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FOREWORD 

The Québec government's Plan d’action 2006-2012 sur 
les changements climatiques (2006-2012 climate 
change action plan) entitled Le Québec et les 
changements climatiques, un défi pour l’avenir, 
involves several Québec government departments and 
organizations. Le Fonds vert, based on a charge on 
fuels and fossil fuels, provides most of the funding for 
26 actions focusing on two major objectives: the 
reduction or avoidance of greenhouse gas emissions, 
and the adaptation to climate change. 

The Ministère de la Santé et des Services sociaux 
(MSSS - ministry of health and social services) is 
responsible for the health component of Action 21 (a 
sustainable development action plan developed during 
the United Nations’ Rio Summit in 1992) targeting the 
implementation of mechanisms that will be used to 
prevent and attenuate the health impacts of climate 
change. It has therefore committed itself, to work in six 
action fields related to Québec's adaptation to climate 
change, each of which consists of several research or 
intervention projects. 

This document presents approaches to model the 
geographic and temporal variation in ozone levels in 
order to better estimate the health risks represented by 
this pollutant. The work carried out in Québec 
contributes to the efforts deployed in public health 
surveillance and protection. 
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INTRODUCTION 

Ozone (03) is a gas that is one of the normal components of the atmosphere. In the 
stratosphere, it forms the ozone layer and protects the earth from the sun's ultraviolet rays. 
However, in the troposphere, ozone does not provide this same protective effect; it is 
instead identified as being a greenhouse gas and one of the main components of smog. 
This gas could therefore constitute certain risks to human health. 

The aim of this document is to present approaches to modelling the environmental 
exposure of populations to ground-level ozone, specifically the approaches carried out on 
Québec's population by the Chair on Air Pollution, Climate Change and Health at the 
Université de Montréal. The ultimate purpose of the work carried out in Québec is to better 
estimate the health risks represented by this pollutant, and to provide scientific knowledge 
to professionals and decision makers in public health to further protect Québec’s 
population. 

Therefore, to briefly describe the context associated with the research work carried out in 
Québec, the first section presents the main characteristics of ozone as well as the 
conditions that favour its formation; the second section explains its short- and long-term 
health effects; and the third section addresses such things as ambient concentrations and 
the spatial and temporal distribution of ground-level ozone on Québec's territory. 

Finally, the fourth section addresses more specifically the modelling of exposure, mainly by 
presenting the principal characteristics of different models for estimating exposure to 
ground-level ozone. The models presented are land use regression models as well as 
interpolation models, where the method is based on the proximity of the measuring 
stations, or kriging, or BME (Bayesian Maximum Entropy). This section ends with a short 
presentation of the objectives, methodology and a few results of the research work 
conducted in Québec. 

In short, this study shows the success of the BME method developed by the Research 
Chair on Air Pollution, Climate Change and Health at the Université de Montréal. This 
method has the particular feature of making use of all of the network's data (just like 
kriging) as well as the data estimated by a land-use mixed regression model. 

GENERAL CHARACTERISTICS OF OZONE 

Ozone (03) is a colourless gas that constitutes one of the normal components of the 
atmosphere. In the stratosphere (or very high atmosphere), ozone forms and degrades 
continuously under the action of light rays and chemical reactions with products containing 
nitrogen, hydrogen or chlorine. This gas forms the ozone layer and protects the earth from 
overexposure to the sun's ultraviolet rays (Environment Canada, 2010a).  

In the troposphere (or lower atmosphere, namely that breathed by humans), ozone does 
not have the same protective effect; it is identified as both a greenhouse gas and one of 
the primary components of smog. It presents certain human health risks (Environment 
Canada, 2010b).  

Ground-level ozone is called a secondary pollutant because it is not emitted directly from a 
source; it is formed by photochemical reactions that occur on precursor pollutants such as 
nitrogen oxides (NOx), volatile organic compounds (VOCs), and carbon monoxide (CO). 
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These precursors are essentially of anthropic origin (meaning that they come from the 
combustion of gasoline and motor vehicle oils, from industrial emissions including those 
from electrical and coal-fired power plants, from the evaporation of liquid fuels and 
solvents, etc.); and, to a lesser extent, these precursors are of natural origin (i.e., they are 
generated by burning vegetation during forest fires, etc.) (Environment Canada, 2010b; 
Environment Canada, 2010c). The formation of ozone and its compounds is complex and 
depends on numerous factors such as the intensity and distribution of sun rays, the 
concentrations of precursor pollutants in the ambient air, as well as the rates of chemical 
reactions and other atmospheric processes (U.S. EPA, 2006). In general, the conditions 
for ozone formation are more favourable in the summer when the days are hot and sunny 
(MDDEP, 2010a) and the air mass is stable (anticyclone). Section 3, which deals with the 
environmental exposure of the Québec population, provides more details on these 
conditions and on the spatial and temporal distribution of ozone levels in Québec. 

HEALTH EFFECTS OF GROUND-LEVEL OZONE 

Studying the health effects of atmospheric pollutants is a delicate task because these 
effects generally have many causes (not belonging to a substance), and populations are 
often exposed to mixtures of pollutants (U.S. EPA, 2006; INSPQ, 2012). Identifying the 
toxic effects of a substance such as ozone therefore becomes difficult, and the conclusions 
drawn from these effects often come from the synthesis of scientific studies in many 
disciplines (toxicology, epidemiology, etc.). 

From the toxicological standpoint, the main routes of ozone absorption and elimination are 
inhalation and exhalation, respectively. This gas, which is moderately soluble, can 
penetrate the lungs, reach the bronchioles and alveoli, and result in damage by directly 
oxidizing the molecules of the human body or even by forming free radicals or reactive 
intermediates in the lower respiratory tract (INRS, 1997; U.S. EPA, 2006). 

Furthermore, epidemiological studies suggest that there is a relationship between short-
term ozone exposure (one to a few days) and certain respiratory effects, including a 
reduction in pulmonary function and an increase in lung inflammation, pulmonary 
permeability, respiratory tract hyperreactivity, as well as emergency room visits and 
hospitalizations attributable to respiratory problems (U.S. EPA, 2006). A probable 
association is also suggested with mortality, and scientific knowledge also shows a 
possible association with cardiovascular and neurological effects (U.S. EPA, 2006). 

As for long-term exposure, epidemiological evidence suggests a possible link between 
respiratory morbidities, such as the emergence of new cases of asthma, and an increase 
in respiratory symptoms in asthmatics (U.S. EPA, 2006). Studies also report a possible 
relationship to cardiovascular and neurological effects, toxic reproductive and 
developmental effects, as well as to combined all-cause mortality (U.S. EPA, 2006). 

Thus, the effects of ozone exposure vary greatly. However, their extent could depend not 
only on different parameters associated with exposure such as concentration, duration, 
and co-exposure to other environmental factors (e.g., heat), but also on individual 
parameters, including the intensity of the physical exercise performed at the time of 
exposure or even individual susceptibilities (e.g., genetic predispositions, physical 
condition, age, sex). Children, asthmatics, and people working outdoors would be among 
those individuals most vulnerable to the effects of ozone (U.S. EPA, 2006).  
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ENVIRONMENTAL EXPOSURE OF THE QUÉBEC POPULATION 

Sampling stations on Québec territory 

In Québec, ambient ozone concentrations are recorded hourly by the Ministère du 
Développement durable, de l’Environnement, et de la Lutte contre les changements 
climatiques (MDDELCC - ministry of sustainable development, the environment, and the 
fight against climate change) through the programme de surveillance de la qualité de l’air 
(PSQA - air quality monitoring program). This program covers the territory where more 
than 95% of the Québec population lives (INSPQ, 2012). In 2007, only 46 ground-level 
ozone sampling stations were in operation. 

The measuring stations are unequally distributed over the territory, meaning that they are 
present in larger numbers in the south of the province and at locations where the 
population density is greater. They are managed in collaboration with several partners, 
namely the City of Montréal, federal government departments, and industries (INSPQ, 
2012). Other stations also exist, in numbers that vary over time, and that are operated in 
the context of special projects (MDDEP, 2010b). The locations of the air quality monitoring 
stations can be consulted on the Website of the MDDELCC (MDDEP, 2010b). Also, the 
majority of these stations can be seen online using the interactive maps of Environment 
Canada indicators (Environment Canada, 2012a). 

Québec levels of risk management and international comparison 

The relationship between ozone air pollution and health effects is of the linear type and 
without a safety threshold, which means that there is no ambient concentration below 
which the health risk is zero (U.S. EPA, 2006). As a result, no standard, no objective, no 
criterion—Québec or Canadian—is based on ozone's health effects. 

However, for environmental risk management purposes, there is a Québec atmospheric 
quality standard of 80 parts per billion (ppb) for 1 hour of exposure. This standard 
generally applies to new projects or when installations that are already in operation are 
modified, but can also be used for depollution attestations required by the Environment 
Quality Act (MDDEFP, 2012). 

For comparison purposes, the Canada-wide standard for air quality is 65 ppb—average for 
3 consecutive years of the 4th highest annual value of 8-hour daily averages (CCME, 
2000), and the United States Environmental Protection Agency (U.S. EPA) has proposed 
since 2008 a standard of 75 ppb for an 8-hour exposure (U.S. EPA, 2008). It should be 
noted that the American standard is currently being reviewed and could be lowered to 
70 ppb for 8 hours (U.S. EPA, 2012). Finally, the World Health Organization (WHO) has 
had a guideline since 2005 of 100 µg/m3 (or approximately 50 ppb) as a daily average for 
8 hours of exposure (WHO, 2006).  

Ambient concentrations in Québec and comparison with Canada 

For several years now, the province of Québec has been monitoring ambient ground-level 
ozone concentrations on its territory. 

Between 1979 and 1994, Québec’s environment ministry (MDDEP, 1997) reported 
average annual hourly concentrations varying between 13 and 17 ppb and specified that 
there had been many periods when the hourly concentrations were above 80 ppb in the 
months of May through August. Between the months of April and September in the 
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years 2006 to 2008, the averages—calculated for the 3 consecutive years—of the highest 
4 annual values of the daily averages for 8 hours varied between 58 and 68 ppb for the 
large agglomerations in Québec, namely Montréal, Québec City, Trois-Rivières, 
Sherbrooke, Saguenay, and Gatineau (MDDEP 2010a; MDDEP, 2010c). Finally, in a very 
recent report, Environment Canada (2012b) specified that between 1990 and 2009, the 
annual averages of the maximum daily concentrations over an 8-hour period, weighted 
according to the population and recorded at 25 monitoring stations spread out over all of 
southern Québec during the warm season (April to September) had varied between 31.81 
(1993) and 41.47 (2001) ppb. In 2010, this average was 36.79 ppb, while it was 33.8, 43.1, 
36.2, 30.3 and 38.2 ppb respectively for the Maritime Provinces, Southeastern Ontario, the 
Prairies and Northern Ontario, British Columbia, and all of Canada (Environment Canada, 
2012b).  

Spatial and temporal distribution of ozone levels in Québec 

In Québec, ground-level ozone concentrations fluctuate considerably from one year to the 
next, and they are also very different in any given year. Ozone levels are high on hot days 
between the months of May and August and when an anticyclone (zone of high pressure) 
is present that moves slowly, that traps pollutants close to the ground, and that prevents 
them from dispersing and becoming diluted (Environment Canada, 1999).  

Ground-level ozone concentrations also vary geographically on Québec's territory. The 
highest concentrations are generally found in the south of the province, due to the 
significant movements of air masses coming from the south and southwest. These air 
masses pass over the industrial and highly urbanized zones of the Great Lakes and 
Northeastern United States and shift the atmospheric pollutants (MDDEP, 1997; MDDEP, 
2010a). Also, ozone concentrations are higher in rural environments than in urban or peri-
urban environments. In fact, NOx, mainly produced by automobile traffic in urban 
environments, react very rapidly with ozone, and momentarily reduce its average 
concentrations in the ambient air. As a result, high ozone concentrations are likely to be 
found downwind from large urban agglomerations depending on the wind direction 
(MDDEP, 1997 and 2007). 

ESTIMATION OF THE GROUND-LEVEL OZONE EXPOSURE OF POPULATIONS 

Estimation of ozone-related health risks requires data on population exposure (Baker and 
Nieuwenhuijsen, 2009). For Québec, this exposure estimation is a complex task because 
the sampling stations are limited and unequally distributed over a large territory. Collecting 
individual measurements is a costly approach for estimating exposure (Jerret et al., 2005) 
and therefore cannot be carried out for the entire Québec population. To remedy this 
problem, which is a global problem, experts here and elsewhere have been developing, for 
several years now, spatiotemporal estimation methods for evaluating the ground-level 
ozone exposure of populations. 

The traditional approach for estimating the exposure of individuals involves extrapolating to 
neighbouring environments the data recorded at sampling stations. For example, 
individuals are assigned the value of the station located closest to their place of residence. 
However, this method inevitably leads to incorrect classifications of exposure levels and 
tends to attenuate variations in individual exposure by incorrectly assigning the same 
concentrations to a large number of individuals (Bell, 2006; Vienneau et al., 2009; Beelen 
et al., 2009).  
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To increase the precision of population exposure estimates, environmental modelling 
methods, including land-use regression models and interpolation methods have been 
developed. This document will only present the principal characteristics of the models used 
to estimate ground-level ozone exposure in Québec and is therefore not exhaustive 
regarding all of the models used for air pollution. Readers are invited to consult the 
documents of Jerret et al. (2005); Zou et al. (2009) and Briggs (2005) to obtain more 
details on this subject. 

Land-use regression models 

Land-use regression models can be used to estimate the ozone exposure of populations. 
To develop these models, concentrations of the studied pollutant are measured at 
sampling stations over a given territory, and these measurements are then predicted from 
variables that are georeferenced and available everywhere on the territory (for example 
the latitude, the density of highways in a buffer zone, etc.). All of these variables allow the 
development of a mathematical equation that predicts the ozone concentrations at the 
sampling stations and that can be used to estimate the pollutant's concentrations at 
locations where measurements were not taken (Jerret et al., 2005; Beelen et al., 2009). 
Many land-use regression models have been designed to estimate the levels of pollutants 
emitted by road traffic, such as NO2 and PM 2.5 (for a review of these models, see Ryan 
and LeMasters, 2007). While this is exceptional, this type of model has also been used to 
estimate the ambient concentrations of ground-level ozone over all of Europe (Beelen et 
al., 2009). 

Interpolation models 

Interpolation models are environmental modelling approaches for estimating the exposure 
of large populations. They are based on geostatistical techniques, and their primary 
objective is to interpolate concentration values over unsampled territories by means of 
data measured at the sampling stations (Phillips et al., 1997). Several interpolation 
methods exist; this document will present only three types, namely the methods based on 
the proximity of the measuring stations, the kriging method, and the BME (Bayesian 
Maximum Entropy) type model, or an analysis based on the method of estimating 
probability densities by means of maximum entropy. However, the readers are invited to 
refer to the ArcGIS user's manual to obtain more information on some of these models. 

Methods based on the proximity of the measuring stations 

These methods are based on measuring the distance between a point of interest and the 
closest sampling station. An individual located at a measuring station is considered as 
being exposed to the concentrations calculated at this station, and the estimate of the 
person’s exposure is assumed to decrease as he or she moves away from this source 
(Jerret et al., 2005; Zou et al., 2009). Generally, weighting based on the distance between 
the point of interest and the sampling station is developed and applied to the 
concentrations measured at the sampling stations. For example, one of the techniques 
used consists of selecting radii around the measuring stations and assigning the same 
weighting to locations situated within these radii (Wong et al., 2004).  

The approach of inverse distance weighting is another technique frequently used to 
estimate ground-level ozone concentrations. With this approach, the concentration 
estimated at a point is the result of multiplying the concentration observed at a measuring 
station by a weighting factor, which is based on the inverse of the distance of this point 
from the measuring station, in a predetermined distance radius (Bell, 2006). Therefore, the 
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concentration at a point of interest that is close to a measuring station will be estimated 
with a higher weighting factor than a point of interest located farther from a station. 

For example, Bell (2006) measured the ozone concentrations in northeastern Georgia in 
the United States with ozone measurements at 8 sampling stations. In a 50-km radius 
around the measuring stations, the concentration was estimated using the following 
relationship: Wij=rij-3, where Wij was the weighting factor of the concentration at 
measuring station j for region i, and rij was the distance between measuring station j and 
the centroid of the county. Thus, the ozone concentration at a point was estimated by the 
average of the values for each of the measuring stations located in a 50-km radius from 
this point, to which were added a weighting factor as described by the above equation. 

However, methods based on proximity of the stations, while often used for ozone 
estimation (Hopkins et al., 1999; Philips et al., 1997), have several limitations including the 
exclusion of all the parameters that affect the formation, destruction and dispersion of 
ozone (Zou et al., 2009). Also, these methods assume a specific relationship between the 
weighting factor and the distance, and this relationship is not always realistic or optimal 
(Philips et al., 1997). Often, the above-mentioned methods are used to do an exploratory 
analysis when estimating exposure (Jerret et al., 2005).  

Kriging 

Kriging, which is the most common interpolation method, also estimates the concentrations 
of a pollutant in a way similar to the method based on the proximity of the measuring 
stations, but uses a different weighting. In fact, instead of assuming a fixed weighting (such 
as the inverse of the distance, for example), this method estimates a weighting from the 
spatial and temporal covariance (dependence) that exists between all the concentrations 
measured at the sampling stations (Bell, 2006; Hopkins et al., 1999). Kriging makes it 
possible to define concentration-estimation equations over the entire area of study, which 
are ultimately used to produce maps representing a pollution area over all of the studied 
territory and for a given period (Jerret et al., 2005). 

Several variants of kriging exist. Cokriging is of particular interest because it allows 
auxiliary variables to be considered in the analyses, such as population density, road traffic 
emissions, and meteorological conditions (Jerret et al., 2005), which are georeferenced 
over the entire territory. This method evaluates the mathematical relationship between the 
concentrations of the pollutant measured at the sampling stations and an auxiliary variable 
(or an index that represents the aggregation of several auxiliary variables on the territory), 
and then uses this mathematical relationship to interpolate and estimate the 
concentrations of the pollutant on the territory at the locations where no sampling station is 
located. Philips et al. (1997) used this method to estimate the ozone concentrations in the 
Southeastern United States. These authors developed an ozone exposure potential index, 
which was based on three variables (or factors) responsible for ozone formation and 
transport, namely 1) the average daily maximum temperature, 2) the wind direction, and 
3) NOx emissions. To do this, they divided the studied territory into 20-km2 cells, and a 
value was determined for each of the following variables: temperature, wind direction, and 
NOx emissions. The values of these three variables were then multiplied in order to 
generate one index per cell, which expressed the relative potential of each of the cells to 
have a high ozone level. Finally, a mathematical relationship between these index values 
and the ozone concentrations measured at the sampling stations was determined, and the 
ozone concentrations at the locations where there was no sampling station were 
interpolated from this mathematical relationship. During this study, cokriging provided a 
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better prediction of the concentrations than the other interpolation methods (inverse 
distance weighting, kriging, etc.), which is furthermore generally the case when the 
auxiliary variables chosen are well correlated with the ozone concentrations measured at 
the sampling stations. 

In brief, the success of these types of kriging is based on the fact that they take into 
consideration the dependence between the data for interpolating the pollutant's 
concentrations. They offer the best estimator from a linear model at any location 
whatsoever in the study area (Jerrett et al., 2005; Baker and Nieuwenhuijsen, 2009). 
However, these varieties of kriging also involve inherent constraints, such as the fact that 
they require a significant number of measuring stations to produce precise estimates (Yu 
et al., 2009). The interpolated pollution areas are often strongly biased and are almost 
invariably too regular due to a lack of representativity of the overall environment (Briggs, 
2005; Jerret et al., 2005). 

The BME (Bayesian Maximum Entropy) analysis method, or analysis based on the 
method of estimating the probability densities using maximum entropy 

Another data interpolation method consists of a spatiotemporal analysis based on 
estimating the probability densities using the maximum entropy (BME). This technique 
makes it possible to increase the estimation by kriging. Just as with kriging, the BME 
estimates the weightings by means of measurement data originating from the sampling 
stations ("hard" data observed), but also uses data having various degrees of statistical 
uncertainty (or probability function) as predictions of mathematical models or 
measurements associated with a confidence interval ("soft" estimated data). All of this 
information (observed and estimated data) is shared in order to calculate a weighting that 
will be associated with each of the concentrations measured at the measuring stations 
closest to the point of interest to be estimated. This method provides an estimate of the 
exposure in terms of probability at all the points of interest in the study area and makes it 
possible to create maps representing pollution areas in a spatiotemporal continuum 
(Bogaert et al., 2009; De Nazelle et al., 2010). 

Contrary to kriging and cokriging, the BME method does not have as many use constraints 
(Yu et al., 2009; Bogaert et al., 2009), and its interpolations integrate data with statistical 
uncertainties, which makes it a very interesting model for predicting concentrations of 
atmospheric pollutants (Kolovos et al., 2010; Christakos and Vyas, 1998; Christakos and 
Serre, 2000; Bogaert et al., 2009; De Nazelle et al., 2010). This method nevertheless 
requires significant knowledge of modelling, geostatistics and computer technology. 

Research project for estimating the Québec population's ozone exposure 

The dispersion of the sampling station network in Québec, the overrepresentation of 
certain metropolitan regions, and a lack of resources are the main reasons that motivate 
the use of environmental modelling for estimating the exposure of individuals in the 
population to ground-level ozone. This problem is addressed in a research project of the 
Research Chair on Air Pollution, Climate Change and Health at the Université de Montréal. 
The objective of this study is to compare three methods for estimating the exposure of 
Québec's population to summer ground-level ozone concentrations by means of the data 
from the network of sampling stations in the air quality monitoring program of the 
MDDELCC from 1990 to 2009.  

   



9 

The approaches that were developed for comparison purposes are: 1) a land-use mixed 
regression model that consists of several prediction variables including temperature, 
precipitation, the days of the year, the year, an estimate of the road traffic density, and the 
latitude; 2) a kriging interpolation model using all the network data; and 3) a BME-type 
model that uses all of the network data (as with kriging) as well as the data estimated by 
the land-use mixed regression model and its uncertainties. The estimates of these three 
approaches were compared by a cross validation that estimates and compares the 
prediction error of each of the models in relation to the real concentrations measured at the 
sampling stations.  

The results of this study suggest that the BME method can estimate the concentrations 
with a smaller error and with greater precision than the two other models (Adam-Poupart et 
al., 2014). The following figures present a few results of this study on the interpolation 
models (namely kriging and the BME method). Thus, Figures 1 and 2 illustrate the 
averages of the ozone concentrations in ppb (over 8 hours, from 9 a.m. to 5 p.m.) on 
Montréal territory on August 29, 2005, as they were estimated by kriging and the BME 
method, while Figures 3 and 4 show the estimates of the statistical errors associated with 
the averages of the estimated ozone concentrations. Comparison of Figures 1 and 2 
indicates that the variations in the estimation of the concentrations produced by kriging are 
greater than those from the BME method for that day. However, the geographical 
dispersions are similar for the two interpolation models, showing mainly that the ozone 
concentrations are lower in eastern Montréal and higher in the southwest of the city. 
Furthermore, comparison of Figures 3 and 4 shows that kriging presents more statistical 
uncertainties for the averages of the estimated concentrations than the BME method. The 
results of the present study suggest that the BME method's success is associated with the 
integration of information from the land-use mixed regression model. 

 

     

FIGURE 1 

Estimation of the ground level 
ozone concentrations on Montréal 
territory on August 29, 2005, using 
the kriging method (for an 8-hour 
period, between 9 a.m. and 5 p.m.)

FIGURE 2

Estimation of the ground level 
ozone concentrations on Montréal 
territory on August 29, 2005, using 
the BME method (for an 8-hour 
period, between 9 a.m. and 5 p.m.) 
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FIGURE 3 

Estimation of the errors associated 
with the interpolation of the ground 
level ozone concentrations on 
Montréal territory on August 29, 
2005, using the kriging method (for 
an 8-hour period, between 9 a.m. 
and 5 p.m.) 

FIGURE 4

Estimation of the errors associated 
with the interpolation of the ground 
level ozone concentrations on 
Montréal territory on August 29, 
2005, using the BME method (for an 
8-hour period, between 9 a.m. and 5 
p.m.)
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CONCLUSION 

Besides its usefulness for the development of new scientific knowledge in environmental 
epidemiology, estimation of the ground-level ozone concentrations on Québec territory 
offers many interesting ways of supporting the efforts deployed in public health 
surveillance and protection. In fact, modelling will make it possible to evaluate the 
concentrations of ozone on Québec territory in order to study the particular features of its 
dispersion, and to pinpoint the locations where it would be appropriate to add sampling 
stations. Modelling will also provide the opportunity to evaluate the association that exists 
between certain diseases and the ground-level ozone levels in Québec.  

Ultimately, the goal of modelling is to improve the evaluation of the population's exposure 
to ground-level ozone in order to better estimate the health risks that this pollutant may 
represent. Furthermore, this falls within one of the objectives of the shared monitoring plan 
of the ministère de la Santé et des Services sociaux du Québec, which wants to reduce 
the health problems associated with atmospheric pollution (MSSS, 2012).  

In conclusion, in a context of climate change where ambient ozone concentrations will 
probably increase over the coming years (Health Canada, 2008; Desjarlais et al., 2010; 
Kelly et al., 2012), modelling of ground-level ozone levels must be pursued in order to 
provide public health professionals and decision makers with scientific knowledge for 
further protecting Québec's population. 
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