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S UPPLEMENTARY EXAMPLE OF 26–27  
 JUNE 2010. A smoke plume that affected  
 Ontario during 26–27 June 2010 originated from 

significant wildfires over northern Saskatchewan. 
Meteorological conditions were suitable for atmo-
spheric transport of smoke plumes southeastward to 
the Great Lakes area, and for transport eastward over 
southern Ontario. Concentrations of PM2.5 increased 
at Thunder Bay (northwestern Lake Superior) during 
24 June and then at various locations 
in southern Ontario, particularly 
during the afternoon and evening 
of 26 June.

Concentrations of PM2.5 increased 
sharply during the afternoon and 
evening of 26 June and then dimin-
ished during 27 June at various air 
quality monitoring stations. A chart 
showing the concentrations of PM2.5 
for the southern Ontario locations of 
Kitchener (92 km west of Toronto), 
Sarnia (260 km west of Toronto), 
Hamilton Mountain (60 km south-
west of Toronto), and Oshawa (52 km 
northeast of Toronto) shows distinct 
increases in concentrations during 
the evening of 26 June (Fig. ES1). 
Although the time series are not 
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Fig. ES1. PM2.5 concentrations, 24–27 June 2010, at several locations 
in southern Ontario, showing a significant increase above the back-
ground levels of 24 June. Errors are <2 μg m–3.

all identical, the main point is that they increased 
significantly above typical background levels (gener-
ally less than about 10 μg m–3) in the absence of other 
sources or contributions to PM2.5 over a widespread 
area of southern Ontario. The source of the pollutants 
was probably the wildfires in northern Saskatchewan 
that appear on the HMS smoke analysis chart for 
25 June (Fig. ES2); the chart also shows the smoke 
plume extending southeastward to Ontario and the 
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northeastern United States. A chart 
showing derived aerosol optical 
depths observed by the MODIS sen-
sors on the Aqua and Terra satellites 
for the afternoon of 25 June shows 
the columns with the greatest num-
bers of aerosols directly southeast of 
the fires in northern Saskatchewan 
(Fig. ES3). The 700-hPa geopoten-
tial height pattern indicates the 
northwesterly f low resulting from 
a trough over Quebec and a ridge 
south of the Great Lakes. A chart 
showing CO column amount inte-
grated over the period 24–26 June, 
measured by the Atmospheric Infra-
red Sounder (AIRS) instrument on 
the National Aeronautics and Space 
Administration (NASA) Aqua satel-
lite, reveals a plume of CO extending 
southeastward from the northern 
prairies to Ontario (Fig. ES4). A 
surface high pressure ridge over the 

Great Lakes region during 
26 June provided condi-
tions for subsidence and 
diminishing winds.

An observation that 
provides some indica-
tion of an elevated plume 
of aerosols is the lidar 
obser vat ions from the 
Canadian Operat ional 
Research Aerosol Lidar 
Network (CORALNet) at 
Egbert, Ontario (70 km 
north of Toronto), and a 
chart of observations up 
to the morning of 27 June 
(Fig. ES5) shows a dis-
tinct layer of aerosols at 
an altitude of about 5 km 
during 27 June as well as 
lower layers during the 
afternoon. A back trajec-
tory analysis for air par-
cels arriving at Egbert at 
an altitude of 5 km for 
the 24-h period preceding 
1 2 0 0  U T C  2 7  J u n e 
(Fig. ES6) shows that the 
plume of aerosols became 
entrained into a layer that 

Fig. ES2. HMS smoke analysis chart for 25 June 2010 showing a 
smoke plume extending southeast of active wildfires in northern 
Saskatchewan (courtesy of NOAA HMS; www.osdpd.noaa.gov/ml 
/land/hms.html).

Fig. ES3. AOD chart for 25 June 2010 [courtesy of NOAA Infusing 
Satellite Data into Environmental Applications ( IDEA) ; www.star 
.nesdis.noaa.gov/smcd/spb/aq/] showing the largest numbers of aerosols 
directly southeast of northern Saskatchewan.
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moved across the central 
Great Lakes region and 
ascended i n e levat ion 
during the afternoon of 
26 June (over Minnesota 
and Wisconsin). These ob-
servations indicate that 
t he plume most l i kely 
originated in the wide-
spread plume of smoke that 
moved southeastward from 
Saskatchewan.

I n  s u m m a r y ,  f o r 
the example of 26 June 
2010, a plume of smoke 
that originated in north-
ern Saskatchewan during 
the approximate period 
23–24 June moved south-
eastward to the Great Lakes 
region and then eastward 
over southern Ontario 
and caused unexpectedly 
high concentrat ions of 
PM2.5 at some air quality 
monitoring stations during 
the afternoon of 26 June 
and overnight period of 
26–27 June.

S U PPLE M E NTA RY 
EXAMPLE OF 27 JULY 
2008.  Increasing con-
centrations of PM2.5 first 
appeared in the Ontario 
air quality data at Thunder 
Bay during the evening of 
26 July as shown in Fig. ES7. 
Concentrations of PM2.5 
i ncrea sed at  T hu nder 
Bay to a 1-h maximum of 
46 μg m–3. (For perspective, 
the median of 1-h concen-
trations during July in the 
4-yr period 2006–09 is 4, 
and the 75th percentile of 
the July concentrations is 8 μg m–3.) Concentrations 
of PM2.5 increased during 27 July at all of the Ontario 
air quality monitoring stations (except at Thunder 
Bay, where it decreased during the morning) and 
then decreased during 28 July. Several examples of the 
increasing concentrations are shown in the charts for 
North Bay (290 km north of Toronto), Dorset (175 km 

northeast of Toronto), Kingston (240 km east of 
Toronto), and St. Catharines (55 km south of Toronto) 
in Fig. ES8. At each of these stations, PM2.5 concentra-
tions increased rapidly during the late morning and 
early afternoon of 27 July (as well as 26 July) following 
concentrations close to zero during the overnight 
and morning hours. The rapid increase during late 

Fig. ES4. Chart of CO column amount measured by AIRS over the period 
24–26 June 2010 showing a plume of CO extending southeastward from the 
northern prairies to Ontario (courtesy of NASA Giovanni; http://disc.sci 
.gsfc.nasa.gov/).

Fig. ES5. Chart of lidar observations at Egbert during 27 June 2010 showing a 
distinct layer of aerosols at an altitude of about 5 km during 27 June (courtesy 
of CORALNet).
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and 37 μg m–3 in Kingston. The observed upper-air 
sounding for Detroit, Michigan during the morning 
of 27 July (Fig. ES9) and the sounding for Buffalo, 
New York (not shown but similar), show the noc-
turnal inversion close to ground level, the adiabatic 
lapse rate from the top of the inversion up to about 

the 700-hPa level, and winds from the northwest. 
These details all support the observed daytime 
adiabatic mixing from aloft to the surface (after the 
nocturnal inversion mixed out), with northwesterly 
flow providing transport of pollutants over southern 
Ontario. The PM2.5 concentrations decreased at 
most locations during 28 July.

The source of the pollutants was probably the 
wildfires in northern Saskatchewan and southern 
Northwest Territories during 25 July that are indi-
cated on the HMS smoke analysis chart for 24 July 
(Fig. ES10). The aerosol optical depth (AOD) analy-
sis chart, plotted with data derived from MODIS 
Terra satellite measurements (Fig. ES11), also shows 
high values of AOD approximately coincident with 
the visible smoke plume. Geopotential heights for 
the 700-hPa pressure level during the morning of 
26 July revealed the presence of a trough over north-
ern Ontario, resulting in northwesterly flow from 
northern Saskatchewan to the western Great Lakes 
region. The CO total column amount, measured 
by the AIRS instrument on the Aqua satellite, inte-
grated over the period 25–27 July 2008 (Fig. ES12) 
reveals a plume of CO extending southeastward 
from northern Saskatchewan to the Great Lakes 
region. The HMS smoke chart for 28 July (Fig. 
ES13) plots a distinct plume of smoke extending 
southeastward from northern Saskatchewan. 

During 27 July westerly 
winds above the bound-
ary layer resulted from a 
low pressure region over 
northern Ontario and a 
high pressure region south 
of Ontario. The plot of back 
trajectories of air parcels 
arriving at North Bay for 
27 July (Fig. ES14) indicates 
the flow southeastward to 
the western Great Lakes 
region and then eastward 

Fig. ES6. Back trajectory analysis for parcels arriving 
at Egbert at 5-km altitude at 1200 UTC 27 June 2010 
showing transport eastward across the Great Lakes to 
Ontario [courtesy of NOAA Air Resources Laboratory 
(ARL); http://ready.arl.noaa.gov/].

Fig. ES7. PM2.5 concentrations 
at Thunder Bay, 26–27 June 
2008 showing a signif icant 
increase during the evening of 
26 July. Errors are <2 μg m–3.

morning, coincident with the onset of convective mixing 
of the boundary layer, is strongly indicative of the pres-
ence of pollutants above the boundary layer (following 
transport from upstream sources). Several observations 
of maximum concentrations include 34 μg m–3 at Dorset 
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to southern Ontario. The chart of 
AOD for 27 July shown in Fig. ES15 
shows a region of concentrated pol-
lutants over southern Ontario (in 
regions where skies were cloudless), 
and Moderate Resolution Imaging 
Spectroradiometer (MODIS) satellite 
images from 27 July (not shown) also 
showed the presence of visible smoke 
in the skies over the Great Lakes 
region and southern Ontario.

In summary of the event of 
26–27 July 2008, concentrations 
of PM2.5 increased signif icantly 
during 27 July at all of the air quality 
monitoring stations and the increase 
coincided with the arrival of a dis-
tinctly visible and substantial plume 
of smoke that originated in major 
wildfires in northern Saskatchewan and southern 
Northwest Territories several days earlier. Ozone 
concentrations measured at the air quality monitor-
ing stations also increased significantly and may have 
been related to the chemical activity of the smoke 
plume (forming O3 from the chemical precursor 
compounds emitted during wildfires). However, in-
creasing O3 concentrations were expected (along with 
worsening air quality in general) with the arrival of 
hot and humid conditions from regions southwest of 
Ontario, and so could not be uniquely attributed to 
chemical precursors in the smoke plume.

Fig. ES8 (top). PM2.5 concentrations at North Bay, 
Dorset, Kingston, and St. Catharines, 
25–28 July 2008, showing rapidly 
increasing concentrations during the 
late morning and early afternoon of 27 
July (as well as 26 July) following much 
lower concentrations during the over-
night periods. Errors are <2 μg m–3.

Fig. ES9 (middle). Upper-air sounding, 
Detroit , Michigan, 1200 UTC 27 
July 2008 showing the low nocturnal 
inversion, adiabatic lapse rate above 
the inversion to the 700-hPa level, 
and northwesterly winds (courtesy 
of University of Wyoming; http: / /
weather.uwyo.edu/).

Fig. ES10 (bottom). HMS smoke chart, 
24 July 2008, showing active wildfires in 
northern Saskatchewan and southern 
Northwest Territories (courtesy of 
NOAA HMS; www.osdpd.noaa.gov 
/ml/land/hms.html).
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Fig. ES11. MODIS aerosol optical depth chart, 25 July 2008, showing high 
values approximately coincident with the visible smoke plume (courtesy of 
NOAA IDEA; www.star.nesdis.noaa.gov/smcd/spb/aq/).

Fig. ES12. CO total column amount from AIRS over the period 25–27 July 
2008 revealing a plume of CO extending southeastward from northern 
Saskatchewan to the Great Lakes region (courtesy of NASA Giovanni; http://
disc.sci.gsfc.nasa.gov/).
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Fig. ES13. HMS smoke chart, 28 July 2008, showing a distinct plume 
of smoke southeast of northern Saskatchewan (courtesy of NOAA 
HMS; www.osdpd.noaa.gov/ml/land/hms.html).

Fig. ES14. Back trajectory plot for 1800 UTC 27 July 
2008 showing flow southeastward from Saskatchewan 
to the western Great Lakes region and then eastward 
to southern Ontario (courtesy of NOAA ARL; http://
ready.arl.noaa.gov/).
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Fig. ES15. MODIS AOD chart, 27 July 2008, showing concentrated pollutants 
over southern Ontario (courtesy of NOAA IDEA; www.star.nesdis.noaa.gov 
/smcd/spb/aq/).
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