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Introduction

High time-resolved aircraft data, concurrent surface measurements 
and air quality model simulations were explored to diagnose the 
processes influencing aerosol chemistry under the influence of lake-
breeze circulations in a polluted region of southwestern Ontario, 
Canada.

 The analysis was based upon horizontal aircraft transects conducted 
at multiple altitudes across an entire lake-breeze circulation.



Background

The Border Air Quality and Meteorological Study (BAQS-Met) is a 
major collaborative effort between university, federal and provincial 
government scientists to further understand the impacts of trans 
boundary flow of pollutants, lake effects and gas/particle processes 
on the high levels of air pollutants that frequently and episodically 
occur in south western Ontario, particularly in the Windsor-Essex-
Chatham-Kent (WECK) region.







Experimental design



Table 1. Summary of Twin Otter flights showing the synoptic wind direction (based on back-trajectories 
analyses), an air quality descriptor (AQ), the lake breeze type (LD = Low Deformation; MD= Medium 
Deformation; HD=High Deformation; details in Sills et al., 2011), and O3 and SO4

2−mean and maximum levels 
based on aircraft measurements.



Table 2. Summary of trace gas and particle instrumentation on the Twin Otter aircraft.



Model description

The Unified Regional Air-quality Modelling System (AURAMS) model 
was used to support the BAQS-Met field study.

The model has three main components: (1) a prognostic 
meteorological model GEM (Global Environmental Multiscale model); 
(2) an emissions processing system; and (3) an off-line regional 
chemical transport model, the AURAMS Chemical Transport Model.



Results and 
discussion



Fig. 1. High resolution back trajectories for 25 June arriving at selected locations and times along the 
Flight 4 aircraft track. Arrival times indicated as hh:mm. Trajectories are coloured by altitude (m a.g.l.). 
Black circles along trajectories every 4 h . SO2 point sources shown as red circles (SO2 >10 000 
tons/year).



Fig. 2. Progression of lake-breeze fronts 

from 12:00–17:00 LT on 25 June. Position 

of lake-breeze fronts shown in magenta 

lines. Tracks for Flights 4 and 5 are 

shown as blue lines in (a) and (f) 

respectively. SO2 major point sources 

shown as red circles (SO2 >10 000 

tons/year). Surface sites in black 

triangles: (1) Sombra, (2) Woodslee, (3) 

Cottam, (4) Lighthouse Cove, (5) LSC 

buoy, (6) Essex, (7) Ridgetown, (8) 

Harrow, (9) Bear Creek, (10) London, (11) 

Mitchell’s Bay, (12) Sarnia



Fig. 3.



Fig. 4.



Fig. 5. Model-predicted SO2 mixing 

ratios overlaid with wind direction at (a) 

285ma.g.l. and (a) 815ma.g.l at 12:00 LT. 

Solid magenta line indicates surface 

convergence at the LE and LSC lake 

breeze fronts and dashed magenta line 

indicates divergence flow aloft. Dashed 

red line is the aircraft transect.



Conclusions

 This was based upon two aircraft flights (Flights 4 and 5 on 25 June 2007) in 
southwestern Ontario where horizontal transects across the entire lake-
breeze circulation at multiple altitudes were performed. 

 Observations and modelling support the interpretation of a lake-breeze 
circulation where pollutants were lofted at a lake-breeze front, transported in 
the synoptic flow, caught in a downdraft over the lake, and then confined by 
onshore flow.
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