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About the Pembina Institute

The Pembina Indtitute 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 Institute’'s main office isin Drayton Valley,
Alberta with additional officesin Cagary and Ottawa, and research associates in Edmonton,
Toronto, Saskatoon, Vancouver and other locations across Canada. The Institute’'s mission isto
implement holistic and practica 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 wedth of the household. By developing new tools
for measuring the true wealth or well-being of nations, we can help guide Canadians ad
Albertans to a sustainable future.

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

The Pembina Ingtitute
Box 7558
Drayton Vdley, AB T7A 1S7
tel: 780-542-6272 fax: 780-542-6464
e-mall: info@pembina.org

About this Report

Thisis one of 28 reports that provide the background for the Genuine Progress Indicators (GPI)
System of Sustainable Well-being Accounts. It explains how we derived the air quality index that
was earlier published in “ Sustainability Trends 2000: The Genuine Progress Statement for
Alberta, 1961 to 1999.” The research for this report was completed near the end of 2000. The
appendices provide further background and explanation of our methodology; additiond details
can be obtained by contacting the authors. Appendix A includes aligt of al GPI background
reports.

This report examines the emissions and/or ambient concentrations of particulate matter, nitrogen
oxides, volatile organic compounds, sulphur dioxide and the levels of ground level ozonein
Alberta cities. It answers the questions:

1. How doesair quality in Alberta compare with national levels and guidelines?
2. Isar qudity in Albertaimproving?
3. What istheimpact of air quaity on health?
4. Doesair qudity affect agricultural production?
Copyright © 2002 The Pembina Indtitute ISBN 0-921719-78-7
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1 Executive Summary

Our current system of accounting—the Gross Domestic Product—does not recognize the
degradation of airsheds from pollution and release of greenhouses gases as a cost. Rather, GDP
and national accounts treat every increase in pollutants emitted and the costs of cleaning them up
as a gross benefit to economic growth. For example, the more gasoline that is consumed in
commuting, the more jet fuel that is burned in flight, and the more sulphur dioxide, carbon
dioxide, and particulate matter that are emitted from industrial production and refining of oil and
gas, the more the GDP rises. This seems counter-intuitive and even violates basic accounting
principles by ignoring the depreciation of living, natural capital as a genuine reduction in the

well-being of current and future generations.

In contrast to the GDP, the GPI takes into account the changes in the condition and the full costs
of degrading natural capital and environmental services such asair and other resources. By
treating natural capital like manufactured capital assets, GPI accounts would regard the costs
associated with air pollution as a net deduction against GDP, thus providing a more genuine
measure of economic welfare. The Alberta GPI accounts related to air account for energy use
intensity, greenhouse gas emissions and air quality. They consider the trends in physical

condition over time and aso estimate the full economic costs associated with air pollution and
greenhouse gas emissions. The following sections summarize the findings of our GPI study for
Alberta with respect to energy use intensity, greenhouse gas emissions and air quality.

1.1 Energy Use Intensity

There are two types of reporting on energy use—primary energy use and secondary energy use.
Primary energy use includes energy used by final consumers (secondary energy use),

intermediate uses of energy, energy to
convert one form of energy to another (e.g.,
codl to eectricity), and energy used by
suppliersin providing energy to the market
(e.g., pipeline fuel). Secondary energy use
isthe portion of primary energy consumed
by end usersin resdential, commercid,
industria, and agricultural sectors. Our
study shows that between 1961 and 1999,
Alberta’s energy use increased by an
estimated 395 percent, from 451 petgjoules
(PJ) in 1961 to 2,234 PJin 1999. On a per
capitabasis, primary energy use intensity
increased 123 percent, from 338 giggoules
(GJ) per Albertan in 1961 to 753 GJin
1999. Secondary energy useisahelpful
measure of the final consumption or end
use of energy, leaving out the energy used
to extract sources of energy, transform
energy from one form to another, and
transport energy to final consumers.

Secondary energy use in Alberta (based on

Noteworthy

- Alberta’s peak total primary energy use (2,234 PJ) and peak

primary energy use per person (753 GJ) occurred in 1999.

- The amount of energy used in relation to economic output

(i.e., GDP) was fairly steady between 1961 and 1984,
averaging 19,950 GJ per million dollars of GDP. Since then, a
slightly higher energy use per dollar of GDP has ensued, for
an average of 21,960 GJ/million$GDP.

- Total secondary energy use increased 20.8%, or 228.7 PJ

between 1990 and 1998. During this time, the industrial sector
secondary energy use increased by 31%, transportation by
18%, agriculture by 11%, the commercial sector by 1%, and
the residential sector by 13%.

- Alberta’s secondary energy use increased by 6% from 432 GJ

per person in 1990 to 457 GJ per person in 1998. Industrial
secondary energy use per person increased 14% and
transportation increased 4%, whereas secondary energy use
in the agriculture sector decreased 3% per person, the
commercial sector decreased by 12%, and residential
decreased by 1% per person.

- Statistics Canada data on primary energy use are only

available for 1978 to 1999. To complete our GPI time series
from 1961 to 1999, we estimated primary energy use between
1961 and 1978 on the basis of the annual percentage change
in Alberta’s gross domestic product.

Natural Resources Canada data from 1990 to 1998) increased by 20.8 percent, from 1,100 PJin
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1990 to 1,329 PJin 1998; it increased 5.9 percent per Albertan over the same period. The greatest
increase was in the industrial sector, followed by the transportation sector; secondary energy use
per Albertan decreased in the agricultural, commercia and residential sectors.

Alberta’s Primary Energy Use per Capita and per Million Dollars of Gross
Domestic Product (GDP), 1961 to 1999
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Source: Primary energy demand data (19781999) from Statistics Canada; Percentage change fer annum in Alberta's
GDP is used to estimate Energy Use 1961 to 1977; Calculations by authors; Gigajoule (GJ)= 10 joules

Energy use in Canada and Albertais increasing steadily, particularly by industrial and
transportation sources. If no significant changes occur in the patterns of energy production and
use, Alberta stotal greenhouse gas emissions will be 40.4 percent higher by 2010. Our current
energy resources are mainly from non-renewable sources, for which several sources are being
depleted (see GPI Report #18, Energy). About 2.5 percent of Alberta senergy isfrom low-impact
renewable sources, and another 9.5 percent is from large-scale hydro. However, recent estimates
suggest that, in general, low impact renewable energy capacity (i.e., wind, micro-hydro and solar)
could be increased to 30 percent of current total energy production, and if we include biomass
and large-scae hydro sources, it could be increased to 100 percent. A shift to more renewable
energy sources would diversify Alberta s energy economy and reduce the future financia
liabilities associated with greenhouse gas emissions.

The continuing increase in fossi| fuel burning has been linked to increasing temperatures and is
projected to cause radical global climate changes over the next decade, according to the
Intergovernmental Panel on Climate Change. More fossil fuel burning also results in more air
pollution and associated health problems and costs.

Because primary energy use is a more comprehensive measure of energy use intensity, we used it
to construct the GPI energy use intensity index. The index is based on the primary energy use per
Albertan from 1961 to 1999. The index uses 1962, the best year in terms of the lowest primary
energy use per capita (328.7 GJ per person), as the benchmark. Therefore, 1962 is 100 on the
index, and the other years are rated on the index scale of zero to 100 in relation to this benchmark
year. Theindex declined from a high in 1962 (100 on the index), to 43.6 in 1999.
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Alberta’s Secondary Energy Use per Person, by Sector, 1990 to 1998
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On ascae of 0to 100, where 100 is the year in which primary energy use intensity per Albertan
was lowest, the status of primary energy use intensity ranked 43.6 in 1999 compared to 100 in
1962.

Alberta’s Primary Energy Use Intensity Index, 1961 to 1999
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1.2 Greenhouse Gas Emissions

Canadais the world' s second largest consumer of fossil fuels on a per capita basis. Despite a
national commitment to decrease our

emissionsto six percent below 1990 levels by

Noteworthy
2008 to 2012, Canada s greenhouse gas

Alberta’s total primary energy use increased by 108%

(GHG) emissions increased by 13 percent between 1978 and 1999.

between 1990 and 1998, and were projected . Greenhouse gas emissions from secondary energy use

to have increased 15 percent by 2000. Our [P;:reased by 16% betweten 197920tand 199f8. bon dioxid
P . - e average car generates 4.72 tonnes of carbon dioxide

emlssons aeproj ected to be 41 percent per year, based on a total distance of 20,000 km traveled

h|gher by 2020. Based on the prgections of per year at a fuel consumption rate of 10 km/L.

the nationd GHG inventory, Alberta's - The benefits of greenhouse gas (GHG) emission reductions

emissions were expected to increase 23.5 include reductions in other air pollutants. Improved energy

efficiency reduces greenhouse gas emissions and produces
financial savings and new jobs.

percent between 1990 and 2000; by 2010,

emissions are expected to be 40.4 percent . Canadian Solutions - Practical and Affordable Steps to Fight
higher than in 1990. As shown in the figure Climate Change (Pembina Institute and David Suzuki
bdow. the |arge$ proportion of emissionsin Foundation, 1998) provides a detailed implementation plan

T . to meet Canada’s Kyoto target, focusing on improving
Albertain 1997 came from the mdugry . energy efficiency and conservation; shifting from high
sector (43.5 percent), followed by electricity carbon fossil fuels such as coal, to less carbon-intensive
(25 percent), and transportation (13.8 _fossil fu_els a;]s a transfition to rﬁrewable energy; and - wind

increasing the use of renewable energy sources such wind,

percent). Between 1990 and 1997, the largest solar. and biomase eneray. o

percentage increase in emissions was in the
transportation sector (26.5 percent), followed

by a 25.4 percent increase in electricity generation (mostly coa-fired) emissions, and a 24.4
percent increase in industrial emissions. Residential emissions increased 11 percent. Using
Statistics Canada data of Alberta's primary energy demand and energy-to-emissions conversion
factors, we estimated the change in greenhouse gas emissions from 1990 back to 1961. This
estimate indicates that 29.5 megatonnes of GHGs were emitted in 1961. GHG emissions per
Albertan increased three-fold, from 22 tonnes per capitain 1961 to 68.7 tonnes by 1999.

Alberta’s Greenhouse Gas Emissions by Sector, 1990 to 1997
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As Alberta expands its extraction of natural gas and its oilsands production, its global carbon
footprint will also grow. The continuing increase in burning of fossil fuels will generaly dso
increase air pollution (to a greater or lesser degree, depending on fuel efficiency and technology)
as well as associated health problems and costs. Air pollution reduction is connected to
greenhouse gas mitigation efforts because areduction in fossil fuel use leads to decreased
emissions of sulphur dioxide, particulate matter, nitrogen oxides, heavy metals (mercury, lead,
cadmium), volatile organic compounds, and the formation of ground level ozone. One study
found that six selected measures that would reduce GHG emissions by nine percent from
projected levelsin 2010 would also produce co-benefits worth an estimated $1.2-billion (1998%)
in the year of implementation (at $18/tonne of CO,).

The total cost of Alberta' s GHG emissions due to health and environmental impacts of air
pollutants associated with each unit of greenhouse gas emitted is reported in the GPI air quality
section ($531.5-million in 1961 and $3.7-hillion in 1999, in 1998%). In addition, the direct public
hedlth, socia and environmental costs of the impacts of climate change, such as sealevel change
or increased temperatures, have been estimated to range from $5 to $50 or more per tonne of
CO,. Based on a conservative cost of $20 per tonne of CO, emitted, we estimate the cost of
Alberta' s greenhouse gas emissions rose from $590.5-million (1998$) in 1961 to $4.1-hillion
(1998%) in 1999. The $4.1-hillion cost is equal to 3.7 percent of Alberta’s 1999 GDP. On ascale
of 0 to 100, the level of greenhouse gas emissions in 1999 ranked at 35.2.

Estimated Direct Global Warming Costsand Air Pollution Costs of Alberta’s
Greenhouse Gas Emissions, 1961 to 1999

$4,500

$4,000 o == $20/ tonne of COg; Direct cost of global
warming

$3,500 A

——$18/tonne of CO; Cost of air pollution
associated with each tonne of GHG
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$2,500 A
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$2,000 A

$1,500 A

$1,000 A

$500

1961 1966 1971 1976 1981 1986 1991 1996

Sources: 1997 GHG Inventory; Caton, R., and Constable, S. 2000. Clearing the Air: A preliminary
analysis of air quality co-benefits from reduced greenhouse has emissions in Canada. David Suzuki
Foundation. Vancouver, B.C.
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The greenhouse gas emissions index is based on the amount of greenhouse gases per Albertan
derived from GHG emissions estimated prior to 1990 using percentage change per year in
Alberta s primary energy demand. The index declined from 97.2 in 1961 to 31 in 1999.

Alberta’s Greenhouse Gas (GHG) Emissions Index based on GHG per capita, 1961

to 1999
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1.3 Air Quality
Across Canada, there was an overall
|mprovement Inar qudlty In mgor cities Noteworthy

during the 1980s. However, these significant
improvements have waned recently because of
increasing numbers of automobiles and a trend
toward larger, less fue-efficient vehicles. The
number of registered vehiclesin Alberta has
increased by 318 percent since 1961. In
Alberta, air pollutant emissions did decline
between 1971 and 1982. Emissions increased
through the 1980s, but have stabilized
throughout the 1990s. According to the
Nationa Air Issues Coordinating Committee,
emissions are forecast to maintain their higher
level through the next decade. However, the
annua mean of coarse and fine particulate
matter has decreased in Alberta’ s mgjor cities,
contributing to improved ambient air quaity in

urban areas. The latest year reported—1998—

Alberta emitted about one-quarter of the total national
emissions of three major air pollutants in 1995, according to
Environment Canada.

At the ground level, ozone is created by chemical reactions
in the air between volatile organic compounds (VOCs),
nitrogen oxides (NOx), and sunlight. High ozone
concentrations tend to occur under conditions of bright
sunlight, high temperature and a stationary air mass.

Just a few hours of exposure to high ozone levels can irritate
the eyes, nose and throat, and cause respiratory problems.
Exposure also makes people with asthma more vulnerable
to common allergens, and increases the number of
emergency hospital visits and the number of hospital
admissions for respiratory complaints.

Nitrogen oxides (NOx) are by-products of the burning of
fossil fuels (e.qg., gasoline, diesel fuel, natural gas, oil and
coal).

In Alberta, about 43% of NOx emissions are produced by
transportation, 37% by industry (primarily oil and gas), and
18% by power plants.
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was an exception, showing a dramatic increase
in the annual mean and jumping above the
national urban average. Canada has established
amaximum acceptable guiddine for ozone of
82 parts per hillion over a one-hour period, one
of the dtrictest guidelines in the world. The
annual number of days that ground level ozone
exceeds this objective in Edmonton and
Calgary isrelatively low compared to other
parts of Canada, and the number has decreased
since the 1980s.

Noteworthy

Overall, VOC emissions in Alberta were fairly stable
between 1990 and 2000, but are forecast to increase to
755 kilotonnes by 2010.

Urban ambient air concentrations of VOCs have
improved in Calgary since 1990 due to stricter emission
controls on vehicles.

Sulphur dioxide (SOz) contributes to secondary fine
particulates (PMa.s).

The main sources of SO, are petroleum refineries, pulp
and paper mills, electrical generating plants, smelting in
metal refineries, and the burning of coal and heavy oil.
SO emissions in Alberta have declined since the
1970s.

As the main recording stations are in urban areas, there
is no continuous record for ambient air quality in rural
Alberta.

Per centage of Increased Risk of Death for Edmonton and Calgary Attributableto
City-specific Changein Air Pollution Concentrations, Examined Smultaneoudy by

Citty, 1980 to 1991

12

10 1 B Calgary

OEdmonton

ENational Urban Average

9.7

Percentage increased risk of death

Carbon monoxide Nitrogen dioxide

Sulphur dioxide

Ozone All

Source: Data from, Burnett, R.T., Cakmak,S., and Brook, J.R. 1998. The effect of the urban ambient air
pollution mix on daily mortality rates in 11 Canadian cities. Canadian Journal of Public Health. 89: 152-156.

Secondary particulates are formed when acidic air emissions, such as oxides of sulphur and
nitrogen, and volatile organic compounds (VOCs) are transformed into nitrates, sulphates and
organic aerosols. Both ozone and particul ates affect the respiratory system and decrease lung
function, leading to increased mortality from respiratory and cardiovascular disease. According to
Environment Canada, scientists believe there is no safe level of exposure to PMy, (particulate
matter less than 10 micronsin size). Even relatively low levels can lead to premature desths and

have been linked to arange of other health ailments.
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In generd, levels of fine particulate matter (less than 2.5 microns) recorded in the citiesin Alberta
are below the proposed national standards (15-25 micrograms/nT). The annual mean
concentrations of coarse particulates (PM,,) in Edmonton and Calgary have generaly been on par
with the national urban mean concentrations, although most recently, levels have increased above
the national urban mean. The annual peak concentration of coarse particulate matter was
periodically higher than the urban national average between 1985 and 1996. An index for
particulate matter in Alberta s two mgjor cities based on PM,s and PM,, using the best year
benchmark, resulted in a score of 51.5 in 1985 and 60.3 in 1999.

A recent study in the Canadian Journal of Public Health found that even in Cagary and
Edmonton there was an increase in premature mortality due to ambient air pollution. This study
attributed about 8 percent of non-traumatic deathsin 11 Canadian cities between 1980 and 1991
to the concentrations of ambient gaseous air pollutants. The percentage increase in risk of
premature mortality due to the change in ambient air pollutants in Edmonton was 3.6 percent, low
relative to the national urban average (7.56 percent). Calgary’s overall percentage increase in risk
of premature mortality was 9.7 percent, 2.14 percent above the national urban average. Most of
the increased risk (7.7 percent) was aresult of the change in ambient measurements of nitrogen
dioxide.

The hedth and environmental costs of air pollutants (calculated per tonne of greenhouse gas
emissions) were an estimated $3.7-hillion ($18/tonne of CO, emitted) (1998%), equa to 3.4
percent of Alberta’s 1999 GDP. On a scale of 0 to 100, where 100 is best, the status of air quality
ranks 80.3 in 1999.

Air Quality Index: Where are we today?
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2 Energy Use and Greenhouse Gas Emissions

“On a per capita basis, Canada is the second largest consumer of energy in the
world and the second largest producer of greenhouse gases. With a population of
lessthan 30 million, we use as much energy asthe entire continent of Africa, home
to 700 million people, and contribute 2 per cent of overall global emissions.”*

2.1 Greenhouse Gas Emissions

Alberta s greenhouse gas (GHG) emissions grew 21 percent between 1990 and 1997. Based on
the national GHG inventory, Alberta’ s emissions were projected to grow 22.7 percent between
1990 and 1999, and to increase by 40.4 percent by 2010. Alberta' s total GHG emissions were 166
megatonnes” in 1990, rising to 201 megatonnes in 1997, and they are predicted to increase to 233
megatonnes by 2010 (see Figure 1). National projections indicate that they will continue to
increase over the next decade.

Figure1l: Alberta’'s CO, and Greenhouse Gas Emissions, 1990 to 1998, with
Projections of Greenhouse Gas Emissionsto 2010

250

€ 200 1

g

[

2

=]

o

()

O | -

8 150 e

) --

©

o

©

%]

>

o

£ 100 1

8

c Total

c

o

s

X ]
%0 - = -Co:
O 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

1985 1990 1995 2000 2005 2010

Source: Total GHG Emissions from 1997 GHG Inventory with inventory projections from 1998 to 2010

The largest proportion of emissions is from the industry sector in Alberta, followed by dectricity,
transportation, and other sectors. The industry sector’s emissions increased the most between
1990 and 1997 (by 17.1 megatonnes), likely because of the large energy industry in the province.

& A megatonne (Mt) is one million tonnes.
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Figure2: Alberta’s Greenhouse Gas Emissions by Sector, 1990 to 1997
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2.2 Alberta’s Historical Greenhouse Gas Emissions Estimated by
Primary Energy Demand

2.2.1 Primary Energy Use

Provincid tota GHG emissions are only available for 1990 to 1997, however, we can use

Alberta' s energy demand trend to indicate the trend in GHG emissions. Primary energy demand
represents the total requirements for all uses of energy.” Alberta’s total primary energy demand
increased by 108 percent between 1978 and 1999, from 1,076 petajoules (PJ)° in 1978 to 2,234 PJ
in 1999 (Figure 3). Using the percentage change per annum in Alberta’s GDP, primary energy
demand was extrapolated back from 1978 to 1961. Thus, our estimates show an increase of 395
percent between 1961, when the estimated energy demand was 451 PJ, and 1999 when the energy
demand was 2,234 PJ.

® |ncluding energy used by the final consumer (secondary energy use), non-energy uses, intermediate uses
of energy, energy in transforming one energy form to another (e.g., coal to electricity), and energy used by
suppliersin providing energy to the market (e.g., pipeline fuel).

° A petgjouleis 10™° joules; agigajouleis 10° joules.
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Figure 3: Alberta’s Total Primary Energy Demand, 1961 to 1999
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Using the estimated primary energy demand figures and greenhouse gas emission factors, an
estimated trend in GHG emissions was calculated (Figure 4). Although these calculations do not
represent afull GHG inventory, they do provide a representation of the historical trendsin
Alberta’s energy demand and GHG emissions. According to the estimates, since 1961, GHG
emissions had increased by 462 percent by 1990 (from 29.53 Mt to 166 Mt), and by 590 percent
by 1999 (from 29.53 Mt to 203.67 Mt).

Figure4: Alberta’ s Estimated Greenhouse Gas Emissions based on Alberta’s
Primary Domestic Energy Demand, using Emission Factors
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Note: Primary Energy Demand data from Statistics Canada CANSIM - Matrix 7996 AND 7997 (1978 to 1999). Primary

energy demand prior to 1978 is estimated using percentage change per annum in Alberta's GDP. Calculations are by
authors using emission factors from Canada's E missions Outlook: An update, December 1999.
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Canada' s GHG emissions increased by 13 percent between 1990 and 1998, and were projected to
have increased 15 percent by 2000. If significant changes in government policies on energy
production and use do not occur, our emissions are projected to be 41 percent higher by 2020.

2.3 Energy Use Intensity

Between 1978 and 1999, primary energy demand per capita rose from 532.3 giggjoules (GJ) to
753.6 GJ per person in Alberta, an increase of 42 percent (Figure 5). The peak primary energy
demand occurred in 1999 (753.6 GJ per capita). However, because primary energy demand
includes energy used in transforming one form of energy to another, a portion of the growth in
energy demand is due to the increase in Alberta’s energy industries. As aresult, the primary
energy demand is not based solely on the energy demand of Albertans, as it includes energy
produced for consumption elsewhere.

The primary energy demand per dollar of gross domestic product (GDP) did not increase as
much. Between 1978 and 1999 there was a 0.5 percent increase in primary energy demand per
dollar of GDP (20,260 GJ per dollar GDP in 1978, and 20,364 GJ per dollar GDP in 1999). This
trend represents the amount of primary energy demand generated per unit of Alberta' s economic
activities. Therefore, in Albertain 1999, about 104 more giggjoules of energy were used per
dollar of economic activity than in 1978. Based on peak energy demand per dollar of GDP, which
occurred in 1991 (22,867 GJ per $ GDP), there has been a 10.9 percent decrease in the energy
demanded per unit of economic activity.

Figure5: Alberta’s Total Primary Energy Demand per Capita and per Dollar of
Gross Domestic Product (GDP), 1961 to 1999
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Secondary energy use is the energy used by final consumers for residential, agriculture,
commercial, industrial and trangportation purposes. The Office of Energy Efficiency in Natural
Resources Canada compiles secondary energy use data from Statistics Canada and converts the
data to greenhouse gas emissions. In Figure 6, Alberta’s secondary energy is shown as atota and
by sector. Total secondary energy use increased 20.8 percent, or by 228.7 petajoules between
1990 and 1998. During this time period, the industrial sector secondary energy use increased by
31 percent, transportation by 18 percent, agriculture by 11 percent, the commercia sector by 1
percent, and the residentia sector by 13 percent.

Figure 6: Alberta’s Secondary Energy Use, 1990 to 1998
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Albertd s secondary energy use increased by six percent from 432 GJ per person in 1990 to 457
GJ per person in 1998. Industrial secondary energy use per person increased 14 percent and
transportation increased 4 percent, whereas secondary energy use in the agriculture sector
decreased by 3 percent per person, the commercial sector decreased by 12 percent, and residential
energy use decreased by 1 percent per person (Figure 7).
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Figure7: Alberta’s Secondary Energy Use Per Capita, 1990 to 1998
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2.4 The Costs of Greenhouse Gas Emissions and the Benefits of
Reductions

Canadais the second largest global consumer of fossil fuels on a per capita basis. Despite
nationa commitments made in 1997 in Kyoto to decrease our emissions below 1990
levels, Canada s greenhouse gas emissions have increased by 13 percent since 1990; if no
significant changes occur in our patterns of energy production and use, our emissions will
be 36 percent higher by 2020. The continuing increase in fossil fud burning will aso
increase air pollution and associated health problems and costs.

It is evident from studies examined ... that climate change has the potential to
seriously degrade the health and well-being of people around theworld. Infact, the
scope of expected health effects could go beyond anything previously faced in the
history of humanity. By reducing the rate of fossil fuel combustion we can counter
global warming and prevent many of these effects. In addition ... we canimprovethe
health and well being of tens of thousands of Canadians.’

Air pollution reduction is connected to greenhouse gas mitigation efforts because a
reduction in fossil fuel use decreases emissions of sulphur dioxide (SO.), particulates,
oxides of nitrogen (NO,), volatile organic compounds (VOCs), other air toxics, and ozone
as well as greenhouse gases. In 1995, Canada’ s Climate Action Network estimated that a
147-megatonne reduction of CO, emissions would also see SO, emissions reduced by 376
kilotonnes (24 percent), VOCs by 135 kilotonnes (13 percent), and NO, by 281 kilotonnes
(16 percent). The amount of fine particulates (PM,5s) would be reduced because each of
these pollutants contributes to their formation in the air.*
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The co-benefits of reducing GHG emissions include:

reductionsin other air pollutants and secondary pollutants that will result in less smog
(thus avoiding health, crop and forest damage), less acid rain that causes ecosystem
damage, improved visihility, and less damage to buildings;

reductions in cases of respiratory diseases and premature deaths due to air pollution;
avoided flooding and other damages, and

improved energy efficiency resulting in job creation and new energy efficiency
industries.”

The David Suzuki Foundation and the Pembina Ingtitute created a plan to bridge the gap
between current GHG emissions and our Kyoto targets.® Canadian Solutions - Meeting our
Kyoto Commitment: Climate Action Basics for Canada lays out a detailed implementation
plan to meet national targets, focusing on three main types of action: 1) improving energy
efficiency, including conservation, to reduce fossil fuel usage; 2) shifting from high carbon
fossl fuels such as cod, to less carbon-intensive fossil fuels as atrangition; and 3)
increasing the use of renewable energy sources such wind, solar, and biomass energy.
These reductions not only will result in avoiding the damage costs of the predicted changes
in climate, they will also provide benefits such as fewer premature deaths associated with
poor air quality and a decrease in respiratory diseases. Increased energy efficiency will
lower energy costs for consumers and businesses.

Recent studies in the U.S. and Canada have considered the damages avoided on a global scale and
the human health benefits that can be realized by cutting our GHG emissions. A 1997 study
estimated that the monetized co-benefit of air pollution associated with GHG reductions ranges
from $10 to $32 per tonne of CO,.” As aresult, studies have concluded that the implementation
costs of thegrequi rements of the U.S. Clean Air Act are greatly exceeded by the benefits that will
be redlized.

A Canadian study by Caton and Constable® found that six selected measures that would reduce
GHG emissions by nine percent of the projected national emissions (or 36 percent of the
estimated reduction necessary to meet Canada' s Kyoto commitment in 2010), would result in co-
benefits worth an estimated $1.2-billion in that year (at $18/tonne of CO,). In 1996, Alberta's
GHG emissions were approximately 30 percent of Canada’ s total emissions. Thus, an estimated
$360-million per year in benefits could be redlized by Alberta, not including the estimated hedlth,
socia, and environmental value of the avoided impacts of globa warming such as sealevel
rises—which is an additiona cost estimated to range from $10 to $25 per tonne of CO..

If there is no mitigation then these avoided costs and co-benefits will not be realized and can be
interpreted as the costs of Alberta's GHG emissions. The total cost of Alberta’s GHG emissions
due to the hedlth and environmental costs of the air pollutants associated with each unit of
greenhouse gas emitted were an estimated $531.5-million in 1961, and $3.7-hillion in 1999
($18/tonne of CO, 19989$). In addition, the direct public hedth, socia and environmental costs of
the impact of climate change, such as sealevel change or increased temperatures have been
estimated to range from $5 to $50 or more per tonne of CO,. Based on a conservative cost of $20
per tonne of CO, emitted, we estimate the cost of Alberta s greenhouse gas emissions rose from
$590.5-million (1998%) in 1961 to $4.1-billion (1998$) in 1999 (see Figure 8). In totdl, the cost of
Alberta s 1999 emissions was conservatively estimated at $7.74-hillion.
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Figure 8: Direct Global Warming Costs And Air Pollution Costs of Alberta’s
Greenhouse Gas Emissions, 1961 to 1999
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2.5 Greenhouse Gas Emissions Index

The greenhouse gas emissions index is based on greenhouse gases per Albertan, derived from
GHG emissions estimated prior to 1990 using percentage change per year in Alberta’s primary
energy demand. The index declined from 97.2 in 1961 to 31 in 1999 (see Figure 9).

Figure9: Alberta’s Greenhouse Gas Emissions Index Based on Greenhouse Gas
Emissions per Capita, 1961 to 1999

30 + T ~—1 30

100 7 100 Less GHG

Emissions

A

90 T T 90
80 T T 80

o
o
o 0T T+ 70 ¥
S g
7 h
S 60 T T 60 &
< E
3 2
E 50+ +50 &
e X
2
s 40 T T 40 o
S 5
= B4
: N
Q £
O] w

20 T + 20

—— Economic growth
10 T T 10
= GHG emissions

More GHG
Emissions

1961 1966 1971 1976 1981 1986 1991 1996

The PembinaInstitute, page 17



The Alberta GPI Accounts: Energy Use Intensity, Greenhouse Gas Emissionsand Air Quality

2.6 Energy Use Intensity Index

Because primary energy use is a more comprehensive measure of energy use intensity, we used it
to congtruct the GPI energy use intensity index. The index is based on the primary energy use per
Albertan from 1961 to 1999. The index uses 1962, the best year in terms of the least primary
energy use per capita (328.7 GJ per person), as the benchmark. Therefore, 1962 is 100 on the
index, and the other years are rated on the index scale of zero to 100, in relation to this
benchmark year. The index declined from a high of 100 in 1962 to 43.6 in 1999 (see Figure 10).

Figure 10: Alberta’s Primary Energy Use Intensity Index, 1961 to 1999
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3 Air Quality

Across Canada, overall air quaity improved in major cities during the 1980s. Between 1974 and
1992, annua means decreased for each mgjor individua air Pollutant: suspended particulates’ by
54 percent, sulphur dioxide® by 61 percent, carbon monoxide' by 70 percent, and nitrogen
dioxide® by 38 percent.’® However, these significant improvements have waned over the past
decade because of increasing numbers of automobiles and a trend toward larger, less fue-
efficient vehicles such as vans, trucks, and sport utility vehicles (SUVs).

Automobile ownership in Canada has increased from 310 vehicles per 1,000
peoplein 1970 to 484 per 1,000 in 1994. In 1980, purchases of vans, trucks,
SUVs and commercial vehicles made up 26 percent of new vehicle purchases.
Today these heavier vehicles comprise 48 percent of new purchases. As aresult
of these trends, during the past decade there have been little or no improvements
in the ambient concentrations of O; [ 0zone] and fine particulates, and in some
regions average concentrations have increased. At the same time, CO, [ carbon
dioxide] emissions have risen substantially.™

The number of registered vehicles in Alberta has increased by 318 percent since 1961. This
increase is substantialy larger than the increase that Canada as a whole has experienced: 144
percent. While there were 0.3 vehicles per person in Albertain 1961, in 1999 there were 0.56
vehicles per person. Thistoo is greater than the 0.48 registered vehicles per person in Canada.

3.1 Air Pollutant Emissions and Ambient Concentrations

Particulates, ground level ozone, carbon monoxide, sulphur dioxide, and nitrogen oxides are the
most commonly measured outdoor air pollutants because they are the principa components or
precursors of smog and acid rain.** Environment Canada reported that about one-quarter of the
total Canadian emissions of major air pollutants were emitted in Alberta. For example, as shown
in Figure 11:
Alberta s nitrogen dioxide emissions were 25 percent of the total Canadian emissionsin
1995;
Albertd s volatile organic compounds emissions were 27 percent of the Canadian
emissions in 1995; and
Alberta s sulphur dioxide emissions were 23 percent of the total Canadian emissionsin
1995.%°

d Suspended particulates include dust, smoke, pollen and other substances emitted by natural sources and
human activities, such as transportation, mining operations, thermal power generation plants and waste
incinerators.

€ Qil and gas processing, ore smelting and burning of coal and heavy oil are the major generators of sulphur
dioxide.

" Carbon monoxideis atoxic, colourless and odourless gas generated from burning material containing
carbon. Most carbon monoxide is created by motor vehicles, heating of dwellingsand industrial pollution.

9 Nitrogen dioxide is generated through fuel combustion.
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Figure 11: Alberta’s Air Pollutant Emissions as a Per cent of the Canadian Total,
1990 to 2010
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3.1.1 Nitrogen oxides

The nitrogen oxides (NO,) monitored for air quality purposes are nitric oxide (NO) and nitrogen
dioxide (NO,). NO, playsamgor role in creating ground level ozone. These emissions are by-
products of the burning of fossil fuels (e.g., gasoline, diesdl fudl, natural gas, oil and cod) for
transportation, residential and industrial purposes. Average levels of nitrogen dioxide in Canadian
cities declined by 28 percent between 1979 and 1993 because of improved fue efficiency, the

increased use of emission control devices, stricter new car emission control standards and
voluntary emission reduction agreements from automobile manufacturers.**

In Alberta, NO, emissions are produced by:

transportation, primarily vehicles (43 percent of total emissions);
industry, primarily oil and gas industries (37 percent of total emissions); and
power plants (18 percent of total emissions).*®

Despite the overall nationa decrease in NO, emissions reported by Environment Canada between
1974 and 1992,*° emissions were forecast to increase over the last decade and to maintain their
higher level through the next decade (Figure 12). In 1990, approximately 487 kilotonnes of NO,
were emitted, whereas in 2000, 525 kilotonnes of emissions were forecast, and about 548
kilotonnes are forecast for 2010.
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Figure 12: Alberta’s Reported and Forecast Total Nitrogen Oxide NOx Emissions,
1990 to 2010
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The annua mean concentration (parts per billion, or ppb) taken as ambient measurements at

urban stations in Alberta (Figure 13) indicates that NO, concentrationsin cities remained fairly
steady between 1987 and 1998." These data correspond with the total emission data between 1990
and 1995, during which time there was only a dight increase in the emissons, from 487

kilotonnes in 1990 to 495 kilotonnes in 1995. However, if the forecasted trend of emissions does
occur, this may lead to an increase in ambient concentrations.

" Emissions are measured as the amount of a pollutant emitted from sources, whereas ambient
concentrations are the measurements of the detected concentration of the pollutant at a particular site.
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Figure 13: Annual Mean Ambient Nitrogen Oxides (NOy) Concentration by Site,
1987 to 1998
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The maximum desirable guideline for the annua mean concentration of nitrogen dioxide (NO,) is
32 ppb, and the maximum acceptable concentration is 53 ppb, according to the National Ambient
Air Quality Objectives. In Figure 14, both guidelines are shown. All the urban centres are below
the maximum acceptable and desirable objectives, except one of the Cagary stations, which was
above the desirable objective between 1989 and 1991. Although the Calgary average trend has
improved, the congtruction of a new gas-fired power plant approved by the Alberta Energy and
Utilities Board, will result in a 35.5 percent increase in industrial sources of NO, emissionsin the
area. Unfortunately, the plant will not be built using the best available technologies, and will emit
higher rates of nitrogen oxides relaive to plants using the better technology.'” The plant will emit
an estimated 485 tonnes of nitrogen oxides per year. Edmonton, on average, has been below the
maximum acceptable concentration since 1992.
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Figure 14: Nitrogen Dioxide (NO;) Ambient Concentration M easurementsin
Alberta’sUrban Areas, and the Maximum Desirable/Acceptable Concentration
Objectives, 1989 to 1999
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3.1.2 Volatile organic compounds

Volatile organic compounds (VOCs) contribute to ground level ozone. Benzeneisa VOC that
escapes to the air, for example during the refueling of gas tanks or due to the incomplete combus-
tion of fossi| fuels. Across Canada, airborne benzene emissions are four times higher in urban
than in rura areas. Other VOCs include trichloroethylene, tetrachloroethylene, and methylene
chloride but many of these are present in solvents and other substances used in the workplace so
are of prime concern for indoor air qudity.' The datain this section are for outdoor VOCs.

Atmospheric emissions of VOCs in Alberta increased between 1990 and 1995. According to
Environment Canada, VOCs were forecast to stabilize between 1995 and 2000, and then increase
over the next decade (Figure 15). Emissions were 707 kilotonnes in 1990 and 720 kilotonnesin
1995, and are forecast to increase to 755 kilotonnes by 2010.

' Most of the exposure to trichloroethylene, tetrachl oroethylene and methylene chloride is through indoor
sources such as the workplace. Trichloroethylene and tetrachl oroethylene are synthetic compounds used
mostly as asolvent in the metal degreasing and dry cleaning industries, but also present in some household
products (e.g., correction fluids, rug cleaners, paint removers and strippers, adhesives, spot removers).
Methylene chlorideisacommercial chemical used primarily in paint removers, foams and aerosols.
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Figure 15: Alberta’s Reported and Forecast Total Volatile Organic Compounds
(VOCs) Emissions, 1990 to 2010
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The trends in annual mean ambient concentrations of VOCs showed fairly stable concentrations
between 1990 and 1999 at one of two stations in Edmonton and in Calgary. The second
Edmonton station demonstrates a decline in annual ambient mean concentrations from 482 ppb in
1990, to 391 ppb in 1999 (Figure 16). Improvements in urban centres are a result of stricter
emission controls on vehicles.™

In 1989, the Canadian Council of Ministers of the Environment established the NO,/VOC
Management Plan, which includes strategies for energy efficiency improvements, fuel
reformulation, changesin fuel combustion and production processes, improvements in emission
control devices and the prevention of vapour leakage from fuel storage tanks to help control
emissions.™
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Figure 16: Ambient Mean Concentration of Volatile Organic Compounds (VOCys)
by Year (ppb) in Edmonton and Calgary, 1990 to 1999

800

7001 = Edmonton Stn 1
= = 'Edmonton Stn 2

600 1 — Calgary

Parts/billion (ppb)
I o
o o
o o

w
o
o

100 1

0 T T T T T T T T T
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Source: Data from Environment Canada

Similarly, the average annua benzene concentrations (ambient measurements) in Edmonton and
Calgary have declined since 1990 (Figure 17). However, as shown in the report on hazardous
wastes, total releases of benzene to the atmosphere from industrial sources are much higher in F.
McMurray than in Edmonton.

Figure 17: Average Annual Berzene Concentrationsin Edmonton and Calgary,
1990 to 1997
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3.1.3 Ground level ozone

Ozone in the upper atmosphere plays a vita role by protecting people from harmful ultraviolet
rays. At ground level, ozone is created by chemical reactions in the air between volatile organic
compounds, nitrogen oxides and sunlight. High ozone concentrations tend to occur under
conditions of bright sunlight, high temperature and a stationary air mass. Ground level ozoneis
the mgor component of photochemical smog, and contributes to the “greenhouse effect” by
trapping solar energy in the form of heat.”

Between 1979 and 1993, the Canadian average concentrations of ground level ozone in urban
areas climbed by 29 percent, athough at the same time, there was a 50-percent reduction in
severe ozone episodes. Canada has established a maximum acceptable guideline for ozone of 82
ppb over a one-hour period, one of the strictest guidelines in the world.** The annual number of
days that ground level ozone exceeds this abjective in Edmonton and Calgary isrelatively low
compared with other parts of Canada, and has decreased since the 1980s (Figure 18). Short-term
exposure (i.e., afew hours) to ozone can irritate the eyes, nose and throat and can cause
respiratory problems. High ozone levels increase the vulnerability of people with asthmato
common allergens and are associated with an increase in the number of emergency hospital visits,
and the number of hospital admissions for respiratory complaints.”

Figure 18: Annual Number of Days Ground L evel Ozone Exceeded Objective of 82
Parts per Billion (ppb) for at Least One Hour during the Day, 1980 to 1996
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Although high ozone readings do occur in urban areas, the 24-hour guideline for ozone is most
frequently exceeded at rurdl and small urban monitoring stations. Ozone is high in pristine
locations due to the natural ozone generating process.”
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3.1.4 Sulphur dioxide

The main source of sulphur dioxide (SO.) isfrom the industrial use of fossi| fuelsin petroleum
refineries, pulp and paper mills, and eectrical generating plants, as well as from smelting in meta
refineries, and the burning of coal and heavy ail. It is a persistent pollutant that combines with
water molecules to form sulphuric acid, resulting in what is known as “acid rain,” contributing to
secondary fine particulates (PM,s).

Sulphur dioxide emissonsin Alberta have declined since the 1970s (Figure 19). The highest
annua emissions were reported in 1972 at 762,600 kilotonnes, falling to 583,600 kilotonnes in
1993, for adecline of 179,000 kilotonnes (23 percent).

Figure 19: Alberta’s Sulphur Dioxide (SO,) Emissions, 1971 to 1993
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Source: Data from, Slubik, Dave (1996). Emissions Inventories of Sulphur Dioxide, Nitrogen Oxides and Ammonia in Alberta 1963
to 1995: A Review. Edmonton, Alberta.

However, in a 1996 inventory and forecast of air pollutant emissions by Environment Canada,
Alberta's SO, emissionsincreased by 70,000 kilotonnes between 1990 and 1995, but emissions
are forecast to drop below 1990 levels by 2000, followed by a dight increase of 22,000 kilotonnes
above 1990 levds, to reach 589,000 kilotonnes in 2010 (Figure 20).
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Figure 20: Reported and Forecast Sulphur Dioxide Emissions (SO.) for Alberta,
1990 to 2010
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3.1.5 Particulate matter

Outdoor airborne particulate matter results from natural sources, such as wind-blown dugt, soil,
pollen, and soot from forest fires, as well as from human sources, such as vehicle exhaust
emissions, industrial emissions, road dust, agriculture, construction, wood burning, mining,

smelting, pulp and paper processing, metal processing, and transportation. Average levels of
airborne particulates in Canada’ s urban areas declined by 38 percent between 1979 and 1993, asa
result of controls on vehicle and industrial emissions®

Because of its small size, PM<10 (microns) can penetrate deep into human

lungs, where it becomes trapped. It has been linked with chronic respiratory
disease and arange of other health ailmentsincluding cardiovascular disease.
Scientists now believethat thereisno safe level of exposureto PM<10,andeven
relatively low levels can lead to premature deaths from cardiovascular causes.”

Secondary particulates form when acidic air emissions, such as oxides of sulphur and nitrogen,
and volatile organic compounds (VOCs) are transformed into nitrates, sulphates and organic
aerosols. Both ozone and particul ates affect the respiratory system and decrease lung function,
leading to increased mortality from respiratory and cardiovascular disease.”® These pollutants
generally accumulate in the air of industria regions and urban areas where automobile exhaust
fumes are high. While there are no figures for Alberta, in Ontario, it is estimated that approxi-
mately 1,800 premature deaths and 1,400 hospital admissions per year are due to the effects of
inhalable particles®’ In rural aress, levels are likely to be high when dusty conditions occur.
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In general, levels of fine particulate matter’ recorded in Alberta cities are below the proposed
national standards (15-25 i g/nT).® However, given that scientists now believe there is no safe
level of exposure and that PM levels are rising, as shown at the end of the time seriesin Figure
21, particulate matter should be monitored very closaly. The annual mean concentration of fine
inhalable airborne particles (PM, ) has been measured at stations in Edmonton and Calgary since
1985. Over thistime, the annual mean concentration decreased for both cities (Figure 21), until
the latest year reported, 1998, which indicates a dramatic increase in the annual mean, exceeding
the national urban mean. The annua peak concentrations measured in Edmonton and Calgary
aso declined, athough they too increased in 1998 (Figure 22).

Figure 21: Annual Mean Concentration of Fine Inhalable Airborne Particles (PM 25)
Measured in Edmonton and Calgary, 1985 to 1998*
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'pv 25 IS particul ate matter lessthan 2.5 micronsin diameter; a micron is one-millionth of ametre.
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Figure 22: Annual Peak Concentration of Fine Inhalable Airborne Particles (PM 2.5)
Measured in Edmonton and Calgary, 1985 to 1998*
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The annual mean concentrations of coarse particulates (PM,,) in Edmonton and Calgary have
generaly been on par with the national urban mean concentrations (Figure 23). In 1995 and 1996,
the latest years reported in Environment Canada s dataset, levels were above the national urban
mean. The annual peak concentration of coarse particulate matter has periodically been higher
than the national urban mean over the same time period (1985 to 1996) (see Figure 24).
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Figure 23: Annual Mean Concentration of Coar se Inhalable Airborne Particles
(PM 10) Measured in Edmonton and Calgary, 1985 to 1996*

45

40 A

35 4

30 1

25 1

20 1

15 A1

10 T —&—Edmonton
= = =Calgary
Urban national mean

Annual mean concentration (micrograms/m3)

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Source: Environmental Technology Centre, Environment Canada; * Ambient Measurements

Figure 24: Annual Peak Concentration of Coarse Inhalable Airborne Particles
(PM 10) Measured in Edmonton and Calgary, 1985 to 1996*
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The annual mean of total particulate matter (fine and coarse particulate matter), is shown in
Figure 25. For both cities, the total particulate matter is below the National Ambient Air Quality
Objectives (NAAQOSs) for maximum acceptable concentrations and for the maximum desirable
concentrations. However, these guidelines are being revised as a result of the announcement that
there may not be a safe level of exposure to particulate matter less than 10 micronsin size.®

Figure 25: Edmonton and Calgary’s Annual Mean Total Particulate Matter (TPM)
in Relation to the Maximum Acceptable and M aximum Desirable Concentration
Objectives according to the NAAQOs, 1985 to 1996
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3.2 Alberta Government Air Quality Index

The Alberta government provides an overall measure of air quality with its Index of the Quality

of the Air (IQUA). The IQUA converts ambient measurements of pollutant concentrations for
0,, NO,, CO, o0zone, and total suspended particulates to a common scale. The index is expressed
as the number of good, fair, poor and very poor air quality days. The percentage of good air
quality days each month for the IQUA of Alberta’s major urban centresis shown in Figure 26.
According to these monthly averages, Alberta’s urban residents enjoyed good air quality on 56.7
percent to 100 percent of the days per month, between January 1989 and May 1999. In generd,
the percentage of good days appears to have improved during 1999, compared with the early
1990s. Locations with the poorest air quality tend to be Ft. McMurray and Ft. Saskatchewan.
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Figure 26: Air Quality for Alberta’sMajor Urban Centres. Monthly Average of
Good Air Quality Days, 1986 to 1999
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3.3 Statistics Canada Air Quality Index

Statistics Canada compiles a different air quality index. Itsindex is based on days (i.e., highest
hour in aday) rather than hours. Figure 27 illustrates the annua number of good, fair and poor
days in Edmonton between 1991 and 1995. The annua number of good days ranged from 200 in
1992 to 270 in 1995; the annua number of fair days ranged from alow of 82 in 1995 to a high of
152 in 1992; and the annua number of poor air quaity days ranged from 12 to 18.

Figure 28 show similar data for Calgary, where there were usually fewer days with good air
quality than in Edmonton, and more poor and fair air quality days between 1991 and 1995. The
annua number of good days ranged from 174 to 219, the number of fair days ranged from 121 to
156, and the number of poor days ranged from 18 to 44.

Each urban area shows fewer good air quality days during the spring and summer. High ozone
levels were the main cause for unsatisfactory air quality. Dust was aso a factor, especidly in
Calgary East and Edmonton Northwest.*
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Figure 27: The Annual Number of Good, Fair and Poor Days According to the Air
Quiality Index for Edmonton, 1991 to 1995
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Figure 28: The Annual Number of Good, Fair and Poor Days According to the Air
Quality Index for Calgary, 1991 to 1995
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3.4 Impact of Air Quality on Health in Alberta

“Asit currently stands, recent studies have shown that close to 8 percent of al non-
traumatic mortdity in Canadian citiesis attributable to air pollution caused by the
burning of fossil fuels”**

Air pollution has been recognized for its potential to harm both the environment and human
hedlth, but recently even more compelling results show independent associations between air
pollutants and health problems.®* Although sulphur dioxide (SO.) and ground level ozone (Os),
formed by the reaction of nitrogen oxides and volatile organic compounds in sunlight, are both
known to affect hedlth, the federal government has recently focused attention on the health
impacts of particulate matter. Respirable particulate matter of 10 microns or lessis akey
component of smog and in May 2000 was declared a toxic substance by the federa Minister of
Environment.®

Smog occurs far less frequently in Alberta than in Toronto or Vancouver, but a study by Burnett

et a. (1998) in the Canadian Journal of Public Health found that even Calgary and Edmonton are
seeing increased premature mortality due to ambient air pollution generated from the burning of
fossil fuel.* Using relative regression models, this study attributed about eight percent of non-
traumatic desth in 11 Canadian cities between 1980 and 1991 to the concentrations of ambient
gaseous air pollutants. The analysis showed that nitrogen dioxide had the largest effect on
mortdity with a4.1 percent increased risk, followed by ozone at 1.8 percent, sulphur dioxide at

1.4 percent, and carbon monoxide at 0.9 percent. In addition, they determined that a 0.4 percent
reduction in premature mortality could be “attributed to achieving a sulphur content of gasoline of
30 ppm in five Canadian cities, arisk reduction 12 times greater than previoudy reported.”

In other words, the combination of pollutants ... is likely responsible for 1 of
every 12 non-accidental deathsin Canada. Further, the number of these deaths
will likely increasein the future asair pollution worsens due to increased fossil
fuel use and global warming. In addition to synergistic effects, current evidence
suggests that, for most of the fossil fuel-related pollutants (ozone, carbon
monoxide, sulphur dioxide, nitrogen dioxide, PM10, PM2.5, sul phates, etc.) there
isno“ safe” level or “threshold.” Thatis, thereisnolevel belowwhichthereare
no adver se health outcomes. This implies that though there may be dramatic
episodes of mortality and morbidity associated with *“ peaks” of bad pollution,
some people are quietly being admitted to hospital or dying when air pollutionis
at lower levels as well .*°

According to this study by Burnett et a., the percentage increase in risk of premature mortality
due to the change in ambient air pollutants between 1980 and 1991 in Edmonton (3.6 percent
overdl), was low in relation to the national urban average (7.56 percent; Figure 29). Calgary’s
overal percentage increase in risk of premature mortality due to the change in ambient air
pollutants between 1980 and 1991 was 9.7 percent, 2.14 percentage points above the national
urban average. Most of the increased risk (7.7 percent) was aresult of the change in ambient
measurements of nitrogen dioxide.
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Figure 29: Percentage I ncreased Risk of Death for Edmonton and Calgary,
Attributable to City-specific Changesin Air Pollution Concentrations Examined
Simultaneoudy by City, 1980-1991
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Source: Data from, Burnett, R.T., Cakmak,S., and Brook, J.R. 1998. The effect of the urban ambient air
pollution mix on daily mortality rates in 11 Canadian cities. Canadian Journal of Public Health. 89: 152-156.

Although ambient concentrations of SO, have declined in most areas of Canada over the past 30
years, arecent study calculated the risk ratio between respiratory hospital admissions and
increases in ozone. Results indicated that 4.5 percent more people than average are admitted to
hospital for respiratory illness when ozone levels are 60 percent of the maximum acceptable level
set at 62 parts per billion.*

As the main recording stations are in urban areas there is no continuous record for the situation in
rural Alberta. However, those living downwind of gas flares have long suspected that the
emissions were affecting their health. The fact that only 66 to 84 percent of the gasin the flareis
burned was shown in 1996.%” As a result, products of incomplete combustion, including known
carcinogens such as benzene and polycyclic aromatic hydrocarbons (PAHS) are released to the
air. Sulphur emissions from sour gas (as hydrogen sulphide ar, following combustion, as sulphur
dioxide) can also affect health.

In recognition of health concerns associated with air pollution, the Clean Air Strategic Alliance, a
multi-stakeholder group of government, industry and non-government organizations set up a
framework for a Human Health Monitoring System in 1997, and proposals for its implementation
were approved in 1999.% In 2000, the Alberta government initiated the Western Canada Study on
Anima and Human Health Effects Associated with Exposure to Emissions from Oil and Natura
Gas Fidld Facilities, with the involvement of British Columbia, Saskatchewan and Manitoba. The
study began in 2001.%° Often ignored in discussions about climate change and air pollution is that
the combustion of fossil fuels for energy is the mgjor cause of both. Furthermore, as the climate
warms, air pollution in citieswill likely worsen because heat and sunlight are critical factorsin
causing urban smog.*°
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3.5 Air Quality and Agriculture

While the impacts of flares and other emissions from oil and gas operations may not be clearly
documented in humans, various studies have shown that air emissions from these sources can
negatively affect livestock.** ** ** In 1999, the Clean Air Strategic Alliance Animal Health Project
Team held aworkshop to provide more insight into the issues and relationships between air
quality and animal hedth.** A survey among farmers and other stakeholders indicated that about
20 percent of the 154 respondents had experienced problems with air quality impacts on anima
health.** At the time of writing, a new study is being set up into the animal health effects
associated with exposure to emissions from oil and natural gas field facilities (see endnote 39).

There is also evidence that air quality in Alberta has some effect on agricultural crops. For
example, the Acid Deposition Research Program found (using an alfalfa growth model coupled to
ar quality data) that a dight reduction in dfalfayields in the region northwest of Edmonton could
be due to sulphur dioxide and possibly ozone. It was suggested that future increases in acidic
deposition and ozone could make this worse and that further research was needed.*

The West Central Airshed Society, established in 1995 to manage the first regiona airshed
management zone in Alberta, has been monitoring two senditive crops at severa sitesin its
region. At one Site, “evidence indicated that the injury observed on saskatoons [berries] was due
to repeated exposures to low levels of sulphur dioxide and may have been exacerbated by the
presence of ozone and nitrogen oxides.”*’ The report added that inherent levels of sulphur in the
so0il may have made the saskatoon berries susceptible to such injury and that no similar injury was
observed on afalfa, the other crop studied.

The West Central Airshed Society has been studying the growth rates and harvested yield of
afdfaat three study plots since 1995. They state that, “with very limited data at thistime, a
mathematical model indicates that ozone, sulphur dioxide, and oxides of nitrogen can be
important variables affecting afalfa growth.”*® While some effects can be observed, the impact
on plant growth in this region is probably not great.*® Although pesticides have been measured in
rain in the Lethbridge area, the effect on crops is not yet known.*

While air quality has some impacts on agriculture, agriculture aso affects air quality. Odours and
emissions from intensive livestock operations are the most obvious example, but particulate
matter from tillage, wind erosion and grain industries is also important.”* These issues are dealt
with in GPI report #19 on agriculture.

3.6 Cost of Air Pollution

The annual economic costs of air pollution to human hedth, households, infrastructure, and the
environment are another example of environmental costs that are omitted from nationa accounts
and the GDP as a legitimate environmental quality depreciation cost or regrettable expenditure.
These costs can represent a significant omission from conventional economic performance
accountancy. Unf ortunately such economic cost estimates are rare. GPI accounting attempts to
rectify these shortcomings by explicitly accounting for the physical conditions of environmental
assets, including air quality and greenhouse gas emissions, and by quantifying the total monetary
costs associated with the degradation of environmental assets that result from economic
development.
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In arecent study by the Ontario Medical Association, The IlIness Cost of Air Pollution in
Ontario,>* the economic costs associated with air pollution in Ontario were estimated at $1-hillion
annually. The study found that “Air pollution costs Ontario citizens more than $1 billion ayear in
hospital admissions, emergency room visits, and absenteeism according to the analysis contained
in the report. In addition, the report estimates the cost of pain and suffering and loss of lifeasa
result of polluted air. These massive costs amount to billions of dollars for Ontarians.” These
estimates are conservative relative to U.S. estimates of air pollution costs.

Both the U.S. and Austraian GPI efforts include estimates of the costs of air pollution, deducting
them from GDP to derive a net sustainable economic welfare estimate for both countries. In the
case of the U.S. GPI study, estimates of the costs of U.S. air pollution ranged from US$90-hillion
in 1972 (the pesk of air pollution) to $54.2-hillion in 1997 (see Appendix C). The 1997 estimate
represents roughly 0.7 percent of the 1997 real U.S. GDP of $7,269-billion (1992 chained
dollars). The $90-hillion estimate (based on Estes, see Appendix C) includes: 1) damage to
agricultural vegetation; 2) damage to materials (paints, metals, rubber); 3) costs of cleaning soiled
goods; 4) acid rain damage (aguatic and forests); 5) urban disamenities (reduced property values
and wage differentials); and 6) aesthetics. They are conservative since they exclude damages to
health, except those that show up indirectly in the estimate of wage differentials, which Estes has
estimated at roughly US$226-hillion. The $90-billion estimate aso excludes increased mortality.
These two items aone would add perhaps $40- to $60-billion to the 1970 cost estimate.

The Australian GPI study (see Appendix D) estimated annual costs, in terms of annua avoided
health cost from the first five of six air pollutants (carbon monoxide, nitrogen dioxide, ozone,
sulphur dioxide, particulates and lead) at approximately Aus.$1.1-billion. Particles accounted for
about three-quarters of this total. In addition, they estimated that reducing ambient particle levels
would result in more than 500 avoided deaths each year. Another study referenced by Hamilton
and Denniss estimated values in terms of avoided deaths at $3.8-hillion. GPI Atlantic dso
estimated the cost of greenhouse gas emissions to climate change (see Appendix E).

We egtimate the total health and environmental costs of Alberta s air pollutants associated with
each unit of greenhouse gas emitted at $531.5-million in 1961and $3.7 hillion in 1999. These
numbers are based on an estimated cost of C$18/tonne* of CO, emitted in 1998$. (See Figure 30
and Appendix B for cost data from 1961 to 1999). The direct public hedlth, socia and
environmental costs of the impact of climate change, such as sealevel change, or increased
temperatures have been estimated to range from $5 to $50 or more per tonne of CO,. Based on a
conservative cost of $20 per tonne of CO, emitted, we estimate the cost of Alberta’s greenhouse
gas emissions rose from $590.5-million (1998$) in 1961 to $4.1-hillion (1998%) in 1999.

Combining the estimated cost of air pollution and the costs of GHG emissions in 1999 for

Alberta, we estimate a conservative combined cost of $7.74-hillion, or roughly seven percent of
Alberta’s 1999 real GDP.

K The $18/tonne of CO; is based on a Canadian study by Caton and Constable (2000), which found that six
selected measures that would reduce GHG emissions by nine percent of the projected national emissions or
36 percent of the estimated reduction necessary to meet Canada’ s Kyoto commitment in 2010, would result
in co-benefits worth an estimated $1.2-hillion in that year, or $18/tonne of CO,.
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Figure 30: Direct Global Warming Costs and Air Pollution Costs of Alberta’s
Greenhouse Gas Emissions, 1961 to 1999
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analysis of air quality co-benefits from reduced greenhouse gas emissions in Canada. David Suzuki
Foundation. Vancouver, B.C.
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3.7 GPI Air Quality Index

In formulating a GPI Index, our approach was to determine an index for each of Alberta's GPI
Accounts by using either a best year as a benchmark or by using atarget. Thus, in developing a
GPI Index for air quality, an index for particulate matter in Alberta s two mgjor cities was
assessed. Initialy, an index for PM, s was determined based on the best year benchmark (i.e., the
benchmark year equals 100 on the index scale, which was a 1996 Edmonton level of 7 ppb

PM,;), and an index for PM1o was created based on the best year benchmark (Edmonton, 25 ppb
PM10, 1995). Then the two were combined as the PM average index. This index was 50.8 in 1985,
and 75.3 in 1998 (Figure 31). The average index peaked at 94.3 in 1996.

Figure 31: Average Particulate Matter Index (PM 2.5 and PM 10), 1985 to 1998
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A second GPI air quality index was devel oped based on the air pollutant emissions presented
above. Thisindex is an average of indices based on sulphur dioxide, carbon dioxide, nitrogen
oxides, and volatile organic compound emissions. For each individua index, the best year (lowest
annua emissions) was used as a benchmark. Between 1971 and 1984, the average index only
represents sulphur dioxide emissions because the data for other air emissions were not readily
available. From 1985 to 1999, the average index represents all the emission data (Figure 32).' In
1971, the emissions average index was 76.5, and in 1999, the index was 82.2. The index peaked
in 1982.

For the overal GPI air quality index, an average index was constructed based on the above
indices. In the overal average GPI air quality index, 1971 was 64.0, and 1999 was 80.3 (Figure
33). Data were not available prior to 1971 so we assumed the index remained the same as 1971.

'sul phur dioxide emissions were assumed to remain the same as 1994 emissions for the years 1995 to
1999.
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Figure 32: Average Emissions Index based on SO,, CO,, NOy, and VOCsEmission
Indices (Best Year Benchmark), 1971 to 1999
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Figure 33: Alberta’s Air Quality Overall Index 1961 to 1999 (based on SO,, COo,
NOXx, and VOC Emission Indices, 1971 to 1999, and PM » 5 and PM 1 indices, 1985 to
1998)
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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 Ingtitute’ s website at www.pembina.org.

Alberta GPI Background Reportsand 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
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GPI Background Reports GPI Accounts Covered by Report
21. Parks and Wilderness . Parks and wilderness
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 - Energy use intensity
Emissions and Air Quality - 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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Appendix B.  Energy Use, Air Quality and GHG Data

Raw data for GHG emissionsindex and energy useindex

Alberta’'s GHG GHG Index Alberta’s Primary| Energy Use Index
emissions per capita Energy Demand
(tonnes) per Capita (GJ)
1961 22.12 97.23 338.0845 97.23
1962 21.51 100.00 328.7275 100.00
1963 22.26 96.60 339.1919 96.91
1964 23.17 92.80 351.9749 93.40
1965 23.95 89.81 362.9475 90.57
1966 25.18 85.41 380.345 86.43
1967 26.76 80.35 401.9129 81.79
1968 26.50 81.15 397.8981 82.62
1969 26.80 80.24 401.945 81.78
1970 27.73 77.54 414.6995 79.27
1971 28.29 76.03 421.428 78.00
1972 29.34 73.30 435.9524 75.40
1973 31.36 68.58 462.8643 71.02
1974 34.48 62.38 503.2064 65.33
1975 36.80 58.44 532.6068 61.72
1976 36.35 59.16 525.905 62.51
1977 35.80 60.07 517.6275 63.51
1978 46.03 46.72 532.3371 61.75
1979 49.58 43.38 564.0692 58.28
1980 49.64 43.32 561.1658 58.58
1981 46.44 46.31 518.2973 63.42
1982 48.15 44.66 537.9135 61.11
1983 45.31 47.46 497.5343 66.07
1984 50.54 42.55 553.7065 59.37
1985 55.22 38.95 605.1438 54.32
1986 57.36 37.49 624.1231 52.67
1987 58.59 36.70 638.4244 51.49
1988 62.07 34.65 673.8216 48.79
1989 64.78 33.20 706.272 46.54
1990 65.16 33.00 700.9616 46.90
1991 64.42 33.39 681.4932 48.24
1992 65.29 32.94 695.9058 47.24
1993 67.02 32.09 703.7453 46.71
1994 68.76 31.27 730.1572 45.02
1995 70.81 30.37 733.6032 44.81
1996 71.57 30.05 734.8397 44.73
1997 70.84 30.36 734.0754 44.78
1998 69.61 30.90 728.9886 45.09
1999 68.70 31.30 753.5576 43.62
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Raw data for air quality index

PM, s and PMq Emissions Overall Average Index with

Index Average Index PM, 5 and PMyg
1961 63.7
1962 63.7
1963 63.7
1964 63.7
1965 63.7
1966 63.7
1967 63.7
1968 63.7
1969 63.7
1970 63.7
1971 50.79 76.5 63.7
1972 50.79 63.2 57.0
1973 50.79 67.1 59.0
1974 50.79 73.4 62.1
1975 50.79 76.6 63.7
1976 50.79 93.7 72.2
1977 50.79 95.7 73.2
1978 50.79 93.2 72.0
1979 50.79 91.1 70.9
1980 50.79 83.7 67.2
1981 50.79 92.1 71.5
1982 50.79 100.0 75.4
1983 50.79 95.5 73.2
1984 50.79 91.4 71.1
1985 50.79 85.4 78.5
1986 47.36 87.2 79.2
1987 56.36 83.1 77.7
1988 65.15 79.3 76.5
1989 72.44 81.4 79.6
1990 63.39 82.6 78.8
1991 76.45 84.2 82.7
1992 75.54 81.3 80.1
1993 80.62 81.4 81.2
1994 80.92 81.2 81.2
1995 84.92 82.0 82.7
1996 94.26 81.9 85.0
1997 93.93 82.2 85.1
1998 75.29 82.1 80.4
1999 75.29 82.0 80.3
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Estimated cost of air pollution and GHG emissionsto climate changein Alberta
1961 to 1999 (in millions of 1998 dallar s)

Cost of air pollution Cost of Greenhouse Gas Emissions
related to Climate Change
1961 593.13 659.03
1962 610.01 677.79
1963 625.12 694.58
1964 635.78 706.42
1965 644.67 716.30
1966 650.89 723.21
1967 663.33 737.03
1968 678.43 753.81
1969 693.98 771.09
1970 709.53 788.37
1971 740.06 822.29
1972 752.67 836.30
1973 766.55 851.72
1974 779.56 866.18
1975 803.58 892.87
1976 830.51 922.79
1977 865.33 961.48
1978 1,011.71 1,124.12
1979 1,191.46 1,323.85
1980 1,227.93 1,364.37
1981 1,269.72 1,410.80
1982 1,298.22 1,442.47
1983 1,334.91 1,483.23
1984 1,412.76 1,569.73
1985 1,488.47 1,653.85
1986 1,500.90 1,667.66
1987 1,522.28 1,691.42
1988 1,625.54 1,806.16
1989 1,688.42 1,876.02
1990 2,988.00 3,320.00
1991 3,006.00 3,340.00
1992 3,096.00 3,440.00
1993 3,222.00 3,580.00
1994 3,348.00 3,720.00
1995 3,492.00 3,880.00
1996 3,582.00 3,980.00
1997 3,618.00 4,020.00
1998 3,642.00 4,046.67
1999 3,666.00 4,073.33
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Appendix C.  U.S. GPI Methodology for Cost of Air Pollution

The U. S. GPI egtimates the cost of air pollution as a deduction against the GDP, considering it a
regrettable cost of economic growth that reflects the depreciation of the air quality component of
natural capital. These and other detailed GPI methodological descriptions for the U.S. GPI
analysis can be found in Anielski and Rowe (1999).>® The following text describes the U.S. GPI
methodology used in that report.

The Cost of Air Pollution in the U.S. GPI

The annua economic costs of air pollution to households, infrastructure, the environment, and
human hedlth is atypica example of environmental costs which lie outside the production
boundary of the traditional national accounts and represents a significant omission from conven
tional economic indicators such as GDP. Unfortunately such economic cost estimates are rare.

Following Myrick Freeman's analysis (as with water pollution), we divided the costs of air
pollution into six categories (Freeman 1982). The estimated cost in 1970 (in 1992 chained
dollars) for each of these categories was.

1) damage to agricultural vegetation $ 12.1-billion
2) materials damage (paint, metals, rubber) 18.1-billion
3) costs of cleaning soiled goods 14.9-billion
4) acid rain damage (aquatic and forest) 4.5-billion
5) urban disamenities (reduced property values and wage differentials) 26.9-billion
6) aesthetics 13.5-billion
TOTAL $ 90.0-billion

This $90-billion estimate is conservative because it excludes damages to hedlth, except those that
show up indirectly in the estimate of wage differentias. It also excludes increased mortality.
These two items alone would add perhaps $40- to $60-billion to the 1970 cost estimate.

Professor Ralph Estes of the American University has devoted several years to an analysis of the
external costs that corporations impose on customers, employees, communities, and society—
costs that never show up in profit-loss statements that list only internalized costs. His 1995 peer-
reviewed study, based on numerous related research documents, estimates the total coststo bein
excess of $2.6-trillion dollars yearly." He estimates that health costs associated with air pollution
amount to $226-billion and concludes that, “a scorecard that ignores social costs presents a
distorted picture of performance that can influence policymakers to be excessively generous with
taxpayer-funded corporate benefits and overly lax in enforcing corporate regulations.”

According to Chilton and Huebner (1997) the American Lung Association estimates that, on
average, particulate air pollution reduces life expectancy by two years.

MEstes’ $2.6-trillion estimate is broken down as follows: price-fixing conspiracies, monopolies, and
deceptive advertising ($1.16-trillion); deaths from workplace cancer ($278-billion); health costs-air
pollution ($226-billion); Discrimination ($165-billion); Workplace injuries and accidents ($141-billion);
unsafe vehicles ($136-hillion); white collar crime including income tax fraud, bribery, extortion, kickbacks
and federal regulation violations ($165-hillion).
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Notwithstanding these other estimates, we used Freeman's figure of $30-hillionin 1972,
converted to $90.0-billion 1992 chained dollars. Thisfigureis used in the estimates of air
pollution costs over the time series.

The figures for changes in air pollution damage over time are based on the U.S. Environmental
Protection Agency’s (EPA) data and estimates of ambient air pollution. We used these estimates
to construct an index of ambient air pollution to estimate the costs of air pollution during this
period. Starting in 1975, indexes were constructed (with 1975 = 100) for ambient levels of
particulates, sulphur dioxide and nitrogen dioxide (U.S. EPA Nationa Air Pollutant Emissions
Trends, 1970-1996)." These indexes were in turn combined to create a single index number for
each year. We used the annua change in the index number to extrapolate the costs of air pollution
during a given year, using the 1972 estimate of $69.3-billion as the base.

At the time of the last GPI revision, data were available only from 1975 to 1991. For earlier
years, ambient air conditions are assumed to have deteriorated by one percent per year in the
1950s and by 2.4 percent per year in the 1960s, and to have improved by 3.0 percent per year
from 1971 to 1977, as aresult of the Clean Air Act of 1970. All 1997 figures for NO,, SO, and
particulates are projected based on the trend from 1990 to 1996.

First, an ambient air pollution index was calculated based on the absolute emissions figures
reported by the EPA for 1975-1997. The year 1975 was used as the benchmark year against
which historical and future indexes are estimated because it was the first year in which the EPA
gathered ambient air pollution emission data. The index was created by taking the absolute
emissions of SO,, NO, and particulates, weighting them equally and setting 1975 = 100. Future
indexes were similarly constructed, comparing with the 1975 benchmark. An index greater than
100 implies an increase in air pollution while an index less than 100 signifies adeclinein air
pollution.

To calculate the cost of air pollution, we took the ambient air pollution index multiplied by the
1992 chained dollar estimate of pollution costs ($90.0-billion), divided by the pollution index
number for 1970. This value goes into the GPI.

" The figures for changes in air pollution damage over time are also summarized in the Statistical Abstract.
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Ambient Air Pollution Index
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The application of an air quality index (using relative changesin air quality since 1975, the
benchmark year) to the estimated costs would appear to be a reasonable approach given that it
reflects changesin air pollution (i.e., emissions) while assuming a constant economic cost of
those emissions. Since 1975, the decline in absolute emissions of sulphur dioxide and particulates
(which outweigh the small increase in nitrogen dioxide emissions) suggests a declining economic
cost of air pollution for these three emissions. The figure above shows the improvement in the
ambient air qudity (using sulphur dioxide, nitrogen dioxide and particul ate matter levels of
emissions converted to an index where 1975 levels equal 100).

The air pollution damages accounted for in the U.S. GPI ded primarily with damages associated
with acid emissions )sulphur dioxide and nitrogen dioxide) and particulates. The EPA, however,
reports on five air quality parameters that affect long-term air qudity: carbon monoxide, lead,
nitrogen dioxide, ozone, particulates (PMy,),” and sulphur dioxide. Also excluded in our andysis

is VOC (volétile organic compounds). Ideally, the damages due to carbon monoxide and ozone
should aso be considered in an expanded air pollution cost accounting. Indeed as Neumayer
(1998, http://www.foe.co.uk:8070/Servletl SEW) notes in the case of the UK ISEW, a better way
to account for costs would be to account separately for the costs of each type of emission and then
sum up the costs. In the absence of separate cost accounting for each emission, we continue to use
Freeman’'s origina estimates, with the caveat that these exclude undoubtedly significant health
costs associated with air pollution.

° The EPA changed its accounting for particulate matter beginning in 1985. Prior to 1985 only PM 19
particul ate emissions were inventoried. Beginning with 1985, substantial refinementsin methodology were
instituted, and the scope of the inventory was expanded to include PM 1o from agricultural activities, and so-
called fugitive dust. Fugitive dust contributes a significant portion of the new total particulate matter
emission (e.g., in 1985, 4.09 hillion tons of PM ;o emitted compared with roughly 36 billion tons of fugitive
dust for atotal particulate emission of 40.889 hillion tons). The 1975-85 figures use the 1995 GPI data
estimates for both PM 1 and fugitive dust emissions. 1985-1996 figures are from EPA National Air

Pollutant Emissions Trends, 1970-1996.
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The most recent and definitive studies of air pollution costs are by McCubbin and Delucchi
(1996, Tables 11-A-1 and 11-A-2). They edtimate that the annual cost of emissions from
gasoline-powered vehicles ranges from $19-hillion to $330-billion per year for health damage
(which includes a gatistical value of life) plus $3-hbillion to $3-billion for esthetic and crop
damage (in 1995 dollars). They break down air pollution costs by type of emission asfollows (in
1995 dollars):

CO (carbon monoxide) $1.1- to $9.3-hillion
NO (nitrogen oxides) $1.0- to $5.3-hillion
Os (ozone) $0.2- to $1.9-hillion
PM, (particul ates) $17- to $314-hillion

Their studies show that most of the health costs associated with air pollution come from
particulates, afact that was not known when Freeman did his study in the 1970s. We have not
used the McCubbin and Delucchi estimates, given the wide range of their cost estimates and their
inclusion of the value of life, which we chose not to include.

Future estimates may be forthcoming from Resources for the Future (Washington, D.C.) from
their air pollution research studies. An RFF study entails developing a modding infrastructure to
assess the ancillary benefits and costs of climate policies, and evaluating several leading policies
addressing emissions of greenhouse gases for their ancillary benefits, primarily resulting from
changesin emissions of criteriaair pollutants. The infrastructure for this evaluation is derived
from the Tracking and Analysis Framework (TAF), which the U.S. Department of Energy has
helped to fund on behalf of the National Acid Precipitation Assessment Program (NAPAP). TAF
is an integrated assessment model used to track changes in sulphur dioxide (SO,) and nitrogen
oxides (NOy) emissions from electric utilities, the secondary formation of sulphates and nitrates,
the deposition of sulphur and nitrogen, the environmental and public health impacts and

economic benefits of such changes, and control costs. In this project, researchers will extend TAF
to include representations of other criteriaair pollutants as well as emissions of mercury, carbon
dioxide (CO,), and methane from electric utility sources, industria sources, area sources and
mobile sources.

The GPI account estimates the cost of air pollution has been steadily declining due to an
improvement in overdl air quality, resulting in an estimated cost of $54.2-hillion in 1997 (in
1992 dollars) compared with an dl-time high cost of $90.0-billion in 1972
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Appendix D.  Australian GPl Methodology for Cost of Air
Pollution

This gppendix outlines the Australia GPI cost of air pollution as described in Tracking Well-being
in Australia: The Genuine Progress Indicator 2000. Appendix A of that report contains a
complete set of Australia GPI data organized into a series of columns. Thus, referencesto
“columns’ in the description below relate to the columns as presented in the above-mentioned
publication. For complete details see Tracking Well-being in Australia: The Genuine Progress
Indicator 2000 prepared by Clive Hamilton and Richard Denniss, Audtralia Institute, 2000. The
Austraian GPI for 2000 estimated by Hamilton and Denniss estimate the cost of land (soil)
degradation and the cost of irrigation water use, which they deduct against GDP to derive the GPI
estimates. The following summarizes their methodologica approach. All references are cited in
the Hamilton and Denniss document, available online at www.gpionline.net.

Costsof air pollution in Australia’s GPI

This component is concerned with the costs of so-caled noxious air pollutants, which are
poisonous or otherwise damaging to humans, other animals and plants. Some of these pollutants
also cause corrosion and aesthetic degradation (e.g., soot deposition) to buildings and other
structures. The most important pollutantsin this group include sulphur dioxide, carbon monoxide,
lead, particles of various sizes and compositions, oxides of nitrogen, and volatile organic
compounds other than methane (DEST 1996b: 5-7). The two last-named groups of pollutants are
joint precursors of photochemical smog, the most important constituent of which is ozone. The
principal sources of these pollutants are combustion of fuels (including both fossil fuels and
biomass fuels such as wood) and some specific industrial processes, such as the smelting of meta
ores and the manufacture of certain chemical products.

In general terms, as with other pollutants, these noxious air pollutants only impose measurable
costs when the quantities emitted by human activities clearly exceed the capacity of the natural
environment to absorb them. In Australia, both human populations and sources of emissions are
highly concentrated in areatively small number of discrete areas within which measurable costs
are imposed. These areas include the larger cities and a small number of non-urban regions that
contain a high concentration of power stations, metal smelting and other large polluting
industries.

The Nationa Environment Protection Council has recently released a lengthy discussion paper,
which draws on a series of commissioned studies to examine the costs and benefits of proposed
new uniform national ambient air quality standards for the principa noxious pollutants (NEPC
1997). The discussion paper contains estimates of the annual health and other human costs that
would be avoided if concentrations of the mgjor air pollutants throughout Australia were reduced
to the levels specified in the proposed new standards. In very general terms, the data presented in
the paper suggest that the proposed new standards approximate the levels at which the margina
cost of further control of each pollutant would equal the marginal avoided hedth cost. Therefore
the estimates of avoided costs given in the discussion paper approximate the human costs of air
pollution not included in conventional national accounting aggregates.

The six pollutants proposed to be subject to stricter standards are carbon monoxide, nitrogen
dioxide, ozone, sulphur dioxide, particulates and lead. The estimated annual avoided hedlth cost
from the first five of these is approximately $1.1-billion. Particles account for about three-
quarters of thistotd. In addition, it is estimated that reducing ambient particle levels would avoid

The PembinaInstitute, page 52



The Alberta GPI Accounts: Energy Use Intensity, Greenhouse Gas Emissionsand Air Quality

more than 500 deaths each year. One study quoted in the discussion paper values these avoided
deaths at $3.8-hillion.

In the case of the sixth pollutant for which new standards are proposed—I ead—the mgor human
cost is reduced measured intelligence, resulting in loss of lifetime earnings. The NEPC discussion
paper presents data derived from a 1995 national survey of lead in Australian children, from
which it can be calculated that the current cost of reduced 1Q caused by lead pollution is
approximately $1.5-billion per annum.

Allowance has aready been made for defensive expenditure on health, which includes the direct
health costs of al sources of air pollution. However this adjustment does not make allowance for
the costs of additional deaths caused by particulates, or for the cost of reduced 1Q caused by lead
pollution, or for any of the other damage costs of noxious air pollution, such as to crops, garden
plants, natural vegetation and buildings. Such damage arises not only from pollutants, such as
ozone, included in the proposed new ambient air quality standards, but aso from other pollutants
such as fluoride. There are no published estimates at the national level of the costs of damage to
crops and other vegetation, or to buildings and the like.

The annua health cogts of particle emissions in Brisbane have been estimated to be between
$255-million and $462-miillion (arisng from an additional 46-83 deaths). However this study

used alower cost of increased mortality than accepted by the NEPC (Simpson and London 1995,
p. 6.2; NEPC 1998, p. 132). The NEPC uses a methodology similar to that used by the U.S. EPA,
applying an economic vaue of $7-million for each additiona degth.

A more recent assessment of fine particle pollution in Sydney has estimated that 397 premature
deaths per year (out of atotal of 21,500) are caused by particles (NEPC 1998, p. 127). By
extrapolating to the entire Australian population the NEPC attributes 2,400 deaths each year to
particles. To account for differences in particle levels between major urban areas and the rest of
Australia the NEPC suggests that half of this figure (1,200) is a more reasonable estimate (NEPC
1998, p. 132). Using the NEPC'’s estimates of the cost of alost human life, the annual economic
cost of exposure to particlesin Australiais estimated to be $8.4-billion per year.

Thisis apoint estimate derived from current or recently past ambient levels of the various
pollutants, and has been scaled up by 50 percent to account for the effects of pollutants other than
particles. To obtain cost estimates for previous years we have used tota consumption of fossl
fuels (coa, petroleum and natura gas) plus biomass fuels (wood and bagasse) as a proxy. This
measure of pollutant level has been chosen because combustion of these fuelsis by far the largest
single source of emissions. Data sources used are Bush et d. (1999) for the period 1974-1999,
Department of National Development and Energy (1982) for the period 1961-1973, and Saddler
(1981) and the sources referenced therein for the period 1950-1960. The figure for 2000 is
estimated using the mean growth rate for the previous three years.

Finally, we note that current ambient levels of air pollutants in some areas are much lower than
they were in previous decades, as a result of previous control measures imposed on sources of
palution. These measures include both successively stricter motor vehicle exhaust emission
standards, and control measures imposed on major point sources of air pollution, such as power
stations and factories. Our figures may therefore underestimate the cost of air pollution in earlier
years.

It should be noted that global costs of air pollutants, including greenhouse gas emissions and
depletion of the stratospheric ozone layer, are not included in this column but are costed
separately in Columns U and V respectively.
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Appendix E.  GPI Atlantic

Researchers at GPI Atlantic, headed by Dr. Ron Colman, are also advancing the methodological
framework for ng the cost of air pollution and the costs of greenhouse gas emissions as
part of a set of GPI accounts for Nova Scotia. These methodol ogical advancements are critical in
advancing GPI accounting. Their reports pertaining to unpaid work can be purchased at
www.gpiatlantic.org and include:

Reducing Greenhouse Gas Emissionsin Freight Transport; May 1999, 69 pages
Introduction to GPI Greenhouse Gas Account; October 1999, 12 pages
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