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Biomass burning emissions have significant effects on both air quality and 

climate, resulting from emissions of a mixture of trace gases and aerosols. 

Source: USDA Forest Service Critical Loads Meeting  16-18 February 2005 



 

• To assess the impact of aerosols emissions from 
forest fires on air quality. 

 

• To track long-range transport and altitude 
characteristics of smoke plumes. 
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OBJECTIVES 



• We also 

integrated 

NOAA 

HYSPLIT  

trajectories into 

our analysis. 
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• This study uses data from the A-train satellite 

 instrument, AQUA MODIS collection 6, AIRS, 

OMI, and CALIPSO lidar coupled with 

AERONET and CASA PM10  measurements.   

METHODOLOGY 

Source: http://disc.sci.gsfc.nasa.gov/ 
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1- Air pollution episodes and air quality impact 

MODIS thermal anomalies, 

gridded 1 deg. by 1 deg. 

over Alberta in  summer 

2012. The highest fire 

counts are detected in 

northern Alberta (exceeded 

1200) with a maximum fire 

radiative power  (FRP) of 

9510 MW.  

  

RESULTS 



AIRS daily CO over Alberta during  2012  
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Air pollution episode in summer 2012 was identified by  high  CO  total column values  

which exceed  3×1018 molecules cm-2 in NW area during July 2012. 

Daily CO total column, averaged  

over SE region of Alberta (115-110W, 50-55N)      

Daily CO total column, averaged  

over NE region of Alberta (115-110W, 55-60N)      

Daily CO total column, averaged  

over SW region of Alberta (120-115W, 50-55N)      

Daily CO total column, averaged  

over NW region of Alberta (120-115W, 55-60 N)      
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Daily AQUA MODIS aerosol optical depth 

(AOD) over Alberta during  2012 
Forest fire 

emissions 

affect  air 

quality in all 

parts of 

Alberta 

(identified by 

high AOD 

>1), except 

the southwest 

area. The 

northwestern 

parts of 

Alberta are 

more affected 

as the AOD 

exceeded 2 



AOD and  Angstrom 

exponent are 

averaged during the 

severe air pollution 

episode (11-17 July 

2012) period. The 

Figure illustrates 

high values AOD (> 

1.0) and high values 

of Angstrom 

exponent (>1.6) in 

the northeastern  and 

central parts of 

Alberta.  
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AQUA MODIS AOD and  Angstrom exponent 



OMI UV AERSOL index (AI) during a severe air 

pollution episode 
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OMI UV AI  is 

averaged  over 

the period of  10-

17 July 2012 . It 

indicates 

enhanced values 

(> 4.0) during air 

pollution episode 

which are 

significantly 

higher than 

monthly means. 
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2- Analysis of smoke plume dynamics 

    MODIS aboard Aqua true color images on selected days during 

the severe air pollution episode overlaid with fire hot spots (red 

points).  



12 

CALIPSO lidar total backscatter profile at 532 nm 
on 25 July 2012  

This cross section shows 

an intense aerosol layer 

at high altitude in the 

northwestern area of 

Alberta.  It is localized 

above the PBL 

approximately between 

2.5 and 5 km which is 

defined by the Vertical 

Feature Mask (VFM) 

product as biomass 

burning aerosol type.  

The  path extends from 

49 to 59.5 °N and 122 to 

117 °W  which  covers 

western part of Alberta.  



CALIPSO lidar total backscatter profile at 532 nm  

on 13 July 2012  
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The path (red line in the 

yellow map) extends 

from 50 to 57.3 °N and 

116 to 112.2 °W  which  

covers Edmonton city 

and  overpass close to 

Calgary. This cross 

section ilustrates  an 

intense backscatter 

signal capped at ~1 km 

south of 57 °N as well as 

a thin aerosol layer 

above the PBL from 3 to 

almost 5 km of altitude. 

The Vertical Feature 

Mask (VFM) product  

defined this aerosol type 

as  a mixed type  of 

biomass and dust. 
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HYSPLIT backward and forward trajectories 
Backward trajectories on 13 July 2012  Forward trajectories on 25 July 2012  

Trajectories  indicates that the air masses 

arriving over central Alberta originate from  

west  at all altitudes, indicating the effect of 

biomass burning on the air quality of cities. 

Forward trajectories indicate the transport of  

biomass burning air masses to eastern part of 

Alberta at higher  altitudes and to the west  of 

Alberta at low altitudes. 



15 

3- MODIS and AERONET AOD  comparison at 

Fort McMurray station 
Daily time series of AOD 

using AUQA MODIS and 

AERONET measurements 

during summer (June-

August) 2012.  It indicates 

a good match  with 

maximum  MODIS and  

AERONET AOD of 1.5 

and 1.6, respectively.  

0.93 

Scatter plot  between 

AUQA MODIS and 

AERONET AOD at 

Fort McMurray 

station shows  

a good agreement with linear correlation of ∼90 %.  
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Daily PM10 ground measurements at 

Edmonton station during summer 2012 

Daily PM10  

measurements over  

Edmonton  area during 

severe air pollution 

episode  recorded an 

exceedance of Alberta 

Ambient Air Quality limit 

(> 100 µg/m3) on 12 July 

2012.  Daily varations 

indicate that the  smoke 

plume moved toward 

central Alberta affecting 

the air qulity of cities such 

as Edmonton. This output 

concides with CALIPSO 

results. 
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• The circulating smoke emissions have more impact on 

northern and northwestern parts of Alberta than the other 

parts which are observed both within and above the 

planetary boundary layer. 

• Regional transport of biomass burning air parcels can make 

significant contributions to a background of urban pollution 

or local emission sources over some regions (e.g. Edmonton 

city). This effect is enhanced at night, when an inversion 

prevents the vertical mixing of the plumes, assisting in 

accumulation of the aerosol emissions in the boundary layer. 

• MODIS and AERONET aerosol optical depth  at Fort 

McMurray station were linearly correlated with good 

agreement  (~93 %).  

CONCLUSIONS 
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