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Key conclusions 

Air quality in most of Canada has improved greatly since the 1970s and 
continues to improve.

To control air pollution, Canada has a stringent, yet flexible, regulatory 
system that involves all levels of government.

Concentrations of carbon monoxide have decreased significantly every-
where in Canada since monitoring began in 1974.

Concentrations of nitrogen dioxide and sulfur dioxide have decreased 
greatly across Canada since the 1970s.

Statistical analysis suggests that concentrations of ground-level ozone 
and ultrafine particulate matter, the two air pollutants of most concern 
for human health, have been declining across Canada since 2000.

www.fraserinstitute.org


Fraser Institute / www.fraserinstitute.org

Summary

Canadian Environmental Indicators—Air Quality looks at the state of air quality in 

Canada and examines air quality regulations. The study examines long-term monitor-

ing data from Environment Canada’s National Air Pollution Surveillance network on 

five major air pollutants regularly cited as posing health risks to Canadians: ground-

level ozone, particulate matter, nitrogen dioxide, sulfur dioxide, and carbon monoxide. 

The study also examines the air quality standards and regulatory mechanisms already 

in force in Canada to determine whether local air quality is getting better or worse, 

and how it compares to the clean-air targets in place across the country. 

Canada’s air quality objectives, which are enforced through a flexible yet comprehen-

sive policy framework that involves all levels of government, are stringent by interna-

tional standards. Industrial operations may not release substances into the air without 

obtaining approval from provincial governments; the provincial approval process 

imposes restrictions on emissions sources to ensure local pollution levels do not 

exceed ambient air-quality objectives set by the federal and provincial governments. 

Emissions from diffuse and mobile sources, such as motor vehicles, are controlled 

through standards and regulations imposed by all levels of government.

The data indicate that, in most instances, Canadians currently experience significantly 

better air quality than at any other time since monitoring of air quality commenced 

in the 1970s and that air quality continues to improve. Statistical analysis indicates that 

concentrations of ground-level ozone and ultrafine particulate matter, the two air 

pollutants of most concern for human health, have generally decreased Canada-wide 

since 2000. Concentrations of carbon monoxide, sulfur dioxide, and nitrogen dioxide 

have been decreasing across Canada for decades. 
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Overview

The state of air quality in Canada has improved considerably since the 1970s, 
in all regions, for all major pollutants—nitrogen dioxide, carbon monoxide, 
sulfur dioxide, ground-level ozone, and particulate matter. The opposite is 
sometimes asserted by Canadian environmental and health care organiza-
tions but, as this report shows, claims of increasing threats due to worsening 
air quality are not supported by Canadian data. Forming a clear, objective, and 
factual understanding of trends in air quality is important since fears about 
the effects of deteriorating air quality have led some commentators and policy 
makers to conclude that Canada’s air-pollution policies are insufficiently strin-
gent and advocate costly energy or environmental policies based on claims 
that air pollution is rising or that it exceeds safe levels. These claims need to 
be carefully scrutinized, since such policies can have large economic impacts 
and such claims are unlikely to be valid as they ignore the effectiveness of the 
current Canadian approach for controlling air pollution.

Canada has controlled air pollution for the past 40 years using a flex-
ible yet comprehensive policy framework that involves all levels of govern-
ment. Industrial operations may not release substances into the air without 
obtaining approval from provincial governments. The provincial approval 
process imposes restrictions on emissions sources to ensure local pollution 
levels do not exceed ambient air-quality objectives set by the federal and 
provincial governments. Emissions from diffuse and mobile sources, such as 
motor vehicles, are controlled through standards and regulations imposed by 
federal, provincial, and local governments. 

Canadian air-quality objectives are stringent by international standards, 
and reflect current understanding of the potential health and environmental 
effects of air contaminants. As a practical matter, it is rarely optimal to try 
and achieve zero emissions of a man-made pollutant. The economic activ-
ities that give rise to pollution, such as industrial processes and use of motor 
vehicles, are valuable to people. People also value cleaner air, but achieving 
lower pollution levels requires caps on economic activities or imposition of 
pollution control rules that increase costs to businesses and households. At 
a certain point, the benefits from reduced pollution no longer outweigh the 
costs of achieving them, which is why it rarely makes sense to aim for zero 
pollution. Many communities may prefer to forego incremental improve-
ments in air quality in order to permit increased economic activity. The 
current policy framework in Canada is flexible, combining overall national 
objectives with variations that account for local air-quality conditions and 
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economic circumstances. The overall result has been a longstanding trend 
towards cleaner air amidst continued economic growth.

Canada has a large database of long-term air-quality monitoring data 
from locations across the country. Concentrations of nitrogen dioxide and sul-
fur dioxide have decreased sharply in the vast majority of locations in Canada 
over the past 30 years. The decrease is especially apparent in Canada’s major 
urban centers. Carbon monoxide has decreased everywhere in Canada and 
since the mid-1990s there have been no exceedances of provincial air-quality 
standards in any of the 156 locations analyzed. 

Concentrations of ground-level ozone, a key component of smog, 
and ultrafine particulate matter are more difficult to control since they are 
not emitted directly; instead, they are formed from complex chemical reac-
tions in the atmosphere involving a mix of natural and man-made factors. 
Nonetheless they have, on average, decreased between 1980 and 2009 across 
Canada, and the trend in average levels continues to be downward, albeit 
slowly. More importantly, ozone is mainly a concern on days when weather 
conditions cause it to spike to high levels, but the data show that such occur-
rences followed a statistically significant downward trend from 1980 to 2009 
across the county, and the number of days with very high ozone levels con-
tinues to show a significant downward trend after 2000. In addition, the trend 
in ultrafine particulate matter, for which the Canadian record is much shorter, 
is downward over the past decade as well. 

Overall, for these air pollutants, air quality in Canada has clearly 
improved in recent history and the current policy framework, technological 
progress, and environmental policies in the United States have contributed to 
this improvement. Evaluating the potential benefit of new policies to reduce 
pollution needs to take this into account. 
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 1 Introduction

If environmental and health care organizations are to be believed, Canadian 
air pollution is high enough to result in thousands of deaths, massive health 
care expenditures, and a threat to our current standard of living. However, 
despite the level of public interest and concern about air pollution,1 few people 
seem to have a clear understanding of what the data show2 and, as a result, 
little effort is put into verifying whether these claims are true, or even if air 
quality in Canada is getting better or worse. 

Here are some of the studies that get widespread attention. A 2004 
study conducted by scientists from Health Canada and Environment Canada 
estimated that exposure to human-caused air pollution leads to approxi-
mately 5,900 deaths3 annually in Canada (Judek et al., 2004). A 2008 study 
by the Canadian Medical Association (CMA) estimated that exposure to two 
common air pollutants causes deaths, increased hospital admissions, and 
increased health care costs (CMA, 2008). The study also made long-range 
numerical predictions that show all of these costs increasing dramatically in 
the future. The Ontario Medical Association estimated that there were 9,500 
deaths related to “smog” in Ontario alone in 2008 (OMA, 2008).4 And, a 
paper published by the Suzuki Foundation in 2006 argued that results like 
these are proof that Canada needs to toughen the current approach to regu-
lating air pollution (Boyd, 2006). Yet most of these studies do not provide 
any historical context.

The purpose of this publication is to bring objective information to the 
debate by examining long-term monitoring data from Environment Canada’s 
National Air Pollution Surveillance network. It will focus on five major air 
pollutants that were the focus of the studies mentioned above: ground-level 
ozone (O3), particulate matter (PM), nitrogen dioxide (NO2), sulfur dioxide 
(SO2), and carbon monoxide (CO). It will explain the air-quality standards and 
regulatory mechanisms already in force in Canada and then examine the data 

 1 “Air pollution/poor air quality” was reported as the “most important environmental problem” 
in a survey commissioned by Health Canada in 2001 (Environics Research Group, 2001).

 2 Eighty-five percent of Canadians in 2001 thought that air quality was remaining the same 
or getting worse in their communities (Environics Research Group, 2002).

 3 The authors actually report the estimate as 5,900 plus or minus 2,100 to reflect uncer-
tainty in the estimated pollutant-mortality response functions. However, this uncertainty 
was ignored by journalists reporting on the study (e.g., CBC, 2005, May 2).

 4 The OMA’s estimates are based on a model explained by DSS Management Consultants 
Inc. (2005)
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to identify whether local air quality is getting better or getting worse, and how 
it compares to the clean-air targets in place across the country. The results 
overwhelmingly suggest that, for all five pollutants, air quality is improving in 
the vast majority of locations in Canada. Furthermore, adopting universal air-
quality standards, as recommended by Boyd (2006) and the National Round 
Table on the Environment and the Economy (2008) would ignore the advan-
tages of the regional flexibility provided by the current regulatory regime and 
would likely create inefficiencies and hinder implementation. 

Canadian Environmental Indicators—Air Quality shows that Canada’s 
air quality record has improved considerably since the 1970s and continues 
to improve. Predictions of groups like the CMA that claim illness and mor-
tality caused by air pollution will get worse and argue that, therefore, we 
need aggressive new pollution-control measures, should be critically assessed 
in light of a clear understanding of the actual historical record, not head-
line-grabbing rhetoric based on computer simulations. The CMA study, for 
example, assumes that air quality in Canada will remain constant into the 
future; however, this assumption is inconsistent with the historical reality. 
The CMA’s predictions, therefore, are biased and over-estimate the future 
costs of air pollution in Canada.

The current study is by no means the first to attempt to measure the 
state of air quality in Canada (see, e.g., Environment Canada, 2010a; Eisen and 
Green, 2009; McKitrick, 2008; CCME, 2006; Brown et al., 2004). However, 
the current study is more comprehensive in scope and analysis than any of 
the existing studies and incorporates as much monitoring data as possible. 
Some provincial governments also publish reports on provincial air quality 
(e.g., ON-MEnv, 2010a) that reinforce the picture of improving air quality but 
such reports are limited to individual provinces. 

The following section will provide an overview of how air pollution is 
regulated in Canada. Sections 3 to 7 contain analyses of air-pollution mon-
itoring data from across Canada for nitrogen dioxide, carbon monoxide, sul-
fur dioxide, ground-level ozone, and particulate matter. Concentration data 
from the National Air Pollution Surveillance database is examined for the 
eight largest provinces: Alberta, British Columbia, Manitoba, New Brunswick, 
Nova Scotia, Ontario, Quebec, and Saskatchewan. Section 8 discusses the 
conclusions of the study and suggests improvements in the collection of data.

www.fraserinstitute.org
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 2 Canadian regulatory framework  
for air pollution

While it is the ambient concentration of pollution that affects people, regu-
lators can only control emissions at the source. In some cases, the two are 
closely related. Carbon monoxide and sulphur dioxide, for instance, disappear 
relatively quickly when the emissions disappear. But the relationship is much 
weaker in other cases: ozone and aerosols (which count in the readings of 
ultrafine particulate matter5) are formed in the atmosphere depending on the 
concentration of other pollutants, as well as wind patterns, sunlight, geog-
raphy, and temperature. Changes in emissions of the precursor pollutants may 
or may not affect regional concentrations, depending on how these other fac-
tors change at the same time. For this reason, making a connection between 
trends in pollution concentrations and policy implications is more difficult 
for ultrafine particulates and ozone than for other air pollutants. 

In Canada, municipal, provincial, and federal governments have all issued 
regulations to control emissions, though our focus in this section will be on 
provincial and federal policies. In Ontario, any industrial activity is required to 
obtain a Certificate of Approval for the emission of any regulated toxic substance 
(ON-MEnv, 2010b) through a process that may include site visits by evaluators 
or the implementation of prescribed technology to gain approval. The evaluators 
also take into account local air quality and aim to ensure that the new emissions 
will not lead to pollution concentrations that exceed Ontario’s Ambient Air 
Quality Criteria (ON-MEnv, 2008). The provincial objectives can be very com-
prehensive: Ontario’s Air Quality Criteria currently lists maximum concentra-
tion levels for over 300 chemical substances, including NO2, CO, SO2, and PM2.5. 
Ontario also employs a trading system for approval certificates for sulfur dioxide 
and nitrogen dioxide emissions to lower the cost to large emitters (utilities, oil 
refineries, pulp and paper mills, etc.) of reducing emissions (ON-MEnv, 2005).

British Columbia employs a system of regulation similar to Ontario’s 
where potential emitters are required to obtain permits and approvals to emit 
any substance regulated under the Environmental Management Act (BCME, 
no date). British Columbia also has Codes of Practice and Ministerial direc-
tives that stipulate the use of particular methods or technologies for specific 
industries (BCME, no date). The other provinces employ similar systems of 
granting emission approvals.

 5 Ultrafine particulate matter refers to airborne particulate matter with a mass median 
diameter less than 2.5 µm (µm = micrometer, 1×10-6 metre, or 0.001 mm). In the litera-
ture, it is generally referred to as PM2.5.
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Since the 1970s, the federal government has set emission standards on 
new vehicles to help control nitrogen dioxide and carbon monoxide emissions. 
The Vehicle and Engine Emission Regulations mandate fleet-average grams of 
nitrogen dioxide emitted per mile for particular model years and classes of 
motor vehicles . The regulations also specify a range of gram-per-mile exhaust 
emission standards for CO and NO2 (Gov’t of Canada, 2003). These standards 
have been instituted by Canada in concert with regulations imposed by the 
United States Environmental Protection Agency due to the highly integrated 
nature of the North American motor-vehicle market. Ontario and British 
Columbia also have vehicle emission inspection policies (DriveClean and 
AirCare, respectively) that establish emission standards for each model and year. 
The federal government regulates the release of volatile organic compounds, 
a precursor of ground-level ozone formation (Environment Canada, 2004). 

To guide decision-making when granting pollution permits and set-
ting vehicle emission standards, the federal and provincial governments 
use ambient air quality objectives. An air quality objective is always made 
with reference to an average over an interval of time. For instance, a 1-hour 
objective refers to the observed level averaged over a single hour, while an 
annual objective refers to an average over the whole year. Generally speaking, 
a 1-hour standard is higher than an annual standard; in other words, exposure 
to a higher level is acceptable if it is for a shorter period of time. 

The federal criteria are referred to as National Ambient Air Quality 
Objectives (NAAQO), which specify maximum desirable, acceptable, and 
tolerable concentration levels for sulfur dioxide, nitrogen dioxide, carbon 
monoxide, ground-level ozone, and total suspended particulate matter 
(Environment Canada, 2007). Provincial governments also have their own 
ambient air quality objectives that often differ from the federal objectives. 
The objectives used by the Maritime Provinces are generally the least strin-
gent federal objectives, whereas Alberta and British Columbia mainly adopt 
the most stringent federal objectives.6 Ontario and Quebec generally create 
their own objectives that are not based on the federal objectives. A separate 
system for ground-level ozone and ultrafine particulate matter, called the 
Canada-wide Standard (CWS), was negotiated among the federal and prov-
incial ministers of the environment (CCME, 2006). 

Nitrogen dioxide
Air pollutant concentrations are measured continuously at monitoring sta-
tions across Canada. The 1-hour National Ambient Air Quality Objective 
(NAAQO) for NO2 uses the average (mean) reading recorded over a 1-hour 
period at a station; so for each station there are potentially 24 1-hour average 

 6 For several pollutants, British Columbia and Alberta have adopted objectives even more 
stringent than the National Ambient Air Quality Objectives.
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concentrations recorded in a day, and 8,760 1-hour average concentrations 
recorded in a year. The federal Maximum Acceptable Level (MAL) for NO2 
is 213 parts per billion (ppb).7 The annual NAAQO for NO2 is the average of 
all the 1-hour average readings recorded at a station over an entire year. The 
annual federal Maximum Desirable Level is 32 ppb and the federal Maximum 
Acceptable Level is 53 ppb. 

Most provinces use the 1-hour federal objective when regulating NO2 
emissions. Nova Scotia, New Brunswick, and Saskatchewan also consider the 
annual federal Maximum Acceptable Level when granting emission permits 
for NO2. Alberta uses the annual federal Maximum Desirable Level in addi-
tion to the 1-hour objective when granting emission permits for NO2. New 
Brunswick, Ontario, and Alberta also have an objective for 24-hour concen-
trations of 106 ppb. The federal and provincial objectives for NO2 are dis-
played in table 1, which also shows air quality objectives and standards from 
other jurisdictions as well as the guidelines published by the World Health 
Organization (WHO). The National Ambient Air Quality Objectives for NO2 
do not compare favourably with the WHO guidelines for NO2 concentrations. 
The World Health Organization’s guideline for average 1-hour NO2 concentra-
tions is 106 ppb and its guideline for average annual concentrations is 21 ppb 
(WHO, 2006). The United States has a more stringent objective for average 
1-hour concentrations (100 ppb) but a similar objective for average annual 
concentrations of 53 ppb (US-EPA, 2010).

Carbon monoxide
There are 1-hour and 8-hour National Ambient Air Quality Objectives for 
average atmospheric concentrations of CO (table 2). The federal 1-hour 
objective is 13 parts per million (ppm) and the federal 8-hour objective is 
5 ppm. Provinces also have CO air quality objectives. British Columbia has the 
lowest 1-hour objective for CO of 12 ppm.8 Four provinces—British Columbia, 
Alberta, Saskatchewan, and Manitoba—have an 8-hour objective of 5 ppm.

The Canadian and British Columbian objectives compare favourably 
to objectives from other jurisdictions. The United States 1-hour standard for 
CO is 35 ppm (US-EPA, 2010). The World Health Organization’s guidelines 
do not have any recommendations for CO concentrations (WHO, 2006). 
Australia has only an 8-hour standard for CO of 9 ppm (AUS-DWSEWPC, 
2009), higher than the lowest Canadian 8-hour objectives.

 7 Parts per billion is a common metric for measuring how much of a substance is con-
tained in an area. One parts per billion is roughly equal to a tablespoon of a material in 
an Olympic-sized swimming pool. Parts per billion will be referenced in its abbreviated 
form “ppb” for the remainder of the paper.

 8 This is British Columbia’s lowest air quality objective for CO (Level A). There are also 
Level-B and Level-C objectives of 24 ppm and 31 ppm, respectively.
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Sulphur dioxide
The World Health Organization’s guidelines for SO2 recommend 24-hour 
average concentrations under 7 ppb. Canadian governments have set much 
more realistic objectives than these. Canadian objectives as well as those of 
other jurisdictions are listed in table 3. The National Ambient Air Quality 
Objective 24-hour average Maximum Desirable Level is 53 ppb and the low-
est provincial objective is 44 ppb in Alberta. The federal 24-hour average 
Maximum Acceptable Level is 105 ppb. The federal 1-hour average Maximum 
Desirable Level is 158 ppb and the Maximum Acceptable Level is 315 ppb. 
No provinces have stated 1-hour objectives lower than 158 ppb. The fed-
eral annual average Maximum Desirable Level is 11 ppb and the Maximum 
Acceptable Level is 21 ppb. The lowest provincial objective for annual average 
SO2 concentrations is 7 ppb in Alberta.

In 2010, the United States implemented an ambient air quality 1-hour 
standard for SO2 of 75 ppb (with achievement based on the 3-year average 

Table 1: Existing Ambient Air Quality Objectives for Nitrogen Dioxide (NO2)

Jurisdiction 1-hour Average 24-hour Average Annual Average

Canada

NAAQO 213 — 32/53

CWS — — —

Provincial

Nova Scotia 213 — 53

New Brunswick 213 106 53

Quebec — — —

Ontario 213 106 —

Manitoba —/213/532 106 32/53

Saskatchewan 213 — 53

Alberta 213 106 32

British Columbia — — —

United States 100 — 53

World Health Organization 106 — 21

Australia 120 — 30

European Union 106 — 21

Notes: All numbers are in parts per billion (ppb). The 1-hour National Ambient Air Quality 
Objective is for a Maximum Acceptable Level. #/# represents Maximum Desirable Level/
Maximum Acceptable Level; #/#/# represents Maximum Desirable Level/Maximum Acceptable 
Level/ Maximum Tolerable Level. 

Sources: Nova Scotia, Department of Justice, Legal Services Division, 2011; Alberta Environment, 
2009; BCME, 2009; AUS-DSEWPC, 2009; Environment Canada, 2007; US-EPA, 2010; European 
Commission, no date; New Brunswick, Ministry of the Environment and Local Government 2002; 
Manitoba Conservation, 2005; ON-MEnv, 2008; SME, 1996; WHO, 2006.
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of the 99th percentile of the daily maximum 1-hour average). This standard is 
much more stringent than the Canadian 1-hour objective. The United States 
also has a 24-hour standard of 140 ppb, which is higher than the 24-hour 
federal objective in Canada. The United States also has a higher annual aver-
age standard of 30 ppb. The Australian National Air Quality Standards for 
SO2 concentrations are all less stringent than the Canadian federal objectives 
(1-hour: 200 ppb; 24-hour: 80 ppb; annual: 20 ppb).

Ozone
The federal 1-hour Maximum Desirable Level (MDL) for O3 is 50 parts per 
billion (ppb) and the federal 1-hour Maximum Acceptable Level (MAL) for 
O3 is 80 ppb (table 4). Many provinces (Nova Scotia, Quebec, Saskatchewan, 
and Alberta) have chosen 80 ppb as their provincial objective for O3. Ontario 
uses 82.5 ppb as its 1-hour objective for O3. Manitoba uses both federal O3 
objectives but has added a Maximum Tolerable Level of 200 ppb. All prov-
inces looked at in this study have agreed to meet a Canada-wide standard 

Table 2: Existing Ambient Air Quality Objectives for Carbon Monoxide (CO)

Jurisdiction 1-hour Average 8-hour Average

Canada

NAAQO 13/31 5/13

Provincial

Nova Scotia 30 11

New Brunswick 31 13

Quebec 30 11

Ontario 32 14

Manitoba 13/31 5/13/17

Saskatchewan 13 5

Alberta 13 5

British Columbia 12/24/31 5/10/12

United States 35 9

World Health Organization — —

Australia — 9

European Union — 9

Notes: All numbers are in parts per million (ppm). The 1-hour National Ambient Air Quality 
Objective is for a Maximum Acceptable Level. #/# represents Maximum Desirable Level/
Maximum Acceptable Level. #/#/# represents Maximum Desirable Level/Maximum Acceptable 
Level/ Maximum Tolerable Level.

Sources: Nova Scotia, Department of Justice, Legal Services Division, 2011; Alberta Environment, 
2009; BCME, 2009; AUS-DSEWPC, 2009; Environment Canada, 2007; US-EPA, 2010; European 
Commission, no date; New Brunswick, Ministry of the Environment and Local Government 2002; 
Manitoba Conservation, 2005; QUE-MDDEP, 2010; ON-MEnv, 2008; SME, 1996.
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(CWS) for O3 of 65 ppb for a specific measure of O3 concentrations by 2010 
(CCME, 2006). The specific measure for the Canada-wide standard takes 
into account the fact that O3 levels fluctuate throughout the year and that 
effets upon human health are usually tied to short-term exposure to high 
levels. The standard is set by taking the daily maximum of 8-hour average 
concentrations each day, choosing the fourth-highest of these readings over 
the course of the previous year, and then taking the three-year moving aver-
age of such readings. The resulting measure is compared against the CWS of 
65 ppb. The metric ignores the three highest daily maximum 8-hour average 
concentrations to dampen the effects of unusually high concentrations that 
may occur due to external factors like heat waves.

The Canada-wide standard for O3 is in line with other international 
standards and guidelines. The United States has a standard of 75 ppb for 
the same measurement of O3 concentrations (US-EPA, 2010). The European 
Union has set 60 ppb as their standard for 8-hour concentrations of O3 
(European Commission, no date). The World Health Organization’s guide-
line for 8-hour average concentrations of O3 is 50 ppb (WHO, 2006).

Table 3: Existing Ambient Air Quality Objectives for Sulphur Dioxide (SO2)

Jurisdiction 1-hour Average 24-hour Average Annual Average

Federal

NAAQO 158/315 53/105 11/21

Provincial

Nova Scotia 315 105 21

New Brunswick 315 105 21

Quebec — 101 18

Ontario 242 96 19

Manitoba 158/315 53/105/280 11/21

Saskatchewan 158 53 11

Alberta 158 44 7

British Columbia 158/315 56/91/126 9/18/28

United States 75 140 30

World Health Organization — 7 —

Australia 200 80 20

European Union 123 44 —

Notes: All numbers are parts per billion (ppb.) The 1-hour National Ambient Air Quality Objective is 
for a Maximum Acceptable Level. #/# shows Maximum Desirable Level/Maximum Acceptable Level; 
#/#/# shows Maximum Desirable Level/Maximum Acceptable Level/ Maximum Tolerable Level. 

Sources: Nova Scotia, Department of Justice, Legal Services Division, 2011; Alberta Environment, 
2009; BCME, 2009; DSEWPC, 2009; Environment Canada, 2007; US-EPA, 2010; European 
Commission, no date; New Brunswick, Ministry of the Environment and Local Government 2002; 
Manitoba Conservation, 2005; QUE-MDDEP, 2010; ON-MEnv, 2008; SME, 1996; WHO, 2006.
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“Smog day” advisories
The original “smog day” designation (Smog Advisory) developed in 1993 
by Environment Canada was based solely on concentrations of O3 exceed-
ing the federal 1-hour maximum acceptable level of 80 ppb (Environment 
Canada, 2001). The definition was changed to include other pollutant con-
centrations in the early 2000s when the Air Quality Index and then the Air 
Quality Health Index were developed (Environment Canada, 2001; Barn 
and Kosatsky, 2010).9 

 9 The multiple changes to the definition have led to an increase in Smog Advisories. Care 
needs to be taken when comparing the number of advisories issued over time. Boyd falls 
victim to this trap and cites the increased number of smog days in Ontario in 2005 as 
evidence that air quality is getting worse without accounting for the change in definition 
(Boyd, 2006: 4).

Table 4: Existing Ambient Air Quality Objectives for Ozone (O3)

Jurisdiction 1-hour Average 8-hour Average Annual Average

Federal

NAAQO 50/80 — —

CWS — 65 —

Provincial

Nova Scotia 80 — —

New Brunswick — — —

Quebec 80 62.5 —

Ontario 82.5 — —

Manitoba 50/80/200 — 15

Saskatchewan 80 — —

Alberta 80 — —

British Columbia — — —

United States 120 75 —

World Health Organization — 50 —

Australia 100 —

European Union — 60 —

Notes: All numbers are in parts per billion (ppb). #/# represents Maximum Desirable Level/
Maximum Acceptable Level; #/#/# represents Maximum Desirable Level/Maximum Acceptable 
Level/ Maximum Tolerable Level. Achievement of the Canada-wide standard and the US stan-
dard are based on the 3-year moving average of the fourth-highest daily maximum 8-hour aver-
age concentration. The European Union’s standard is based on the maximum daily 8-hour aver-
age but with 25 exceedences permitted over three years.

Sources: Nova Scotia, Department of Justice, Legal Services Division, 2011; Alberta Environment, 
2009; BCME, 2009; CCME, 2006; DSEWPC, 2009; Environment Canada, 2007; US-EPA, 2010; European 
Commission, no date; New Brunswick, Ministry of the Environment and Local Government 2002; 
Manitoba Conservation, 2005; QUE-MDDEP, 2010; ON-MEnv, 2008; SME, 2006; WHO, 2006.
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Particulate matter
In Canada, there are federal objectives set for total suspended particulates 
but not PM2.5. As with O3, the provinces studied in this report have all agreed 
to meet a PM2.5 Canada-wide standard concentration of 30 micrograms per 
cubic meter (µg/m3) with achievement based on a specific measurement 
(CCME, 2006). The Canada-wide standard measurement for a station is 
based on concentrations readings averaged over a 24-hour period. There are 
potentially 365 of these 24-hour average concentration measurements in a 
year, so only one of the highest is selected as the annual measurement. The 
top 2% of 24-hour concentrations recorded at a station is ignored to correct 
for unusually high concentrations that may not occur regularly. The measure 
is then averaged over three years to dampen any year-to-year fluctuations. 
In technical terms, the Canada-wide standard measure of achievement for 
PM2.5 is a 24-hour average concentration of 30µg/m3 with achievement based 
on the 3-year moving average of the annual 98th percentile (CCME, 2006). 

The only province to implement a PM2.5 objective over and above the 
CWS is British Columbia (BCME, 2009). British Columbia’s objective is 
25 µg/m3 based on a 24-hour average concentration, the same as the World 
Health Organization’s 24-hour average guideline and the Australian air qual-
ity standard for PM2.5. The World Health Organization has also set an annual 
objective of 10 µg/m3; the Australian government’s annual objective is 8 µg/m3. 
The United States has adopted a 24-hour standard of 35 µg/m3 with achieve-
ment based on the 3-year average of the annual 98th percentile of daily aver-
ages (US-EPA, 2010). The United States also has an annual standard of 15 
µg/m3 with achievement based on the 3-year average of the annual average 
concentration. All of the objectives, standards, and guidelines for PM2.5 are 
displayed in table 5.

Voluntary and legally binding objectives
As correctly pointed out by Boyd (2006), these objectives are voluntary and 
not legally binding for the provincial governments, as are objectives and stan-
dards in the United States and European Union. Boyd argues that Canada 
needs to adopt legally binding air-quality objectives in order to hold govern-
ments to account for air pollution concentrations in excess of the objectives. 
However, the regulations adopted by provinces and the federal government 
in order to achieve the targets are legally binding on emitters. Also, the data 
show that Canadian pollution levels have largely been brought into compli-
ance with the federal and provincial objectives, and the cases where objectives 
have not yet been met (such as ground-level ozone) are trending in the right 
direction, so the combination of provincially adopted targets coupled with 
mandatory emission regulations appears to be effective. Moreover, introdu-
cing a US-style litigation system that allows groups to bring action against 
the government could easily lead to unreasonable and counterproductive 
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disputes. For example, the majority of PM2.5 comes from natural sources such 
as roads and forest fires (see section 8 below) and much of Ontario’s ozone 
is formed from precursor emissions in the United States. There is little to 
be gained holding the government legally responsible for the air pollution 
resulting from other countries or from forest fires. 

Another important aspect of air pollution policy is that the optimal 
concentration of pollution is generally not zero or, more technically, not 
necessarily the level with zero risks of human or environmental harm. This 
may appear counterintuitive but, when regulating pollution, the social benefit 
resulting from cutting back polluting activities needs to be weighed against 
the value of those activities. The objective of regulating pollution should be 
to reach a concentration—which will not be zero—where the incremental 
benefit from reducing polluting activities equals the incremental cost of the 
emission reductions. Further, the optimal stringency of regulations often dif-
fers from one region to another. For example, an urban area will have more 

Table 5: Existing Ambient Air Quality Objectives for Particulate Matter (PM2.5)

Jurisdiction 24-hour Average Annual Average

Federal

NAAQO — —

CWS 30 —

Provincial

Nova Scotia — —

New Brunswick — —

Quebec 30 —

Ontario 30 —

Manitoba 30

Saskatchewan — —

Alberta 30 —

British Columbia 25 8

United States 35 15

World Health Organization 25 10

Australia 25 8

European Union 25 —

Notes: All numbers are in micrograms per cubic metre (µg/m3). Achievement of the Canada-
wide standard and the US standard is based on the 3-year moving average of the annual 98th 
percentile daily average concentration. British Columbia’s 24-hour objective is based on the an-
nual 98th percentile of daily average concentrations.

Sources: Alberta Environment, 2009; BCME, 2009; CCME, 2006; DSEWPC, 2009; US-EPA, 2010; 
European Commission, no date; Manitoba Conservation, 2005; QUE-MDDEP, 2010; ON-MEnv, 
2008; WHO, 2006.
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people exposed and harmed by air pollution than a rural area because its 
population is more concentrated, suggesting generally a greater incremen-
tal benefit from reducing pollution. Further, rural areas often rely on fewer 
industries so, if one of those industries is relatively pollution-intensive, the 
incremental costs to the local economy from reducing the polluting activity 
may be higher than in an urban area. Both of these factors may lead policy 
makers to prefer less stringent air pollution control rules in a rural area than 
an urban area. The current regulatory framework, because of its mix of nego-
tiated objectives and regional regulations, has the flexibility to respond to 
local economic and environmental conditions. Uniform, legally binding air 
quality objectives as advocated by Boyd (2006) and the National Roundtable 
on the Environment and the Economy (NRTEE, 2008) ignore this aspect of 
air pollution regulation and may unfairly harm the livelihoods of rural com-
munities that have relatively undiversified economies.
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 3 Air quality in Canada—Nitrogen Dioxide

Effects on health and the environment
Most nitrogen dioxide (NO2) found in the atmosphere is emitted as nitric 
oxide (NO) but is then oxidized into NO2. Nitrogen dioxide, when combined 
with volatile organic compounds and intense sunlight, produces ground-level 
ozone. Atmospheric NO2 can also transform into nitrate aerosols, which con-
tribute to particulate matter producing smog and reduced visibility. Exposure 
to high levels of atmospheric NO2 has been linked in epidemiological stud-
ies to increased mortality (Burnett et al., 2004) and can irritate the lungs, 
especially among individuals with respiratory conditions such as asthma and 
bronchitis (Environment Canada, 2011). However, recent Canadian research 
has called into question the effects of exposure to NO2 on human health. 
Koop et al. (2010) find that, when smoking habits are accounted for, NO2 
exposure is not correlated with hospital admissions for all lung diagnostic 
categories; Shin et al. (2008) find that, despite decreasing concentrations of 
NO2, public health risks from NO2 were increasing in Canadian cities. Their 
results suggest that it is not NO2 that is causing these increased health risks 
but unaccounted for “co-pollutants” that are released with NO2 emissions.

Sources
In 2008, transportation was responsible for 50% of Canadian emissions of 
nitrogen dioxide (figure 1). The petroleum industry was responsible for 22% of 
NO2 emissions; electricity generation was responsible for 10% of NO2 emissions.

Data—annual concentrations
Analyzing the monitoring data for eight provinces covering the period from  
1980 to 2009 finds that all stations show average annual concentrations less 
than the federal Maximum Desirable Level (32 ppb) since 1998. Between 
2008 and 2009, only Montreal, Toronto, Calgary, and Vancouver have sta-
tions reporting concentrations greater than, or equal to, the average annual 
concentrations of the World Health Organization’s guideline of 21 ppb. All 
six of the stations in these cities are either located downtown or in near prox-
imity to major highways and all stations reported annual average concentra-
tions less than 23 ppb. Figure 2 shows average annual NO2 concentrations 
from the downtown monitoring stations located in the five largest Canadian 
cities. A noticeable decline over the 30-year time period is clear in the graph.

This substantial decline is not just restricted to concentrations in major 
cities. It is clear from figure 3 that average annual concentrations of nitro-
gen dioxide have declined at the vast majority of monitoring stations across 
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Figure 1: Sources of Nitrogen Dioxide emissions in Canada, 2008

Note: Emissions of Nitrogen Oxides (NOx) expressed as Nitrogen Dioxide (NO2).

Sources: Environment Canada, 2010c; calculations by author.
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Figure 2: Annual concentrations of Nitrogen Dioxide in major Canadian cities, 1980–2009

Note: The data are annual average concentrations. For Calgary and Toronto, the monitoring record used multiple 
stations within a 5 km radius. The station numbers are: 050115, 060401,  060417, 060424, 060425, 060433, 080130, 
080227, 080228, 100112.

Sources: Environment Canada, 2010b; calculations by author.
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Canada between 1980 and 2009. It is also clear from figure 3 that 95% of stations 
reported concentrations below the World Health Organization’s annual guide-
line of 21 ppb in 2007, 2008, and 2009. Combined, figures 2 and 3 show that NO2 
concentrations have decreased substantially over the past 30 years in Canada.

Data—hourly concentrations
Examining the Canadian monitoring data focusing on average 1-hour concen-
trations in excess of 213 ppb (the federal Maximum Acceptable Level) reveals 
only one “exceedance”10 between 2000 and 2009: Bitumount in northern 
Alberta (north of Fort McKay) had one hour out of 7,789 hours in excess of 
213 ppb in 2008. When using the World Health Organization’s guideline of 
106 ppb the results are not as encouraging for some provinces (table 6). British 
Columbia had only one observation that was equal to or greater than the 
WHO’s guideline (106 ppb) between 2000 and 2008 (and none since 2002). 
However, the one violating observation was recorded in Taylor, BC in 2001 
and monitoring in Taylor was discontinued in 2002. Therefore, any further 
violations would have gone unrecorded.

 10 An “exceedance” is an observation that is greater than, or equal to, a specific air-quality 
objective or guideline.
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Figure 3: Average annual concentrations of Nitrogen Dioxide in Canada, 1980–2009

Notes: The �gure displays average, 95th percentile, and 5th percentile values of annual average NO2 concentrations 
from stations across Canada. In a given year, 95% of stations have concentrations below the 95th percentile value. 
Similarly, 5% of stations report concentrations below the 5th percentile value.

Sources: Environment Canada, 2010b; calculations by author.
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Table 6: Exceedances of the World Health Organization's 1-hour guideline  
for NO2 (106 ppb) by various provinces

Exceeding  
hours

Exceeding  
stations

Total  
stations

% of stations with 
exceeding hours

Br
iti

sh
 

Co
lu

m
bi

a 1980–1989 512 14 17 82%

1990–1999 31 10 32 31%

2000–2008 1 1 43 2%

Al
be

rt
a

1980–1989 793 4 5 80%

1990–1999 256 9 16 56%

2000–2009 94 12 48 25%

Sa
sk

at
ch

ew
an 1980–1989 42 2 3 67%

1990–1999 0 0 4 0%

2000–2009 3 2 4 50%

M
an

ito
ba

1980–1989 4 1 2 50%

1990–1999 26 2 3 67%

2000–2009 3 1 3 33%

O
nt

ar
io

1980–1989 1,409 39 48 81%

1990–1999 464 26 42 62%

2000–2009 96 10 52 19%

Q
ue

be
c 1980–1989 1,248 15 16 94%

1990–1999 660 17 25 68%

2000–2008 29 6 22 27%

N
ew

 
Br

un
sw

ic
k 1980–1989 138 1 2 50%

1990–1999 3 1 5 20%

2000–2009 2 1 6 17%

N
ov

a 
 

Sc
ot

ia

1980–1989 77 3 3 100%

1990–1999 2 1 3 33%

2000–2008 3 1 4 25%

Notes: The calculations considered all stations with any amount of monitoring data. An exceed-
ance was defined as an average 1-hour NO2 concentration greater than, or equal to, 106 ppb. 
An exceeding station is any monitoring station with at least one 1-hour average concentration 
equal to, or greater than, 106 ppb, the World Health Organization’s guideline.

Sources: Environment Canada, 2010b; calculations by author.
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Alberta had 94 observations greater than, or equal to, the World Health 
Organization’s guideline between 2000 and 2009, of which 74 occurred between 
2005 and 2009, at only 8 of 47 monitoring stations; 78% occurred in 2008. Only 
11 of the violations from 2005 to 2009 occurred in an urban area (Calgary-East). 
Thirty-six of the exceeding observations were recorded in 2008 by two stations 
in close proximity to one another: a station located in Redwater and a station 
located north of Fort Saskatchewan. Twenty three of the exceeding observations 
were recorded by three stations in the Fort McKay area (including Bitumount), 
19 of which occurred in 2008. The additional exceeding observations occurred 
in Violet Grove and Airdrie. These results are not surprising considering that, 
according to data from the National Pollutant Release Inventory, oil sands pro-
cessing is one of the largest sources of NO2 emissions in Canada (Environment 
Canada, 2010d). It should be noted that these results are not an indictment of 
oil sands development since the results on their own do not take into account 
the massive economic benefits to be attributed to the development.

Saskatchewan has three observations exceeding the World Health 
Organization’s guideline between 2000 and 2009 (Regina and Saskatoon both 
had exceedances). However, there have been no observations greater than, or 
equal to, 106 ppb since 2006. Between 2000 and 2009, Winnipeg (Manitoba) 
has three observations at the downtown monitoring station exceeding 106 
ppb; Saint John (New Brunswick) has two observations exceeding the WHO’s 
guideline but none after 2004; downtown Halifax  (Nova Scotia) has three 
exceedances. There are 29 observations from the province of Quebec that 
exceed the WHO’s guideline; all of these exceedances occurred in Greater 
Montreal at six monitoring stations. 

Ontario has made substantial progress in achieving low NO2 concen-
trations over the past 10 years. Between 2000 and 2004, Ontario recorded 
96 observations at 10 stations (Ottawa, Sarnia, Oakville, Hamilton, Toronto, 
London, Barrie) that were greater than the World Health Organization’s 
guideline. All of these observations were below 213 ppb, the federal Maximum 
Acceptable Level. However, all stations in Ontario have reported NO2 concen-
trations over 1-hour below the World Health Organization’s guideline since 
2005. Clearly, short-term exposure to NO2 in Ontario cannot be considered 
a problem anymore. These recent improvements would likely decrease the 
estimated number of deaths due to short-term exposure to air pollution in 
Canada (1,800 ± 700 by Judek et al., 2004), especially since Ontario repre-
sents around a third of Canada’s total population. However, as noted earlier 
in this section, recent Canadian studies have found that the effects of NO2 
exposure upon human health may not be significant.

Conclusion
Nitrogen dioxide concentrations in Canada in the vast majority of loca-
tions are well within Canadian objectives and World Health Organization’s 
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guideline. Between 2000 and 2009, 148 out of 182 monitoring stations (81%) 
reported no annual average concentrations greater than the World Health 
Organization’s guideline of 21 ppb. Average annual NO2 concentrations in 
major cities and across Canada decreased substantially between 1980 and 
2009 (figures 2 and 3). Furthermore, all monitoring stations in Ontario, the 
most populated province in Canada, have achieved 1-hour average concen-
trations below the WHO’s guideline since 2005. 

The evidence discussed in this section overwhelmingly suggests that 
the majority of Canadians currently experience significantly less exposure to 
nitrogen dioxide than they have in the past 30 years. The analysis is so con-
clusive that statistical analysis is not needed to identify whether NO2 concen-
trations are increasing or decreasing; they are clearly decreasing.
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 4 Air quality in Canada—Carbon Monoxide

Effects on health
In high concentrations, carbon monoxide (CO) is poisonous to humans as 
it can enter the bloodstream and prevent oxygen absorption by tissues and 
organs. Individuals with heart conditions are more sensitive to exposure to 
CO. Exposure to high CO concentrations also interferes with vision and brain 
function (Environment Canada, 2011).

Sources 
Carbon monoxide is mainly produced through the incomplete combustion 
of fossil fuels by internal combustion engines. Therefore, the overwhelm-
ing majority of CO emissions are produced by the transportation sector in 
Canada. Figure 4 displays the sources of CO emissions in Canada in 2008. 

Data
Analyzing data collected from 158 monitoring stations located in eight prov-
inces between 1974 and 2009 reveals that there has been no 1-hour average con-
centrations of CO greater than, or equal to, 12 ppm since 1998. Table 7 shows 
the number of hours during which there were exceedances of British Columbia’s 
objective for CO of 12 ppm—the most stringent objective in Canada—and 
number of stations for each province for four time periods. It is clear that 
1-hour concentrations of CO have decreased substantially since 1974. Looking 
at tables of exceedances does not do justice to the massive improvement in air 
quality. Figure 5 displays average annual maximum 1-hour average concentra-
tions from monitoring stations from across Canada between 1974 and 2009. 
It is evident that carbon monoxide concentrations have decreased massively 
over the past 35 years everywhere in Canada and carbon monoxide is clarly 
no longer a serious pollutant in Canada and stricter regulation is unnecessary.

Conclusion
Implementing legally binding, provincial air-quality standards for CO similar 
to those of the United States and Australia as advocated by Boyd (2006) would 
result in no improvement in air quality in Canada since CO concentrations 
have not exceeded the current objectives in over 10 years. What is particu-
larly noteworthy is that these massive decreases in concentrations of carbon 
monoxide occurred alongside sustained economic growth. Recent research 
suggests that in Canada, increases in per-capita income cause decreases in 
concentrations of carbon monoxide (Wood, 2010) and that, for carbon mon-
oxide at least, economic growth is good for the environment.
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Figure 4: Sources of Carbon Monoxide emissions in Canada, 2008

Note: The petroleum, the wood, and the aluminum industries are the largest industrial sources.

Sources: Environment Canada, 2010c; calculations by author.
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Figure 5: Average annual concentrations of Carbon Monoxide in Canada, 1974–2009

Notes: The �gure displays average, 95th percentile, and 5th percentile values of annual maximum 1-hour average CO 
concentrations from stations across Canada. In a given year, 95% of stations have concentrations below the 95th 
percentile value. Similarly, 5% of stations report concentrations below the 5th percentile value. MDL = maximum 
desirable level.

Sources: Environment Canada, 2010b; calculations by author.
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Table 7: Exceedances of British Columbia's 1-hour 0bjective for CO (12 ppm) by 
various provinces

Exceeding  
hours

Exceeding  
stations

Total  
stations

% of stations with 
exceeding hours

Br
iti

sh
 

Co
lu

m
bi

a

1974–1979 1,186 6 7 86%

1980–1989 352 7 8 88%

1990–1999 3 1 8 13%

2000–2008 0 0 30 0%
Al

be
rt

a

1974–1979 998 7 7 100%

1980–1989 1,056 5 5 100%

1990–1999 158 5 8 63%

2000–2008 0 0 14 0%

Sa
sk

at
ch

ew
an 1974–1979 32 3 4 75%

1980–1989 65 3 3 100%

1990–1999 1 1 3 33%

2000–2008 0 0 2 0%

M
an

ito
ba

1974–1979 77 4 4 100%

1980–1989 15 3 4 75%

1990–1999 0 0 2 0%

2000–2008 0 0 2 0%

O
nt

ar
io

1974–1979 1,566 20 23 87%

1980–1989 2,539 24 31 77%

1990–1999 97 9 26 35%

2000–2008 0 0 34 0%

Q
ue

be
c

1974–1979 1,159 11 12 92%

1980–1989 464 16 17 94%

1990–1999 5 4 20 20%

2000–2008 0 0 12 0%

N
ew

  
Br

un
sw

ic
k 1974–1979 2 1 1 100%

1980–1989 23 1 1 100%

1990–1999 1 1 4 25%

2000–2008 0 0 3 0%

N
ov

a 
Sc

ot
a

1974–1979 12 1 2 50%

1980–1989 45 1 2 50%

1990–1999 0 0 2 0%

2000–2008 0 0 2 0%

Notes: The calculations considered all stations with any amount of monitoring data. An exceed-
ance was defined as an average 1-hour CO concentration greater than, or equal to, 12 ppm. An 
exceeding station is any monitoring station with at least one 1-hour concentration equal to, or 
greater than, 12 ppm. British Columbia’s objective of 12 ppm is the most stringent in Canada.

Sources: Environment Canada, 2010b; calculations by author.
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 5 Air quality in Canada—Sulfur Dioxide

Effects on health and the environment
Concentrations of sulfur dioxide (SO2) have been monitored nationally in 
Canada since 1974. High levels of SO2 may cause acid rain and lead to the 
acidification of rivers, lakes, and ecosystems and, thus, decrease biodivers-
ity (Environment Canada, 2011). The majority of SO2 emissions in Canada 
come three sources: 32% from smelting and refining non-ferrous metals, 
22% from coal-fired electricity generation, and 21% from the petroleum 
industry (figure 6).

High concentrations of SO2 may have adverse effects on human health 
(Environment Canada, 2011). There is currently uncertainty over whether low 
levels of SO2 have effects on human health. The World Health Organization 
recommends 24-hour average concentrations under 7 ppb (20 µg/m3), a rec-
ommendation based on a handful of cited studies that the World Health 
Organization has misinterpreted. The World Health Organization’s report 
(2006) cites a time-series study on hospital admissions for cardiac disease 
in Hong Kong and London by Wong et. al. (2002). However, the results for 
SO2 of this study are not statistically significant when other pollutants are 
included in the statistical model and the study actually suggests that SO2 has 
no discernible effects on cardiac disease.

The World Health Organization then cites a Canadian study (Burnett 
et al., 2004) linking SO2 concentrations with mortality rates; however, 
WHO’s report misinterprets the units of measurement, claiming that the 
cities included in the study had average concentrations over a 24-hour per-
iod between 5 µg/m3 and 10 µg/m3. Closer analysis of Burnett et al. (2004) 
reveals that the average concentrations are between 5 ppb (14.28 µg/m3) 
and 10 ppb (29 µg/m3); the World Health Organization misread the units of 
measure in the Canadian study. Burnett and his colleagues find a very small 
positive effect on mortality for SO2 when nitrogen dioxide (NO2) is included 
in the model (the result is statistically significant at the 5% level but not the 
1% level). The effect is relatively smaller than that of other pollutants, sug-
gesting that reductions of SO2 provide lower health benefits than reductions 
of other pollutants. 

It should also be noted that the study by Burnett et al. only proves cor-
relation between SO2 and mortality and is not evidence of a causal relation-
ship. Two other studies (Buringh et al., 2000; Wichman et al., 2000) cited by 
the World Health Organization’s report show no causal relationship between 
SO2 and mortality when particulate matter is included in the analysis. Thus, 
the report by Burnett and colleagues (2004) does not prove a link between 
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Figure 6: Sources of Sulphur Dioxide emissions in Canada, 2008

Sources: Environment Canada, 2010c; calculations by author.
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SO2 and mortality since particulate matter and SO2 were never included in 
the analysis at the same time.11 Clearly, the extent of the effects upon health 
of exposure to SO2 is still open for debate.

Data—24-hour concentrations
Between 2000 and 2009, there were only 27 stations Canada-wide (19 cit-
ies) that had observations that were greater than, or equal to, the Alberta 
24-hour objective of 44 ppb, the lowest Canadian objective. That is only 
15% of the stations that monitor SO2 in Canada. Montreal and Halifax 
were the only major cities that reported 24-hour concentrations exceed-
ing 44ppb in this time period. The summary results for each province are 
displayed in table 8.

It is clear from table 8 that a very large number of additional SO2 
monitoring stations were established in British Columbia and Alberta in the  
2000s. As a result, the data indicate that, between 2000 and 2008, British 
Columbia had 34 days for which the 24-hour SO2 concentrations exceeded 
44 ppb, as compared to four between 1990 and 1999. However, 30 of these 
days occurred in Trail where continuous monitoring did not commence until 
the year 2000.12 Alberta experienced 21 days for which the 24-hour SO2 con-
centrations were greater than 44 ppb between 2000 and 2009. All of these 
days occurred at three of 48 stations: six days near Fort McKay and 15 days 

 11 To be fair to Burnett et al., the focus of their study was the effects of NO2 and not of SO2.
 12 The other four days occurred in Prince George.
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Table 8: Exceedances of Alberta's 24-hour objective for SO2 (44 ppb) by various 
provinces

Exceeding  
days

Exceeding  
stations

Total  
stations

% of stations with 
exceeding hours

Br
iti

sh
 

Co
lu

m
bi

a

1974–1979 29 3 9 33%

1980–1989 12 3 10 30%

1990–1999 4 1 7 14%

2000–2008 34 4 50 8%

Al
be

rt
a

1974–1979 3 2 9 22%

1980–1989 1 1 6 17%

1990–1999 1 1 5 20%

2000–2008 21 3 48 6%

Sa
sk

at
ch

ew
an 1974–1979 0 0 6 0%

1980–1989 0 0 7 0%

1990–1999 0 0 3 0%

2000–2008 0 0 4 0%

M
an

ito
ba

1974–1979 10 2 9 22%

1980–1989 0 0 4 0%

1990–1999 0 0 2 0%

2000–2008 162 1 2 50%

O
nt

ar
io

1974–1979 1,603 31 33 94%

1980–1989 650 31 45 69%

1990–1999 307 10 36 28%

2000–2008 85 6 49 12%

Q
ue

be
c

1974–1979 2,980 25 26 96%

1980–1989 2,093 26 34 76%

1990–1999 1,012 14 33 42%

2000–2008 855 11 23 48%

N
ew

  
Br

un
sw

ic
k 1974–1979 110 2 2 100%

1980–1989 64 2 2 100%

1990–1999 161 3 3 100%

2000–2008 9 1 3 33%

N
ov

a 
Sc

ot
a

1974–1979 137 6 7 86%

1980–1989 132 8 8 100%

1990–1999 21 4 5 80%

2000–2008 3 1 4 25%

Notes: The calculations considered all stations with any amount of monitoring data. An exceed-
ance was defined as an average 24-hour SO2 concentration greater than, or equal to, 44 ppb. An 
exceeding station is any monitoring station with at least one 24-hour concentration equal to, or 
greater than, 44 ppb.

Sources: Environment Canada, 2010b; calculations by author.
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in Redwater. Clearly all of these exceedances are related to economic activity 
(smelting in Trail, pulp and paper processing in Prince George, oil sands pro-
cessing in Fort McKay and Redwater) and do not affect large proportions of 
the provincial populations. To put these numbers in perspective, a Vancouver 
monitoring station reported 16 days with concentrations exceeding 44 ppb 
between 1974 and 1979, corresponding to 2.7 days a year compared to three 
days a year for the Trail monitoring station with the most data.13 However, 
there are many fewer people residing in Trail than Vancouver, so the impact 
would be much less severe than in the 1970s.

Manitoba experienced 162 days for which concentrations exceeded 
44 ppb between 2000 and 2009, but a closer inspection of the data reveals 
that this may not be a major problem. All of these days occurred at one mon-
itoring station in Flin Flon. All other continuous SO2 monitoring in Manitoba 
was discontinued in 1992 since there were no reported instances of high SO2 
concentrations at any of the other stations. Between 2000 and 2009, Flin 
Flon had 104 days with concentrations over 53 ppb (the Manitoba Maximum 
Desirable Level) and 13 days with concentrations over 105 ppb (the Manitoba 
Maximum Acceptable Level). However, Manitoba is the only province that 
also employs a Maximum Tolerable Level (280 ppb), and Flin Flon had no 
days exceeding this level. Therefore, it is likely that the Manitoba government 
has balanced the costs of this pollution against the benefits of the mining and 
smelting operations in Flin Flon and granted emission approvals that allow 
concentrations above 53 ppb and 105 ppb on occasion.

Saskatchewan has reported no days for which concentrations exceeded 
44 ppb since monitoring commenced in 1974. New Brunswick had nine 
days exceeding 44 ppb between 2000 and 2009, all at one monitoring sta-
tion located in north-east Saint John. Nova Scotia had only three days that 
exceeded 44 ppb, all at the monitoring station in downtown Halifax.

Ontario had 85 days for which 24-hour concentrations exceeded 44 ppb 
between 2000 and 2009. The vast majority of these days occurred in Sarnia 
(78 days). Windsor (2 days), Sudbury (4 days), and Long Point Provincial Park 
(1 day) also reported concentrations above 44 ppb. Furthermore, SO2 24-hour 
concentrations have decreased substantially in Ontario over time. Between 
1974 and 1979, 24-hour concentrations were above 44 ppb an amazing 1,603 
days for 31 out of 33 monitoring stations. Between 1990 and 1999, 24-hour 
concentrations were above 44 ppb only 307 days for 10 out of 36 monitor-
ing stations. Between 2000 and 2009, 24-hour concentrations were above 
44 ppb only 85 days for 6 out of 49 monitoring stations. And in 2009, no sta-
tions reported average concentrations over a 24-hour period above 44 ppb. 
Clearly, as far as it concerns SO2 concentrations, Ontario’s air is currently 
much cleaner than it has been in the past 35 years.

 13 Twenty-seven days between 2000 and 2008 at Trail’s downtown station.
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Quebec has by far the most days (855) on which average SO2 concentra-
tions over a 24-hour period exceeded 44 ppb between 2000 and 2008. These 
days occurred at 11 of 23 monitoring stations. Quebec is the only province 
in which exceedances occurred in a major city (Montreal had five exceeding 
days). Approximately 50% of the days occurred in Temiscaming, a small town 
in western Quebec near the Ontario border with a pulp-and-paper facility. 
Other cities and towns with exceeding days are Rouyn-Noranda (43 days), 
Saguenay (157 days), Shawinigan (30 days), Sorel (128 days), Murdochville 
(64 days), and Cap-de-la-Madeleine (9 days). However, these 855 exceeding 
days actually represent an improvement in air quality in Quebec. Between 
1974 and 1979, Quebec recorded 2,980 days exceeding 44 ppb (at 25 of 26 
stations). Between 1980 and 1989, the number of exceeding concentrations 
fell to 2,093 days at 26 of 34 stations. Between 1990 and 1999, the number 
of exceeding concentrations was halved to 1,012 days at 14 of 33 stations. 
Clearly, SO2 concentrations in Quebec have decreased over the past 35 years.

Data—annual concentrations
The vast majority of monitoring stations in Canada report annual average 
SO2 concentrations below the lowest provincial air-quality objective of 7 ppb 
(Alberta’s objective). In British Columbia, all stations have had concentrations 
below 7 ppb since 1998 except for those in Trail and Chetwynd. Furthermore, 
the station in Chetwynd has reported concentrations below 7 ppb since 2007. 
All monitoring stations in Alberta except Fort Saskatchewan-North and 
Redwater14 have had concentrations below 7 ppb since 1986. All stations in 
Saskatchewan have been below 7 ppb since the late 1970s. All stations in New 
Brunswick reported annual concentrations below 7 ppb in 2009, but concentra-
tions at the Saint-John-Northeast station have only been below 7 ppb since 2008.

Manitoba is an interesting case. SO2 concentrations were low (below 
7 ppb) in Winnipeg and Brandon, and monitoring was discontinued in 1992. 
However, Flin Flon has had the highest reported annual concentrations in 
Canada since continuous monitoring was initiated there in 2002. The aver-
age annual concentration in Flin Flon between 2002 and 2009 was 73 ppb, 
which is much higher than the high concentrations reported in major cities 
in the 1970s. However, since monitoring in Flin Flon only commenced in 
2002, it is plausible that concentrations in Flin Flon could have been even 
higher in the past.

Ontario has experienced large decreases in annual SO2 concentrations 
over the past 35 years. All cities with monitoring stations except Sarnia have 
reported concentrations below 7 ppb since 2006; all stations, including that 
in Sarnia, reported concentrations are below 7 ppb in 2009. There is also a 

 14 Monitoring stations 090603 and 092301 in the National Air Pollution Surveillance 
network.
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noticeably large decrease in annual concentrations recorded in major Ontario 
cities between 1995 and 1996 (figure 7) and a similar pattern is visible for 
most Ontario monitoring stations. The timing of this decrease corresponds 
with the implementation of reductions laid out in the Canada-US Air Quality 
Agreement to control acid rain.

All stations in Quebec, except the station in Temiscaming, have reported 
annual average concentrations below the Quebec Air Quality Objective of 
18 ppb since 1999. All concentrations were below 7 ppb in 2008 except in 
Temiscaming, Saguenay, and Saint Joseph de Sorel. 

Conclusion
Overall, SO2 concentrations are in most instances lower than in previous 
decades. Extremely high concentrations occur in isolated areas: for example, 
Flin Flon, Temiscaming, between Fort McKay and Fort McMurray, between 
Redwater and Fort Saskatchewan, and Saguenay. Most of these locations 
with high concentrations have not been monitored long enough to allow us 
to evaluate the data and decide whether concentrations are decreasing or 
not. However, SO2 concentrations in Canada are clearly decreasing at the 
vast majority of monitoring stations. This decline is clear in figure 8, which 
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Figure 7: Annual concentrations of Sulfur Dioxide in selected Ontario cities, 1974–2009

Notes: The data are annual average SO2 concentrations. Some of the data required the use of multiple monitoring 
stations within a 5km radius. The station numbers are: 060401, 060417, 060424, 060425, 060433, 060501, 060512, 
061001, 061004, 060607, 060608, 060901, 060903, 060204, 060104.

Sources: Environment Canada, 2010b; calculations by author.
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graphs Canadian average concentrations and other distributional indicators 
between 1974 and 2009. Furthermore, concentrations in Canada’s major cit-
ies declined substantially between 1974 and 2009: see figure 9, which dis-
plays annual concentrations in six major Canadian cities. Clearly, the propor-
tion of the Canadian population that is exposed to high SO2 concentrations 
has decreased over time. Table 8 combined with figures 7, 8, and 9 paints a 
very conclusive picture of decreasing SO2 concentrations for the majority of 
Canadian locations. In this case, statistical analysis is not required to identify 
whether concentrations are decreasing.

The evidence suggests that legally binding objectives for SO2 (as pro-
posed by Boyd, 2006) would not have a significant effect on the air quality 
to which the majority of Canadians are exposed. They would, however, have 
a negative impact on economic activity in the small, isolated communities 
that rely on smelting, mining, oil-sands development, and pulp-and-paper 
processing for their livelihoods. The resulting effect of decreased economic 
activity upon poverty in these communities and, thus, upon human health 
is difficult to predict and may outweigh the benefits to human health from 
increased emission restrictions in these communities. 
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Figure 8: Average annual concentrations of Sulfur Dioxide in Canada, 1974–2009

Notes: The �gure displays average, 95th percentile, and 5th percentile values of annual average SO2 concentrations 
from stations across Canada. In a given year, 95% of stations have concentrations below the 95th percentile value. 
Similarly, 5% of stations report concentrations below the 5th percentile value.

Sources: Environment Canada, 2010b; calculations by author.
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Since these locations reporting high concentrations are in isolated 
areas, there is insufficient monitoring in surrounding areas to identify how 
many communities and people are affected. Also, some locations with high 
emitters do not even have monitoring stations. Thompson, Manitoba is home 
to a smelting operation that produced the second-highest SO2 emissions in 
Canada in 2008 (Environment Canada, 2010d),15 yet Thompson does not have 
a continuous monitoring station in the National Air Pollution Surveillance 
network. If SO2 is considered a problem pollutant, then monitoring in the 
actual problem areas needs to be more comprehensive in order to identify 
how many people actually are exposed to high concentrations.

 15 Flin Flon was home to the largest SO2 emitter.
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Figure 9: Annual concentrations of Sulfur Dioxide in major Canadian cities, 1974–2009

Note: The data are annual average SO2 concentrations. The stations’ numbers are: 100110, 090121, 090218, 060401, 
060417, 060424, 060425, 060433, 050103, 060501, 060512.

Sources: Environment Canada, 2010b; calculations by author.
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 6 Air quality in Canada—Ground-Level 
Ozone

Sources
Ground-level ozone (O3) is not emitted directly into the air but forms in the 
atmosphere through a chemical reaction involving nitrogen oxides, of which 
nitrogen dioxide (NO2) is the largest portion, volatile organic compounds, 
and intense sunlight. According to data from Environment Canada (2010c), 
NO2 is generally emitted by transportation, the petroleum industry, and the 
generation of electricity (figure 1, p. 18). Natural sources like vegetation, soils, 
and forest fires are responsible for over 90% of the volatile organic com-
pounds emitted into the atmosphere in Canada. Of the human activities that 
are sources of volatile organic compounds, transportation and the petroleum 
sectors are the largest (figure 10).

Effects on health
Exposure to ground-level ozone can cause irritation of the respiratory tract, 
especially for children, asthmatics, and individuals with pre-existing respira-
tory problems (Environment Canada, 2011). Epidemiological studies have 
linked exposure to O3 to premature mortality, increased hospital admis-
sions, aggravated asthma, and reduced lung function (Bell et al., 2004). The 
Canadian Medical Association’s study published in 2008 bases its estimates 
of premature mortality on ambient concentrations of O3 and ultrafine par-
ticulate matter (CMA, 2008). High concentrations of O3 can have adverse 
effects on vegetation (causing, for example, crop losses) and buildings. O3 
also contributes to “smog,” which results in reduced visibility (Environment 
Canada, 2011). Recent research suggests that exposure to ground-level ozone 
has adverse effects on the productivity of agricultural workers (Graff Zivin 
and Neidell, 2011).

Data
It is difficult to determine from graphs alone whether O3 concentrations 
are declining. Figure 11 displays distributional statistics of concentrations 
of ground-level O3 from all monitoring stations across Canada from 1982 to 
2009 against the Canada-wide Standard (CWS). The average appears to be 
slightly decreasing over time. Also, the 95th percentile appears to be decreas-
ing between 1982 and 2009. This means that the top end of the range con-
taining 95% of all data points has been declining. However, these trends are 
slight and may not be true in all provinces.
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Figure 10: Sources of volatile organic compounds in Canada, 2008

Notes: Natural sources include vegetation, soils, and forest �res. Residential Fuel Wood refers to residential fuel wood 
combustion for home heating.

Sources: Environment Canada, 2010c; calculations by author.

Open sources (1.3%)

Other industrial (8.9%)

Natural sources (92%)

Transportation (29.8%)

Solvents (14.2%)

Residential wood-burning (8.6%)

Petroleum sector (27.2%)

Miscellaneous (2.9%)

Coatings (4.4%)

Re�ned petroleum products (4.0%)

Table 9 displays exceedances of the federal Maximum Acceptable 
Level for 1-hour average concentrations of O3. In most provinces, the total 
number of hours exceeding the 1-hour objective has declined since the 1980s, 
as has the fraction of monitoring locations where at least one exceedance was 
observed. However, it is difficult to infer a strong overall pattern in table 9. 
Some provinces, such as British Columbia and Ontario, show decreasing 
exceedances. However, despite the decrease in exceedances, the percentage 
of stations in Ontario reporting exceedances is relatively constant over time. 

All stations in British Columbia were in compliance with the CWS as 
of the latest three-year average (2006–2008) available for British Columbia.16 
There has been improvement since the 1980s when as many as nine stations 

 16 Spreadsheet of CWS achievements is available from the author upon request.
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(1988–1989) reported concentrations in excess of the current CWS. Since the 
setting of the CWS in 2000, only two of 32 BC stations have measured con-
centrations exceeding the standard: Chilliwack in 2004–2006; Hope has five 
consecutive violations between 2001–2003 and 2005–2007. It is clear that 
Hope remains a place to watch for exceedances and requires further analy-
sis as data becomes available; however, it is also evident that most of British 
Columbia’s stations met the CWS in all years. 

Concentrations in Saskatchewan and Manitoba have almost always 
been lower than the CWS, the only exceedances being in Winnipeg and 
Brandon for 1987–1989. All stations in New Brunswick were in compliance 
with the CWS in 2007–2009; however, there have been three of 13 stations 
not in compliance for at least a year since 2000. The most recent station out 
of compliance for New Brunswick is located in Fundy National Park, which 
had concentrations equal to, or above, the CWS for the only three periods of 
monitoring data available (consecutive data are only complete for 1991–1996 
and 2004–2008). Of the three current monitoring stations in Saint John, 
only one has recorded concentrations higher than the CWS, the most recent 
in the 2000–2003 period. The monitoring data for Nova Scotia is intermit-
tent but the stations located in Kejimkujik National Park and Aylesford have 

0

20

40

60

80

100

2009200620032000199719941991198819851982

Pa
rt

s 
pe

r b
ill

io
n 

(p
pb

)
Figure 11: Concentrations of ground-level Ozone in Canada, 1982–2009

Note: The �gure displays average, 95th percentile, and 5th percentile values of the 3-year moving average of annual 
4th-highest daily maximum 8-hour average for ground-level Ozone at monitoring stations across Canada. In a given 
year, 95% of stations have concentrations below the 95th percentile value. Similarly, 5% of stations report concentra-
tions below the 5th percentile value.

Sources: Environment Canada, 2010b; calculations by author.
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Table 9: Exceedances of the federal maximum acceptable level 1-hour 
objective for O3 (80 ppb) by various provinces

Exceeding  
hours

Exceeding  
stations

Total  
stations

% of stations with 
exceeding hours

Br
iti

sh
 

Co
lu

m
bi

a 1980–1989 1,215 22 26 85%

1990–1999 433 29 40 73%

2000–2008 162 19 44 43%
Al

be
rt

a

1980–1989 149 5 5 100%

1990–1999 136 9 19 47%

2000–2009 229 25 41 61%

Sa
sk

at
ch

ew
an 1980–1989 66 2 3 67%

1990–1999 1 1 6 17%

2000–2009 9 1 5 20%

M
an

ito
ba

1980–1989 35 3 3 100%

1990–1999 19 3 3 100%

2000–2009 2 2 3 67%

O
nt

ar
io

1980–1989 21,668 58 61 95%

1990–1999 21,085 61 64 95%

2000–2009 15,683 64 70 91%

Q
ue

be
c 1980–1989 4,108 29 31 94%

1990–1999 4,755 52 55 95%

2000–2008 2,794 50 54 93%

N
ew

 
Br

un
sw

ic
k 1980–1989 1,209 6 7 86%

1990–1999 928 13 13 100%

2000–2009 180 13 15 87%

N
ov

a 
 

Sc
ot

ia

1980–1989 175 5 5 100%

1990–1999 295 5 6 83%

2000–2009 317 6 9 67%

Notes: The calculations considered all stations with any amount of monitoring data. An exceed-
ance was defined as O3 concentrations averaged over a 1-hour period greater than, or equal to, 
80 ppb (the federal NAAQO maximum acceptable level). An exceeding station is any monitoring 
station with at least one 1-hour average concentration equal to, or greater than, 80 ppb.

Sources: Environment Canada, 2010b; calculations by author.
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repeatedly reported O3 levels higher than the CWS. However, the final years 
for which usable data exist show concentrations in compliance with the CWS.

Alberta continues to have stations reporting concentrations not in 
compliance with the CWS; however, the two largest cities, Calgary and 
Edmonton, have not had a station reporting concentrations out of compli-
ance since 2001–2003. As of 2007–2009, Tomahawk (66.46 ppb), Violet 
Grove (65.00 ppb), and Thorsby (64.79 ppb) were the only places in Alberta 
with concentrations in excess of, or equal to, the CWS.

Monitoring data for Quebec for O3 are only available up to 2008. In 
2006–2008, 15 of 48 monitoring stations (32%) had concentrations equal 
to, or above, the CWS. However, in 1998–2000, when the CWS was agreed 
upon, 21 out of 31 stations (68%) reported concentrations equal to, or above, 
the CWS of 65 ppb. The number of stations in Quebec that are not in compli-
ance with the CWS  has declined despite a significant increase in the number 
of monitoring stations.

The data for Ontario suggest that it has the largest problem with O3. 
In the 2007–2009 averaging period, 39 out of 41 (95%) monitoring stations 
had concentrations equal to, or above, the CWS. In the 1998–2000 averaging 
period, 34 out of 37 (92%) monitoring stations had concentrations equal to, 
or above, the CWS. It appears that excessive concentrations of O3 in Ontario 
are persistent: see figure 12, which shows distributional statistics of concen-
trations of ground-level O3 from all monitoring stations in Ontario between 
1982 and 2009 against the Canada-wide Standard (CWS).

Although O3 concentrations appear to be decreasing slightly across 
Canada, it is still unclear by how much and whether they are decreasing or 
not in all relevant metrics and in all provinces. Given the importance of O3 
in the Canadian Medical Association’s report, it would be useful to identify 
trends in the data using statistical, rather than merely visual, methods.17

Statistical analysis
Data that are collected in cross-sectional groups, each one containing a time-
series, is referred to as “panel data.” Statistical methods using panel data can 
be used to identify whether concentrations are generally decreasing, increas-
ing, or remaining constant over time. The advantage of panel methods is that 
they take into account the information in both the cross-sectional and time-
series dimensions. With respect to the monitoring data, the cross-sectional 
dimension is the number of monitoring stations and the time dimension is 
the data recorded at each monitoring station over time. Panel regression 

 17 The remainder of section 6 discusses quantitative trend estimation; readers without a 
background in statistics may want to proceed to the brief non-technical summary at the 
end. Readers with an intermediate background in statistics or econometrics are encour-
aged to continue through the following discussion.
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analysis can be used to identify common linear time-trends in the monitor-
ing data while accounting for the unobservable individual characteristics of 
each monitoring station (the “fixed effects”). The method essentially estimates 
a number of fitted trend lines that have equal slope estimates, but with a dif-
ferent intercept estimate for each cross-sectional unit. The method estimates 
a line for every cross-section. The methodology and statistical tests involved 
are described in greater detail in the technical appendix (p. 54). 

To analyze 1-hour O3 concentrations across Canada between 1980 
and 2009, a linear time trend is fitted through the provincial average 1-hour 
exceedances per station using panel regression with eight provinces as the 
cross-sectional units.18 The results are displayed in table 10. The results indi-
cate a decreasing common trend in the average number of exceedances per 
exceeding station when exceedance is defined with respect to the federal 
Maximum Acceptable Level of 80  ppb. The results suggest that average 
exceeding hours per exceeding station decreased by 0.73 hours annually, a 

 18 This dependent variable was calculated by dividing the total number of exceeding obser-
vations for a province in a year by the number of monitoring stations that recorded 
exceeding observations in that province in that year.
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Figure 12: Concentrations of ground-level Ozone in Ontario, 1982–2009

Note: The �gure displays average, 95th percentile, and 5th percentile values of the 3-year moving average of annual 
4th-highest daily maximum 8-hour average for ground-level Ozone at monitoring stations in Ontario. In a given year, 
95% of stations have concentrations below the 95th percentile value. Similarly, 5% of stations report concentrations 
below the 5th percentile value.

Sources: Environment Canada, 2010b; calculations by author.
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decrease of 21.8 exceeding hours over 30 years. However, when exceedance 
is defined with respect to the federal Maximum Desirable Level of 50 ppb, 
there is no statistically significant trend.19 These results suggest that over the 
past 30 years Canadians are experiencing fewer extreme O3 events but the 
number of moderate O3 events remains unchanged.

In a further analysis to discover whether O3 concentrations are decreas-
ing, annual fourth-highest daily maximum 8-hour averages for each station 
are examined from 1980 to 2009. Eight panel regressions are undertaken to 
estimate a common linear-time trend for the monitoring stations of each 
province. The results for all eight provinces are listed in table 11. For Ontario, 
the results indicate that, on average between 1980 and 2009, O3 concentra-
tions in Ontario have decreased by 0.22 ppb annually (around 6.6 ppb over 
30 years). The only provinces that did not experience a decrease in concen-
trations were Saskatchewan and Nova Scotia. Saskatchewan had a small but 
statistically significant increasing trend. However, Saskatchewan has relatively 
low O3 concentrations compared to other provinces, so this result does not 
indicate a problem. Nova Scotia had a decreasing trend that was not statis-
tically significant. New Brunswick experienced the largest annual decrease 
of 0.843 ppb (a decrease of 25.29 ppb over 30 years). And, Alberta had the 
lowest decrease of 0.1 ppb annually (a decrease of 3 ppb over 30 years). The 
results for Saskatchewan, Manitoba, New Brunswick, and Nova Scotia need 
to be taken with a grain of salt since the samples are much smaller than those 

 19 The estimated coefficient was negative but was not statistically significant when using 
standard errors robust to heteroskedasticity and serial correlation.

Table 10: Panel-data regression results on average exceedances of O3 concentrations  
per exceeding station

Air quality  
objective

Time  
period

Sample  
size

Common trend 
coefficient

Standard  
error

Adj-R2 F-stat

NAAQO–MAL 1980–2009 (Total Obs. = 237, N = 8)  −0.72644 1% 0.27933 0.469 24.24 1%

NAAQO–MDL 1980–2009 (Total Obs. = 237, N = 8)  −0.27896 2.68566 0.7728 90.93 1%

Notes: NAAQO–MAL = National Ambient Air Quality Objectives—maximum acceptable level; NAAQO–MDL = National 
Ambient Air Quality Objectives—maximum desirable level. The dependent variable is the provincial average number of aver-
age 1-hour concentrations exceeding the objective per station with exceeding observations. The independent variable is a 
common linear trend for all eight provinces. The results are interpreted for the NAAQO-MAL regression as follows: between 
1980 and 2009. Canadian provinces on average experienced 0.7 fewer hours annually for which O3 concentrations exceeded 
80 ppb (21.8 fewer hours over 30 years). More details on the econometric method can be found in the Appendix (p. 54). 
Superscript 1% denotes statistical significance at the 1% level. The fixed-effects model was estimated using Least Squares 
Dummy Variable estimation. The standard errors are robust to heteroskedasticity and serial correlation using the method pro-
posed by Arellano (1987). Adj-R2 refers to the Adjusted-R2, a measure of the goodness of fit. The F-stat is a goodness-of-fit test 
statistic; significance indicates that the model provides non-negligible explanatory power.

Sources: Environment Canada, 2010b; author’s statistical analysis.
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of the other four provinces. Overall, the results indicate that, with respect to 
O3, air quality on average is improving in Canada.

In a third analysis to discover whether O3 levels are decreasing in 
Canada, a panel regression with a linear time-trend was estimated using all 
monitoring data (1,590 observations from 225 stations) from eight provinces 
for the period (2000–2009) since the Canada-wide standard was agreed upon. 
The results (table 12) indicate that, over the time the Canada-wide standard 
has been in place, O3 levels in Canada have decreased on average by 0.466 ppb 
annually.20 This corresponds to a decrease of 4.66 pb over 10 years. The evi-
dence is clear: O3 concentrations are, on average, decreasing in Canada at a 
slow but statistically significant rate.

Summary of analysis
The statistical analysis provides insight into trends in O3 concentrations in 
Canada. The first analysis suggests that, on average, there has been a decrease 
in the average number of hours with concentrations above 80 ppb, the federal 
maximum acceptable level, between 1980 and 2009 for individual provinces. 
However, at the same time there is no significant change in the average number 

 20 The estimated coefficient is statistically significant at the 1% level.

Table 11: Panel-data fixed-effects regression results for O3 concentrations in each province

Province Time 
period

Sample  
size

Common trend 
coefficient

Standard  
error

Adj-R2 F-stat

Alberta 1980-2009 (Total Obs. = 374, N = 32)  −0.100 10% 0.0599 0.994 1,781.0 1%

British Columbia 1980-2008 (Total Obs. = 641, N = 57)  −0.374 5% 0.1688 0.984 685.6 1%

Saskatchewan 1980-2009 (Total Obs. = 65, N = 7)  0.005 1% 0.0599 0.986 496.2 1%

Manitoba 1980-2009 (Total Obs. = 76, N = 3)  −0.319 1% 0.0781 0.986 1,313.0 1%

Ontario 1980-2009 (Total Obs. = 1,196, N = 98)  −0.222 1% 0.0572 0.987 950.7 1%

Quebec 1980-2008 (Total Obs. = 793, N = 69)  −0.367 1% 0.0497 0.986 813.4 1%

New Brunswick 1980-2009 (Total Obs. = 206, N = 17)  −0.843 1% 0.1379 0.978 502.6 1%

Nova Scotia 1980-2009 (Total Obs. = 103, N = 13)  −0.332 0.2338 0.985 493.4 1%

Notes: A panel regression was conducted for each province with individual effects for each monitoring station (N = the number 
of stations). The dependent variable is the annual fourth-highest daily maximum 8-hour average O3 concentration. The indepen-
dent variable is a common linear trend. The results for Alberta are interpreted as follows: between 1980 and 2009, O3 concentra-
tions at monitoring stations in Alberta decreased on average 0.1 ppb annually (3 ppb over 30 years). Superscripts 1%, 5%, and 10% 
denote statistical significance at the 1%, 5%, and 10% levels, respectively. The standard errors are robust to heteroskedasticity and 
serial correlation using the method proposed by Arellano (1987). Adj-R2 refers to the Adjusted-R2, a measure of the goodness of 
fit. The F-stat is a goodness-of-fit test statistic; significance indicates that the model provides non-negligible explanatory power.

Sources: Environment Canada, 2010b; author’s statistical analysis.
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of hours with concentrations above 50 ppb, the federal maximum desirable 
level, between 1980 and 2009 for individual provinces. These two results 
combined suggest that there has been improvement with respect to the fre-
quency of high O3 exposure, but not the frequency of moderate O3 exposure.

Further statistical analysis shows that concentrations in all provinces 
except Saskatchewan and Nova Scotia have decreased overtime between 1980 
and 2009. The results even suggest that concentrations at stations in Ontario 
were decreasing on average over this period. 

The final statistical analysis identified the Canada-wide trend of O3 con-
centrations. The results suggest that, on average, concentrations of O3 have 
decreased at monitoring stations across Canada between 2000 and 2009. 
The results of the statistical analysis have made it clear that, with respect to 
ground-level ozone, air quality in Canada is improving.

Conclusion
The results discussed here call into question an assumption used in the 
Canadian Medical Association 2008 report. When making forecasts of the 
number of air pollution deaths and air pollution related medical costs, the 
Canadian Medical Association report relies on the assumption that O3 con-
centrations in Canada will remain constant into the future. However, this 
assumption is not consistent with the trends in historical monitoring data. The 
federal 1-hour Maximum Acceptable Level exceedance results (table 10) and 
the analysis using the Canada-wide standard unit of measure both indicate an 
ongoing declining trend (table 11 and table 12). The average violations of the 

Table 12: O3, Canada-wide panel regression, 2000–2009

Total observations 1,590

Total stations N = 225

Common trend coefficient −0.4664 1%

Standard error (robust) 0.0688

Adjusted-R2 0.99

Notes: The dependent variable is the annual fourth highest daily maximum 8-hour average O3 
concentration. The independent variable is a common linear trend. The results are interpreted 
as follows: Between 2000 and 2009 on average O3 concentrations in Canada decreased by 
0.4664 ppb annually (a decrease of 4.664ppb over ten years). Superscript, 1%, denotes statistical 
significance at the 1% level. The estimation was conducted using Least Squares Dummy variable 
estimation. The method of calculating robust standard errors proposed by Arellano (1987) was 
used to correct for heteroskedasticity and seriel correlation. Adjusted-R2 is a measure of good-
ness of fit. Further results from other goodness-of-fit tests and other diagnostic tests can be 
found in the Appendix (p. 54).

Sources: Environment Canada, 2010b; author’s statistical analysis.
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federal Maximum Acceptable Level for an exceeding station have decreased 
on average since 1980. Also, O3 concentrations in the most populated prov-
inces have trended downward between 1980 and 2009. Furthermore, O3 con-
centrations in Canada decreased overall following the implementation of the 
Canada-wide standard, indicating that substantial improvements in air quality 
have continued to occur over the past decade. There is no justification for the 
assumption that these patterns will change in the near future.
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 7 Air quality in Canada—Particulate Matter

Airborne particulate matter (PM) is often measured as total suspended par-
ticulates (TSP), fine particulate matter (PM10), or ultrafine particulate mat-
ter (PM2.5).21 Concentrations of total suspended particulates have decreased 
substantially in major Canadian cities since the 1970s and are no longer con-
sidered a major air-quality issue. In the 1990s, research suggested that fine 
particulate matter has a more serious effect upon human health than total sus-
pended particulates. In the mid-1990s, the National Air Pollution Surveillance 
network began continuous monitoring of PM10 and PM2.5 concentrations and 
discontinued monitoring of total suspended particulates but much monitor-
ing of PM10 has now been discontinued except in British Columbia. This may 
be due to scientific evidence that exposure to coarse particulate matter (the 
particulates between 10 µm and 2.5 µm in diameter) is not correlated with 
adverse health effects (Peng et al., 2008). The analysis in this section will focus 
on PM2.5 concentrations in Canada.

Sources of PM2.5

PM2.5 is emitted into the atmosphere from natural sources such as forest fires 
and from human industries like pulp and paper mills and refining. PM2.5 can 
also form in the atmosphere from chemical and physical reactions between 
other air pollutants (Environment Canada, 2011). The human sources of PM2.5 

for Canada in 2008 are shown in figure 13. The natural and human sources 
of PM2.5 are shown in figure 14. The sources of PM2.5 will obviously depend 
on location: for example, locations in British Columbia may have more PM2.5 

from unpaved roads and forest fires than locations in southern Ontario. 
However, it is still clear that nationally the vast majority of PM2.5 emissions 
are not from industrial sources. Dust from paved and unpaved roads is the 
largest human source of PM2.5 (these along with construction and agriculture 
are considered “open” sources).22 The largest human source of PM2.5 emissions 
in Canada not classed as “open” is the burning of wood and wood pellets for 
residential heating (“residential wood-burning” in figures 4, 10, and 13).

 21 Total suspended particulates (TSP) are all particles of solid matter suspended in the air; 
fine particulate matter (PM10) consists of airborne particulate matter with a mass median 
diameter less than 10 µm; ultrafine particulate matter consists of airborne particulate 
matter with a mass median diameter less than 2.5 µm (µm = micrometer, 1×10-6 metre, 
or 0.001 mm). In the literature, it is generally referred to as PM2.5.

 22 “Open” sources are those that are not the result of combustion, like dust coming off a 
construction site or soil blowing off a farm field while tilling is going on. Open sources 
are usually difficult to control.



Canadian Environmental Indicators—Air Quality / 45

www.fraserinstitute.org / Fraser Institute

Figure 13: Sources of volatile organic compounds in Canada, 2008

Notes: road dust, construction, and agriculture are considered “open” sources (i.e., not the result of combustion); they 
are usually di�cult to control.

Sources: Environment Canada, 2010c; calculations by author.
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Figure 14: Sources of ultra�ne Particulate Matter (PM2.5) in Canada, 2008

Note: Open sources include road dust, agriculture, and construction; forest �res are the sole natural source.

Sources: Environment Canada, 2010c; calculations by author.
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Effects on health
Epidemiological studies have found strong evidence linking exposure to PM2.5 
to several adverse health outcomes, including mortality (Dominici et al., 2003; 
Burnett et al., 2004; Dominici et al., 2006; Pope et al., 2006; Peng et al., 2008; 
Pope et al., 2009).23 The Canadian Medical Association’s report published in 
2008 assumes that the adverse health effects of PM2.5 exposure get worse as 
the population ages.

Data
In 2008, the latest year for which data are available for all eight provinces, 
only two out of the 125 stations with sufficient data (for 2006–2008) failed 
to achieve the Canada-wide standard.24 Sarnia had a concentration of 31.5 µg/
m3 and Shawinigan had a concentration of 39 µg/m3. Data from 2007–2009 
show that Sarnia had a concentration of 29 µg/m3, which is below the CWS. 
All stations in Nova Scotia, New Brunswick, Manitoba, Saskatchewan, and 
Alberta have achieved the CWS for all periods of available continuous PM2.5 
monitoring data. However, incomplete monitoring data for a station near Fort 
McMurray, AB in 2007 is a concern since this station had a concentration 
of 39 µg/m3 in 2006. This station achieved the CWS in all periods, but the 
presence of a large number of missing observations in 2007 suggests that the 
2005-2007 and 2006-2008 values could be higher or lower than calculated. 

Figure 15 displays Canadian average PM2.5 concentrations between 
2000 and 2009. The graph shows that, on average, concentrations have been 
below the CWS. Average concentrations appear to be slightly decreasing 
between 2000 and 2009 although statistical analysis is needed to confirm the 
trend. Also, 95% of monitoring stations achieved the CWS in 2008 and 2009. 

The PM2.5 monitoring data from British Columbia reveals a problem 
with the CWS unit of measure. In 2003, Golden, Kamloops, Kelowna, and 
Prince George all had large spikes in concentrations; 2003 was also a year in 
which British Columbia was ravaged by forest fires. In many parts of Canada, 
forest fires  may affect local air quality for more than 2% of the days in a year. 
Therefore, for some monitoring stations the Canada-wide standard meas-
ure may not be a good indicator of the human effect on local air quality. 
Environment Canada did not produce PM2.5 provincial emission accounts that 
include natural sources prior to 2006, so it is unclear whether these spikes 
in concentrations should be attributed to increased forest fires rather than 
industrial sources. Further analysis is needed to evaluate whether stricter 
regulation of industrial emissions of PM2.5 have a significant effect on ambi-
ent concentrations in some areas.

 23 Some of the listed studies use PM10 but the study by Peng et al. (2008) suggests that PM2.5 
is the cause.

 24 Spreadsheet available from author upon request.
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The Canada-wide standard is more stringent than the 24-hour stan-
dard of the United States but not than the objectives of the World Health 
Organization, Australia, or British Columbia. Table 13 displays exceedances 
of British Columbia’s objective for each province between 1995 and 2009. No 
discernible pattern can be inferred from this table and, therefore, statistical 
analysis is required to identify whether exceedances are increasing per station 
or decreasing over time. Given the importance of PM2.5 concentrations to the 
forecasts made in the report of the Canadian Medical Association (2008), it is 
imperative to identify what has happened to these concentrations over time.25 

Statistical analysis
Analyzing the Canadian data for each province against British Columbia’s 
24-hour objective to see the average number of exceedances per exceeding 
station produces interesting results. Calculating the average exceedances per 
exceeding station for each year for each province and then applying a panel 
fixed-effects regression model produces an estimate of a decreasing common 

 25 Readers without a background in statistics may want to proceed to the brief non-technical 
summary at the end. Readers with an intermediate background in statistics or economet-
rics are encouraged to continue through the following discussion.
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Figure 15: Concentrations of ultra�ne particulate matter in Canada, 2000–2009

Note: The �gure displays average, 95th percentile, and 5th percentile values of the 3-year moving average of annual 
98th-percentile 24-hour average PM2.5 concentrations from monitoring stations across Canada. In a given year, 95% of 
stations have concentrations below the 95th percentile value. Similarly, 5% of stations report concentrations below 
the 5th percentile value.

Sources: Environment Canada, 2010b; calculations by author.
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Table 13: Exceedances of British Columbia's 24-hour objective for PM2.5 (25 µg/
m3) by various provinces

Exceeding  
hours

Exceeding  
stations

Total  
stations

% of stations with 
exceeding hours

Br
iti

sh
 

Co
lu

m
bi

a 1995–1999 31 6 9 67%

2000–2004 347 21 41 51%

2005–2009 143 28 50 56%

Al
be

rt
a

1997–1999 39 3 5 60%

2000–2004 174 21 25 84%

2005–2009 198 32 42 76%

Sa
sk

at
ch

ew
an 1995–2000 0 0 0 n/a

2001–2004 2 2 2 100%

2005–2009 0 0 3 0%

M
an

ito
ba

1997–1999 2 1 1 100%

2000–2004 8 4 4 100%

2005–2009 27 3 4 75%

O
nt

ar
io

1997–1999 535 14 15 93%

2000–2004 1,713 45 46 98%

2005–2009 1,689 45 45 100%

Q
ue

be
c 1997–1999 222 8 9 89%

2000–2004 1,427 52 54 96%

2005–2009 1,401 47 49 96%

N
ew

 
Br

un
sw

ic
k 1996–1999 6 3 4 75%

2000–2004 74 9 9 100%

2005–2009 57 9 12 75%

N
ov

a 
 

Sc
ot

ia

1998–1999 3 2 2 100%

2000–2004 40 5 5 100%

2005–2009 45 5 12 42%

Notes: The calculations considered all stations with any amount of monitoring data. An exceed-
ance was defined as an average 24-hour PM2.5 concentration greater than, or equal to, 25 µg/m3. 
An exceeding station is any monitoring station with at least one 24-hour average concentration 
equal to, or greater than, 25 µg/m3, the British Columbia objective.

Sources: Environment Canada, 2010b; calculations by author.
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trend that is not statistically significant. The results are displayed in table 14. 
This result is surprising considering that the trend in Ontario appears to be 
especially pronounced in the data. Ontario stations went from a high of 23.5 
average exceeding days per exceeding station in 1998 to a low of 1.8 in 2009. In 
other words, in Ontario, areas that had high PM2.5 went from having 23.5 bad 
days in 1998 to only 1.8 bad days in 2009. PM2.5 concentrations have become 
less of a problem in Ontario but, clearly, a more detailed analysis is necessary.

In a second analysis of whether PM2.5 concentrations in Canada are 
decreasing, all available annual 98th percentiles of daily averages are looked 
at for each province between 1995 and 2009. Estimating a panel-regression 
model to account for the unobserved individual characteristics of each mon-
itoring station finds a statistically significant, decreasing common time-trend 
in British Columbia, Saskatchewan, Ontario, and Quebec (table 15). Alberta, 
Manitoba, and New Brunswick reported decreasing trends; however, the 
results were not statistically significant. Ontario and Quebec had the largest 
sample sizes and the largest decreasing trends. In Ontario, monitoring sta-
tions on average reported an annual decrease of 1.3 µg/m3, corresponding to 
a decrease of 16.6 µg/m3 over 13 years. The monitoring stations in Quebec 
reported an average decrease of 1 µg/m3 per year, corresponding to a decrease 
of 12 µg/m3 between 1998 and 2009. Caution should be employed when inter-
preting the results for Manitoba, Nova Scotia, and Saskatchewan because of 
the small number of observations available for these provinces. 

A third panel-regression analysis was conducted using all of the 
provincial data for the period since the Canada-wide standard agreement 
(2000–2009) (table 16). The estimated common trend for concentrations at 
monitoring stations in the eight Canadian provinces is decreasing and statis-
tically significant. The results suggest that, on average, PM2.5 concentrations 
have decreased 0.82 µg/m3 annually, which corresponds to a 8.2 µg/m3 total 
decrease over the ten-year period. 

Summary of analysis
The first result from the statistical analysis is that there has been no iden-
tifiable Canada-wide decrease in the number of exceedances of British 
Columbia’s objective per station with exceedances; despite Ontario’s having 
had its lowest number of exceedances per station with exceedances in 2009. 
However, additional statistical analysis conducted on data from each prov-
ince indicates that concentrations of PM2.5 have been decreasing between 
1995 and 2009, on average, in the three most populous provinces, British 
Columbia, Ontario, and Quebec. Also, analyzing all Canadian monitoring 
stations together between 2000 and 2009 produces results that indicate that 
concentrations of PM2.5 have been decreasing, on average, across Canada 
since the signing of the Canada-wide standard for PM2.5. This result further 
confirms the downward trend apparent in figure 15. 



50 / Canadian Environmental Indicators—Air Quality

Fraser Institute / www.fraserinstitute.org

Table 14: Panel-data regression results on average exceedances of PM2.5 concentrations  
per exceeding station

Air quality  
objective

Time 
period

Sample  
size

Common trend 
coefficient

Standard  
error

Adj-R2 F-stat

BC 24-hr objective 1995–2009 (Total Obs. = 94, N = 8)  −0.22328 not sig. 0.1778 0.808 44.86 1%

Notes: The dependent variable is the provincial average number of average 24-hour concentrations exceeding the objective 
per station with exceeding observations. The independent variable is a common linear trend for all eight provinces. The re-
sults are not significant when robust standard errors are used and, therefore, no decrease in exceeding days can be inferred. 
Superscript 1% denotes statistical significance at the 1% level. More details on the econometric model can be found in the 
Appendix (p. 54). The fixed-effects model was estimated using Least Squares Dummy Variable estimation. The standard errors 
are robust to heteroskedasticity and serial correlation using the method proposed by Arellano (1987). 

Sources: Environment Canada, 2010b; author’s statistical analysis.

Table 15: Panel-data fixed-effects regression results for PM2.5 concentrations in each province

Province Time period Sample  
size

Common trend 
coefficient

Standard  
error

Adj-R2 F-stat

Alberta 1998–2009 (Total Obs. = 201, N = 34)  −0.2006 0.1412 0.943 95.07 1%

British Columbia 1995–2008 (Total Obs. = 267, N = 52)  −0.3518 1% 0.0756 0.949 96.22 1%

Saskatchewan 2001–2009 (Total Obs. = 14, N = 3)  −0.8847 10% 0.4357 0.97 112.6 1%

Manitoba 1998–2009 (Total Obs. = 37, N = 4)  −0.2217 0.1381 0.965 204.3 1%

Ontario 1997–2009 (Total Obs. = 343, N = 53)  −1.2776 1% 0.1144 0.969 199.0 1%

Quebec 1998–2009 (Total Obs. = 231, N = 42)  −1.0259 5% 0.4479 0.931 73.18 1%

New Brunswick 1997–2009 (Total Obs. = 48, N = 10)  −0.0794 0.1177 0.953 89.0 1%

Nova Scotia 1998–2009 (Total Obs. = 25, N = 6) 0.1033 0.4512 0.939 56.51 1%

Notes: A panel regression was conducted for each province with individual effects being each monitoring station (N refers to the 
number of stations). The dependent variable is the annual 98th percentile 24-hour PM2.5 concentration. The independent variable 
is a common linear trend. The results for British Columbia are interpreted as follows: between 1995 and 2008, PM2.5 concentra-
tions at monitoring stations in British Columbia decreased on average 0.3518 µg/m3 annually (a decrease of 4.93 µg/m3 over 14 
years). Superscripts, 1%, 5%, and 10% denote statistical significance at the 1%, 5%, and 10% levels, respectively. The standard er-
rors are robust to heteroskedasticity and serial correlation using the method proposed by Arellano (1987). Adj-R2 refers to the 
Adjusted-R2, a measure of the goodness-of-fit. The F-stat is a goodness-of-fit test statistic; significance indicates that the model 
provides non-negligible explanatory power. 

Sources: Environment Canada, 2010b; author’s statistical analysis
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Conclusion
Overall, the results of the statistical analysis suggest that concentrations of 
PM2.5 have been decreasing in the most populated regions of Canada. These 
results call into question the underlying assumptions made in the Canadian 
Medical Association’s report that O3 and PM2.5 concentrations remain con-
stant into the future. These results alongside the results for O3 discussed ear-
lier suggest that there is no justification for the assumption that concentra-
tions will not continue to decline in the near future.

In summary, PM2.5 concentrations have decreased in the most popu-
lated regions of Canada since the mid-1990s. There is no indication that PM2.5 

concentrations in these regions will not continue to decrease in the future. As 
with O3, the Canadian Medical Association’s report uses assumptions about 
future concentrations of PM2.5 that are not supported by the most recent 
Canadian monitoring data. The use of these flawed assumptions results in 
overestimates of aggregate impacts on human health and health care costs. 
Also, since industrial PM2.5 emissions represent a very small fraction of total 
PM2.5 emissions, future spikes in PM2.5 concentrations may be beyond the scope 
of human control (e.g., PM2.5 emitted by forest fires) suggesting that calls for 
legally binding national standards (e.g., Boyd, 2006) should not be acted upon.

Table 16: PM2.5, Canada-wide panel regression, 2000–2009

Total Observations 1,103

Total Stations N = 204

Common Trend Coefficient −0.8217 1%

Standard Error (Robust) 0.1076

Adjusted-R2 0.947

Notes: The dependent variable is the annual 98th percentile 24-hour average concentration. The 
independent variable is a common linear trend. The results are interpreted as follows: between 
2000 and 2009, on average, PM2.5 concentrations in Canada decreased by 0.8217 µg/m3 annually 
(a decrease of 8.217 µg/m3 over 10 years). Superscript 1% denotes statistical significance at the 1% 
level. The estimation was conducted using Least Squares Dummy variable estimation. The meth-
od of calculating robust standard errors proposed by Arellano (1987) was used to correct for het-
eroskedasticity and serial correlation. Adjusted-R2 is a measure of goodness of fit. Further results 
from other goodness-of-fit tests and other diagnostic tests can be found in the Appendix. (p. 54)

Sources: Environment Canada, 2010b; author’s statistical analysis.
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 8 Conclusion

This study analyzed Canadian monitoring data for five major air pollutants 
to assess the true state of air quality in Canada. The results suggest that, in 
most instances, Canadians currently experience significantly better air quality 
than at any other time since monitoring of air quality was commenced in the 
1970s. The results also suggest that concentrations of two of the pollutants 
of greatest concern—ground-level ozone and ultrafine particulate matter—
have generally decreased across Canada since 2000. Air quality in Canada 
has improved and is improving.

Concentrations of nitrogen dioxide, carbon monoxide, and sulfur diox-
ide have decreased significantly over the past 35 years in most locations in 
Canada. Sulfur dioxide concentrations remain relatively high in only a few 
sparsely populated locations that rely on emissions-intensive industries such 
as mineral smelting or oil-sands processing. These relatively higher concen-
tration levels may be acceptable to local residents due to the economic bene-
fits provided by the polluting activities and stricter emission controls in these 
areas may be unduly costly on the emitters, and lead to layoffs and even clos-
ing of the operations. Calls for universal (NRTEE, 2008) and legally bind-
ing air pollution standards (Boyd, 2006) ignore the flexibility of the current 
patchwork policy framework that allows for the consideration of local con-
ditions and preferences.

The results indicate that O3 and PM2.5 concentrations have generally 
declined in Canada since 2000. This result calls into question the assump-
tion made in a report by the Canadian Medical Association (CMA, 2008) 
that concentrations of O3 and PM2.5 will remain at current levels in the future; 
this assumption is not in line with the historical evidence. This suggests that 
the Canadian Medical Association’s report overestimates the future costs of 
air pollution in Canada. 

Improving monitoring of air quality
There are a few instances where improved data would produce a more accur-
ate assessment of the current state of air quality in Canada. The locations like 
Trail and Flin Flon that continue to record relatively high concentrations of 
nitrogen dioxide and sulfur dioxide have monitoring data that dates back only 
around 10 years. Therefore, we have no indication of the air quality in these 
locations prior to the commencement of monitoring and can only draw con-
clusions about how air quality in these locations has improved or gotten worse 
over these ten years. Also, there are locations in Canada with sources of high 
levels of emissions but no ambient monitoring (e.g., Thompson). It should 
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also be noted that this study considers only the five major pollutants that 
are available in the National Air Pollution Surveillance database and ignores 
other pollutants such as benzene. The National Air Pollution Surveillance 
network should be expanded to collect monitoring data for other air pollut-
ants that may be of concern as the science on the health effects of air pollu-
tion continues to develop.
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Technical appendix

This study employs panel-data regression analysis to estimate common trend 
slopes (trend coefficients) for various dependent variables. Panel data refers 
to data that uses both a cross-sectional dimension and a time-series dimen-
sion. The pollution monitoring data studied generally has a cross-section of 
monitoring stations each with pollution concentrations observed over time. 
The panel data is considered unbalanced since some monitoring stations have 
more observations over time than others. Arellano (2003) provides an excel-
lent introduction to panel data for readers with an intermediate background 
in statistics or econometrics. Wooldridge (2009) is an introductory text on 
econometrics that provides a good treatment of panel-data statistical methods.

The regression analysis applied in this study estimates a panel data 
fixed-effects model with a common, linear time-trend as the explanatory 
variable. Fixed effects refer to allowing the intercepts to differ between cross-
sectional units. Fixed effects allow the model to take into account unobserved 
individual effects between cross-sectional units. The model is estimated using 
ordinary least squares and includes dummy variables identifying each cross-
sectional unit (each province for the regressions listed in tables 2 and 6, and 
each monitoring station for the regressions listed in tables 3, 4, 7, and 8). This 
estimation approach is referred to as Least Squares Dummy Variable estima-
tion. The dependent variable for the regressions listed in tables 2 and 6 is the 
average number of exceedances per station with exceeding observations for 
each province. Each province has one observation per year. This variable was 
calculated by dividing the total number of exceeding observations for a prov-
ince in a year by the number of monitoring stations that recorded exceeding 
observations in that province in that year. The dependent variable for the 
regressions listed in tables 3, 4, 7, and 8 are pollution concentrations at indi-
vidual monitoring stations. For O3, each observation is the annual Canada-
wide standard unit of measurement for each monitoring station (the annual 
4th-highest daily maximum 8-hour average O3 concentration). For PM2.5, each 
observation is the annual Canada-wide standard unit of measurement for 
each monitoring station (the annual 98th percentile 24-hour average PM2.5 
concentration).

Several diagnostic tests were undertaken. An F-test of the goodness-
of-fit was used to test whether all estimates for a regression are unimportant 
(the trend coefficient and the individual fixed effects are jointly zero). The 
results of the F-test for each regression are listed in tables 2, 4, 6, 7, A.1, and 
A.2. A second F-test was used to test whether the proposed common linear 
time-trend specification is just as good at explaining the dependent variable 
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as a model with individual linear time-trends that differ among monitoring 
stations. The results for this test are displayed for the Canada-wide regres-
sions for O3 and PM2.5 in tables A.1 and A.2. The test results suggest that the 
common linear trend explains the data just as well as differing linear trends. 
The Hausman test is applied to identify whether the unobserved individual 
effects are best represented as fixed or as random. The test results listed in 
tables A.1 and A.2 suggest that the fixed effects specification is as good of a 
representation as the random effects specification.

A modified Wald test was used to test for differences in error variance 
(heteroskedasticity). The resulting statistics in tables A.1 and A.2 suggest that 
the constant variance assumption (homoskedasticity) is violated for both 
regressions. The Breusch-Godfrey test is used to test for serial correlation in 
the regression residuals. The resulting statistics are listed in tables A.1 and A.2. 
The results suggest that the residuals from the Canada-wide regression for 
O3 are serially correlated but the residuals from the Canada-wide regression 
for PM2.5 are not. To correct for serial correlation and heteroskedasticity, 
the robust standard errors proposed by Arellano (1987) are used to conduct 
simple t-tests of whether the estimated trend coefficients are different than 
zero for all of the estimated regressions.

All statistical analysis was conducted using R version 2.9.2 (R Development 
Core Team, 2011). The Hausman test, the Breusch-Godfrey test, and the robust 
standard errors were calculated using the PLM package developed by Croissant 
and Millo (2008).

Table A1: O3, Canada-wide panel regression diagnostic tests

Goodness-of-fit F-test 54.078 1%

F-test for heterogeneous trends 1.073

Modified Wald test for heteroskedasticity 8,261.76 1%

Hausman test for fixed effects 1.4437

Breusch-Godfrey test for serial correlation 8.1037 1%

Note: Superscript 1% denotes statistical significance at the 1% level.

Table A2: PM2.5, Canada-wide Panel Regression diagnostic tests

Goodness-of-fit F-test 96.99 1%

F-test for heterogeneous trends 1.656

Modified Wald test for heteroskedasticity 50,337.48 1%

Hausman test for fixed effects 0.3316

Breusch-Godfrey test for serial correlation 2.0851

Notes: Superscript 1% denotes statistical significance at the 1% level.
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