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1. Introduction
Boreal forest fires are a significant source of CO in the troposphere, impacting air quality and climate as well as being a tracer for 
biomass burning.The ratio of CO to other gases can tell us characteristics of the fire, such as smoldering or flaming. It is also a 
precursor for tropospheric ozone.

Quantifying the impact of BOReal forest fires on Tropospheric oxidants over the Atlantic using Aircraft and Satellites (BORTAS) 
campaign took place during 2010 (A) and 2011 (B) with the over-arching aim to quantify the impact of boreal forest fires on 
tropospheric chemistry.

We use the GEOS-Chem chemistry transport model at 2° (lat) x 2.5° (lon) with 30 minute time step to calculate the contribution 
of CO from different sources across the globe during BORTAS-B. 

The Global Fire Emission Data (GFED-3) biomass burning inventory was used for fire emissions in the model. Emissions were also 
included from anthropogenic sources and biofuel as well as methane, isoprene, monoterpene and methanol chemistry.

We linearly decompose total CO concentrations into “tagged” contributions from North America, South America, Africa, Oceania, 
South-East Asia and Europe/Siberia by assuming a fixed distribution for the OH sink.
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Fig 2. Flight b624 (21/07/2011). Contribution of CO from 
different sources along the flight path. Blue line is one 

standard deviation

Fig 4.  July 2011 mean CO at 1.5 km

4. Summary and Future Work

Using a tagged CO run in GEOS-Chem we can 
calculate the contribution of CO from different 
sources along a flight path. Fig 2 shows flight b624 
(21/7/2011). This flight crossed in and out of a 
smoke plume originating from a forest fire in 
central Canada. The largest contribution of CO 
measured along this flight path is from biomass 
burning in North America. 

Boreal forest fires are a significant source of CO in the troposphere, impacting air quality and climate as well 
as being a tracer for biomass burning. The ratio of CO to other gases can tell us characteristics of the fire, 
such as smoldering or flaming. It is also a precursor for tropospheric ozone (See Parrington et al poster). 

We use  the GEOS-Chem chemistry transport model to calculate the contribution of CO from different sources 
across the globe during BORTAS-B (see Palmer et al presentation). GEOS-Chem is run at 2° (lat) x 2.5° (lon) 
resolution at 30 minute temporal resolution and driven by meteorological data from the Goddard Earth Observing 
System from NASA.

3. Global Distribution

Fig 1. Flights during 
BORTAS-B

Fig 2 is typical of flights that intercepted smoke 
plumes during the campaign. 

Fig 4 shows the mean CO from different sources during July 2011 at 1.5 km altitude. In the free troposphere,  
approximately 50 ppb of CO from biomass burning in North America can reach the Arctic Circle as well as Europe. 
Biomass burning dominates over other sources in the area including fossil fuel combustion.

Using GEOS-Chem we can attribute the measured CO from BORTAS-B to various sources.
GEOS-Chem confirms that biomass burning in North America is a large contributor to CO both locally 
and towards Europe.

Using GEOS-Chem, we will calculate the age of the emissions measured during the BORTAS-B campaign, 
allowing us to calculate the emission factors and characteristics for fires in Canada measured during 
BORTAS-B. We can also compare the photochemical age inferred from CO/Ozone ratio.

Fig 3. Relative bias of model CO for observations 
in BB plumes for different pressure levels.

The model shows a negative bias where the 
observations show a biomass burning plume is 
intercepted by the flight path over all pressure levels. 
This is most likely due to incorrect emissions from the 
GFED-3 inventory.

Fig 3 shows the model bias relative to the size of 
observations when flights during BORTAS-B 
intercepted a burning plume.  A biomass burning 
plume is defined as CO above 148 ppb (see Palmer et 
al overview paper).
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At 6 km altitude (shown in Fig 5), 
fossil fuel burning from Asia is the 
dominant source of CO. There is 
also CO from biomass burning in 
Siberia reaching North America, 
where BORTAS-B was measuring.

The Global Fire Emission Data (GFED-3) biomass burning inventory was used for fire emissions in the model. 
Emissions were also included from anthropogenic sources and biofuel as well as methane, isoprene, 
monoterpene and methanol chemistry.

We linearly decompose total CO concentrations into “tagged” contributions from North America, South 
America, Africa, Oceania, South-East Asia and Europe/Siberia by assuming a fixed distribution for the OH sink. 

Fig 5.  July 2011 mean CO at 6 km

CO measured at higher altitudes 
(around 6km) can be attributed to 
all these sources.

The large standard deviation associated with the 
North America biomass burning is due to the 
flight path crossing in and out of the plume.
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3. Global Distribution
Fig 4 shows the mean CO from different sources during July 2011 at 1.5 km altitude. At this altitude, approximately 50 ppb 
of CO from biomass burning in North America can reach the Arctic Circle as well as Europe. Biomass burning dominates 
over other sources in the area including fossil fuel combustion.
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fossil fuel burning from Asia is the 
dominant source of CO. There is 
also CO from biomass burning in 
Siberia reaching North America, 
where BORTAS-B was measuring.
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Emissions were also included from anthropogenic sources and biofuel as well as methane, isoprene, 
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CO measured at higher altitudes 
(around 6km) can be attributed to 
all these sources.

The large standard deviation associated with the 
North America biomass burning is due to the 
flight path crossing in and out of the plume.
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GEOS-Chem confirms that biomass burning in North America is a large contributor to CO both locally 
and towards Europe.

Using GEOS-Chem, we will calculate the age of the emissions measured during the BORTAS-B campaign, 
allowing us to calculate the emission factors and characteristics for fires in Canada measured during 
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Fig 3. Relative bias of model CO for observations 
in BB plumes for different pressure levels.

The model shows a negative bias where the 
observations show a biomass burning plume is 
intercepted by the flight path over all pressure levels. 
This is most likely due to incorrect emissions from the 
GFED-3 inventory.

Fig 3 shows the model bias relative to the size of 
observations when flights during BORTAS-B 
intercepted a burning plume.  A biomass burning 
plume is defined as CO above 148 ppb (see Palmer et 
al overview paper).
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At 6 km altitude (shown in Fig 5), 
fossil fuel burning from Asia is the 
dominant source of CO. There is 
also CO from biomass burning in 
Siberia reaching North America, 
where BORTAS-B was measuring.

The Global Fire Emission Data (GFED-3) biomass burning inventory was used for fire emissions in the model. 
Emissions were also included from anthropogenic sources and biofuel as well as methane, isoprene, 
monoterpene and methanol chemistry.

We linearly decompose total CO concentrations into “tagged” contributions from North America, South 
America, Africa, Oceania, South-East Asia and Europe/Siberia by assuming a fixed distribution for the OH sink. 
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CO measured at higher altitudes 
(around 6km) can be attributed to 
all these sources.

The large standard deviation associated with the 
North America biomass burning is due to the 
flight path crossing in and out of the plume.
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At 6 km altitude (shown in Fig 
5), fossil fuel burning from Asia 
is the dominant source of 
CO.There is also CO from 
biomass burning in Siberia 
reaching North America, where 
BORTAS-B was measuring.

CO measured at higher 
altitudes (around 6km) can be 
attributed to all these sources.

2. Aircraft Flights
Using a tagged CO run in GEOS-Chem we can calculate the 
contribution of CO from different sources along a flight path. Fig 2 
shows all the flight data.The largest contribution of CO measured along 
this flight path is from biomass burning in North America as expected.

The large standard deviation associated with the North America 
biomass burning is due to the flight paths crossing between clean air 
and smoke plumes, leading to high variability. M
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Fig 2. Contribution of CO from different sources along all the flight 
paths during BORTAS-B. Blue line is one standard deviation

Fig 3. Relative bias of model CO for observations in BB 
plumes for different pressure levels.

4. Age of Emissions
We adapted the tagged model to describe plume age instead of CO 
concentration by tagging the date of emissions during BORTAS-B as individual 
tracers. Fig 6 shows an example output as an altitude profile. Younger biomass 
burning plumes can be seen at the surface below an older, mixed upper 
troposphere.

Fig 3 shows the model bias relative to the size of observations when flights 
during BORTAS-B intercepted a burning plume. A biomass burning plume is 
defined as CO above 148 ppb (see Palmer et al BORTAS overview paper).

The model shows a negative bias where the observations show a biomass 
burning plume is intercepted by the flight path over all pressure levels. This is 
most likely due to a positive bias in the biomass burning emissions from the 
GFED-3 inventory.

Fig 6. Age of emissions on 21/07/2011 at 60° W between 40° 
and 70° N. 

Fig 7 shows that the flights during BORTAS-B generally sampled 
younger plumes (2-4 days old) at all latitudes compared to the 
continuous domain (4-6 days old). Air sampled in the lower 
troposphere (0-2 km) shows a mix of ages between 1-10 days, 
consistent with the continuous domain.Fig 7. Relative frequency of the age of air laden with North 

American biomass burning sampled at 60° W between 40° and 70° 
N (solid) and all the age of air sampled by the aircraft during 
BORTAS-B (dotted). 
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