forestsin the vicinity of urban areas over the past two
centuries now forces urban dwellers to drive considerable distances to experience what at one
time could have been enjoyed nearby. In some sense, recreationd visits to the idands of “nature”
in the midst of human artifacts have become ancther form of defensive expenditure to counteract
the negative effects of urbanization. Thus, we have not treated those visits as a benefit.

The calculation of losses due to roads in the National Forests is based on the total stock of roads
in any given year. A mile of forest road with a 60-foot right-of -way covers approximately seven
acres of land. If the impacts such as noise, edge effects, and runoff are included, a mile of road
affects at least 500 acres of land. This provides a very rough estimate of the environmenta costs
because the damage caused by roads depends on many factors including age, location, and slope,
the quality of construction and the frequency of maintenance. Nevertheless, even the best roads
cause some continuing ecologica disruption by breaking up the landscape, raising erosion levels,
disturbing downstream fisheries, and generally increasing the level of human activity.

Estimates of total miles of forest roads are taken from the 1950, 1955, 1960, 1965, 1970, 1975,
1981, and 1992 Report of the Forest Service. Although data were available for other years, they
vary considerably, which suggests changes in sampling methods used. The method used hereisto
assume smooth growth between the Forest Service data points. For the period 1994 to 1997
statistics for the miles of roads in existence are from the Report of the Forest Service 1995, 1996,
and 1997.

We assume that the cost of damages to the forest from roads from 1950 to 1959 is $14,194 per
mile (1992 dollars), based on the 1995 GPI estimates of $10,000 per milein 1982 dollars. From
1960 to 1979, the cost per mile is assumed to decline on a straight-line basis from $14,194 to
$10,645 and to remain at $10,645 after that, in 1992 dollars. We estimate the cost of ecological
damage due to roads at $4-hillion in 1997.

The GPI estimates for the loss of old-growth forest due to resource loss and ecologica service
losses is $82.2-hillion in the year 1997, in 1992 dollars.
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Appendix E.  Australian GPlI Methodology for Loss of
Native Forests

The Austraian GPI for 2000 by Hamilton and Denniss estimated the cost of loss of native forests,
which they deduct against GDP to derive the GPI estimates. The following text outlines their
methodol ogy taken directly from Hamilton and Denniss (2000).'°* Readers are referred to the
work by Hamilton and Denniss for details on references cited in this appendix.

Costs of loss of native forests

When forests are cut the value of the timber products made from the logs is added to GDP. But
the environmental costs associated with logging are not recorded anywhere. These costs include
loss of biologica diversity, falsin aesthetic and recreationa vaues and diminution of non-use
values, which are characterised by environmental economists as existence, bequest and option
values.” To the extent that old-growth forests are able to return to their origind state, the process
may take 200 years or more. In Australia, the length and bitterness of the dispute over logging of
od-growth forests (where conservation vaues are particularly high) suggest that Australians
place a high value on these losses.

How should these losses be valued for the purposes of the GPI? We take the view that it is
inappropriate to place economic values on loss of biodiversity and the losses experienced by
people when they see an old-growth forest destroyed. These are ethical issues rather than
economic ones (Hamilton 1994). However, since loss of old-growth forests may represent alarge
impact on well-being, we have decided to include a monetary estimate of the losses for
comparison with the GDP measures of changes in welfare. Rather than attempting to value each
component of loss, a comprehensive approach to monetary valuation can be obtained by estimates
of willingness to pay for preservation of environmental values. (This approach is based on an
anthropocentric ethic, one that many would regard as inappropriate.)

In 1991, the Resource Assessment Commission carried out a study of the environmental values of
National Estate forests in Southeast NSW and East Gippsland. These forests cover an area of 130
000 hectares and had been declared by the Australian Heritage Commission to be of high
conservation value. A contingent valuation survey reveaed that adult residents of NSW and
Victoriawere willing to pay $22 per annum to preserve these forests (RAC 1992: U15).* This
trandates into a total valuation for these forests of $156 million, or $1700/ha/annum, by the
residents of the states in which the forests are located. Loss of old-growth forestsis aso felt by
residents in other states, as campaigns over logging in Tasmania and the Queensland wet tropics
illustrate. We might then scale up this amount by, say, 100 percent. On the other hand, these
National Estate forests are of particularly high value, so a conservative approach may be to have
this estimate of the environmental values of a hectare of old growth. Thus we estimate that the
logging of each hectare of old-growth forest resultsin aloss of environmental values of $1700

per annum. Since the losses are effectively irreversible, the value of each hectare lost needs to be
capitalised. At a 5% discount rate, the present value of the environmental losses from each
hectare logged is $34 000.

% In addition, where it occurs, overcutting diminishes the productivity of the forests and reduces the future
timber values of the forest. The ability of the foreststo renew their timber valuesis damaged. Thisfactor is
not included in the analysis.

#Thisfigureis amedian willingness to pay rather than amean. The mean is not reported.
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Remarkably, data on areas of old-growth forest logged over the study period, or indeed for any
year, are not available. We have therefore been forced to make some rough estimates. The area of
native forest available for logging in 1990 was around 22 million hectares (ABS 1995: Table 4.3).
However, not all of this areais suitable for logging, so we estimate that only 15 million hectares
are available in practice. If these forests are managed on a 100-year rotation,” this meansthat 150
000 hectares are logged each year. We assume that when logging of native forests reached its
peak in the late 1980s this was the area logged. For other years we are forced to make a rough
estimate using data on timber volumes extracted from native forests as reported in DEST (1996b:
6-41). The estimated cost of environmental damage due to logging of old-growth forests for the
year 2000 is $5.7 billion (in 1989-90 prices). As aresult of the uncertaintiesin estimating both

the areas logged and the environmenta values lost due to logging, the estimates of the costs of
logging native forests should be viewed as only very rough approximations.

b0 See Streeting and Hamilton (1991).
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