
 

 
 

FINAL REPORT 
 
Predicting Air Quality at Street Level 
A State-of-Science Review 

 

Project Number: # W08-5129A April 8, 2008
 

 Mr. Gord Miller SUBMITTED TO: 
 Environmental Commissioner of Ontario 

1075 Bay Street, Suite 605 
Toronto, Ontario 
M5S 2B1 
 

  

 
 RWDI AIR Inc. 
 Consulting Engineers & Scientists 
 650 Woodlawn Road West 
 Guelph, Ontario N1K 1B8 
  
 P: (519) 823-1311 

SUBMITTED BY: 

 F: (519) 823-1316 
 

Project Scientist:  Ron Haley, M.Sc.  
Project Manager:  Wayne Boulton, M.Sc. 
Project Director:  Michael Lepage, M.Sc. 

   
 

   



 

 
Predicting Air Quality at Street Level - A State-of-Science Review Study - 08 April 2008   
Project # W08-5129A  

TABLE OF CONTENTS 

EXECUTIVE SUMMARY 
1. INTRODUCTION .............................................................................................................. 1 
2. JURISDICTIONAL REVIEW OF FORECASTING INITIATIVES ................................ 2 

2.1 Ontario Ministry of the Environment ..................................................................... 2 
2.2 Environment Canada............................................................................................... 7 
2.3 United States Environmental Protection Agency ................................................. 10 
2.4 European Union .................................................................................................... 12 
2.5 Other Programs ..................................................................................................... 19 

3. ADVANCED AIR QUALITY FORECASTING INITIATIVES .................................... 21 
3.1 CLEAR Program................................................................................................... 21 
3.2 Computational Fluid Dynamics (CFD) Models.................................................... 21 
3.3 Data Management, Coupling and Model Integration ........................................... 22 
3.4 Local and Micro-Scale Ambient Monitoring........................................................ 22 
3.5 Satellite Data......................................................................................................... 23 
3.6 High Performance Visualization and Model Verification .................................... 23 

4. RESEARCH PRIORITIES ............................................................................................... 24 
5. CONCLUSIONS AND RECOMMENDATIONS ........................................................... 25 
6. REFERENCES ................................................................................................................. 27 

 

 
 
 

 



 

 
Predicting Air Quality at Street Level - A State-of-Science Review Study - 08 April 2008   
Project # W08-5129A Page 1 

1. INTRODUCTION 

Poor air quality can cause a number of adverse health effects in humans.  As summarized by 
Toronto Public Health (TPH, 2004), short-term exposure to pollutants commonly found  in urban 
air can cause increases in respiratory symptoms, infections, emergency room and hospital 
admissions, and even premature death in some cases.  Long-term exposure to air pollution can 
cause chronic health diseases, reduce life expectancy, and increase the risk of lung cancer (TPH, 
2004; Pope, 2004; and Halton Region, 2007). 

For many years, both the Canadian Federal and Ontario Provincial governments have had 
programs in place to advise the public of air pollution episodes. These programs make use of 
both air quality measurements and computer-generated forecasts.  For cost reasons, air quality 
measurement networks tend to be limited to a small number of monitoring stations in any urban 
area, all located away from major local emission sources, in places such as city parks.  
Measurements from these sites give information on the regional average exposure to air 
pollutants.  Similarly, computer-generated forecasts are typically resolved at horizontal scales of 
several kilometres, because of limitations in computing power, and only provide information on 
regional average exposure.   

These measurement and forecast systems have proven useful to advise the public about large 
scale smog events, but do not deal with public exposure to pollutants at a local or street level.  
Large numbers of people in urban centres are exposed, at least for parts of their day, to air 
pollution at street level where vehicle emissions may be trapped in the canyon created by large 
buildings on either side.  As such, the exposure to pollutants at street level is typically very 
different from the regional average exposure measured at monitoring stations and predicted by 
computer models. 

Due to the human, environmental and economic costs associated with poor air quality, the 
Environment Commissioner of Ontario (ECO) is interested in knowing how the current air 
quality forecasting programs in Ontario and the rest of Canada compare to those of other 
jurisdictions and to the state-of-the-science, in terms of representing the true air pollution 
exposure of urban populations.  This information will allow the ECO to assess whether these 
programs are adequate for informing the public concerning exposure to poor air quality in 
Ontario.   

To assist with this initiative, the ECO retained RWDI AIR Inc. to perform the following tasks. 

• Review and summarize current air quality forecasting and ambient monitoring initiatives 
being implemented by the Ontario Ministry of the Environment and Environment 
Canada. Also, research and briefly summarize operational air quality forecasting and 
ambient monitoring initiatives used in other national and international jurisdictions. 

• Review and summarize the current state-of-the-science for systems designed to predict 
air pollutant concentrations at street level, to gain an appreciation for what is currently 
possible and where the science is headed in the future.   
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• Prepare a ‘Lay Language’ report (this report).  Although the report contains some 
technical content, the focus is on presenting the information in brief and general terms. 

• At a workshop with the ECO, present the findings from this study and explore the 
approaches being used in Ontario (and Canada as a whole) in light of operational 
modelling and monitoring initiatives in other jurisdictions and the current state-of-the-
science.  Incorporate into a final report the key issues discussed during the workshop and 
a list of recommendations for “next steps’.   

2. JURISDICTIONAL REVIEW OF FORECASTING INITIATIVES 

2.1  Ontario Ministry of the Environment 

Overview 
 
The MOE operates a network of ambient air quality monitoring stations and participates in a 
number of weather and air quality forecasting initiatives.  As part of this effort, the MOE makes 
two “products” available to the public through their website (http://www.airqualityontario.com/).   
 

• The Air Quality Index (AQI), which serves as an indicator of near real time and historical 
(i.e., past hours) ambient air quality in Ontario.   

 
• A 3-day smog forecast (today, tomorrow and next day) based on AQI readings, short and 

long-range weather forecasts, and air quality information from monitoring stations 
located in adjacent US states. 

The MOE operates a network of approximately 40 state-of-the-art monitoring stations that 
provide near real-time ambient air pollutant concentration data in urban areas across the province 
(http://www.airqualityontario.com/reports/aqi_site_map.cfm). These monitoring stations are 
usually located away from known sources of air pollution so that they provide ‘representative’ or 
‘background’ concentration data.  Measured pollutant concentrations from each station are used 
in combination with air quality forecasting tools, meteorological observations and forecasts and 
expert judgment based on historical trends information to prepare the MOE’s AQI forecasts 
(described in greater detail below). 

Since ambient monitoring stations are often situated away from known pollutant sources, they 
tend to provide a measure of ambient ‘background’ pollutant levels.  There are simply too few 
stations to provide sufficient information on air quality at the local scale, let alone at street level.  
For example, apart from a few select cities (Toronto, Hamilton, Ottawa, and Windsor) that have 
multiple monitoring stations, most urban centers have only one monitoring station.  Even in 
cities that have multiple stations like Toronto, which has a total of four monitoring stations, there 
are insufficient monitors to properly measure impacts due to local sources of air pollution like 
major roadways and industries.   
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Ontario’s Air Quality Index (AQI) 
 
Six air pollutants are monitored for the AQI including sulphur dioxide (SO2), ozone (O3), 
nitrogen dioxide (NO2), total reduced sulphur compounds (TRS), carbon monoxide (CO), and 
fine particulate matter (PM).  These substances can cause adverse effects to humans at 
concentrations found in ambient air.  Airborne pollutant concentrations are converted into AQI 
readings using mathematical equations that relate pollutant concentrations with human health 
impacts.  Air quality is determined based on the pollutant with the highest AQI reading. 

One problem identified with the AQI is that it does not account for potential health impacts 
caused by exposures to multiple air pollutants (i.e., synergistic affects).  This is important 
because there is a growing base of evidence that shows a correlation between poor air quality for 
several pollutants and adverse health impacts (TPH, 2004; Pope 2004).  

Once the AQI metrics are calculated, the readings are posted on the Air Quality Ontario website 
in near real time (approximately one-hour following the time of the measurements themselves).  
A sample of the AQI reading for Tuesday, March 25, at the “Toronto Downtown” location is 
presented in Figure 1.  A link to historical observations for the day is provided by selecting the 
“Today’s AQI Readings” button.  A sample time series is provided in Figure 2. 
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Figure 1.  Typical MOE AQI Reading for Downtown Toronto 
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Figure 2.  Typical Hourly AQI Readings for Downtown Toronto 

The MOE also issues 3-day smog forecasts (today, tomorrow and next day) for select cities and 
regions based on a human interpretation of current AQI readings, short and long-range weather 
and air quality forecasts from Environment Canada, and air quality information from monitoring 
stations located in adjacent US states.  If predictions indicate that poor air quality will be 
sustained over a wide area, then a Smog Watch or Smog Advisory is issued.  Similar to the AQI 
measurements, these air quality forecasts are representative of regional air quality and do not 
provide an accurate prediction of air quality at the local or street level.  A sample of the 
information available from the MOE as it pertains to an Air Quality Forecast is shown in Figure 
3.    
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Figure 3.  Typical 3-Day MOE AQI Forecast 

 
Air Quality Health Index 

Recently, an Air Quality Health Index (AQHI) pilot project for the City of Toronto has been 
established through collaboration of the MOE, Environment Canada, Health Canada, Toronto 
Public Health and the Clean Air Partnership.  Unlike the provincial AQI, the AQHI is a health-
based index that evaluates air quality based on known health effects due to exposure to multiple 
air contaminants.  Individuals can access the AQHI directly from the federal site at: 
http://www.weatheroffice.gc.ca/airquality/pages/onaq-001_e.html or via a link on the Toronto 
Public Health website.  Although the AQHI provides better health-related information, it does 
not represent any improvement in spatial resolution and hence information about potential health 
impacts at the local or street level.   
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Summary 
 
The MOE operational air quality forecasting program uses a combination of ambient monitoring 
data and forecasting tools to calculate regionally representative current or near real time AQI 
levels and 3-day smog forecasts (human interpretations of Environment Canada regional weather 
and air quality forecasts and available monitoring data ).  For each region in Southern Ontario for 
which a forecast is provided, members of the public receive the same “forecast”, regardless of 
whether they live in a downtown core, in the urban fringe, or in a surrounding rural area.   
 
The MOE does not currently have the capability to measure or predict local or street level air 
quality where human exposure is greatly affected by local sources of air pollution such as major 
roadways and industries, local air circulation patterns and ventilation in the presence of large 
buildings, etc. 

2.2  Environment Canada 

Overview 
 
Environment Canada’s Air Quality Forecast Program (AQFP) uses ambient air monitoring data 
and air quality forecasting models to develop two-day air quality forecasts.  Forecast bulletins 
include numerical and categorical values and are issued twice a day.  There is also an air quality 
advisory and warning program when smog levels are considered unhealthy to the general 
population.  
 
Air quality information is communicated using the Air Quality Health Index (AQHI), which 
provides health-based information to ‘at risk’ individuals and to the general public using a 
numerical scale to indicate the level of immediate health risk associated with local air quality 
(http://www.weatheroffice.gc.ca/airquality/pages/onaq-001_e.html).  The AQHI is presently 
calculated based on the relative risks of a combination of common air pollutants including O3, 
PM2.5, PM10 and NO2.  The index describes the level of health risk and suggests steps that 
sensitive individuals such as seniors, asthmatics, and people suffering from heart or lung disease 
can take to lessen that risk.  An example of an AQHI forecast for the City of Toronto is provided 
in Figure 4.   
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Figure 4.  Typical AQHI Forecast for Toronto 

 



 

 
Predicting Air Quality at Street Level - A State-of-Science Review Study - 08 April 2008   
Project # W08-5129A Page 9 

Ambient Monitoring and Forecasting 
 
Environment Canada’s operational air quality forecasting system is based on advanced 
meteoroloigcal (GEM) and air quality models (CHRONOS currently). The next generation 
model, GEM-MACH is a comprehensive model that incorporates on-line meteorological, air 
quality, emissions inventory and air dispersion forecast capabilities.   
 
Forecasts are generated using an integrated approach involving ambient monitoring data and air 
quality forecast model outputs.  The monitoring data are used as the ‘starting point’ for the 
model simulations and for ‘ground truthing’ as part of model calibration and quality control.  
Once fully operational, the GEM-MACH forecast system will be capable of predicting air quality 
at a regional resolution of approximately 15 km, which is adequate for providing background air 
quality forecast information for a wide range of pollutants.  One of the research areas at 
Environment Canada is focused on integrating GEM-MACH at higher spatial resolutions in 
Southern Ontario and Lower Mainland BC (e.g., horizontal grid spacings in the range of 2.5 km).   

The AQFP also maintains a network of federal and provincial ambient air monitoring stations 
that record near real time air quality measurements.  The National Air Pollutant Surveillance 
(NAPS) network is primarily an urban network, with more than 240 air monitors at 152 stations 
located in 55 cities across Canada that measure ambient concentrations of SO2, CO, NO2, O3, 
PM10 and PM2.5 and other air toxics (metals, volatile and semi-volatile compounds).  The 
Canadian Air and Precipitation Monitoring Network (CAPMoN) is primarily a rural network 
with 23 monitoring stations that measure primarily O3 levels (some also measure PM2.5 and PM10 
and volatile organic compounds). Both networks also support monitoring and data management 
activities for other programs including the national Smog (Ground-Level Ozone) Management 
Program and the United States Environmental Protection Agency’s (US EPA’s) AIRNow 
program. 

Like the MOE, the federal ambient air monitoring network does not have sufficient stations to 
properly measure air quality at the local or street level.  Many cities do not have a monitoring 
station and for those that do, there are insufficient stations to provide detailed information on 
local air quality.  For instance, there are a total of seven stations for the entire Greater Toronto 
Area and surrounding municipalities.  The spatial distribution of monitoring stations is similar in 
most urban centres across Canada.  While this is probably sufficient for driving and evaluating 
regional forecast modelsthat have horizontal grid spacings of around 15 km, there are insufficient 
monitoring stations to adequately measure air quality impacts due to local sources of air 
pollution such as major roadways and industries, or to evaluate other factors that may influence 
local or street level air quality and hence human exposure. 

Summary 
 
The AQFP is an advanced operational air quality forecasting system that provides same day and 
2-day regional air quality forecasts.  Results are communicated using an AQHI ‘environmental 
forecast’ approach to help facilitate public understanding and utilization of results. 

Forecasts are generated using an integrated approach involving ambient monitoring data and 
advanced air quality forecast models.  The monitoring data are used as the ‘starting point’ for the 
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model simulations and for ‘ground truthing’ as part of model calibration and quality control.  The 
forecast system is capable of predicting air quality at a regional resolution of approximately 15 
km, which is adequate for providing background air quality forecast information.   

Like the MOE’s operational air quality forecasting program, the Environment Canada system is 
unable to measure or predict local or street level air quality.   

2.3  United States Environmental Protection Agency 

Overview 
 
The US EPA and the National Oceanic and Atmospheric Administration (NOAA) have 
collaborated on the design and implementation of an operational daily air quality forecasting 
system that is similar to what is being done by both the MOE and Environment Canada.  It 
incorporates both an ambient monitoring network and advanced air quality forecasting models to 
develop air quality forecasts.  Results are communicated using an AQI in a manner similar to the 
MOE.  The AQI identifies potential health effects due to exposure to ozone and particulate 
matter in ambient air, but does not consider potential impacts related to multiple chemical 
exposures.  In addition to the forecast bulletins, there is also an air quality advisory and smog 
warning program. 

Ambient Monitoring and Forecasting 

The US EPA’s air regional quality forecasting system is based on advanced meteorological 
models (the Fifth-Generation Mesoscale Model or “MM5”; or more recently the Weather 
Research and Forecasting “WRF” model) and a regional atmospheric chemistry model (the 
Community Multi-Scale Air Quality or “CMAQ”).  This system incorporates on-line 
meteorological, air quality, emissions inventory and air dispersion forecast capabilities, and is 
functionally similar to Environment Canada’s GEM-MACH15 forecast system and operates at a 
similar spatial resolution (horizontal grid spacing of 12 km).  The air quality forecast models use 
ambient air concentration data obtained from a network of monitoring stations that provide near 
real time air quality data to define initial model characteristics and for ground-truthing the model 
simulations.   

All ambient monitoring and air quality forecasting information is managed under the AIRNow 
program (http://airnow.gov/), which is a collaborative program involving US federal, state, 
municipal agencies and other partners, including Environment Canada and the MOE.  The 
AIRNow program provides national air quality information, including 2 day AQI forecasts and 
real-time AQI conditions for over 300 cities across the United States.  A typical air quality 
forecast available from the AIRNow website for Detroit, Michigan is provided in Figure 5. 

The AIRNow program provides information on regional air quality across the United States.  
The availability of ambient monitoring and forecast data for different parts of the country is 
highly variable.  This is largely related to the level of support and involvement of state and local 
air quality agencies.  In general, however, the number of ambient monitors in a given city are 
comparable to what is available in Canada. 
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Common with most operational air quality forecasting programs, the AIRNow program does not 
provide the resolution needed to assess air quality at the local scale, let alone at the street level.   

 
Figure 5.  Typical AIRNow Air Quality Forecast for Detroit, Michigan 
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Summary 

The US EPA’s operational air quality forecasting system relies on model forecast and real time 
ambient air monitoring data to provide 2-day and same day ‘real time’ air quality information.  
Results are communicated using an AQI and are readily available on the AIRNow website.  The 
major limitation of this system is it does not have the capability to measure or predict local or 
street level air quality. 

2.4  European Union 

Overview 
 
Unlike the MOE program, most European air quality programs have much more extensive 
ambient air monitoring networks.  To better reflect air quality at a local level, urban background 
monitoring to reflect general air quality as well as roadside monitoring to reflect air quality 
representative of city streets is performed.  The pollutant concentration data are then used to 
calculate air quality using indices similar to those developed by the MOE.  These indices are 
usually updated three or four times daily.  The previous day indices are also usually presented. 
 
The following summaries outline the general characteristics of air quality monitoring programs 
of the CITEAIR program and those of a few select European cities. 
 
CITEAIR Program 
 
The Common Information to European Air (CITEAIR) is a project to support cities and regions 
in developing efficient means to collect, present and compare air quality data as part of their 
efforts to meet limit values and improve the air quality for their citizens 
(http://www.airqualitynow.eu/about_home.php). Presently, there are 25 cities that participate in 
the CITEAIR program.  Many of these cities also have their own air quality programs; links to 
which are provided on the AirQualityNow website. 
 
Air quality information for O3, PM10 and NO2 in each city is based on data from ambient air 
monitoring stations.  Pollutants concentrations representative of both urban background and 
roadways are measured.  Information is presented to the public using an air quality index 
approach similar to the MOE AQI.  Air quality indices for today and yesterday for both 
background and roadside exposures are available.  An example of an air quality forecast for 
Munich, Germany is provided in Figure 6. 
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Figure 6.  Typical Air Quality Forecast for Munich, Germany 

 

The CITEAIR Program does not provide air quality forecasts for individual cities.  However, it 
does provide regional-level ozone and PM10 air quality forecasts through the PREV’AIR 
program (http://www.prevair.org/en/introduction.php).  This program is coordinated by the 
French Ministry for Ecology, Sustainable Development and Spatial Planning (MEDD).  
Simulations for Europe are carried out with a 0.5O x 0.5O resolution whereas those for France use 
a 0.15O x 0.1O resolution (i.e.: Approx. 10 – 15km resolution).  An example output from these 
regional forecasts is provided in Figure 7. 
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Figure 7.   Typical PREV’AIR Regional Air Quality Forecast (France). 

Paris, France 
 
A description of the Paris air quality forecasting program is found at the AIRPARIF website 
(http://www.airparif.asso.fr/).  Current air quality is determined based on near real time data 
collected from a monitoring network of 65 stations that includes 47 stationary stations and 18 
mobile stations situated near important traffic corridors.  The 65 stations are distributed in an 
area of 100 km radius and provide information on street level pollutant concentrations as well as 
regional background concentrations. 
 
The air quality forecasting program is based on regional weather and air quality models (MM5, 
CHIMERE) and the forecast models provide a 2-day forecast (today and tomorrow) for NO2, 
ozone, PM10, and SO2 using a 6-level colour index.  Forecasts are presented as a map that shows 
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spatial variations in air quality and is based on regional modelling and other forecaster inputs.  
The regional modelling is mainly for NOX and O3 and is a nested model at a 6 km grid spacing 
over the greater regional area (440 x 470 km) and 3 km spacing over the urban core areas.  The 
forecasts do not distinguish between roadside and background information.  A collage of the type 
of information (including time series plots of past hours air quality measurements, hourly traffic 
emission profiles / maps, modelled ozone concentrations, etc.) from the AIRPARIF website is 
provided in Figure 8. 
 

 
Figure 8.  Composite of AIRPARIF Air Quality Monitoring and Forecast Inforamtion 

London, England 
 
The London Air Quality Network provides comprehensive air quality information 
(http://www.londonair.org.uk/london/asp/default.asp?la_id=&showbulletins=&width=1024). 
Current air quality is determined using data collected from an ambient air monitoring network of 
more than 200 continuous monitors located at over 100 sites across the Greater London Area.  
Depending upon the pollutant, measurements are collected either hourly or twice daily from the 
monitoring sites, processed and used to updated the air quality readings on an hourly basis.  
 
Street-level air quality forecasting is provided by airTEXT (http://www.airtext.info/) through the 
Yourair program (http://www.gse-promote.org/).  This program uses local data on traffic 
patterns, weather forecasts and European regional forecasts of atmospheric composition as inputs 
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to the ADMS-Urban air quality forecasting model (http://www.cerc.co.uk/software/urban.htm). 
This is a high resolution model that considers the effects of pollution building up along major 
roads with tall buildings ("street canyons") and the diluting effect of rising warm air.  In addition 
to providing air quality forecasts on the internet, individuals can sign up to receive air quality 
alerts by SMS text message, voicemail, and email.   
 
In terms of sophistication and degree / amount of information provided to the public, the forecast 
system adopted in London is probably the most advanced.  A series of screenshots from various 
outputs available to the public are provided in Figures 9 through 12.   
 

 
Figure 9.  3-D searchable mapping interface for viewing modelled air quality results (number of  

      days in a year exceeding certain criteria, annaul average concentrations, etc.) based on 
      historic measurements and model results. 
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Figure 10.  Map of residential and road-side air monitoring stations and real-time 

        observation data. 
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Figure 11.  Map of predicted air quality at street level. 

 
Figure 12.  Map of predicted air quality at street level. 
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Vienna, Copenhagen, Other Major Cities 
 
Several other major European cities have both air quality monitoring and forecasting programs 
similar to those used in Paris and London (although at somewhat smaller scales).  These systems 
rely on both regional air quality forecasts and large, city-wide ambient monitoring networks that 
usually measure both urban background and roadside air quality.  Some cities such as Vienna 
and Copenhagen have also deployed street-level displays (e.g., electronic billboards) that provide 
information on air quality within a city or a specific area of a city. 

2.5  Other Programs 

Australia 
 
The Australian Air Quality Forecasting System (AAQFS) is very similar in context, scope, and 
scale as the systems used in the US and Canada.  Meteorological and air quality forecasting 
models are used to generate operational air quality forecasts that show how air quality will vary 
hour-by-hour and suburb-by-suburb over a 36 hour forecast period for a number of urban 
centres.  The emissions inventory used to drive the forecasts is updated daily in response to the 
weather forecast and expected changes in daily traffic patterns 
(http://www.csiro.au/services/ps2o1.html#Heading2). 
 
Forecasts of wind-blown dust and fire smoke have recently been included in the forecasting 
program because of the importance of these aerosol sources in Australia, particularly during dry 
summers.  Although currently available only in the major urban centres, the long-term goal is to 
extend the air quality forecasting system to other regions and to use the system to simulate and 
forecast haze or visibility degradation, measures often used by the public as indicators of air 
quality.  
 
Japan 
 
The Japan Clean Air Program (JCAP) has developed air quality simulation models and conducts 
ambient air quality monitoring to evaluate regional and local air quality 
(http://www.pecj.or.jp/english/jcap/index_e.html).  To date, the forecast systems have largely 
focused on regional air quality, similar to those utilized by other jurisdictions.  However, new 
local scale air quality forecasting systems are being developed such as the Roadside Air Quality 
Simulation Model (RsAQM).  This model integrates emission models, regional air quality 
forecast models, and high resolution Computational Fluid Dynamics (CFD) models to simulate 
the impact of high volume traffic corridors on local air quality at street level (Yoshikawa, et al., 
2008).  A schematic of the JCAP model outputs and scale-down from regional to local air quality 
impacts is shown in Figure 13.   
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Figure 13.  Typical JCAP Air Quality Forecast 

 
Japan’s integration of traditional air quality and advanced CFD models to address specific, local 
scale air quality issues represents one of the key research fields being explored across various 
jurisdictions.   
 
Summary 
The air quality forecasting programs used by the MOE, Environment Canada and the United 
States use a combination of ambient air monitoring data and computer models to predict air 
quality.  The monitoring networks and forecasting models are adequate for quantifying regional 
background air quality and typically provide horizontal resolutions of 10 km or greater.  
However, these systems do not provide the resolution needed to predict air quality at a local and 
street level.  This means that local sources of air pollution including roadways and industries or 
other local conditions that can influence human exposure at a local level are not fully considered.   

In contrast, the air quality forecast systems used in Europe rely on extensive ambient monitoring 
programs to provide near real time air quality information on urban background levels and levels 
along roadways.  These networks use many more monitors than is currently used in Ontario.  
London also uses an advanced forecasting program that has the ability to account for some of the 
major factors affecting pollutant transport in the built-up urban environment to provide street-
level air quality information. While other cities also have forecasting capabilities, these systems 
generally provide more regional-level air quality information. 

Other jurisdictions including Japan, Australia and Hong Kong have air quality forecasting 
capabilities that are headed in the same direction as what is being done in Europe.   
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3. ADVANCED AIR QUALITY FORECASTING INITIATIVES 

3.1  CLEAR Program 

 
The Cluster of European Air Quality Research (CLEAR) program is a collaborative program to 
develop new tools and techniques that can be used to evaluate and manage urban air quality 
(http://www.nilu.no/clear/index.htm).  The key research areas being investigated include the 
evaluation of sources and atmospheric processes, impacts of urban air pollution and multiple 
scale pollutant interactions.  An important research program under CLEAR is the Forecasting 
Urban Meteorology, Air Pollution and Population Exposure (FUMAPEX) program 
(http://fumapex.dmi.dk/).  The goal of this program is to develop improved urban meteorological 
and air quality forecast programs and improve the connectivity between these models and human 
exposure models. 

An important part of the FUMAPEX program is the focus on the evaluation of different air 
quality forecasting models and programs being used in cities across Europe in an effort to 
improve forecasting capabilities.  Preliminary results from this program indicate that although 
the forecast models perform better when predicting air quality over the longer-term periods than 
for specific episodes or events, they do provide a suitable indicator of background air quality in 
urban areas.  (Baklanov, 2006 and 2007)  Further efforts to improve the forecast systems are on-
going with the intent of integrating these systems into air quality forecasting programs across 
Europe.  

Another interesting aspect of the FUMAPEX program is the development of human exposure 
assessment models that are designed to estimate population exposure to air pollutants based on 
air quality forecasting systems (Baklanov 2006, 2007).  It is expected that these models will 
provide a much better estimate of potential health impacts to local populations compared to 
traditional health-related air quality indices.  Furthermore, these models are likely to prove useful 
when evaluating air quality and health impacts in micro-environments where there are important 
local sources of pollution (e.g. in the built-up urban environment). 

3.2  Computational Fluid Dynamics (CFD) Models 

Computational Fluid Dynamics (CFD) models can typically resolve air flow patterns at scales of 
up to 1 to 10 m.  In contrast, the typical resolution for the advanced atmospheric models range 
from greater than 10 km (regional) to 1 km (urban).  Because of their ability to replicate wind 
flows at high resolution, CFD models have been used to predict potential impacts due to the 
intentional release of chemical, nuclear or biological material for emergency preparedness and 
response planning programs.  For instance, the Pentagon Shield Program system provides very 
high resolution (<10m) by integrating a nested series of meteorological, chemistry, dispersion 
and CFD models with meteorological monitoring systems (Warner et al., 2007). Likewise, 
models that integrate atmospheric and CFD models to simulate airflows from building to terrain 
scale using nested model approaches are being developed (Yamada, 2008).    
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Due to their high resolution, these models can be used to predict local air quality at street level 
within the ‘urban canopy’.  However, a major drawback of these models currently is the 
computational resources required to perform simulations in a reasonable time frame.  This will 
continue to limit their use as a high resolution operational air quality forecasting tool until new 
techniques and hardware solutions are developed to improve the run time and cost-effectiveness 
of CFD models.  

3.3  Data Management, Coupling and Model Integration 

Efforts to link advanced meteorological models, emission models, air quality and dispersion 
models are being focused on improving air quality model resolution, accuracy and model run 
times.  Due to the computational resources needed for model simulation, effective integration 
requires advanced data management and coupling environments.  To address this need, dataflow 
software models that facilitate data transfer and filtering capability are being developed (Coirier 
et al., 2008).   

Modelling urban air quality at high resolution also requires high resolution urban building and 
land use input data.  In the United States, a National Urban Database (NUDAPT) utilizes a web-
based portal to facilitate data retrieval and management of gridded fields of urban canopy 
parameters (e.g., population, heat fluxes, traffic and related data) needed for advanced simulation 
models (Ching et al., 2008).  We are not aware of a similar database of information for Canada, 
although several of the larger municipalities do maintain their own comparable datasets for their 
urban centres. (E.g. City of Toronto). 

The development of higher resolution forecasting systems will further increase the need for 
higher resolution input data such as emissions data and urban canopy parameters.  It will be 
important that these systems effectively manage data flow.  

3.4  Local and Micro-Scale Ambient Monitoring  

Unlike stationary monitors, mobile monitoring studies can provide very timely and detailed 
information on air quality at the street level.  For instance, studies conducted in Hamilton are 
being used to identify and rank the relative importance of local emission sources on local air 
quality.  (Corr et al., 2008). 
  
Halton Region (2008) has recently approved the installation of a stationary urban air monitoring 
station and two portable air monitors that will provide information on air quality in selected 
micro-environments such as traffic corridors and near important industrial sources of pollution.  
Such data can be used with high resolution forecasting models to predict air quality impacts at 
the micro-environment level.  Although an excellent initiative that will help Halton Region to 
better understand air quality at a local scale, it is still a far cry from the initiatives being 
undertaken in some European cities.   
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3.5  Satellite Data 

A number of satellites have the ability to measure total column (and thereby infer ground level) 
air pollutant concentrations.  Although the spatial scale of the sensors is still regional in context, 
satellite data are being used to develop initial and boundary conditions for regional air quality 
models, for assessing model performance (i.e., atmospheric ground truthing), and for mapping 
observed regional air quality levels. 
 
As one example, the European Environment Agency has recently announced a new service that 
will combine and process satellite data with surface measurements from 29 European countries 
in order to deliver information on daily air quality.  Data from this program will be used in 
conjunction with existing air quality monitoring and forecasting systems to improve the 
resolution and accuracy of 3-day forecasts.  Information on this program can be found at: 
http://www.esa.int/esaLP/SEMDC5PR4CF_LPgmes_0.html.   
 
Similar data are available for Canada from a number of different satellites and agencies.  The 
City of Ottawa has recently engaged a private sector firm (A-MaPS Environmental Inc.) to 
produce and publish to the Internet daily air pollutant distribution maps from AURA/OMI 
satellite data.   

3.6  High Performance Visualization and Model Verification 

The US EPA has established a program to provide scientific modeling and large-scale data 
management support for research programs (see http://www.epa.gov/nesc). High performance 
visualization techniques are being used to translate complex model results into 3-dimensional 
images as a tool to improve understanding and acceptance of study results.  Other techniques are 
being used to verify model results and calibrate high resolution air quality dispersion models.  
For instance, unique flow patterns in an urban canyon that could alter dispersion effects in a CFD 
model by comparing the model results with wind tunnel test data have been reported (Addepalli 
et al., 2008).  Tracer experiments have also been used in a similar manner (Hanna et al., 2008).  
 
Summary 

Advanced forecasting systems and technologies that can help predict air quality within urban 
environments at very high resolution are being developed.  The ‘first generation’ systems are 
being evaluated for use in operational air quality forecasting programs, and in some instances are 
being used to evaluate and help manage specific air quality issues.  It is expected that further 
advancements in this field will involve the development of high resolution yet efficient forecast 
systems. Integration of these models with human population exposure models will provide a 
further level of understanding of potential air quality impacts to humans.  This information can 
be used to develop improved regulatory programs to address regional, local and street-level air 
quality. 
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4. RESEARCH PRIORITIES 

Irrespective of the specific forecasting models and approach used by regulatory agencies, the 
following common research priorities and themes were identified based on the literature review 
and on discussion with technical experts and regulators. 

First, efforts are needed to extend and improve the resolution of existing operational air quality 
forecast systems. Although these systems provide information on regional air quality, most do 
not provide the level of resolution needed to evaluate air quality impacts at the local or street 
level.  This is especially important for communities that are under the influence of local sources 
of pollutants or where local atmospheric chemistry or other factors can alter concentrations and 
profiles of pollutants in the air.  

Second, improved model linkages and interfaces and data management systems between existing 
operational air quality models, satellite observations, ambient monitoring (stationary and mobile 
monitors) and high-resolution models are needed.  Although significant improvements in this 
area have been made, further improvements are needed if these systems are eventually to be used 
for operational air quality forecasting. 

Third, additional development of human exposure models and their integration with air 
forecasting models is required.  Most air quality indices in use today do not implicitly consider 
human exposure, nor do they fully consider the potential risks associated with exposure to 
multiple contaminants.  More accurate and scientifically defensible indicators of human health 
impacts associated with poor air quality are needed to better understand the magnitude and cost 
of such impacts.  This information will facilitate the development of improved air quality 
management policies and programs. 

Finally, due to the expertise and resources needed to develop advanced air quality forecasting 
models and systems, further collaboration and support for integrated research programs is 
needed.  Improved coordination and utilization of resources will help to leverage the 
complementary talents and resources of the academic, private sector and regulatory 
communities.  As the resolution of forecasting systems improve, this will be especially important 
to cities and local municipalities. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

A review and assessment of existing operational air quality forecasting programs used by 
international regulatory agencies was completed.  A review of the current state-of-the–science 
with respect to forecasting technologies at the street level was also performed.  Based on this 
work, the following conclusions and recommendations are put forth.  
 
Conclusions 
 
1) The MOE’s current air quality forecasting system provides general information on regional 

air quality to the public and is similar to the approaches used by Environment Canada, the 
US EPA and various North American cities.  This approach does not provide the data needed 
to evaluate air quality at the street level in the built-up urban environment.   

 
2) Unlike in Ontario, which provides regional ‘background’ air quality information, the 

European systems provide near real time air quality information on both urban background 
and roadside pollutant levels using data obtained from comprehensive ambient air monitoring 
networks.  In this respect, the European systems provide ‘street level’ information that more 
reliably approximates potential human exposures in urban settings.  Compared with 
operational forecasting systems currently operated by many European and other international 
jurisdictions, Ontario’s forecasting system is not as advanced.   

 
3) Apart from near real time street-level air quality information, most air quality programs do 

not provide next day or 3-day street-level air quality forecast information.  However, 
operational street-level forecasting systems do exist and are being used in areas like London. 

 
4) The MOE’s system for communicating air quality information to the public is consistent with 

the approaches used by other jurisdictions.  However, some cities like Vienna and 
Copenhagen use more advanced communication tools.  For instance, these cities are 
investigating the use of electronic displays attached to lamp posts as a means to communicate 
air quality information to individuals ‘on the street’. 

 
5) Advanced forecasting systems to predict air quality at a local and street-level resolution are 

being developed.  Similarly, several agencies are looking at ways to integrate these systems 
with human population exposure models.  Better estimates of the human health impacts 
associated with poor air quality are needed to understand the true costs associated with poor 
air quality.  Such information will facilitate the development of improved air quality 
management policies and programs 

 
Recommendations 
 
1) The MOE should consider expanding the ambient air quality network in a few select cities to 

better understand local air quality impacts related to major traffic corridors or important point 
sources.  This should be coordinated with existing federal, provincial and municipal 
monitoring programs like the Toronto AQHI Pilot Project or local monitoring programs such 
as those in Hamilton and Halton Region. 
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2) Based on the outcome of Recommendation (1), the MOE should evaluate the benefits and 
costs associated with an expanded ambient monitoring program.  With municipal partners, 
consider how this information can be used to support provincial and municipal air quality 
management and health promotion programs. Be sure to consider public uptake and use of 
the information. 

 
3) The MOE should consider how an improved air quality monitoring and forecasting system 

could support and be integrated with existing MOE programs and regulations (i.e., O.Reg. 
419).  Evaluate how such a program could benefit other provincial and municipal programs, 
especially those relating to transportation, land use development and compatibility. 

 
4) To facilitate collaboration and sharing of expertise and resources, the MOE should consider 

establishing an Air Quality Working Group comprised of representatives from various 
federal and provincial ministries, municipalities and health promotion agencies and 
organizations.  Involve and learn from European air quality forecasting experts.  
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