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1.0

INTRODUCTION

Many epidemiological studies have recently linked traffic proximity to an increased risk of adverse health effects,
such as asthma and heart failure, and may even lead to death. Air quality monitoring studies have revealed the
presence of high concentrations of pollutants emitted by motor vehicles near major roadways when compared to
urban background concentrations. The area of influence depends on traffic patterns, environmental conditions,
and the presence of roadside urban structures. Studies have pointed out that the most important exposure zone
for adverse respiratory symptoms is within 30 m of a roadway and within 300 m of a freeway. In Toronto, nearly
half of the population lives within 500 m of a freeway or within 100 m of a major road (Health Effects Institute,
2012). Moreover, McAdam et al. (2011) pointed out that the vertical distance is also an important determinant of
exposure to pollutants from road traffic.
Regional and municipal local governments can have a significant role in air quality management through
appropriate transportation and land use planning. Following the scope of work detailed in the Request For
Proposal for the Oakville Transportation Master Plan (TMP), the purpose of the present is document is to
develop a plan with guidelines to assess and address the mitigation of air quality issues and concerns
associated with transportation operations, including primarily road operations and expansions. The intent of the
guidelines outlined in this document is also to achieve improvements to the air quality environment where
possible. The goal is also to address potential application for air quality modelling and greenhouse gas
emissions.
The document will start by introducing which impacts on air quality and climate to expect from emissions from
the transportation sector or road vehicles. The next section will detail what we presently know about the Oakville
and Halton Airsheds in terms of ambient air quality monitoring, emission inventories, and air quality modelling.
The final section will present directions to assess future air quality impact and greenhouse gas emissions.
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2.0

IMPACT OF ATMOSPHERIC EMISSIONS FROM TRANSPORTATION

Fossil-fuelled powered road vehicles represent a significant source of pollutants to urban airsheds affecting the
exposure of people. There have been many demonstrated linkages between air quality and human health (i.e.,
http://news.bbc.co.uk/2/hi/health/6297701.stm, accessed 24 April 2012). Motor vehicles are also a major source
of greenhouse gases at both regional and provincial level. Emissions are generated by fossil-fuel consumption
(i.e., vehicle exhaust), fuel evaporation, re-entrainment of road dust, and tire and brake wear.

2.1

Criteria Air Contaminants

Criteria Air Contaminants (CACs) are a subset of urban pollutants that may affect human health and contribute
to air pollution problems and poor air quality. The following provides a list of CACs to be considered when
dealing with pollution due to road vehicles:



Carbon Monoxide (CO) is a product of incomplete combustion of hydrocarbon-based fuels, resulting from
sources such as starting-up and idling of vehicles. CO can have a significant impact on human health, by
inhibiting the ability of blood to carry oxygen to vital organs. Individuals with heart disease are more
sensitive to CO poisoning (http://www.ec.gc.ca/air/default.asp?lang=En&n=139689AB-1, accessed May
th
15 , 2012).



Nitrogen Oxides (NOx) are mainly composed of Nitrogen Monoxide (NO) and Nitrogen Dioxide (NO2) and
are products of the high-temperature combination of nitrogen and oxygen in combustion engines. NOx are
one of the main precursors of ground-level ozone and fine particulate matter. They can cause adverse
th
effects on the respiratory system (http://www.epa.gov/air/nitrogenoxides/, accessed May 15 , 2012).



Total Suspended Particulate Matter (TPM or TSP) consists of solid or liquid airborne particle matter (PM)
having an aerodynamic equivalent diameter of less than 100 μm. Primary PM is emitted at the source in
particle form and secondary PM formation occurs as a result of chemical and physical with various
precursors. PM plays a role in cardiac and respiratory diseases and can have adverse effects on
vegetation and structures. PM also contribute to visibility deterioration and regional haze. The size of PM
is
important
in
determining
environmental
and
health
effects
th
accessed
May
15 ,
2012)
(http://www.ec.gc.ca/air/default.asp?lang=En&n=2C68B45C-1,
th
(http://www.epa.gov/air/particlepollution/, accessed May 15 , 2012).



PM10 is a Particulate Matter having a mass median aerodynamic diameter of less than 10 μm;



PM2.5 is a Particulate Matter having a mass median aerodynamic diameter of less than 2.5 μm. In
comparison to larger particles, PM2.5 is able to penetrate more deeply into lung tissue which is more
susceptible to injury.



Ground-level Ozone (O3) is a secondary pollutant not directly emitted but produced when Nitrogen Oxides
and
Volatile
Organic
Compounds
(VOCs)
react
in
sunlight
and
stagnant
air
th
(http://www.ec.gc.ca/air/default.asp?lang=En&n=590611CA-1, accessed May 15 , 2012). O3 has been
linked to early mortality and morbid health effects including asthma symptoms (e.g., Jerrett et al., 2009). O 3
can also damage vegetation.
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Sulphur Dioxide (SO2) is generally a by-product of fossil fuel combustion. SO2 is a principal precursor of
PM10. Health effects of sulphur dioxide include severe respiratory effects, especially in individuals with preexisting respiratory conditions (http://www.ec.gc.ca/air/default.asp?lang=En&n=BBB2123F-1, accessed
th
May 15 , 2012).



Volatile Organic Compounds (VOCs) are defined technically as organic compounds having a high vapour
o
pressure at 25 C and standard atmospheric pressure. They are emitted from a wide variety of sources.
Many VOCs are known or suspected to be carcinogenic. They react photochemically with other
atmospheric pollutants to form PM2.5 and ground-level ozone.

2.2

Ambient Air Quality Objectives and Canada-wide Standards

Standards Development Branch Ontario Ministry of the Environment (2008) listed Ambient Air Quality Criteria
(AAQC) developed by the Ontario Ministry of the Environment (MOE) as a component of the MOE standard
setting process. AAQC are set at levels below which adverse health and/or environmental effects are not
expected (Table 1). AAQC should be used for assessing general air quality and the potential for causing and
adverse effects. They represent desirable levels in ambient air.
Table 1: Provincial Ambient Air Quality Criteria (AAQC).
Species
CO

Averaging time period

AAQC

1-hour

30 ppm

8-hour

13 ppm

1-hour

200 ppb

24-hour

100 ppb

PM10

24-hour

50 μg/m

O3

1-hour

80 ppb

1-hour

690 μg/m

3

24-hour

275 μg/m

3

Annual

55 μg/m

NO2

SO2

3

3

Canada-wide Standards (CWS) for PM and O3 were promulgated in June 2000 by the federal, provincial (except
Québec), and territorial governments (Table 2). The goal of these standards is to minimize the risks of these
pollutants to human health and the environment (Canadian Council of Ministers of the Environment, 2000).
Table 2: Canada-wide Standards (CWS).
Species

Averaging time period

CWS

O3

8-hour

65 ppb

PM2.5

24-hour

30 μg/m

3

Important: Numerical targets and timeframes for averaging times for data provided in this report determined as per method described in
Canadian Council of Ministers of the Environment (2000). The Canada-wide Standard for PM2.5 is to be achieved based on the 98th
percentile ambient measurement annually, averaged over three consecutive years. The Canada-wide Standard for O3 is to be achieved
based on the 4th highest measurement annually, averaged over three consecutive years.
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2.3

Air Quality Indices

Two indices are currently used by Environment Canada, the Ontario Ministry of Environment (MOE), and Heath
Canada to report on ambient air quality; namely, the Air Quality Index (AQI) and the Air Quality Health Index
(AQHI), respectively. These indices are generated from observations of different pollutants recorded at the air
monitoring stations on an hourly basis. Both air quality indices were developed with different objectives in mind.

2.3.1

Air Quality Index (AQI)

The traditional Air Quality Index (AQI) reports current air quality based on a specific level of an individual
atmospheric pollutant. It takes into consideration both environmental and human health concerns. Table 3
presents the relation between AQI categories and concentrations for various pollutants.
Table 3: Relation between AQI and pollutant concentrations.
3

AQI Categories

CO (ppm)

O3 (ppb)

PM2.5 (μg/m )

SO2 (ppb)

NO2 (ppb)

Very good

0-12

0-23

0-11

0-164

0-104

Good

13-22

24-50

12-22

165-250

105-204

Moderate

23-30

51-80

23-45

251-340

205-254

Poor

31-49

81-149

46-90

341-1999

255-524

Very poor

>49

>149

>90

>1999

>524

The MOE issues air quality advisories when the air quality becomes poor.

2.3.2

Air Quality Health Index (AQHI)

The newly developed Air Quality Health Index (AQHI) is an information tool for communicating health risks
associated with a mixture of pollutants, namely O3, PM2.5, and NO2 (http://www.ec.gc.ca/casaqhi/default.asp?Lang=En, accessed 2 May 2012) and is calculated with the following formula [Stieb et al.,
2008]:
𝐴𝑄𝐻𝐼 =

10

10.4

× [100 × (𝑒 0.000871.𝑁𝑂2 − 1 + 𝑒 0.000537.𝑂3 − 1 + 𝑒 0.000487.𝑃𝑀2.5 − 1)]

(1)

AQHI runs from 1 to 10+ and has been divided into four health risk categories (Table 4). A similar formula was
also developed for PM10. Hasselback and Taylor [2010] recently applied AQHI to ambient pollutant
concentrations across British Columbia to describe health risk caused by degraded air quality. A pilot project to
calculate and map AQHI at suburban scale was recently performed for the City of Hamilton (Wallace, 2012);
AQHI was calculated from modelling outputs for all grid cells in the domain centered over Hamilton, Oakville and
the Niagara region.
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Table 4: Relation between AQHI and health risk.
Health Risk Categories

AQHI

Low

1-3

2.4

Moderate

4-6

High

7-10

Very high

>10

Greenhouse Gases

Important transportation related greenhouse gases (GHGs) include carbon dioxide (CO2), methane (CH4), and
nitrous oxide (N2O). CO2 is direct product of hydrocarbon fuel combustion. CH4 is a by-product of combustion,
but it can also be emitted as unburned fuel from natural gas powered combustion. And N2O is formed in small
quantities also as a by-product of combustion.
GHG emissions are usually converted into amounts of CO2 equivalent (noted CO2eq). It corresponds to the
product of a given mass of a GHG and its global warming potential (GWP). The GWP of a GHG measures its
ability to trap heat in the atmosphere; it is a relative scale that compares the gas in question to that of the same
mass of CO2 whose GWP is equal to 1. CH4 has a GWP of 21 and NO2 has a GWP of 310. The amount of
CO2eq emitted in kilotonnes (kt) is given by:
kt CO2eq = kt CO2 + 21 x kt CH4 + 310 x kt N2O
According to Environment Canada’s annual GHG emission inventory reports (http://ec.gc.ca/ges-ghg/, accessed
1 June 2012), road transportation contributes 25-30% to annual total GHG emissions (in kt CO2eq) in Ontario.
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3.0

CURRENT SITUATION IN THE OAKVILLE AIRSHED

Assessing the current air quality situation in the Oakville airshed permits defining a baseline to work from when
future scenarios for the transportation sector are developed and evaluated. The current situation is based on
three complementary datasets: ambient air monitoring, emission inventory and air quality modelling. Each issue
is addressed in the following sections.

3.1

Ambient Air Quality Monitoring

The MOE maintains dozens of air quality monitoring stations in southeastern Ontario. There is currently only
one MOE operated station located in Oakville (Eighth Line/Glenashton Drive/Halton Reservoir). Another station
is located in southern Burlington (Highway 2/North Shore Boulevard East). Hourly concentrations of various
pollutants and resulting AQI and AQHI are provided near-real time on the MOE website
(http://www.airqualityontario.com/history/locations.php?pol=122, accessed 6 June 2012).
In 2008, Halton Region installed a station in Milton and data are available on the Halton Region website
(http://216.185.72.154/Online.aspx?ST_ID=1;0, accessed 6 June 2012). The location of this station allows for
the observations of atmospheric transport of pollutants from the southern urban areas of Oakville and Burlington,
to the more rural part of northern Halton Region.
Figure 2 to Figure 4 present year-by-year variation of the concentrations of NOx, PM2.5, and O3, respectively,
averaged over different time periods, depending on the air quality criteria, at the Oakville monitoring station. For
PM2.5, no data are available before 2004 since PM2.5 is a relative new species for monitoring. Ground level
ozone is a major compound of concern not only in Oakville, but also in the whole GTA during summertime
(MacPhail et al., 1998). Both PM2.5 and ozone are regional air quality issues attributed to long-range transport
and atmospheric chemical reactions.
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Figure 1: Locations of the stationary ambient air monitoring stations in Oakville, Burlington and Milton.

Figure 2: Measured 24-hr NOx concentrations at Oakville monitoring station from 2000 through 2007.
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Figure 3: Measured 24-hr PM2.5 concentrations at Oakville monitoring station from 2004 through 2008.

Figure 4: Measured 8-hr O3 concentrations at Oakville monitoring station from 2001 through 2008.
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3.2

Emission Inventory

For air quality studies, emission inventories have to take into account both local and regional sources. Golder
has significant experience in developing emission inventories at various geographical scales and in integrating
comprehensive air quality modelling systems. Overall, the study carried out by Golder for the Halton Region
Airshed Modelling Study (http://www.halton.ca/cms/One.aspx?portalId=8310&pageId=61437, accessed April
th
24 , 2012) showed that the Region’s air quality was reflective of an accumulation of transboundary,
transportation, residential/commercial, and industrial sources.
Figure 5 shows the land cover or land use map of Oakville and southern Halton Region. Along the Lake Ontario
shore, emissions are mainly of anthropogenic origin (e.g., industrial zones, highways, cities), i.e. in the
Municipality of Oakville. The inland part of the Halton domain presents rural and forested areas that generate
high emissions of biogenic VOCs. It is crucial to include a detailed land use of the regions adjacent to the area
of study in the emission inventory since it may have an impact on air quality.
Emissions of various chemical compounds or groups of chemicals were quantified and combined for four major
sources of air pollution in Halton Region. Table 5 shows total annual amounts (in metric tonnes per year) and
percentages to totals (in brackets) for VOCs, NOx, CO, SO2, PM2.5, and PM10 with respect to the Town of
Oakville.

Table 5: Emissions (tonnes/year) by sectors in the Town of Oakville.
Commercial &

Road

Biogenic &

Residential

Transportation

Agricultural

Species

Industrial

VOCs

606 (42.4%)

NOx
CO
SO2

3 (5.5%)

3

PM2.5

6 (3.1%)

PM10

14 (1.7%)

TOTAL

210 (14.7%)

610 (42.7%)

3 (0.2%)

30 (0.9%)

464 (14.6%)

2,639 (82.9%)

52 (1.6%)

3,185 (100%)

44 (0.3%)

1,844 (12.4%)

13,025 87.3%)

15 (0.1%)

14,928 (100%)

49 (89.1%)

0 (0.0%)

55 (100%)

49 25.5%)

134 (69.8%)

3 (1.6%)

192 (100%)

49 (6%)

745 (91.7%)

4 (0.5%)

812 (100%)

(5.5%)

1,429 (100%)

Industrial, commercial, and residential sources include the combustion of fossil fuel and the burning of wood in
stoves and fireplaces.
Road transportation is the dominant source of particulate, SO2, CO, and NOx emissions in Oakville on an annual
basis. Emissions were calculated using the latest version of MOBILE, adapted to Canadian vehicles, namely
st
MOBILE6.2C (http://www.epa.gov/oms/m6.htm, accessed May 1 , 2012). Note that greenhouse gases
emissions were not considered in the study.
Emission rates vary based on the speed a vehicle is traveling. US EPA and US Department of Transportation
conducted a comprehensive sensitivity analysis on vehicle emission factors calculated with MOBILE (US EPA,
2002a, 2002b) (http://www.fhwa.dot.gov/resourcecenter/teams/airquality/tinja.cfm, accessed 22 June 2012).
They determined relationships between speed and vehicle emissions and concluded that emission rates are
sensitive to speed changes.
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For instance, as speed increases, VOC emission rate decreases rapidly in a linear fashion within the range of 4
km/h and 12 km/h. Between 15 km/h and 105 km/h, VOC emission rates decrease in a pseudo-linear trend.
When speed is over 50 km/h, VOC emission rates are the same for freeway mainline and arterial facilities.
NOx and CO emission rates exhibit a third order polynomial relationship with facility speeds. Between 15 km/h
and 55 km/h, the NOx emission rate decreases as speed increases. Within the 55-105 km/h range, the NOx
emission rate increases as speed increases. With respect to CO, the emission rates decrease as speed
increases in the range of 15 to 40 km/h and increase in the range of 40 to 105 km/h. Within the range of 4 to 15
km/h, both CO and VOC emission rates increase dramatically as the facility speed drops to the 4 km/h idle
speed.

Figure 5: MPAC (Municipal Property Assessment Corporation) land use of Oakville and southern Halton Region.

February 2013
Report No. 11-1151-0183

10

OAKVILLE TRANSPORTATION MASTER PLAN UPDATE
AIR QUALITY IMPACT REVIEW

3.3

Air Quality Modelling

Golder applied the dispersion model CALPUFF to previous emission inventories to simulate air quality impacts
from the different pollutant source sectors over the whole airshed. CALPUFF is a non-steady puff dispersion
model that simulates the effects of time- and space-varying meteorological conditions on pollution transport,
transformation, and removal.
The model can be applied for long-range transport of pollution
nd
(http://www.src.com/calpuff/calpuff1.htm, accessed May 2 , 2012). For the Halton Airshed study, the modelling
grid has a horizontal resolution of 2 km x 2 km and meteorological fields for the year 2005 were integrated in the
modelling framework.
Figure 6 to Figure 11 show the contributions (in %) of transportation to annually averaged atmospheric
concentrations for several compounds in the Halton Airshed at the surface level. Blue lines on the figures
delineate the municipalities’ boundaries. Oakville has more transportation flow as well as industrial activity and
is more populated than other parts of the Halton Region. This feature increases the level of locally generated
pollution, especially along the arterial roads and highways. Advection by wind can transport significant amounts
of pollutants locally emitted in Oakville to the northern part of the domain, where anthropogenic emissions are
much lower (fewer residential areas, less industry, and fewer roads and streets).
Since CALPUFF is not a photochemical model, concentrations fields of O3 couldn’t be simulated in this study.
However, CALPUFF outputs were used to estimate local levels of O3, with the aid of an alternative approach,
namely the Observation Based Model [Clapp and Jenkin, 2001]. Results are out of the scope of the present
study,
but
more
details
can
be
found
on
Halton’s
air
quality
website
(http://www.halton.ca/cms/One.aspx?portalId=8310&pageId=13747, accessed 1 June 2012). It is known that
transboundary pollution from the US has also a significant impact on the air quality of the whole GTA, including
the Municipality of Oakville.
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Figure 6: Transportation contribution to ambient NO2 concentrations.
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Figure 7: Transportation contribution to ambient NO concentrations.
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Figure 8: Transportation contribution to ambient CO concentrations.
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Figure 9: Transportation contribution to ambient PM2.5 concentrations.
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Figure 10: Transportation contribution to ambient SO2 concentrations.
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Figure 11: Transportation contribution to ambient VOC concentrations.
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4.0

ASSESSMENT OF FUTURE AIR QUALITY IMPACT AND
GREENHOUSE GAS EMISSIONS

4.1

Future Traffic-Related Pollution

4.1.1

Population and Traffic Projection

The Town of Oakville (2006) projects in its Master Plan (2006) that the Town's future and final growth area is the
North plan area (i.e., north of Dundas Street or Regional Road #5), which is expected to house approximately
55,000 residents by its eventual build-out. Therefore, the annual vehicle-kilometres of travel on Oakville
roadway network are expected to grow (Figure 13).

4.1.2

Fuel and Emission Regulations

Emission factors from vehicles are expected to decrease in the future due to existing and proposed
improvements in control technology and more stringent fuel and emission regulations.

4.1.3

Future Emissions from Transportation

The Centre for Spatial Analysis at McMaster University [2009] modelled emissions from transportation in the
Toronto Census Metropolitan Area (CMA) between 2006 and 2021 by keeping emission factors constant (Figure
12). Modelling results suggest that in the case of constant emission factors over the period considered, one
should expect CO2 and CO emissions to increase by about 20% in the Toronto area between 2011 and 2021.

Figure 12: Projected on-road vehicle emissions in the Toronto CMA between 2006 and 2021.

Similarly, Natural Resources Canada (2006) expects transportation’s GHG contribution in Ontario to increase
from 30% in 2004 to 35% by 2020.

February 2013
Report No. 11-1151-0183

18

OAKVILLE TRANSPORTATION MASTER PLAN UPDATE
AIR QUALITY IMPACT REVIEW

This would not be true if continued improvements in motor vehicle technology, vehicle emission control systems
and more stringent fuel and emission regulations are undertaken in the future. In that scenario, vehicular
emission modelling results (Region of Halton, 2004) indicate that by 2020, transportation emissions are expected
to decline despite the increase of vehicle-kilometres of travel. Tailpipe emissions of NOx, SO2, CO, total organic
compounds are expected to be reduced by 77%, 91%, 51%, and 73%, respectively. The future availability of
other modes of transportation also contributes to the predicted decline.

Figure 13: Road projects in Oakville from 2012 through 2021.
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4.2

Guidance Documents

Various environmental policy and guidance documents exist at the three government levels: municipal (Oakville),
regional (Halton), and provincial (Ontario).

4.2.1

Transportation Master Plan

The existing Transportation Master Plan (TMP) for the Town of Oakville provides guidance and establishes the
transportation policy and infrastructure plan that the Town is currently implementing in regards to all modes of
travel including: cars, public transit, cycling and walking, up to 2021. The existing TMP provides a transportation
strategy that is based on numerous established goals from the Town’s various agencies. It was developed
according to a set of transportation interests and vision that were also reflected where appropriate in the North
Oakville East and West Secondary Plans.
The TMP was coordinated with similar tasks completed for the Halton Transportation Master Plan (June 2004).
In 2009, the Region initiated two (2) official Plan Amendments to the Region’s Official Plan. These amendments
are Regional Official Plan Amendments (ROPA) No. 37 and 38. In September 2011, the Halton TMP was
updated
to
the
Transportation
Master
Plan
to
2031,
called
The
Road
to
Change
(http://www.halton.ca/cms/one.aspx?objectId=57549, accessed 1 June 2012). The goal is to develop a
sustainable, integrated transportation plan and associated strategies that consider all modes of travel
(automobiles, transit, cycling, walking) to the year 2031.

4.2.2

Environmental Sustainability Policy

Oakville has developed an Environmental Strategic Plan (http://www.oakville.ca/townhall/environmentalstrategic-plan.html,
accessed
22
June
2012)
and
an
Environmental
Sustainability
Policy
(http://www.oakville.ca/environment/environmental-sustainability-policy.html, accessed 22 June 2012).
The Environmental Strategic Plan was first approved by Council in 2005 and was updated in 2011. The Plan
takes into account the Climate Change Adaptation Strategy and the Community Energy Plan developed as part
of the Partners for Climate Change Protection program. The Environmental Sustainability Policy, approved by
Council in 2009, states that the Town will promote environmental initiatives that advance Oakville as a
sustainable community by helping residents live within their environmental limits.
Many climate change mitigation initiatives are already in place. For example:



Development of various initiatives to increase the connectivity between Oakville Transit routes, major
roadways, trails and pathways.



Initiation of an Active Transportation Master Plan (ATMP) study to improve and expand the pedestrian and
cycling facilities network, and promote cycling and walking in Oakville;



Anti-idling By-law, which makes it an offence to idle a vehicle for more than 5 consecutive minutes, except
in certain circumstances;
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Participation with Halton Region in Metrolinx’s Smart Commute program, which aims to reduce single
occupancy vehicle trips across the GTA to help reduce traffic congestion and improve air quality;



Development of health protection air quality programs and smog, heat and health alert protocols; and



Development of the Green Fleet strategy, which includes choosing the most sustainable mode of travel
possible, increasing fuel efficiency, route planning, and choosing the smallest vehicle able to do the job,
increasing the use of alternative fuels and sustainable technologies, such as biodiesel, GPS technology,
fuel management software, hybrid and low emission vehicles.

4.2.3

Health Protection Air Quality By-law

In February 2010, the Town of Oakville passed the Health Protection Air Quality By-law (HPAQB) 2010-035
(http://www.oakville.ca/environment/health-protection-air-quality.html, accessed 9 February 2012) and amended
it twice the same year. The by-law affects proposed and existing facilities that emit above the negligible quantity
of any health-risk air pollutant (PM2.5, NO2, SO2, NH3, and VOCs). Those facilities are required to submit an
emission report to the town at the minimum and may be required to submit an application for approval if a facility
is considered to be a major emitter
th

The by-law section 4 (March 8 , 2011) dealing with emission reporting specifies that only road dust emissions
(e.g., PM2.5) from unpaved roads within the property boundary of a given facility are required to be quantified,
when total mileage is over a specific number. However, the by-law does not apply to vehicle emissions on other
roads, such as arterial roads and freeways.

4.2.4

Environmental Assessments

Under the Ontario Environmental Assessment Act (EAA), projects that involve the planning of new large facilities
such as provincial freeways are subject to Individual Environmental Assessment (EA). Other projects, which are
relatively smaller in scale and which have predictable and mitigable environmental effects, are subject to MTO’s
Class EA process (Ontario Ministry of Transportation, 2000). Projects subject to Class EA are divided into four
(4) groups:



Group A for new facilities;



Group B for major improvements to existing facilities;



Group C for minor improvements to existing facilities; and



Group D for operation, maintenance and other work on existing facilities.
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Projects subject to Individual EAs and groups A and B of Class EAs can have significant impact on air quality
and climate. Under the EAA, MTO is required to assess the environmental consequences of an undertaking,
including the effect on air quality. However MOE may not require an air quality and greenhouse gas assessment
for some group A and B projects. For those,, MTO provides MOE with documentation showing that there is a
relatively small increase in the number of emission sources (i.e., vehicle and/or traffic capacity)and that there is
sufficient distance from the edge of the highway right-of-way to sensitive receptors (e.g., residential dwellings
and institutional buildings).
Regions and municipalities in Ontario follow the Municipal Class Environmental Assessment process under the
Ontario EAA (2000 and amended in 2007) to complete an EA for most transportation projects, such as road
improvements. Class EAs are made to identify potential positive and negative effects of municipal infrastructure
projects. They follow a phased planning approach that includes five (5) main study phases and public
consultation. The complexity and extent of the environmental impact of a specific project determines the number
of phases to be completed to comply with the Class EA process. The five classes are as follows:



Phase 1 – problem or opportunity: the completion of this phase requires the proponent to document the
factors that lead to the conclusion that an improvement or change is warranted;



Phase 2 – alternative solutions: alternative solutions to the problem or opportunity are identified and
evaluated, taking into account the existing environment. A recommended preferred solution can be
developed with input from the public and review agencies. The nature of the solution will determine if the
proponent is required to complete additional phases of the Class EA process;



Phase 3 – alternative design concepts for preferred solution: if required, this phase will examine
alternative methods of implementing the preferred solution, again considering environmental impacts and
public and review agency input;



Phase 4 – environmental study report: this phase includes the preparation of an Environmental Study
Report that documents the rationale and planning and consultative process undertaken for the project and
the publication of the report for public review;



Phase 5 – implementation: the implementation phase of the Class EA process allows for design and
construction of the items as planned in earlier phases, and monitoring for compliance with those planning
principles.

Class EA projects fall into 1 of the 3 following schedules depending on the potential environmental impact of the
project:



Schedule A for normal or emergency operational and maintenance activities, where the environmental
effects are usually minimal – these projects are pre-approved;



Schedule B for improvements and minor expansions to existing facilities where there is a potential for
some adverse environmental impacts – the municipality is required to proceed through a screening process
including consultation with those who may be affected; and,
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Schedule C for construction of new facilities and major expansions to existing facilities – these projects
proceed through the five phased environmental assessment planning process.

Public consultation takes place through Public Information Centres where comments and concerns are identified
and discussed. Stakeholder consultation takes place through direct contact with local landowners where there is
potential for impact.
30-day public and agency review is advertised in local newspapers as part of the Notice of Study Completion.
Any outstanding comments and concerns must be provided to the proponent during this time. If concerns cannot
be resolved through discussion, a "Part II Order" request may be sent to the Minister of the Environment. This
means that the Minister is requested to review the process to decide whether or not an Individual EA is required.
This may also be referred to as complying with Part II of the Ontario EAA. An Individual EA is the most
extensive assessment process available in Ontario and is sent to the Minister of the Environment for review and
approval.
The list of completed, scheduled, and current EAs related to road projects in the Municipality of Oakville is
st
available at http://www.oakville.ca/residents/roads-sidewalks-studies.html (accessed June 21 , 2012).

4.3

Controlling the Air Quality Impact from Transportation

The Halton Region Transportation Master Plan incorporates a general discussion on air quality that builds on the
Air Quality Management Strategy that was part of the 2004 Transportation Master Plan, and reports on three (3)
main strategies to control the air quality impact from transportation:



as the transportation sector is a major producer of both NOx and other O3 precursors as well as PM2.5, the
natural approach is first to reduce the emissions at the source, by involving engine and fuel modifications;



a second approach would be to ensure a minimum separation distance between roads and sensitive lands,
such that the population is less subject to the adverse effects of air pollutants emitted by vehicles; and,



a third solution would be to remove pollutants from the air.

Overall, the key recommendations of the strategy include the following:



promote use of transit and transportation demand management measures, such as carpooling, to reduce
vehicle kilometres travelled and minimize road traffic congestion;



increase fuel efficiency in regional fleet management (e.g., alternative fuels, hybrid engines);



implement street sweeping and flushing near construction and industrial activities to minimize dirt track out
and subsequent suspension in the atmosphere;



maintain posted driving speeds (e.g., 50‐80 km/h) to reduce tailpipe emissions where possible;
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promote on‐street and off‐street bicycle and walking trail networks, especially where public transit services
are spatially or temporally inadequate;



develop design and roadway maintenance guidelines that improve air quality, such as wider paved
shoulders and appropriate street and shoulder flushing to reduce dust emissions;



increase tree planting across the Region as an effective means of removing airborne contaminants;



develop a corporate model, to lead by example, in the reduction of vehicle travel/emissions and the
reduction of air quality impacts from transportation sources;



develop an education campaign to promote air quality; and



Reduce vehicle emissions at the source with the application of more stringent emission factors.

4.4

Methodology for Air Quality Impact Assessment

The air quality impact assessment has to be conducted through the consideration of various alternatives or
scenarios and the use of modelling tools at different geographical scales. The goal is to predict the contribution
of a potential project to ambient pollutant concentrations over a 20-year period. In the case of Oakville, it means
that air quality impact studies should cover the period of 2012 through 2032.
The Ontario Ministry of Transportation (MTO) has recently published an “Environmental Guide for Assessing and
Mitigating the Air Quality Impacts and Greenhouse Gas Emissions of Provincial Transportation Projects”, called
“Environmental Guide” hereafter. The Guide was recently endorsed by The Ontario Ministry of Environment
(MOE).
The most recent draft (January 2012) is available as a PDF file on MTO’s website
(http://www.mto.gov.on.ca/english/environmental-assessment-and-protection/MTO-Air-Quality-Guide-en-26-012012.pdf, accessed 1 May 2012). This Environmental Guide provides a detailed methodology to follow in order
to calculate vehicle emissions and to assess their local and regional air quality impacts. The following presents
first how to determine and assess transportation alternatives and then the three main stages of the modelling
methodology.

February 2013
Report No. 11-1151-0183

24

OAKVILLE TRANSPORTATION MASTER PLAN UPDATE
AIR QUALITY IMPACT REVIEW

4.4.1

Determination of Transportation Alternatives

The Environmental Guide suggests dividing the air quality and greenhouse gas assessment study into
6 successive tasks. Each task is briefly presented in the following.
1)

During the first task, a comparative assessment of transportation planning alternatives is performed with
respect to both air quality and climate perspectives. Total emissions of both CACs and GHGs are
calculated for each transportation alternative and then compared to each other. MTO usually considers
that any alternative that increases the total provincial of a specific CAC or GHG emission by more than
0.1% is a significant pollution burden and therefore requires to be analyzed.

2)

The second task consists in assessing the local air quality impact of each route alternative for the critical
(hospitals, retirement homes, childcare centres, etc.) and sensitive receptors (e.g., residences). A
minimum distance of 100 meters should avoid the need for impact mitigation. Commercial and industrial
buildings are generally not included in the assessment.

3)

The third task is to perform a detailed assessment of the preferred alternative, corresponding to the
combination of the preferred transportation (task#1) and route (task#2) alternatives.

4)

The assessment of need for air quality impact mitigation at local and regional levels constitutes the fourth
task. The need to mitigate impacts depends on the likelihood and the severity of the exposure to ambient
pollution, that does not meet provincial objectives and federal standards. Exposure of only existing
institutional buildings and residences, and those explicitly planned for in official municipal plans at the time
the assessment is carried out, is taken into account in the process.

5)

The fifth task is an evaluation of the mitigation options existing at the levels of the local, provincial, and
federal governments, to reduce both local and regional impacts. Options include traffic control measures,
transportation demand management, fiscal and financial measures, adoption of more stringent vehicle
emission standards, etc.

6)

The final task of the project consists in documenting the air quality assessment impact, GHG emission
inventories, and mitigation work in a detailed report.

Two methodology flowcharts present how to select and assess a preferred alternative and the different tasks
involved in the process.
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Figure 14: Methodology flowchart to select a preferred transportation alternative.
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Figure 15: Methodology flowchart to assess the preferred alternative.

(AAQC: Ambient Air Quality Criteria; CWS: Canadian-wide Standards; CC: Climate Change)
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4.4.2
4.4.2.1

Modelling Approach
Emissions

A bottom-up approach is used to calculate emissions from the transportation sector, based on the combination of
traffic data and emission factors. MTO’s Environmental Guide suggests that emissions are calculated with the
U.S. EPA‘s mobile source emission factor model MOBILE 6.2 (http://www.epa.gov/oms/m6.htm, accessed 1
June 2012). MOBILE 6.2 was adapted to the Canadian fleet of vehicles and renamed 6.2C by Brett Taylor of
Environment Canada.
MOBILE (version 1 dates from 1978) was recently replaced by the new MOVES (Motor Vehicle Emissions
Simulator) model (http://www.epa.gov/otaq/models/moves/index.htm, accessed 2 May 2012) developed by the
U.S. EPA. MOVES is capable of modelling emissions, for various chemical species (e.g., VOCs, NOX, PM2.5,
PM10, CO, GHGs, etc.), from national level to county level and for individual projects. The model is currently
used to create emissions for implementation plans, transportation planning, and conformity in the U.S.
Environment Canada is currently in the process of adapting MOVES to the Canadian vehicle fleet (John Liggio,
Environment Canada, personal information, May 2012).

4.4.2.2

Local Air Quality Impact

Here, local air quality impact means modelling at the road level. MTO’s document suggests that ozone should
not be included in the air quality modelling at the road level. Since there are high NO concentrations, the O3
titration is very probable, especially in the absence of a sufficient amount of VOCs. For that reason, MTO
proposes the application of line source dispersion models with no chemical reactions to calculate pollutant
concentrations along roadways due to motor vehicle emissions. The Environmental Guide provides a very
detailed methodology to apply such models to the credible worst-case scenario.
The two models described in the document to estimate concentrations for non reactive pollutants, such as PM10,
PM2.5, NOx, SO2, CO, and some VOCs, at road level are CALINE3 and CAL3QHC/R. CALINE3 is a steady-state
Gaussian dispersion model designed to determine air pollution concentrations at receptor locations downwind of
highways located in relatively uncomplicated terrain. CAL3QHC is a CALINE3 based CO model with queuing
and hotspot calculations along with a traffic model to calculate delays and queues that occur at signalized
intersections. CAL3QHCR is a more refined version that can run one year of meteorological data. More details
on these models are available on the U.S. EPA website (http://www.epa.gov/scram001/dispersion_prefrec.htm,
accessed 1 June 2012). Another alternative is the Gaussian dispersion model CALPUFF, which was previously
used to model pollution dispersion at the street level for the City of Toronto.
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4.4.2.3

Regional Air Quality Impact

As underlined in MTO’s Environmental Guide, transportation projects taken individually are not likely to lead
significant changes in the provincial emission inventory. However, large transportation projects have the
potential of influencing air quality over large geographical areas and long period of time. Such projects may
significantly modify the emission profile of the domain where they take place; including both GHG and CAC
emissions. They may also influence, on a regular or permanent basis, air quality outside the boundaries of the
initial geographical domain where they take place. The Environmental Guide proposes to predict the net effect
of a proposed project on regional transportation activity over a 20-year timeframe.
The regional assessment approach requires applying Chemical Transport Models (CTMs). Based on inputs of
meteorological data and source information like emission rates, chemical profiles, and source heights, these
models are designed to characterize primary pollutants that are emitted directly into the atmosphere and
secondary pollutants that are formed as a result of complex chemical reactions within the atmosphere. CTMs
use mathematical and numerical techniques to simulate the production, physical, and chemical transformation,
transport, and removal of gaseous and particulate species. In particular, they include photochemical reactions to
predict ozone concentrations.
The Canadian air quality model AURAMS, presented in MTO’s Environmental Guideline, was designed for
research purposes and is an off-line model, i.e. meteorological fields have to be prepared beforehand. The
process is time consuming and not very flexible. Numerous other chemical transport models (CTMs) have been
developed around the world over the past 10-15 years and are more practical to run and are more accessible to
potential users than AURAMS. Such a model is CMAQ and is available at http://www.cmaq-model.org/
st
(accessed June 1 , 2012). CMAQ has been used extensively by numerous organizations to conduct air quality
modelling studies and to assess the impact and variability of ozone at a regional scale. Recent papers have
demonstrated that CMAQ can be run at very high horizontal resolution (i.e., at a few kilometres) based on a
nested grid approach.
The method is first to run the CTM for a baseline scenario with present emission inventories and to compare
modelling outputs to historic ambient air monitoring datasets. This modelling stage is to check the relevance of
the parameters selected in the modelling exercise. Next, the same CTM is applied to various future emission
scenarios and results are to compare to baseline situation.
The Guidance for Implementation of Oakville Health Protection Air Quality by-Law 2010-035 (2011) states that
“any dispersion model used to predict Fine Particulate Matter (FPM) concentrations take into account both
primary emissions and secondary aerosol formation. It is also important that the dispersion model take into
account lake breeze effects, as Oakville borders Lake Ontario and lake effects can significantly affect the
dispersion from sources near lakes”.
It is worth noting here that lake- and land- breezes do not only affect concentrations of primary pollutants and
Secondary Organic Aerosol (SOA), but also levels of ozone, as regularly shown by field experiments in
southeastern Ontario over the past 30+ years (e.g., Anlauf et al., 1975; Hastie et al., 1999; Bottenheim et al.,
2010). Polluted air masses from over Lake Ontario are being transported inland by the lake breeze. Those air
masses contain O3, O3 precursors, and other oxidation products at concentrations higher than over adjacent land
areas. The lake breeze was shown to advect this material far inland giving a measurable impact on air quality.
Therefore, elevated O3 concentrations are not only a major environmental concern in urban areas, but can also
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extend well downwind of the population centres into rural and agricultural areas. Air quality modelling pointed
out that both lake-breeze circulation and synoptic flow lead to significant enhancements in the photochemical
production and transport at local scale (Makar et al., 2010). A meso-scale meteorological model of sufficiently
high resolution can accurately represent the lake-land circulation. Lake-breeze circulations can transport
polluted air masses far inland and therefore influence populated areas north and northwest of Oakville, such as
Milton and Halton Hills.

4.4.2.4

Hybrid Approach

MTO’s method separates both local and regional air quality modelling processes; however, there is an
alternative which permits assessing impacts simultaneously at both geographical scales. To develop trafficrelated air pollution mitigation strategies, one needs to more accurately represent the spatial concentration
gradients near roadways.
For such purposes, one could use a hybrid modelling approach, in which a regional grid-based model is used to
characterize average ambient concentrations in grid cells (a few km of resolution), and a dispersion model (e.g.,
Gaussian) is used to calculate concentrations along roadways. This technique would permit defining spatial
gradients associated with vehicle emissions along streets and roads. For example, the hybrid approach could
use modelled concentrations from the CMAQ grid model and the AERMOD or CALPUFF dispersion model to
simulate concentration gradients in each grid cell (Cook et al., 2008).
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5.0

CONCLUSION

Regional and municipal local governments can play a significant role in air quality management through
appropriate transportation and land use planning. The Oakville Transportation Master Plan (TMP) can provide
guidance to assess and address the mitigation of air quality issues and concerns associated with transportation
operations, including primarily road operations and expansions. The intent of the guidelines is help to achieve
improvements to the air quality environment where possible. The goal is also to address potential application for
air quality modelling and greenhouse gas emissions.
To decrease primary pollutant emissions from transportation, the following recommendations to the Oakville’s
Transportation Management Plan should be considered:



Reducing congestion to increase speed of travel on arterial roads;



Reducing personal vehicle use by offering and developing new alternatives; and



Encouraging the use of more sustainable (“greener”) vehicles for transit and town vehicles.

To assess whether the selected approaches to reduce emissions and air pollution are effective, it is important to
include route planning and transportation scenarios in a comprehensive air quality modelling framework to
analyze and compare their impact on the population and the environment.
The impact needs to be addressed at both local and regional levels. This is essential to develop the capability to
assess, through modelling and measurements, air quality at a road level where human exposure is more likely to
be affected by vehicle emissions.
Various models to calculate the dispersion and transport of vehicle emissions along roads have been developed
and are available for air pollution impact assessment at local scale.
On the other hand, assessing the regional impact of vehicle emissions is more complex. It requires a correct
description of the processes determining the atmospheric transport and the mixing of O3 and its precursors. The
air quality model selected for that task should have the following features:



The horizontal resolution of the model should be fine enough to be able to simulate local terrain-induced
circulations;



Various vehicle types should be distinguished when building emission inventories from the transportation
sector;



The chemistry module should include detailed photochemical reactions to simulate and capture groundlevel ozone events; and



The simulation domain should cover a geographical area including southeastern Canada and northeastern
U.S. to take into account pollution transboundary transport in the simulations.
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For consistency, the proponent should follow the Ontario Ministry of Transportation (MTO) “Environmental Guide
for Assessing and Mitigating the Air Quality Impacts and Greenhouse Gas Emissions of Provincial
Transportation Projects”. This Environmental Guide provides a detailed methodology to follow to calculate
vehicle emissions and to assess their local and regional air quality impacts. This guide should be followed to be
consistent with provincial policies.
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6.0
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