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Welcome to the Spring 2009 
issue of The Canadian Smoke 

Newsletter. 

Another fire season is underway in the 
boreal forest of North America. As I 
write this (mid-June 2009), there are 
close to 100 active wildfires in the two 
western provinces of Canada alone. 
In addition, some portions of Alberta 
have experienced low or extremely 
low precipitation levels over the past 
year. Unfortunately, these are not the 
only challenges facing the fire and 
smoke communities in these provinces. 
Those of you following the progress 
of the Canadian BlueSky Western 
Canada Extension (see the Spring 
2008 and Fall 2008 issues of the CSN 
for background information) will 
recall that the governments of British 
Columbia and Alberta were the main 
sources of funding for this initiative. 
The project, which was on the verge 
of producing test smoke predictions, 
has unfortunately been affected by 
the global economic malaise, and all 
funding for it has been cut. Efforts 
continue to be made to find the 
relatively modest funds required to 
move the project forward, but for now it 
is on hold.

Thanks as always go out to the 
contributors and colleagues who made 
this issue possible. 
                                          Al Pankratz    

Disclaimer: This informal newsletter 
is produced by the Air Quality section 
of the Prairie and Northern region of 
Environment Canada on behalf of the 
smoke community. It does not represent 
or necessarily reflect policies of 
Environment Canada.
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Prometheus: the Canadian Wildland Fire Growth Simulation Model
by Neal McLoughlin, Fire Science Specialist, 

Forestry Division, Alberta Sustainable Resource Development

History

A project steering committee was 
established nine years ago to develop 
a stand-alone fire growth simulation 
model that would allow for operational 
and strategic assessments of fire 
behaviour on the Canadian landscape. 
This goal has been achieved through 
the financial support and collaborative 
efforts of a multi-disciplinary team 
of researchers and managers from 
government agencies, universities, and 
the private sector. The resultant model 
was suitably named after Prometheus – 
the Greek god representing forethought 
who stole fire from Zeus to give to 
humanity. Prometheus is a national 
interagency fire management decision 
support tool endorsed by the Canadian 
Interagency Forest Fire Centre (CIFFC) 
and its members. Alberta Sustainable 
Resource Development has been the 
lead agency for the development and 
maintenance of the Prometheus model.

How it Works

Prometheus is a deterministic wave 
propagation model that simulates 
fire spread across landscapes with 
heterogeneous fuels and topography, 
based on actual or forecast fire weather 
data. The graphical user interface is 
highly interactive and gives the user 
significant flexibility in specifying 
input parameters and output formats. 
Spatial input and output data are 
Geographic Information System (GIS) 
compatible. Further information can be 
obtained from the Prometheus Data I/O 
Standards Manual (CWFGM Data I/O 

Standards Technical Sub-Committee 
2009) available from the Prometheus 
website.

Key components from a number of 
existing models were combined to 
produce Prometheus. The foundations 
of this model are the Fire Behaviour 
Prediction (FBP) and Fire Weather 
Index (FWI) subsystems of the 
Canadian Forest Fire Danger Rating 
System [Forestry Canada Fire Danger 
Group 1992; Van Wagner 1987]. A 
diurnal weather routine allows users 
to model hourly variations in daily 
weather data [Beck and Trevitt 1989].

The FBP System is a complex, 
semi-empirical system that provides 
quantitative outputs of selected fire 
behaviour characteristics for certain 
Canadian fuel types and topographic 
situations [Hirsch 1996]. The FWI 
System provides numerical ratings 
of relative fire potential based 
on consecutive observations of 
temperature, relative humidity, wind 
speed and precipitation. The FBP 
System provides the underlying fire 
spread models for simulating fire 
propagation over a landscape based 
on FWI System values and hourly fire 
weather observations.
 
Elliptical wave propagation 
algorithms developed at Brandon 
University [Richards 1990, 1999] are 
used to simulate fire growth. Wave 
propagation algorithms are a system of 
partial differential equations (PDEs) 
that describe the growth of a fire 
front over time, given variable fuel, 

weather and topographic conditions. 
The method of fire front propagation is 
based on Huygens’ principle; vertices 
along a fire front become the source of 
independent elliptical fires (wavelets). 
Each elliptical fire is defined by the 
conditions at its respective generating 
point. Prometheus uses ellipse 
parameters (a, b, and c) as inputs in the 
PDEs to propagate each vertex (Figure 
1). New fire fronts can be depicted 
as the envelope of all the elliptical 
wavelets (Figure 2).

Figure 2. Elliptical wave propagation 
of a fire burning over uniform fuels 
and topography. Each red vertex on 
the initial fire front (solid line) grows 
as an independent elliptical fire or 
wavelet. The new fire front (dashed line) 
is depicted as the envelope of all the 
wavelets.

Figure 1. Elliptical parameters used as 
inputs in the partial differential equa-
tions to propogate each vertex on a 
simulated fire front. a = forward spread 
distance from the center of the ellipse, 
b = flank spread distance, c = forward 
spread distance from the ignition point 
(vertex) to the center of the ellipse.
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Applications

Prometheus was originally developed 
for operational and strategic fire and 
forest management applications which 
include

predicting hourly or daily • 
real-time growth of fires that 
have escaped initial attack,
evaluating the potential threat • 
of wildfire to values-at-risk 
(e.g. communities, recreational 
facilities, timber management 
units), 
assessing effectiveness of fuel • 
management and mitigative 
measures aimed at reducing 
wildfire threat and
evaluating the probability of • 
wildfire across landscapes 
altered by different forest 
management practices.

Current applications far exceed the 
original intentions listed above. 
Prometheus has been used for wildfire 
investigations, budget justifications, 
climate change studies, and smoke 
emission estimates. The model 
also provides insight about wildfire 
processes that can be linked to 
other models assessing landscape 
disturbance, biodiversity, timber 
supply, and carbon loss/gain.

Burn-P3, Pandora, Pegasus, and the 
Spatial Fire Management System 
(SFMS) are fire modeling applications 
that have all incorporated the 
Prometheus COM (Common Object 
Model). COM is Microsoft’s toolkit to 
allow other applications access to the 
Prometheus Dynamic Link Libraries 
(DLLs) without actually distributing 

the source code. Detailed information 
about the Prometheus COM is 
described in the Prometheus COM 
Programmer’s Manual (CWFGM 
Project Steering Committee 2009).

Smoke Emissions Case Study

Schutte [2007] used raster fuel 
consumption outputs from Prometheus 
to estimate smoke emissions for two 
wildfires (EWF109 and EWF173) that 
burned a combined total of 20,854 
ha between 26 June and 9 July 2006 
in west-central Alberta. Smoke from 
these fires affected the town of Grande 
Cache and the city of Grande Prairie. 
CALMET (a diagnostic 3-dimensional 
meteorological model) and CALPUFF 
(an air quality dispersion model) were 
used by Schutte to model long-range 
transport of the two smoke plumes. 
The following case study uses fire 
EWF173 (the Jackpine fire) to 

demonstrate how Prometheus can be 
used to predict smoke emissions.

The Jackpine fire was detected by 
the author and two colleagues on the 
afternoon of 4 July 2006 (Figure 3). 
The lightning-caused conflagration 
burned 6,121 ha of mature pine and 
spruce forest over the next 48-hour 
period. From July 6 to 31 the area 
received 113 mm of precipitation 
which helped extinguish the fire. It was 
classified as under control on July 9.

The Prometheus fire growth simulation 
model developed for the Jackpine 
fire consists of 100 m resolution fuel, 
topography, and spatial wind grids. 
Spatial wind grids were created using 
WindNinja - a model that computes 
spatially varying wind speed and 
direction grids by simulating the effect 
of topography on wind flow [Forthofer 
and Shannon 2008]. Hourly weather 

Figure 3. Aerial photo of Jackpine fire (EWF173) taken by the author on 4 July 
2006 at 1530 hours.
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from three weather stations (E3, E5, 
and WW) were utilized. The weather 
stations were located within 35, 65, and 
10 km respectively of the fire’s origin. 
Suppression activities are important fire 
behaviour considerations that often get 
neglected in fire growth models as they 
are difficult to parameterise [Lavoué et 
al. 2007]. Aerial ignition was used as a 
suppression tactic on the Jackpine fire 
and was modeled in Prometheus using 
associated vector data as line ignitions. 
Prometheus users also have the option 
of adding fuel breaks to simulate fire 
suppression.

The amount of smoke emitted from 
a fire is directly dependent on fuel 
consumption from flaming and 
smouldering phases of combustion. 
The maximum altitude reached by a 
smoke plume (injection height) can 
be approximated by calculating the 
heat flux released by a fire [Manins 
1985]. Lavoue et al. [2007] expressed 
heat flux as a function of area burned 
(ha), fuel consumption (kg m-2 s-1), 
and low heat of combustion  for 
wood material (kJ kg-1). Low heat of 
combustion varies little from fuel to 
fuel and is often considered a constant 
value between 18,000 and 18,700 kJ 
kg-1 [Bryam 1959; Alexander 1982]. 
Prometheus outputs of area burned and 
total fuel consumption are presented 
spatially (Figure 4) and temporally 
(Figure 5) for the Jackpine fire. Model 
outputs equalled 6,891 ha of area 
burned and 203,735 tons total fuel 
consumption on 6 July 2006 at 1330 
hours. Average fuel consumption 
equalled 2.96 kg m-2. The model’s 
area burned output was 12.6% greater 
than actual area burned (6,121 ha) 
as determined from a digitized aerial 
photograph.

Figure 4. Fuel consumption grid output for the Jackpine fire on 6 July 2009 at 1330 
hours. The final fire perimeter captured from digitized aerial photography is over-
laid (black line) for evaluation of the Prometheus model’s accuracy with respect to 
simulating fire shape.

Figure 5. Area burned per hour (ha hr-1) and maximum total fuel consumption per 
hour (kg m-2 hr-1) over forty seven one hour time-step intervals. Maximum total fuel 
consumption is a measure of the maximum fuel consumption (surface and crown) 
that occurs within a time-step interval.
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Opportunities for Collaboration

Prometheus can function as a 
predictive model and decision 
support tool provided users can 
readily input and utilize forecast 
weather data.  The CWFGM Project 
Steering Committee is interested 
in developing national data input 
standards for daily and hourly weather 
streams. Ideally these standards will 
be compatible with outputs from the 
Meteorological Service of Canada’s 
Global Environment Multiscale (GEM) 
model (http://www.weatheroffice.
gc.ca/model_forecast/, verified 23 June 
2009).

Incorporation of fuel consumption 
equations from the Canadian Fire 
Effects Model (CANFIRE) will 
provide more accurate estimates of 
fuel consumption. CANFIRE is a 
web-based model that originated as 
the Boreal Fire Effects (BORFIRE) 
research model to study future 
fire regimes under climate change 
[de Groot et al. 2003]. CANFIRE 
simulates fire behaviour (rate of spread, 
fuel consumption, fire intensity) and 
physical effects (emissions, depth 
of burn, crown scorch height and 
consumption) at the stand level [de 
Groot 2009]. Forest stands can be 
represented as pure or mixed stands in 
any combination and proportion of six 
major boreal tree species (jack pine, 
black spruce, white spruce, aspen, 
balsam fir, white birch) and the grass 
fuel type.

Other opportunities for collaboration 
include studies that improve modeling 
of the relative proportions of flaming 
and smouldering combustion phases 
during fire propagation, and studies on 

how to incorporate hourly emissions 
of gaseous and particulate species into 
Prometheus outputs following Seiler 
and Crutzen [1980]. For example, 
Lavoué et al. [2007] and Lavoué 
[2008] outline a “bottom-up” method 
for applying emissions factors to 
area burned and fuel consumption 
estimates. Finally, the author would 
value feedback regarding the most 
applicable  types of grid, vector and/or 
statistical outputs for smoke modeling.

The Prometheus application and 
Prometheus COM are shareware 
software. The latest version 
of Prometheus, supporting 
documentation and two test data 
sets can be downloaded from 
the Prometheus website (www.
firegrowthmodel.com, verified 23 June 
2009). A 32-hour Prometheus training 
course is planned for February 2010 
at the Hinton Training Centre. Course 
details can be viewed on the  Hinton 
Training Centre website (http://www.
srd.gov.ab.ca/forests/HTC/Programs/
ViewCourse.aspx?courseId=107, 
verified 23 June 2009).  §

References

Alexander, M.E. 1982. Calculating and interpreting forest 
fire intensities. Canadian Journal of Botany 60(4): 349-357.

Beck, J.A. and C.F. Trevitt. 1989. Forecasting diurnal 
variations in meteorological parameters for predicting 
fire behaviour. Canadian Journal of Forest Research 19: 
791-797.

Bryam, G.M. 1959. Combustion of forest fuels. P. 61-89 
in Davis, K. P., Forest fire control and use. McGraw-Hill, 
New York. 584 p.

CWFGM Data I/O Standards Technical Sub-Committee. 
2009. Prometheus Data I/O Standards Manual Version 
5.2. 28 p. Available online: [http://firegrowthmodel.
ca/download/PrometheusDataIOStandardsManual-
March2009.pdf]. Verified 23 June 2009.

CWFGM Project Steering Committee. 2009. Prometheus 
COM Programmer’s Manual. 111 p. Available online: 

[http://firegrowthmodel.ca/download/PrometheusCOM-
Manual.pdf]. Verified 23 June 2009.

de Groot, W.J. 2009. Modeling wildland fire behaviour and 
fire effects. Canadian Fire Effects Model website: [http://
www.glfc.forestry.ca/canfire-feucan/]. Verified 23 June 2009.

de Groot, W.J., P.M. Bothwell, D.H. Carlsson and K. Logan. 
2003. Simulating the effects of future fire regimes on western 
Canadian boreal forests. Journal of Vegetation Science 14: 
355-364.

Forestry Canada Fire Danger Group. 1992. Development and 
structure of the Canadian Forest Fire Behavior Prediction 
System. Forestry Canada, Ottawa, Ontario. Information 
Report ST-X-3. 66 p.

Forthofer, J. and K. Shannon. 2008. WindWizard tutorial 1: 
the basics. Available online with software download: [http://
www.firemodels.org/content/view/135/174/] Verified 23 June 
2009.

Hirsch, K.G. 1996. Canadian Forest Fire Behavior Prediction 
(FBP) System: user’s guide. Canadian Forestry Service, 
Northwestern Region, Northern Forestry Centre. Special 
Report 7. Edmonton, Alta. 122 p.

Lavoué, D. 2008. Calculating Canadian wildfire emissions 
for historical analysis and air quality forecasting purposes. 
The Canadian Smoke Newsletter (Fall issue), p.10.

Lavoué, D., S. L. Gong and B. J. Stocks. 2007. Modelling 
emissions from Canadian wildfires: A case study of the 2002 
Quebec forest fires. International Journal of Wildland Fire 
16(6): 649-663.

Manins, P.C. 1985. Cloud heights and stratospheric 
injections resulting from a thermonuclear war. Atmospheric 
Environment 19(8), 1245–1255. doi:10.1016/0004-
6981(85)90254-9.

Richards, G.D. 1990. An elliptical growth model of forest 
fire fronts and its numerical solution. International Journal 
for Numerical Methods in Engineering 30: 1163-1179.

Richards, G.D. 1999. The mathematical modeling and 
computer simulation of wildland fire perimeter growth over a 
3-dimensional surface. International Journal of Wildland Fire 
9(3): 213-221.

Schutte, A. 2007. Willmore Fire Pilot Study. Presentation on 
behalf of Levelton Consulting at the February 2007 Smoke 
Forecasting Workshop, Edmonton, AB.

Seiler W. and P.J. Crutzen. 1980. Estimates of gross and net 
fluxes of carbon between the biosphere and the atmosphere 
from biomass burning. Climatic Change 2: 207–247. 
doi:10.1007/BF00137988.

Tymstra, C., R.W. Bryce, B.M. Wotton and O.B. Armitage. 
Forthcoming. Development and structure of the Prometheus 
Canadian Wildland Fire Growth Simulation Model. Natural 
Resources Canada, Canadian Forest Service, Northern 
Forestry Centre, Edmonton, AB. Information Report.

Van Wagner, C.E. 1987. Development and structure of the 
Canadian Forest Fire Weather Index System. Canadian 
Forest Service, Petawawa National Forestry Institute, Chalk 
River, ON. Forestry Technical Report 35.



A newsletter dealing with smoke-related issues relevant to Canada

The Canadian Smoke Newsletter
Spring 2009

6

The atmosphere of Greenland is 
episodically loaded with smoke from 
wildland fires [Hsu et al., 1999]. The 
influence of North American forest 
fires on surface background particulate 
matter levels was identified at Summit 
(72.5°N, 38°W) (Figure 1) from 
atmospheric measurements [Lavoué, 
2000]. Using a study of 44 years worth 
of air mass trajectories  for both surface 
and mid-troposphere levels performed 
by Kahl et al. [1997], Lavoué [2000] 
concluded that during summer, central 
Greenland is significantly affected by 
large fires located in central and north-
western Canada, as well as the northern 
United States. Russian fires may also 
influence the site but to a lesser extent.

In 1993, a 70 meter-long ice core was 
collected from the central Greenland 
ice sheet at Summit as part of the 
EUROCORE program [Pertuisot, 
1997]. Analysis of the ice core 
provided integrated black carbon 
(BC) concentrations every 10 months 
to 2 years from 1792 through 1991. 
BC is a particulate aerosol emitted 

Black Carbon Records of 19th Century North American
Fire Emissions in Greenland Ice Cores

by David Lavoué, Consultant for the Air Quality Research Branch,
 Environment Canada, Toronto

by fossil fuel combustion, wildland 
fires, and agricultural fires. This dark 
aerosol has been recognized as an 
important climatic component in the 
atmosphere, especially in the Arctic. 
BC absorbs solar radiation, and when 
it is deposited on snow/ice surfaces 
decreases albedo and enhances 
melting [Hansen and Nazarenko, 
2004]. 

During the 200 year period mentioned 
above, BC levels increased by a 
factor of four, reflecting increasing 
anthropogenic influence on the 
Arctic atmosphere [Pertuisot, 1997]. 
Figure 2a shows a subset of this data, 
focusing on the running mean of BC 
concentrations from 1792 to 1910. The 
temporal variability of background 
oxalate concentrations (Figure 2b), a 

Figure 1.  Locations of Summit in central 
Greenland, and Alert on northern 
Ellesmere Island, Nunavut.

Figure 2a. Running mean of BC concentrations [Pertuisot, 1997]. 
Figure 2b. Background oxalate concentrations [Savarino, 1996] for the 19th cen-
tury. Data derived from Summit ice core (Greenland).

a

b
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biomass burning tracer, was similar 
to that of BC. This suggests that the 
atmosphere at Summit was impacted 
by North American wildland fires and 
anthropogenic wood combustion and 
deforestation until around 1880, when 
concentrations began to diminish.

BC variation in the Summit ice core 
can be interpreted by examining 
fire-related proxy data, such as fire 
scars on trees and charcoal profiles in 
lake sediments, as well as historical 
and cultural aspects of fire practices 
by both European settlers and native 
tribes. Various 
stories and reports 
describe tribes that 
were using fire as 
their primary means 
of managing and 
shaping the local 
landscape, and 
that intentional 
burning of forest 
understories and 
prairie generally 
occurred under 
safe burning 
conditions [Boyd, 
1999; Vale, 2002]. 
In all likelihood, 
these low-intensity 
fires contributed 
relatively little to atmospheric 
emissions, compared to “natural” 
wildfires ignited by lightning and 
clearing fires ignited by European 
pioneers.

Decreasing trends in BC and oxalate 
early in the 19th century indicate a 
slowdown in wildfire activity, also 
confirmed by the absence of high 
peaks from other fire tracers, such as 
ammonium [Legrand and De Angelis, 

1996]. Charcoal profiles in lake 
sediments from northern Minnesota 
corroborate the irregular occurrence 
of large fires at regional scales [Clark, 
1988]. The reconstructed inter-annual 
variability of area burned in Canada 
shows lower fire activity as well 
[Girardin, 2007]. Tree growth analysis 
and inferred temperatures for the 
northern hemisphere indicate cooler 
conditions during the early to mid 
1800s, the last phase of the period 
called the Little Ice Age, which ended 
by 1850 when temperatures began to 
rise (Figure 3). 

During the early 1800s, forest 
clearance on the east coast of North 
America was very slow. As a result, 
European pioneers had a limited 
impact on atmospheric emissions on a 
continental scale. From approximately 
1835 onward, deforestation 
accelerated. Large quantities of trees 
were consumed both intentionally 
and accidentally. Fuelwood was the 
prevailing source of energy at the 

time, for both industrial operations 
and domestic heating. Agriculture 
practices involved clearing land using 
the “slash and burn” method. In dry 
conditions, slash burning often escaped 
to surrounding forests [Whitney, 
1994; Pyne, 1995]. In addition to 
these processes, many industries used 
forest products to provide timber 
for buildings, charcoal and laying of 
railroads and bridges. The result of 
all this activity manifested itself as a 
sharp increase in the BC and oxalate 
observed at Summit (Figure 2). 

In 1862, the 
Homestead Act was 
passed by the U.S. 
Congress which 
promoted settlement 
on lands previously 
claimed by the U.S. 
in western North 
America. Under 
certain conditions, 
a piece of land was 
given to anyone 
willing to clear it. 
Large numbers of 
immigrants settled 
in the Midwest 
and cleared land 
for agricultural 
purposes. The rapid 

occupation of the whole continent 
produced large wildland fires, in some 
cases along railroads due to sparks 
from locomotives. The last half of the 
century witnessed some of the largest 
fires recorded in U.S. history. The 
Great Fires of 1871 covered nearly 1.5 
million hectares in both Michigan and 
Wisconsin [Williams, 1996]. Annual 
chemical data from the ice core reveal 
several high peaks of fire tracers during 
that time.

Figure 3. Reconstructed northern hemisphere temperatures [Jacoby and 
D’Arrigo, 1989].
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2009]. An ongoing cooperative 
effort between Canada and the U.S. 
involving scientists from EC, NRCan 
and the Desert Research Institute 
continues to examine chemical 
constituents in Canadian glacial ice 
cores, emphasizing historical BC 
concentrations. 

Future Efforts

Atmospheric measurements highlight 
differences in BC levels between an 
elevated site like Summit and a site 
like Alert which is located only 100 
meters above sea level. For instance, 
Arctic haze is observed less frequently 
at Summit than Alert. Additionally, 
summertime forest fire plumes are not 
observed in surface measurements of 
particulates at Alert. Analysis of BC 
in Canadian High Arctic ice cores will 
enable the contribution from boreal 
forest fires to be assessed, and will 
facilitate comparison with results 
from the Greenland ice cores. One 
likely drill site will be on the Agassiz 
Ice Cap located on the northern coast 
of Ellesmere Island, over 1000 km 
northwest of Summit and 1000 meters 
lower in altitude.   §
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Air Quality Sampling during 2003 Prescribed Burns in Banff National Park: Part 1
by Brian Wiens, Acting Science Manager, 

Prairie and Northern Region, Environment Canada

Parks Canada periodically plans and 
carries out a series of deliberate 

(prescribed) burns in order to maintain 
a healthy forest ecosystem within some 
of Canada’s National Parks. Late spring 
of 2003 saw a series of prescribed 
burns carried out in and around 
the Fairholme Range inside Banff 
National Park in the Canadian Rockies. 
Environment Canada (EC) assisted 
by providing advice on probable 
smoke dispersion during the burns, 
and took the opportunity to carry out 
a small project that sampled chemical 
constituents of the smoke-filled air. 
Parks Canada provided logistical 

support for the deployment of air 
quality sampling equipment in the 
vicinity of the fires. 

Goals and planning

The main objective of the Fairholme 
Range Prescribed Fire was to 
reintroduce fire onto the park 
landscape in recognition of its 
major role in maintaining ecological 
processes, with the ultimate goal of 
restoring ecological integrity to Banff 
National Park [Ferguson 2002]. An 
additional objective  was to reduce 
accumulated fuel, thereby protecting 

homes and public infrastructure at risk 
from uncontrolled wildfire.

The Fairholme Range Prescribed 
Fire blocks were located in the Front 
Ranges of Banff National Park, with 
the main area of the prescribed fire 
located adjacent to the Trans Canada 
Highway in the Bow Valley between 
the towns of Banff and Canmore 
(Figure 1). The combined area of 
vegetated land within the prescribed 
fire boundaries totaled approximately 
8500 hectares.

Firing operations were initiated within 

Figure 1. Map of prescribed burn areas in Banff National Park, spring 2003.
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the Fairholme Range areas in April 
2003 and continued during appropriate 
burning conditions into the first week 
of June 2003. A portion of the main 
ignition area between Canmore and 
Banff continued to smolder through 
June and July, flaring up in August as 
a result of extreme fire conditions. By 
September 2003 about 5100 hectares 
of the prescribed fire area had been 
burned. Spring firing operations 
focused on steep, dry, south and 
west facing slopes. Fire behavior 
was characterized by intense surface 
and crown fire in montane and lower 
subalpine forest fuels.

Management of smoke impacts is 
one of many challenges involving 
prescribed burns. Ideally the fire is 
timed for meteorological conditions 
that disperse the smoke rapidly and/
or carry it away from populated areas. 
Environment Canada undertook
the challenge of identifying

days with conditions that • 
were sufficiently dry and 
windy to promote vigorous 

but still controllable fire 
behaviour, and 

days where the wind would • 
carry most of smoke away 
from the nearby towns of 
Banff and Canmore.

In addition, there was a need for a 
forecast of expected smoke locations, 
allowing fire managers to alert 
local residents to the possibility of 
fumigation. One Environment Canada 

senior scientist and two students 
travelled to various locations in the 
park to collect weather data via pilot 
balloons (sent aloft and tracked for 
wind direction and speed) and to meet 
with fire managers. These briefings, 
undertaken in cooperation with Alberta 
Sustainable Resource Development 
staff, provided fire managers 
with updated wind information, 
interpretation of meteorological charts 
and advice on fire weather conditions. 

Figure 2. Logistic support helicopter on a ridge north of Lake Minnewanka with Mt. Costigon in the background. 

Figure 3. Theodolite and pilot balloon used to track windspeed and direction.
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Monitoring

Air quality samplers were deployed 
at several sites with the intention 
of collecting smoke during various 
phases of burning, with the added 
requirement of short smoke travel 
time between fire and sampler. Sites 
were reached by helicopter for ridge, 
beach and mountainside locations and 
by vehicle along a power line. Timing 
of sampler deployment and collection 

was coordinated with fire managers to 
minimize impacts on fire operations. 
Samplers were generally deployed a 
few hours prior to planned ignition 
and then collected after the fire was 
largely burned out.

Once equipment was deployed the 
“smoke team” monitored the fire from 
safe locations, tracking the time of the 
fire and documenting progress with 
photographs where feasible. A burn 

on the west side of Lake Minnewanka 
provided an ideal opportunity to 
document the progress of ignition and 
fire behaviour (Figure 5 sequence, next 
page). The fire was nearly a kilometer 
distant but during flare ups the team 
could feel heat from the fire. This 
provided a vivid impression of  the 
intense energy involved. For other 
burns, team members either drove to 
suitable vantage points or watched the 
fire progress from a nearby ridge.

Figure 4. Air quality monitors deployed 
on top of a ridge, at a powerline and on a 
mountainside.



A newsletter dealing with smoke-related issues relevant to Canada

The Canadian Smoke Newsletter
Spring 2009

12

Figure 5. Burn initiation and expansion, top left to bottom right, on a ridge at the west end of Lake Minnewanka.

Smoke Transport

Smoke from smaller ignition areas 
generally tracked down valleys 
away from significant populations as 
forecast. However, the largest and final 
burn of this project ended up affecting 
the Bow Valley and hence the town of 
Canmore. The weather forecast was 

for dry weather on burn day followed 
by rain the next day. The dispersion 
forecast indicated that smoke from 
some of the planned fires would drift 
away from populated areas, but on the 
highway side of the Fairholme range 
there was a good chance that smoke 
would drift down the valley, across the 
park gates and into Canmore. 

With this in mind, the final burn 
was initiated as helicopter-borne 
drip torches started several areas of 
fire. Despite higher than desired fuel 
moistures, the fire exhibited several 
zones of intense fire behaviour. The 
burns produced prodigious amounts 
of smoke that mostly flowed down the 
Bow valley toward Canmore creating 
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widespread fumigation. Unfortunately 
from a science perspective, a quirk 
in the flow resulted in the smoke 
completely avoiding a particulate 
monitor installed near the Canmore 
hospital, one of the few areas in the 
valley to avoid the dense smoke.

The following day, showers began as 
forecast, to the immense satisfaction of 
the meteorological staff. The showers 
also cleared most of the smoke from 
the valley. However, fires continued to 
smoulder for much of the summer and 
flared up in August to produce a smoke 
plume that affected locations as far 
away as Calgary.

Conclusion to Part 1

This project provided an opportunity 
for Environment Canada to support 
Parks Canada and local citizens 
regarding probable smoke behaviour 
as a result of prescribed burning. 
Although not completely successful, 
there was sufficient guidance to help 
manage impacts of the smoke. It also 
provided an opportunity to deploy air 
quality sampling equipment in areas 
where smoke ranging in age from a few 
minutes to several hours was likely to 
occur.

It also highlighted some of the existing 
gaps in EC’s ability to predict smoke 
from wildfires. The challenging nature 
of wind prediction for areas with 
complex terrain was confirmed. It 
also became apparent that there was 
a poor understanding of the vertical 
distribution of smoke downwind of 
convective plumes above intense fires. 
Ongoing smouldering, particularly 
overnight, was certainly a significant 
contributor to smoke, and highly 

complex but somewhat better 
understood.

Photographic images of fire 
progression, development of 
convective plumes and spreading of 
the smoke along the valleys proved 
to be qualitatively instructive. They 
also suggested the possibility of using 
terrestrial photogrammetry to quantify 
fire and smoke behaviour in future. 

Environment Canada is grateful for 

the support of numerous Parks Canada 
personnel, in particular Alex Taylor 
who provided expert mountain advice 
and kept the air quality team out of 
harm’s way, and Brian Lowe and Ian 
Pengelly who provided helicopter time 
and access to Parks facilities.   §

[Part 2 of this article containing cited 
references and chemical inventory 
results from the sampling program 
will be included in the December 2009 
issue of the CSN. Ed.]

Figure 7. Smoke expands through Bow Valley east of Banff.

Figure 6. Fires initiated in the Bow Valley. Mt. Rundle is in the left background.
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Managing Smoke From Wildfires 
and Prescribed Burning in Southern 
Australia

by Alan Wain, Graham Mills, Lachlan 
McCaw and Timothy Brown, Chapter 
23, Wildland Fires and Air Pollution, 
Developments in Environmental 
Science, edited by Andrzej Bytnerowicz, 
Michael Arbaugh, Allen Riebau and 
Christian Andersen, Elsevier, 2009.

Australian federal and state agencies 
have established a cooperative smoke 
management research program which 
attempts to assist land managers in 
decision-making regarding prescribed 
burns and the dispersion of smoke. The 
main tool used to accomplish this is the 
HYSPLIT 4 transport and dispersion 
model, which uses as meteorological 

Research Notes and Papers of Interest

inputs various implementations of 
the Australian LAPS (Limited Area 
Prediction System) mesoscale model, 
available in .05° and .125° resolutions. 

The first version of the system 
lacked an emissions model, so the 
concentration of the source was set 
to a value of one. Downwind plume 
concentrations were relative to that 
initial value, with plotted contours 
chosen to correspond to plume 
boundaries determined from visual 
field observations. Initially, a fixed 
plume height of 1500 meters was used 
due to the difficulty in determining 
fuel amounts and moisture content. 
Later versions have experimented with 
varying plume heights based on LAPS 
mixing depths, and with HYSPLIT’s 
own formulation based on the Briggs 

equations and total fire heat output.

Operational products are typically 
produced for potential fire locations 
three times per day, with an additional 
forecast for the following day. 
Forecast packages include images of 
smoke plumes contoured by relative 
concentration, tephigrams, wind 
profiles and a ventilation index, all at 
three hour intervals. These products 
are available to user agencies from the 
Australian Bureau of Meteorology. In 
addition, forecasters provide users with 
a critique of pertinent elements of the 
meso-LAPS data, such as wind shifts 
and inversion heights. §

(summary by Al Pankratz, Air Quality 
section, Prairie and Northern region, 
Environment Canada)

This informal newsletter was produced by the Air Quality section of Prairie and Northern region, Environment Canada, on behalf of the smoke forecasting 
community. If you wish to be on the email list for future issues or if you want to be taken off the list, please send a note to al.pankratz@ec.gc.ca. You can use the 
same email address if you want to contribute articles, news items, comments or suggestions. 

Please submit your article as a .txt, Word or OpenOffice file. Format text as 11 point Times New Roman, linespacing single.• 

Your article can be short (minimum 400 words) or long (up to 5000 words). • 

Please include images and diagrams if possible. These serve to illustrate your article and allow flexibility in layout.• 

Ensure that you have permission to use any graphics you include and credit the artist/photographer if necessary.• 

Images/diagrams embedded in your documents should have sufficiently high resolution to allow reasonable resizing without degradation.• 

Include captions for any photos, figures or tables.• 

Include your name, title and institutional affiliation. If you are open to being contacted by readers, please add your mailing address and/or email address.• 

You may submit your article in English or French. Please note that we are not able to have documents translated from French to English at this time.• 

Your submissions may be edited for space, spelling, grammar, etc. • 

Where possible, you will be provided with a final draft before the newsletter is published in order to ensure that accuracy and the sense of the article has been • 
maintained.

Depending on space constraints, we may retain some articles for publication in succeeding issues.• 

Please ensure that acronyms and potentially obscure references are adequately explained on first use.• 

The target audience is composed of professionals in government, industry and academia, all of whom are involved with smoke and smoke issues. Both • 
descriptive and technical articles are welcome. 

The Canadian Smoke Newsletter will be published via email and on the Internet. Contents of all articles will be freely shared with anyone who is interested.• 

Canadian Smoke Newsletter Author Guidelines


