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The Meteorological Service 
of Canada – Atlantic Region 

participated in the BORTAS-A 
measurement campaign during the 
summer of 2010. The term BORTAS1 is 
derived from “Quantifying the impact 
of BOReal forest fires on Tropospheric 
oxidants over the Atlantic using 
Aircraft and Satellites”. BORTAS-A 
was a pilot for BORTAS-B which will 
be based out of Halifax, NS during the 
summer of 2011. Plans for BORTAS-B 
call for the United Kingdom BAe146 
research aircraft to fly sample missions 
within 500 nautical miles of Halifax, 
intercepting plumes of trace gases 
and aerosols originating from North 
American forest fires while avoiding 
anthropogenic pollution plumes.

The prime objective of BORTAS is 
to examine the connection between 
the composition and distribution of 
biomass burning outflow as well as 
the associated ozone production and 
loss, and the resulting perturbation of 
oxidant chemistry in the troposphere. 
Projects of this nature support the 
development of Global Climate 
Models and Chemical Transport 
Models and assist with discerning 
the separate influences of natural 
and anthropogenic forcing in climate 
change predictions. This initiative 
is being directed by the School of 
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GeoSciences at the University of 
Edinburgh. The Department of 
Physics and Atmospheric Science at 
Dalhousie University, Halifax, hosts 
the Dalhousie Ground Station (DGS) 
(44.638N, 63.593W). Weather and 
air quality forecasts, provided by the 
Meteorological Service of Canada 
(Dartmouth, NS) focused on the DGS 
location, and were provided from 
July to early September, 2010 during 
BORTAS-A. These forecasts assisted 
with lidar personnel scheduling and 
facilitated the most efficient use of 
filter-based sampling, especially 
during periods when anthropogenic 
and/or biomass episodes were 
expected.  

Methods

BORTAS-A forecast preparation 
involved identification of sources of 
boreal biomass burning in the US2 
and Canada3, viewing past, current 
and predicted tropospheric flow maps 
(e.g., 500 hPa contour charts), creating 
forward trajectories using the Hybrid 
Single Particle Lagrangian Integrated 
Trajectory model (HYSPLIT4) 
when required, examining regional 
meteorology for vertical mixing, 
precipitation (washout), low cloud 
and fog (which blocks lidar retrievals) 
and boundary layer flow patterns 

considered favourable for long-range 
transport of anthropogenic and 
biomass burning aerosols. Local air 
quality data were considered along 
with information on other sources 
of particulate matter which might 
complicate the interpretation of data. 

Meteorological forecasts were based 
on guidance provided by the Canadian 
Meteorological Centre’s (CMC) 
operational Global Environmental 
Multiscale (GEM5) model. Air quality 
forecasts of anthropogenic pollutants 
were based on the operational air 
quality model Modelling Air quality 
and CHemistry (GEM-MACH6). 
Forecast guidance for forest fire plumes 
was based on the NASA Goddard 
Earth Observing System Model 
Version 5.2.0, (GEOS-5)7, a global 
atmospheric general circulation model. 
GEOS-5, in addition to meteorological 
forecasts, predicts a number of aerosol 
and chemical tracers including CO 
associated with boreal biomass burning 
sources. Biomass burning sources are 
initialized in the GEOS-5 forecasts 
using near real-time MODIS hot spot 
data to produce emissions estimates 
which are calibrated against the Global 
Fire Emissions Database v2 [Arlindo 
da Silva, personal communication]. 
Analysed meteorological fields from 
GEOS-5 were also available in near 
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real-time and were used to drive global 
atmospheric chemistry simulations with 
the GEOS-Chem chemical transport 
model, results of which are not 
presented here. Site specific products 
were developed by the University of 
Edinburgh for the DGS at Halifax and 
included time cross-sections of CO 
from fossil fuel sources, non-boreal 
biomass burning sources and boreal 
biomass burning sources. These 
GEOS-5 products were available to the 
DGS team via the Internet.

Data used in developing forecasts 
included local and upstream surface air 
quality information, Dalhousie Raman 
Lidar imagery8 (Figure 1), satellite 
imagery, University of Maryland 
Smog Blog9 discussions on biomass 
and anthropogenic pollutant transport, 
CoralNet10 Lidar imagery and near-
real-time reports from the DGS. 

Daily forecasts covered two days, 
with an outlook for the third day, and 
discussed the following:

• upstream fire hotspot locations
• tropospheric flow patterns 

impacting smoke plume movement
• predictions from GEM and GEM-

MACH
• predictions from GEOS-5
• probability of lightning over the 

Atlantic provinces (added in the 
latter part of the study)

• Halifax-specific weather, air quality 
and CO predictions divided into 
separate periods for today, tonight, 
tomorrow and the following day. 

Lightning probability forecasts, 
based on a technique developed by 
Burrows11 were available on an internal 
Environment Canada website12.  
Lightning produced NOx is an 
important factor in separating natural 
precursor sources to ozone formation. Figure 1. Dalhousie University Raman Lidar beam. Courtesy Peter Klages.

The DGS was instrumented with the 
Aerosol Optics Laboratory Raman 

Lidar8 (532 nm), continuous PM2.5  
mass (PDR 1500) nephelometer, 
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Thermo Partisol 2025 Federal 
Reference Method (PM2.5), Thermo 
Partisol 2025-dicotomous PM2.5 (fine 
fraction) and PM2.5-PM10 (coarse 
fraction), Thermo Partisol 2300 12-
channel Chemical Speciation Sampler 
(PM2.5), TSI 3321Aerodynamic 
Particle Sizer (APS), TSI 3031 
Ultrafine Particle Monitor (UFP), 
MOUDI 12-stage impactor, AEROCan 
sunphotometer, Portable Atmospheric 
Research Interferometric Spectrometer 
for the Infrared (PARIS-IR), Bomem 
DA8 Fourier Transform Spectrometer 
(FTS), Thermo 49i hourly ozone and 
Davis weather instrumentation. This 
suite of instruments provided aerosol 
mass, size distribution, chemical 
composition including tracers for 
biomass burning, and vertical profile 
of the backscatter ratio.  Data from 
the Ferguson’s Cove wind profiler 
(44.587N, 63.550W) located 6.5 km 
south-southeast of DGS at the entrance 
to Halifax harbour was available 
retrospectively. Ozonesondes13 (data 
available retrospectively) were 
launched daily from Yarmouth and 
Sable Island, NS and Goose Bay, NL, 
from July 12 to August 4 with some 
launches scheduled to correspond with 
GEOS-5 predicted biomass burning CO 
maxima. 

Results

A number of cases of elevated aerosol 
concentration were observed during the 
study. Fair skies during August 6-11, 
2010, allowed continuous operation 
of the DGS Lidar.  The lidar profiles 
from this period are presented in Figure 
2, along with PM2.5 and aerodynamic 
particle sizer number concentrations. 
The yellow and red arrows indicate 
event periods commencing at 
approximately the same time.

Figure 2. Data display for August 05-11, 2010; a) Dalhousie University Raman 
Lidar image; b) PDR 1500 nephelometer time series; and c) number concentra-
tions	and	size	distributions	from	the	TSI	3321	APS.		Yellow	and	red	arrows	indicate	
the	beginning	of	events	on	August	6	and	August	10,	respectively.		The	Lidar	shows	
aerosol in several layers throughout the time period.  The nephelometer data indi-
cates	higher	concentrations	of	PM2.5	during	the	two	events,	which	correspond	to	
increases in number concentrations on the APS.

a)

b)

c)
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Forecasts by GEOS-5 and GEM-
MACH are shown in Figures 3 and 4, 
respectively. Both models successfully 
predicted increasing concentrations 
of aerosols on the evening of August 
10. Back-trajectory analysis suggests 
that near-surface aerosols were of 
anthropogenic origin on August 10,  
mixing with biomass burning aerosols 
on August 11 during the passage of 
a cold front. GEOS-5 predicted a 
strong biomass burning signal in the 
lower troposphere commencing early 
on August 11 while GEM-MACH 
forecasted increasing anthropogenic 
PM mass at the same time with a peak 
in concentrations predicted for 1200 
UTC August 11. A poster presentation 
on forecast support for BORTAS, 
similar to that described above, was 
delivered at the International Air 
Quality Forecasting Workshop in 
Quebec City, Canada in November, 
201014.

Recommendations

The following recommendations were 
developed to improve forecast support 
for BORTAS-B:

• improved 3-D visualization 
(horizontal and cross-sectional 
slices) of forecast products 
and air quality data using the 
Meteorological Service of Canada 
(MSC) NinJo display platform, 
currently under development by 
MSC

• improved collection and 
standardization of US and 
Canadian surface air quality data. 
This is being explored by MSC

• near real-time data display from 
Dalhousie Ground Station (DGS) 
wind profiler and continuous 
monitors Figure	4.	GEM-MACH	predicted	PM10	surface	concentrations	at	Halifax.	The	red	

arrow	indicates	an	increase	in	concentrations	around	0000UTC	August	11	2010.

Figure	3.	GEOS-5	forecast	of	boreal	biomass	CO	for	the	70	hour	period	commenc-
ing	0000UTC	August	10	2010.	The	red	arrow	indicates	the	model	prediction	of	
increased	CO	below	4	km	at	0000UTC	August	11	2010
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• ready access to 48 hour back-
trajectories for the DGS as well as 
forward-trajectory and dispersion 
model output from major Canadian 
forest fires. This was proposed to 
CMC in October 2010

• expanded access to air quality 
forecast products from the US as 
per the Smog Blog. This is being 
investigated as part of MSC’s Air 
Quality Forecasting Program

• addition of an Aerosol Chemical 
Speciation Monitor (ACSM) 
to provide real-time chemical 
speciation including identification 
of biomass burning organics. An 
ACSM instrument is projected to 
be available for BORTAS-B

• redesign of the forecast based on 
the expanded area of focus for 
aircraft flights in summer 2011.  
The redesign is being developed by 
MSC

• use of 3-D measured data for 
model validation. This requires 
access to a 3-D array of data points 
from model runs and is being 
explored by MSC

• signal-to-noise ratio plots of 
the wind profiler data to better 
understand boundary layer 
development and break-down.  
This product is being explored by 
MSC. 

Future Work

Conclusive evidence of boreal biomass 
burning plumes impacting surface 
monitors at the DGS site will not be 
available until filter sample analysis is 
complete, likely in early 2011. 

DGS observations and model 

predictions (back trajectories and 
GEOS-Chem data) are being used 
in a detailed analysis of boreal 
biomass burning plumes over the 
DGS, building on a BORTAS-A data 
analysis and paper-writing workshop 
which took place in December 2010. 
Further results from this study will 
be presented in a future issue of the 
Smoke Newsletter.
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