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Sammanfattning 
 
Potentiell påverkan från Alaskas skogsbränder på S:t Eliasbergens glaciärer, 
Yukon Kanada 
Cham Hoang & Moa Stangefelt 
 
Hur stor potentiell påverkan har utsläppen av svart kol från skogsbränderna i Alaska 
på de närliggande retirerande glaciärerna kring S:t Eliasbergen? Den här studien 
applicerar klimat och skogsbrandsdata på vindriktningsmodellen HYSPLIT för att 
generera vindkurser från de mest omfattande bränderna i Alaska under åren 2005-
2014. Klimatforskning visar att en av konsekvenserna av ökande temperaturer 
globalt blir mer frekventa och längre varande skogsbränder I den norra hemisfären. 
Centrala Alaska har redan idag hög benägenhet till bränder orsakade av blixtnedslag 
på grund av torrt sommarklimat samt homogen vegetation och topografi. Nedvind 
från centrala Alaska finns S:t Eliasbergen med några av världens snabbast 
retirerande glaciärer, detta på grund av ökande temperaturer och möjligtvis också 
deposition av sot från Alaskas skogsbränder då svart kol som avsätts på is- och 
snöytor sänker dess albedo och ökar smälthastigheten. Tidigare forskningsprojekt 
har studerat spår av skogsbränder i iskärnor tagna från S:t Elias glaciärer bland 
annat i syfte att återskapa ett historiskt arkiv över brandaktivitet i regionen. HYSPLIT 
simuleringarna visar på att en mycket liten procentandel av vindkurser passerar över 
glaciärområdet kring S:t Eliasbergen samt att vissa regioner inom studieområdet har 
betydligt större potentiell svart kol transport än andra. Resultaten indikerar att en 
majoritet av dom omfattande bränderna I regionen inte kan förväntas finnas 
arkiverade i borrkärnorna. 
 
Nyckelord: Alaska, S:t Eliasbergen, skogsbränder, svart kol, albedo, HYSPLIT 
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Abstract 
 
Possible impact from Alaskan forest fires on glaciers of St. Elias Mountains, 
Yukon Canada 
Cham Hoang & Moa Stangefelt 
 
How great potential effect does the Black carbon emitted from the boreal forest fire 
region of Alaska have on the retreating glaciers of the St. Elias Mountains? In this 
study climate and forest fire history data of Alaska was run in the HYSPLIT wind 
trajectory model to generate trajectories originated from large occurring fires in 
Alaska from 2005 to 2014. Results show a small percentage of trajectories passing 
the St. Elias Mountains and an expected pattern of a correlation between passing 
trajectories and density of amount forest fires. Interdisciplinary climate research is 
indicating an increase in global temperatures with consequences such as an upswing 
of forest fires in the Northern Hemisphere. Inner Alaska is fire prone due to a 
combination of prevailing droughts during the summer season and frequent lightning 
ignition as a result from homogeneous vegetation and topography. Downwind from 
Alaska’s forest fire region is the ice field of the St. Elias Mountains, these glaciers are 
one of the fastest retreating due to increasing global temperatures and possible 
deposition of soot from Alaskan forest fires. Forest fire emits black carbon, which 
when deposited on snow or ice surfaces will decrease the albedo and accelerate the 
melting rate. Previous studies on ice cores from the St. Elias have investigated traces 
of combustion products from biomass burning. This indicates a possible record of 
historic forest fires in ice cores. The small percentage of passing trajectories in this 
study suggests that most large forest fires in Alaska might not be registered in the St. 
Elias ice cores 
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1. Introduction 
 
Black carbon (BC) is a component of soot emitted by the incomplete combustion of 
biomass or organic fuels. Globally, BC may be the second largest atmospheric 
contributor to global warming, second only to CO2. BC absorbs solar radiation and re-
emits heat into the atmosphere, lowering the Earth's albedo, leading to surface 
warming (Ramanathan & Carmichael 2008). The largest emissions of BC are from 
fossil fuel combustion and the burning of vegetation biomass by wildfires or the 
domestic utilisation of firewood (Quinn et al. 2011). Global levels of BC from industrial 
and wildfire sources have increased since the 1960s (Fig. 1; Wang et al. 2014). 
However, forest fires might play a larger role in the problem of BC aerosols than 
previously suspected. This is because BC emitted from forest fires may be 
contributing to accelerate the rate of snow and ice melting at high latitudes.  
 Larger and more frequent forest fires, especially in the Northern Hemisphere, 
are one of the expected consequences of global warming (Flannigan et al. 2013). 
However, the possible relationship between increased wildfires and accelerated 
glacier melting has only recently been studied (e.g., Keegan et al. 2014). When BC is 
deposited on snow and ice fields, even in minute amounts, it has a darkening effect, 
i.e. it reduces their albedo (reflectance). This means that these surfaces absorb a 
larger part of the incident solar radiation, which increases their melting rate. Since 
large parts of high latitude areas in the Northern Hemisphere are covered by either 
perennial ice or by seasonal snow (due to a long winter season), the impact of BC on 
the albedo of snow/ice is largest there.  
 When added to the temperature increase due to greenhouse gas (GHG) 
forcing, the increased snow/ice melting rates due to BC pollution may also reinforce 
conditions that favour more forest fires by accelerating spring snow melt, therefore 
extending the duration of the fire season (Menegoz et al. 2013). BC emitted by forest 
fires at high latitudes may therefore provide a positive climate warming feedback, in 
addition to increased glacier melting rates, making it an important process to study 
(Warneke et al. 2009). For example Keegan et al. (2014) came to the conclusion that 
the last two most widespread surface melting events on the Greenland ice sheet, 
which occurred almost one hundred years apart, were both caused by the same two 
main factors: a temperature rise, and an enhanced ice-darkening effect due to an 
increase in forest fire emissions of BC.  
 Today, one of the most fire-prone regions in the North American subarctic is 
central Alaska, and it is expected to become both drier and warmer due to climate 
warming, and the area burned annually by wildfires is likely to increase as a result of 
this (McCoy et al. 2003, Pechony & Schindell 2010). South-east of this region lays 
the Wrangell and St Elias Mountains, home to the largest icefields outside the Arctic. 
These icefields have been experiencing increasingly large mass losses since the 
1960s (Berthier et al. 2010) and it is plausible that there, as in Greenland, part of the 
accelerated melt rates may be due to the albedo effect of BC particles darkening the 
snow and ice sufaces. To what extent BC deposited on these icefields may come 
from fires in Alaska is not known, but this is important information needed to predict 
the regional and global impact of forest fires on glaciers outside the Arctic in the 
future.  
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Figure 1. Global trend in BC emissions,1960 to 2005. After Wang et al. (2014). 

 
 The objective of the present study is therefore to gain more knowledge on the 
potential impact of Alaskan boreal forest fires on the surface melting rates of glaciers 
in nearby mountains of south-east Alaska and south-western Yukon, Canada. 
Specifically, the study will investigate the likelihood that smoke plumes from forest 
fires burning in Alaska may reach the icefields of the St. Elias Mountains. This will be 
accomplished by modelling the probable trajectories of air parcels originating from 
documented forest fires. The origins of air trajectories that reach the icefields will then 
be examined to identify wildfire properties, such as timing and location, which are 
most likely to have an impact on the glacier-covered region.  
 Results from this study may also help to better interpret records of past 
atmospheric composition and climate that were developed over the last decade from 
ice cores in the St Elias Mountains near Mt. Logan (Zdanowicz et al. 2014). In 
particular, a record of past forest fire activity was developed based on the occurrence 
of elevated levels of certain ions such as ammonium (which is emitted during 
wildfires) in the ice (Yalcin et al. 2006). The record was compared with historical fire 
data from Alaska and the Yukon, which suggested that as much as 70 % of fire 
events in these regions might have left an archived signature in the ice. Forest fires 
are not the only sources that could produce these chemical signatures, however. For 
a specific forest fire to leave an imprint in the ice, the right wind patterns are needed 
to carry the smoke plume over the icefields where aerosols can be deposited by 
snowfall or dry fallout. The present study will help to estimate the probability of 
favourable wind patterns by examining air trajectories associated with recent 
documented fires. 
 
2. Background 
 
2.1 Black carbon and the snow/ice albedo reduction effect 
 
Black carbon (BC) aerosols are an important component of a category of combustion 
products commonly known as soot, with many potential sources such as biofuel or 
fossil fuel burning, and naturally occurring forest fires (Ramanathan & Carmichael 
2008). Together with other aerosols such as nitrates and sulphates, BC forms 
atmospheric brown clouds that can be carried over large distances in the atmosphere 
from pollution point sources to remote places. While sulphates aerosols have a 
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scattering effect on incident solar radiation, resulting in a negative climate forcing, BC 
is a strong absorber of radiation in the visible spectrum. This property of BC causes it 
to effectively lower the albedo of the Earth's surface and atmosphere, thereby 
increasing the amount of solar energy absorbed and leading to net climate warming.  
 The climate impact of BC is in fact due to several combined processes. On the 
one hand, BC aerosols lower the albedo of the surface-cloud-atmosphere system of 
the Earth by directly absorbing solar radiation. In addition, the presence of BC 
particles within water or ice clouds causes a reduction of the reflective properties of 
these clouds. Together, these two processes increase the net amount of energy 
absorbed at the top of the atmosphere. A third impact of BC is associated with their 
short atmospheric lifetime, which is generally no longer than a week. BC aerosols are 
removed from the atmosphere mainly by wet deposition in rain or snow. When BC 
particles are deposited onto snow- or ice-covered surfaces, they lower the albedo of 
these surfaces because of their strong radiation-absorbing properties (Hansen & 
Nazarenko 2004; Ramathan & Carmichael 2008). By reducing the net amount of 
solar energy reflected by snow and ice back to the atmosphere, BC aerosols also 
contribute to enhance the surface melting of sea ice, snow fields and glaciers 
worldwide, thus producing a strong positive albedo feedback to global warming.   
 Hansen & Nazarenko (2004) have estimated that the net climate forcing due to 
the albedo effect of BC on ice and snow in the Northern Hemisphere is approximately 
0.3 W m-2. The fact that the recent temperature rise observed at high and mid-
latitudes is larger in winter than in summer suggests that a portion of this warming is 
due to the albedo change of snow and ice cover. The same study estimated that the 
mean albedo lowering due to soot deposition on ice and snow is in the order of -1,5% 
in the Arctic and -3% for the entire Northern Hemisphere. Comparing the efficiency of 
various climate forcing indicates that changes in snow/ice albedo induced by BC 
pollution may be expected to have an effect on global temperatures of the same 
magnitude of that due to excess CO2 (Hansen & Nazarenko 2004). This makes the 
snow and ice darkening effect of BC a major climate-forcing factor, especially at mid- 
to high latitudes in the Northern Hemisphere where soot pollution sources are 
numerous and there are large areas covered by perennial snow and glaciers.  
 The total contribution of wildfire emissions to the albedo forcing effect by BC is 
not known precisely, but could be very large at northern mid- to high latitudes. For 
example, a 2008 study of aerosols over California in June 2008 found that plumes of 
biomass burning from wildfires contained almost double the amount of BC 
contributed by anthropogenic fossil fuel combustion in coastal urban areas, with 
mean BC levels of 513 ng m-3 (Sahu et al. 2012). 
 A forest fire usually undergoes an initial flaming stage, during which BC 
produced by incomplete combustion of organic matter is released. This is then 
followed by a smouldering stage, which still produces smoke, but without BC 
aerosols (Kaufman et al. 2002). The stage in the evolution of a forest fire is therefore 
important in determining whether the emissions from this fire will have an albedo 
impact on snow and ice surfaces downwind. Regardless of the emission sources, the 
darkening effect of BC on snow and ice surfaces is largest in the springtime or 
summer when insolation is strong and large amounts of aerosols from biofuel 
combustion or wildfires are produced and can be deposited (Menegoz et al. 2013). 
The vigorous atmospheric circulation in the spring can also help to carry BC aerosols 
far from their emission sources. For example in April 2008 smoke plumes detected 
over northern Alaska were found to originate mostly from forest fires in southern 
Siberia or from agricultural burning in Kazakhstan (Warneke et al. 2009). This 
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occurred partly because 2008 was a very dry year in Siberia, starting the fire season 
earlier than normal.  
 The dominant process of deposition for BC aerosols is by wet removal in rain 
or snow. BC particles can act as cloud condensation nuclei or as ice nuclei, although 
BC emitted from fires is usually hydrophobic. Nucleation is made possible because 
other hydrophilic material, such as sulphate, becomes attached to, and coats, the BC 
particles during transport. Recent studies suggest that the larger the diameter of the 
whole particle (BC nuclei + coating), the more likely it is to be removed from the 
atmosphere through wet deposition (Taylor et al. 2014).  
 When and how BC is deposited and stored on snow or ice surfaces also 
determines how large the albedo reduction effect will be on these surfaces. BC 
particles deposited in winter can remain in the snow cover late into the melt season, 
not being flushed out until late in the spring, which causes the concentrations of BC 
in the surface snow layer to increase as the snowpack melts away (Kerle et al. 2012). 
This enrichment of BC in the surface layer of snow happens through post-
depositional processes, and in the case of glaciers and icefields with a year-round 
snow/ice cover, these processes can lead to very high BC concentrations at the 
surface by late summer. For example in a recent study, Yang et al. (2015) observed 
that the concentration of BC in freshly fallen snow on a Tibetan Plateau glacier was 
20 times less than that in the surface layer at the end of September. 
 
2.2 Description of the study area 
 
Large mountain icefields exist along the North Pacific coastal ranges of North 
America, stretching over sectors of Alaska (USA), the Yukon and British Columbia 
(Canada), and all of these icefields may be potentially affected by BC emissions from 
wildfires in Alaska. The main focus of this study is on glaciers of the St. Elias 
Mountains, situated in the southeastern corner of the Yukon Territory, between 
latitudes 60 and 61°N  (Fig. 2). Together with the neighboring Wrangler Mountains, 
the St. Elias icefields are the most extensive continental icefields outside the 
polarregions (Clarke & Holdsworth 2004). The climate of this region is strongly 
influenced by the nearby Pacific Ocean. Precipitation increases towards the coast of 
Alaska, and snowfall rates are greatest over the central St. Elias Mountains. Snowfall 
mostly occurs during winter as the Pacific cyclones move over the area (Wheate et 
al. 2014). The icefields of the St. Elias Mountains mainly cover altitudes between 
1000 to 3000 m asl and feed several numerous valley and cirque glaciers extending 
north and east from the mountains. 
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Figure 2. Location of the study area in the icefields of the St Elias Mountains, Yukon 
Territory, Canada. Modified from a map generated with Google Earth (2015). 
 
Several recent investigations of glacier changes in the St. Elias Mountains are in 
agreement showing a general thinning of the ice cover (Arendt et al. 2010; Barrand & 
Sharp 2010, Wheate et al. 2014). Digital inventories show a rate of ice volume 
reduction of 5.5 ± 1.7 km3 year-1 between 1977 to 2007 across the region, with the 
highest losses at altitudes below 1200 m, where the total thinning reached 120m 
during thise period, whereas the glaciers situated at higher elevation only thinned by 
10-15m (Wheate et al. 2014). However, it is not known if BC aerosols and surface 
albedo forcing play any role in the current general retreat of glaciers in the region.  
 Forest fires in Alaska and the Yukon are predominantly ignited by lightning or 
human activity, and the fire season generally lasts from April to September (Viereck 
1973). Lightning-ignited fires dominate in causing largest areas burnt. The highest 
density of lightning-ignited fires is within the boreal forest zone of interior Alaska, 
more specifically in the Forested Upland and Lowland ecoregions (Dissing & Verbyla 
2003; Kasischke et al. 2006). The vegetation cover in these landscapes is mostly 
white and black spruce, birch and aspen (Begét 2006). Other important ecoregions of 
Alaska are the interior Highlands, dominated by dwarf scrub and open spruce stands, 
and the Bottomland ecoregion of floodplains along rivers and valleys, covered in 
oxbow lakes and meandering streams (ibid). Bogs and fens are also common 
throughout this region (Chapin et al. 2006).  
 The current division of ecoregions is mainly determined by the topography. 
The interior of Alaska is sheltered from Arctic or Pacific moist air intrusions by the 
northern and southern Cordilleran mountain ranges. This results in a strong regional 
climate dependency on topography (Begét 2006). The vegetation distribution, 
assessed by Viereck et al. (1983) and revised by Chapin et al. (2006), shows a 
general pattern of black spruce on the north-facing uplands, and a temperature-
controlled succession from steppe to white spruce forest on the south-facing uplands. 
Aspen and birch are also common elements in this succession. White and black 
spruce forests are also found in the lowlands. Lowland black spruce covers 44% of 
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all the forested interior of Alaska (Chapin et al. 2006). Black spruce was established 
in Alaska during the mid-Holocene, at a time when the regional climate cooled and 
the air moisture increased (Lloyd et al. 2006). Despite moister conditions, an upswing 
of wildfire frequency occurred at that time, recorded by increased charcoal 
accumulation in lake sediments. This upswing might have been due to the high 
flammability of black spruce (Kasischke et al. 2006).  
 Presently, the continental interior climate of Alaska experiences winter mean 
temperatures that reach down to -35°C, and summer mean temperatures between 
17° to 22°C. The interior of Alaska lies in a rain shadow, due to the presence of large 
mountain chains to the north and south, and the mean precipitation in this interior 
sector is between 250 and 550 mm/yr (Hinzman et al. 2006). There are two main 
pressure systems affecting the climate of Alaska, the Aleutian Low and the North 
Pacific High. The influence of the latter prevails during the summer season as it 
moves north closer to Alaska. This causes the air east of the high-pressure system to 
sink and produce drier conditions on the continent. The prevailing winds over Alaska 
during the wild fire season are the westerlies, which can transport smoke and 
aerosols from these fires as far as, and over, the St. Elias Mountains.  
 Xiao and Zhuang (2007) pointed out that droughts due to high summer 
temperature and reduced precipitation were the prevailing cause of extensive 
wildfires in Alaska between 1959 and 1999, which showed positive trends in both 
frequency and total area burnt over this period. These trends also correlated with an 
expansion of droughts-affected areas in Alaska and Canada. The increasing drought 
conditions are believed to be linked with global ocean-atmosphere circulation 
patterns, as large fire years in Alaska and Canada coincide with extreme phases of 
the El Niño Southern Oscillation (ENSO), Pacific Decadal Oscillation (PDO) and 
Arctic Oscillation (AO), which may increase in frequency due to the global warming 
(Xiao & Zhuang, 2007). The burning season in Alaska is also expected to increase in 
the future, as wildfires will start earlier in the growing season, and last longer 
(Kasischke & Turetsky, 2006).  
 
3. Methods 
 
In order to estimate the frequency of air parcels originating from forest fires in Alaska 
passing over the icefields of the St. Elias Mountains, the historical fire database of the 
Alaskan Interagency Coordination Center (AICC), in combination with the Hybrid 
Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model version 4 of the 
Air Resources Laboratory, National Oceanic and Atmospheric Administration, USA 
(NOAA-ARL; Draxler & Hess 2014) were used.  
 First, data about forest fires between 2005 and 2014 were obtained from the 
AICC database. The database made it possible to locate where, when and for how 
long fires burned in Alaska and the total area burned. From this list, only fires with a 
total burned area >100 km2 were selected, in order to limit the amount of data 
processed with the HYSPLIT model. This resulted in a list of 108 large fires 
distributed across Alaska (Fig. 3). Large or long-lasting fires were selected because 
emissions from these fires have the highest cumulative probability of reaching and/or 
impacting the icefields.  
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Figure 3. Location map of the 108 large forest fires included in this study. Map generated by 
Google Earth, using data from the Alaskan Interagency Coordination Center. 
 
 The HYSPLIT model is used for simulating the dispersion and deposition of air 
pollutants, and for calculating air parcel trajectories either forward or backward in 
time from a specified starting point (Draxler & Hess, 2014). The air parcel trajectories 
are computed using archived, gridded meteorological datasets, and can be plotted on 
different types of map projections and at different spatial resolutions. In this study, air 
parcel trajectories were computed using the gridded reanalysis dataset of the U.S. 
National Centers for Environmental Prediction and National Center for Atmospheric 
Research (NCEP-NCAR: Kistler et al. 2001). The NCEP-NCAR renalaysis dataset 
contains archived meteorological information gridded into a Lambert projection and 
going back to 1948, therefore covering the full 10-year period (2005-14) that was 
investigated.  
 The longitudes, latitudes and elevations of each forest fire were used as the 
initial start points for the HYSPLIT air parcel trajectories, and the reported discovery 
date of each fire was used as the initial start time. The HYSPLIT model was then 
used to calculate forward air parcel trajectories from the fire sites over a total run time 
of 3 days (72 hours), with a new trajectory being initiated every 24 h for the entire 
duration of each forest fire. A maximum of 3 days for the trajectories was chosen 
because after this time, the potential spatial error on the predicted trajectories may 
become too large for the results to be useful (see below). The HYSPLIT calculations 
were performed in batches of 10 consecutive daily trajectories. The vertical scale in 
the calculations was set to be expressed in meters relative to sea level, rather than to 
ground level, because the spatial resolution of the surface topography used in 
HYSPLIT is coarse, and this may lead to unrealistic trajectory calculations for low 
altitudes. For the same reasons, the initial starting height of the air parcels were set 
to be 100 m above the reported elevations for the fires in the AICC database. In this 
way, the potential 3-day forward trajectories of smoke plumes originating during each 
of the selected 108 large Alaskan large forest fires were computed. Results of each 
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batch of trajectory calculations were then saved as .kmz (keyhole markup language 
zipped) files to be examined later using the GoogleEarth software.  
 The computed HYSPLIT trajectories were subsequently examined individually 
to determine whether at some point during their 3-day travel time, air parcels emitted 
from forest fires passed over the area of interest on the icefields of the St. Elias 
Mountains. Passing trajectories were then characterized in terms of their point of 
origin (location of fires) and date. For this purpose, the Alaskan territory was 
subdivided into five smaller areas labelled A to E (Fig. 4) to derive an approximate 
distribution of the geographic distribution of fires susceptible of impacting the St. Elias 
Mountian icefields. Statistics were then compiled for all air trajectories issued from 
forest fires that crossed the icefields, to establish how many fires, when, and from 
where, could have transported BC aerosols to the area of interest during the period 
2005-14.  
 
 

 
 
Figure 4.  Definition of the sub-regions of Alaska (A,B,C,D and E) used for classifying the 
source areas of forest fires. Modified from a map generated using Google Earth (2015). 
 
 The U.S. National Environmental Satellite, Data, and Information Service 
(NESDIS) maintains an archive of satellite images of visible fire smoke plumes, as 
well as descriptive text reports of observations made from these images. These text 
reports were checked for dates on which HYSPLIT trajectories originating from forest 
fires passed over the St. Elias Mountains, in order to establish if any smoke plumes 
were dense enough to be visible on satellite on these days in the study region.  
 
4. Results 
 
HYSPLIT model generated air trajectories that passed over parts of the St. Elias 
Mountains icefields (at least once) for 31 out of the 108 large forest fires between 
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2005 and 2014, which corresponds to 22 % of these fires. Each fire generated 
multiple daily air trajectories, the number of these trajectories increasing according to 
the duration of the fire. The directions of the trajectories were often inconsistent and 
could abruptly change course. In some cases, trajectories originating from the same 
fire show great variations in pattern and length, hence creating a trajectory cloud 
spread over a large area of land (Fig. 5).  
 

 
 
Figure 5. Examples of daily air trajectories proceeding from the Boney Creek fire, Alaska, in 
the summer of 2005, generated by the NOAA HYSPLIT trajectory model using NCEP-NCAR 
reanalysis meterological data. The fire epicenter was located at an altitude of 126 m asl. It 
started on the 16th of June and lasted until the 30th of September, and burned a total area of 
253 km2. The fire information is extracted from AICC historical database. In this particular 
case, none of the trajectories passed over the St. Elias Mountain icefields.  
 
 When considering the total days of which the 108 fires burned during the 
period 2005-2014, for only 97 out of 9343 of these fire days, or roughly 1%, did 
generated air trajectories pass over the St. Elias Mountain icefields. The majority of 
the fires were located in the central parts of Alaska, with a higher density in the 
western-central part (region C on Fig. 4). However, air trajectories that passed over 
the icefields mostly came from fires located in the south- eastern part Alaska (region 
E), which borders the St. Elias Mountains to the west. The second most important fire 
source region for passing trajectories was east-central Alaska (region C), to the 
northwest of St. Elias Mountains (Fig. 6). The altitudes, at which the trajectories 
originated, representing the fire epicentres, were also compiled for different elevation 
ranges. This revealed that most trajectories that passed over the icefields originated 
from fire locations between 100 to 200 m asl (Fig. 7).  
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Figure 6. Dark green bars: Frequency distribution (%), by region, of total burning days for 
wildfires that consumed an area greater than 100 km2 across Alaska between 2005 and 
2014. Pale green bars: Same information, but restricted to fires from which issuing air 
trajectories passed over the icefields of the St. Elias Mountains at least once within a 3-day 
period. Regions (A to E) are as defined on Fig. 4.  
 

 
Figure 7. Pale blue: Distribution, with respect to altitude, of large wildfires in Alaska that 
burned 100 km2 between 2005 and 2014. Dark blue: Same information, but restricted to fires 
that generated air trajectories which that passed over the St. Elias Mountains icefields (pale 
blue) at least once within a 3-day period.  
 
 
 Results also show that the greatest occurrence of air trajectories from wildfires 
passing over the icefields was in July, followed by August and September (Fig. 8). 
Over the entire decade 2005-2014, the year with the highest counts of passing 
trajectories was 2009, followed by 2005 and 2013 (Fig. 9). These were also the three 
years with the overall largest number of fires burning in Alaska.   
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Figure 7. Monthly distribution of air trajectories issued from large wildfires burning in Alaska that 
passed over the St. Elias Mountains icefields between 2005 and 2014.  
 

 
 
Figure 8. Red: Annual distribution of large fires (area burned > 100 km2) in Alaska between 
2005 and 2014. Pink: Same information, but restricted to fires that generated air trajectories 
which passed over the St. Elias Mountains icefields at least once within a 3-day period.  
 
Of all air trajectories issued from wildfires that passed over the icefields, 45% took 2 
days to reach the St. Elias Mountains, while the rest were evenly distributed between 
transit times of ≤ 1 and 3 days. On 16 different occasions, air trajectories from fires 
passed over the Gulf of Alaska before reaching the St. Elias Mountains (Fig. 9).   
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Figure 9. Four examples of air trajectories issued from wildfires in Alaska that transited over 
the Gulf of Alaska before reaching the St. Elias Mountains.  
 
5. Discussion 
 
5.1 Potential transport of Alaskan fire smoke to the St. Elias Mountains. 
 
Results of the HYSPLIT model calculations suggest that only 31 out of the 108 major 
wildfires (22 %) that burned in Alaska over the period 2005-2014 had, at some point, 
wind conditions that could have transported smoke to the study area in the St. Elias 
Mountains. Therefore, only a relatively small proportion of forest fires in Alaska can 
be expected to transport and/or deposit BC or other combustion by-products to the 
icefields in the St. Elias Mountains. This finding contradicts the inference by Yalcin et 
al (2006) that up to 80 % of large fires in Alaska over the period 1940-2002 left a 
chemical signature in the icefields (NH4+, K+ and/or C2O42-). Furthermore, fires for 
which air transport trajectories went over the St. Elias Mountains only transited over 
the icefields for one or two days out of the total fire duration of up to several months. 
Therefore, the number advanced by Yalcin et al. (2006) seem very likely to be 
overestimated. When considering the entire period 2005-2014, only 97 out of a total 
of over 9300 fire days, or as little as 1 %, had associated air trajectories that could 
have transported smoke to the St. Elias Mountains icefields (Fig. 6). It is possible, 
however, that combustion aerosol sources from other distant sources such as 
Siberian forest fires (Warneke et al., 2009) could account for some of the chemical 
signatures found in the icefields by Yalcin et al. (2006).  
 



 

 
 

13 

 It is important to note that even if only a small percentage of BC emissions 
from Alaskan wildfires could impact the St. Elias or Wrangell Mountains, emissions 
from these (or other) fires could have climatic impacts in other areas. Results of the 
HYSPLIT model calculations done in this study showed that a large number of air 
trajectories issued from wildfire locations in Alaska extended over the Beaufort, 
Chukchi or Bering Seas (Fig. 5). These trajectories suggest that BC emissions from 
forest fires in Alaska might contribute to lower the albedo of Arctic sea ice cover, 
causing accelerating melting, as previously discussed by Flanner et al. (2007) and by 
Ramanathan & Carmichael (2008).  
 
5.2. Geographical factors affecting wildfire impacts 
 
In the decade-long record considered in this study, the years 2005, 2009 and 2013 
experienced the most fires with a burned area > 100 km2. This was reflected in the 
trajectory analysis results for those years, which showed the most frequent passages 
of air issued from the fire sites over the St. Elias Mountains (Fig. 8). However, the 
region in which the fires burned seem to have more influence on the number of 
trajectories passing over the mountains than the actual total number of fires in any 
year. Thus, more trajectories passed over the St. Elias Mountains in 2009, although 
more fires burned in 2005. This result can be partly explained by the fact that the 
Chakina fire in July 2009 burned an area quite close to mountains, such that this 
single fire contributed a disproportionately large number of smoke trajectories over 
the icefield area. This geographic bias needs to be considered in studies of the type 
made by Yalcin et al. (2006), which assigned excesses of NH4+, K+ and/or C2O42- 

measured in ice cores to high fire years in Alaska. Since it appears that one or a few 
fires relatively close to the icefields could contribute high amounts of aerosol 
deposition there, a chemical spike in the ice core record could easily be 
misinterpreted as a ''high fire'' year.  
 The altitude at which forest fires burn can affect how high and how far their 
smoke can be transported (Val Martin et al. 2010). In this study, the altitudes of the 
source fires for most of the air trajectories that passed over the St. Elias Mountains 
were relatively low (100-200 m asl), which reflects the low topography of the areas 
where most of these fires burned (Fig. 7). However, interesting outliers were found at 
higher altitudes in the elevation range 700-800 m asl, from which a remarkably large 
number of trajectories originated relative to the number of fires. Rising summer 
temperatures in Alaska have been shown to cause a gradual rise in the elevation of 
the winter snowline, and this favours the migration of the treeline to higher altitudes 
(Wolken et al. 2011). Westerling et al. (2006) observed that it is in mid-elevation 
mountainous areas of the western USA that earlier spring snowmelt has the largest 
impact of forest fire occurrence. Results of the present study suggest that the future 
effect of snowline retreat on fire occurrence in Alaska should be a focus for future 
research in terms of how this may impact the glaciers of the St. Elias and Wrangell 
Mountains.  

Air trajectories issued from forest fires passed over the St. Elias Mountains 
mostly in July, August and September, which correlates with the maximum frequency 
of fire days during these months (Fig. 7). This is to be expected, as the summer 
months are subject to droughts in the interior of Alaska, and droughts are believed to 
be a central factor causing extensive fires (Xiao & Zhuang, 2007). As the frequency 
of possible smoke transport events to the St. Elias Mountains follows the seasonal 
evolution of fire density, a future lengthening of the fire season could also generate 
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more frequent smoke transport over the mountains, with possible accompanying BC 
deposition on the icefields. Results of the HYSPLIT model calculations showed that 
some air transport from forest fires to the St. Elias Mountains could also happen as 
late as in November and December. Examples of such trajectories originated from 
two different fires in 2013, which burned until New Years' eve, lasting for roughly 200 
days and burning a total area of over 600 km2. Such late-season fires can be 
expected to become more frequent in the future. Kasischke and Turetsky (2006) 
investigated changes in the forest fire regime of Alaskan by comparing data from the 
1980s/90s and 1960s/70s, and found a 2 % increase in fire frequency late in the fire 
season (autumn). Pechony and Schindell (2009) projected global wildfires patterns in 
future decades, and predicted a positive trend in fire frequency over most of Alaska. 
This, accompanied by more frequent passage of smoke plumes over the St. Elias 
Mountains, could increase the impact of fires on the icefields there. Further and more 
detailed studies on the atmospheric circulation over Alaska during the fire season 
would be desirable to identify those areas of Alaska most likely to be impacted by 
increased late season burning in the future.  
 Another important point to consider, when discussing the possible deposition 
of BC on glaciers by passing smoke plumes, is the type of smoke emitted. BC is 
primarily emitted in smoke originating from open flaming fires, whereas in the 
smouldering stage fires emit smoke composed of organic particles with little or no BC 
(Kaufman et al., 2002). Many of the large fires considered in this study burned for 
many months, making it likely that there were long periods of smouldering in different 
parts of the burned area at different times. This would obviously affect the potential 
emission of BC aerosols from fires during these time periods or in these places. 
Smoke from long-smouldering fires could still leave chemical markers in snow on 
mountain glaciers downwind, but the composition of these markers in snow would not 
include much BC aerosols. Another consequence is that the impact of late-season 
fires on BC emissions could be moderate if these fires are primarily in the 
smouldering stage.  
 
5.3 Atmospheric processes affecting wildfire impacts 
 
The St. Elias Mountains, due to their location near the North Pacific coast, are 
exposed to heavy winter precipitation as frequent mid-latitude cyclones move 
towards this area during winter (Wheate et al. 2014). Total precipitation rates over the 
mountain icefields are much higher than in polar regions, reaching several meters per 
year. Since wet deposition is the dominant process by which BC is removed from the 
atmosphere, these high precipitation rates may partly determine how much potential 
BC deposition from forest fire plumes can be expected in the area. Although the 
timing of maximum snowfall (winter) does not coincide with the fire season in Alaska, 
the passage of some fire smoke plumes over the Gulf of Alaska may contribute to 
enhance BC deposition rates in the coastal mountains. This is because BC aerosols 
transiting over the Gulf are more likely to pick up and mix with sea salt aerosols, 
making them more susceptible to absorb moisture from the ambient the air, which in 
turn increases the aerosol size and likelihood of both wet and dry deposition (Textor 
et al 2006). Since this mechanism operates during the summer fire season, fires that 
send plumes passing over the Gulf of Alaska before reaching the study area in the St. 
Elias Mountains (e.g., Fig. 9) may be particularly influential in terms of BC deposition 
the icefields. This could in fact strengthen the future impact of fire plumes on glaciers 
of the St. Elias Mountains due to a lengthening of the fire season in autumn, as there 
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is a greater probability of wet deposition of BC from plumes in this season due to the 
more frequent passage of the North Pacific cyclones.  

The travel time of fire plumes passing over the St. Elias Mountains is another 
important factor to consider when discussing the possible effects of BC deposition on 
the glaciers there. BC has a mean atmospheric residence time of only 7 days (Textor 
et al. 2006), and the duration of all the trajectories investigated in this study was 
limited to 3 days. As mentioned earlier, the majority of air trajectories issued from 
fires that reached the St. Elias Mountains lasted 2 days, and the rest were evenly 
distributed between durations of ≤ 1 and 3 days. This suggests that any smoke 
plumes carried along these trajectories could still carry significant concentrations of 
BC by the time they passed over the St. Elias Mountains. BC aerosols are primarily 
removed from smoke plumes by nucleation scavenging in precipitation, but also by 
dry deposition (Taylor et al. 2014). Dry deposition is more effective near the ground 
surface and depends on particle concentration and turbulence in the atmospheric 
boundary layer (the lowermost ~1 km; Textor et al. 2006). Both wet and dry 
deposition rates also depend on the aerosol particle size, which, in the case of 
wildfire plumes, is tightly connected to the smoke ageing process. As the smoke is 
emitted into the atmosphere particle coagulation occurs, resulting in an increase in 
the mean particle diameter (Reid et al., 2005). The rate of coagulation is mainly 
determined by particle size distribution, volume concentration and on ambient air 
conditions (air temperature, pressure, humidity; Lee & Chen 1984). Changes in mean 
particle size during smoke transport is important in the context of BC deposition, as 
larger particles are more likely to form droplet and/or crystal nuclei and to be 
scavenged by precipitation (Taylor et al., 2014). Reid et al. (1998) investigated 
wildfires smoke plume in Brazil and found that coagulation increased the mean 
aerosol particle size by 0.015-0.03 µm per day in plumes with a particle concentration 
of 5000 to 10000 cm-3. Assuming such figures can be applied to smoke plumes from 
Alaskan forest fires, this suggest that the air transport trajectories examined in this 
study are sufficiently long to allow aerosol particles to grow to nucleation size by the 
time they reach the St. Elias Mountains, thereby increasing the potential for wet 
deposition over the glaciers and icefields there.  

 
5.4 Sources of uncertainties 

 
There are several possible sources of uncertainties in the results of this study. One 
such source is related to the fact that trajectories passing over the study area in the 
St. Elias Mountains were identified from visual examination of the HYSPLIT trajectory 
plots, and there could have been subjective errors in judging how close these 
trajectories came to the study area, for example on its outer periphery. This, however, 
should be a relatively small source of uncertainty since the study area was well 
defined.   
 When using the HYSPLIT model, uncertainties in the position of air parcels 
tend to propagate to the trajectory end-points. These uncertainties arise in the model 
calculations, and get larger with longer trajectories. Stohl (1998) estimated that the 
possible spatial error in the position of endpoints is ~20% of the total trajectory 
length. This uncertainty was estimated by examining some of the shortest and 
longest trajectories in this study. The possible error in the end point positions was 
delineated as a circle with a radius equal to 20% of the trajectory lengths (Fig. 10). 
These error margins could have biased the results of the study in two opposite ways; 
either by making some air trajectories 'miss' the study area in the icefields, or by 
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making some trajectories erroneously pass over it. This would lead to an under- or 
over-estimation of the number of 'passing' air trajectories. The net effect of such 
errors cannot be estimated, but since the errors could go both ways, it is reasonable 
to assume that they average out, and therefore should not have a large impact on the 
statistical results of the trajectory analysis. 
 

 
 
Figure 10. Four examples of air trajectories generated with the HYSPLIT model, modified to 
show the potential margins of error (shaded areas) around the trajectory endpoints. At right 
are two examples of relatively short trajectories, one which passed over the study area in the 
St. Elias Mountains, and one which did not. At left are two corresponding examples of longer 
trajectories and their resulting error margins, both passing the study area. 

 
 It should be stressed that the HYSPLIT analysis only identified days on which 
smoke transport from fires over the St. Elias Mountains could have occured. If such 
transport did in fact occur, there is presently no way to verify if it resulted in BC 
deposition on the icefields, and if so, how much deposition occurred. Some of the 
NESDIS reports of observations from NOAA satellite images indicated that the study 
area in the St. Elias Mountains was visibly covered by fire smoke on dates that 
corresponded with passing air trajectories from forest fires. However these reports 
were not consistent enough, or did not provide sufficiently detailed descriptions of the 
smoke plumes to be a reliable method for validation of the results of the trajectory 
analyses. For example, on specific dates of which air trajectories passed over the 
icefields, many NESDIS reports stated that almost all of Alaska was covered with thin 
layers of smoke, while others did not include Alaska or the Yukon in the descriptions 
at all.  

 

 
6. Conclusions 
 

• Only a low percentage large Alaskan fires (22%) issued air trajectories that 
were found to transit over the St Elias Mountains. This corresponds to only 1 
% of all fire days over the period 2005-2014. This suggests that over this time 
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period,  Alaskan fires had a marginal impact in terms of BC aerosol transport 
and deposition on glaciers of the study area.  
 

• Our findings suggest that ice cores recovered from glaciers in the central St. 
Elias Mountains may not necessarily contain chemical tracers from all Alaskan 
forest fires, and that smoke signatures from regions of south- eastern 
Alaska, in proximity to the St. Elias Mountains, will likely be over-represented.  
It is probable that many of the chemical tracers of biomass burning traces 
previously detected in ice cores from these glaciers may have originated from 
more distant sources, such as fires in Siberia. 
 

• Some Alaskan forest fires may impact the melting of Arctic sea ice through BC 
deposition, as suggested by the fact that many air trajectories generated by 
these fires extended far out over the Beaufort, Chukchi or Bering Sea.  
 

• A clear correlation between the frequency and the distribution of potential 
smoke-carrying air trajectory sources, and forest fire density across Alaska, 
was found. In view of these correlations, it is likely that future changes in the 
Alaskan forest fire regime in response to climate warming, in particular an 
extension of the fire season in late summer and autumn, will result in more 
frequent transport of fire smoke with a soot (BC) content over the St. Elias 
Mountains.  

Acknowledgement 
 
Many thanks to our advisor Christian Zdanowicz whom provided us with this 
interesting topic, reading suggestions on the topic background, technical support and 
the final editing of our text. Additional thanks and lots of love to our classmate, friend 
and hobby graphic designer Matilda Ninasdotter Holmström for helping us with 
images. And finally, none of this would have been possible without the great work 
environment at the institution of Earth Sciences at Uppsala University. Thank y’all! 

 



 

 
 

18 

References 
 
Ahrens, C. D. (2001). Essentials of meteorology : an invitation to the atmosphere. 3. 

ed. Australia ; Pacific Grove, CA: Brooks/Cole/Thomson Learning. 
Arendt, A., Walsh, J. & Harrison, W. (2009). Changes of glaciers and climate in 

northwestern North America during the late twentieth century. Journal of 
Climate, 22(15), pp 4117–4134. 

Barrand, N. E. & Sharp, M. J. (2010). Sustained rapid shrinkage of Yukon glaciers 
since the 1957–1958 International Geophysical Year. Geophysical Research 
Letters, 37(7), L07501. 

Begét, E. J., Stone, D. & Verbyla, D.L. (2006). Regional overiew of interior Alaska. 
In: F. Stuart Chapin III (ed.) Alaska’s changing boreal forest. New York: Oxford 
University Press. (Long-Term Ecological Research Network series). pp 12-20. 

Berthier, E., E. Schiefer, G. K. C. Clarke, B. Menounos, and F. Rémy. “Contribution 
of Alaskan Glaciers to Sea-Level Rise Derived from Satellite Imagery.” Nature 
Geoscience 3, no. 2 (February 2010): pp. 92–95. doi:10.1038/ngeo737. 

Chapin III, F. S., Hollingsworth, T., Murray, D. F., Viereck, L. A., & Walker, M. D. 
(2006). Floristic diversity and vegetation distribution in the Alaskan boreal forest. 
In: F. Stuart Chapin III, (ed.) Alaska’s changing boreal forest. New York: Oxford 
University Press. (Long-Term Ecological Research Network series), pp 81-99. 

Clarke, G. and Holdsworth, G. (2004) Glaciers Of The St. Elias Mountains. In: 
Satellite Image Atlas Of Glaciers Of The World: Glaciers Of Canada. Edited by 
J. G. Ferrigno. USGS Professional Paper 1386, pp. 300-327. 

Department of Commerce, NOAA. “2005 Satellite Smoke Text Product - Satellite 
Products and Services Division/Office of Satellite and Product Operations.” 
Accessed April 21, 2015. 
http://www.ssd.noaa.gov/PS/FIRE/2005_archive_smoke.html. 

Dissing, D. & Verbyla, D. L. (2003). Spatial patterns of lightning strikes in interior 
Alaska and their relations to elevation and vegetation. Canadian Journal of 
Forest Research, 33(5), pp 770–782. 

Draxler R. R., and Hess, G. D. (2014). Description of the HYSPLIT_4 modeling 
system. NOAA Technical Memorandum ERL ARL-224. 4 pp.  

Flanner, Mark G., Charles S. Zender, James T. Randerson, and Philip J. Rasch. 
“Present-Day Climate Forcing and Response from Black Carbon in Snow.” 
Journal of Geophysical Research: Atmospheres 112, no. D11 (June 16, 2007): 
D11202. doi:10.1029/2006JD008003. 

Flannigan, Mike, Alan S. Cantin, William J. de Groot, Mike Wotton, Alison Newbery, 
and Lynn M. Gowman. “Global Wildland Fire Season Severity in the 21st 
Century.” Forest Ecology and Management, The Mega-fire reality, 294 (April 15, 
2013): 54–61. doi:10.1016/j.foreco.2012.10.022. 

Hansen, J. and L. Nazarenko (2004) “Soot Climate Forcing via Snow and Ice 
Albedos.” Proceedings of the National Academy of Sciences of the United 
States of America 101, no. 2, pp. 423–28. 

Hinzman, L. D., Viereck, L. A., Adams, P. C., Romanovsky, V. E., & Yoshikawa, K. 
(2006). Climate and permafrost dynamics of the Alaskan boreal forest. In: F. 
Stuart Chapin III, (ed.) Alaska’s changing boreal forest. New York: Oxford 
University Press. (Long-Term Ecological Research Network series). pp 39-61. 

Kasischke, E. S. & Turetsky, M. R. (2006). Recent changes in the fire regime across 
the North American boreal region-Spatial and temporal patterns of burning 



 

 
 

19 

across Canada and Alaska (vol 33, art no L09703, 2006). Geophysical 
Research Letters, pp.13, L13703. 

Kasischke, E. S., Verbyla, D. L. & Rupp, T. S. (2006). Fire Trends in the Alaskan 
Boreal Forest. In: F. Stuart Chapin III (ed.) Alaska’s changing boreal forest. New 
York: Oxford University Press, (Long-Term Ecological Research Network 
series), pp 285-301. 

Kaufman, Y. J., Tanré, D. & Boucher, O. (2002). A satellite view of aerosols in the 
climate system. Nature, 419(6903), pp 215–223. 

Keegan, Kaitlin M., Mary R. Albert, Joseph R. McConnell, and Ian Baker. “Climate 
Change and Forest Fires Synergistically Drive Widespread Melt Events of the 
Greenland Ice Sheet.” Proceedings of the National Academy of Sciences of the 
United States of America 111, no. 22 (June 3, 2014): 7964–67. 
doi:10.1073/pnas.1405397111. 

Kehrwald, Natalie, Roberta Zangrando, Paolo Gabrielli, Jean-Luc Jaffrezo, Claude 
Boutron, Carlo Barbante, and Andrea Gambaro. “Levoglucosan as a Specific 
Marker of Fire Events in Greenland Snow.” Tellus B 64, no. 0 (May 3, 2012). 
doi:10.3402/tellusb.v64i0.18196. 

Kistler, R., Collins, W., Saha, S., White, G., Woollen, J., Kalnay, E., Chelliah, M., 
Ebisuzaki, W., Kanamitsu, M., Kousky, V., van den Dool, H. Jenne, R. and 
Fiorino, M. 'The NCEP–NCAR 50–Year Reanalysis: Monthly Means CD–ROM 
and Documentation'. Bulletin of the American Meteorological Society vol. 82, pp. 
247–267. 2001.  

Lee, K. W. & Chen, H. (1984). Coagulation rate of polydisperse particles. Aerosol 
Science and Technology, 3(3), pp 327–334. 

Lynch, A. H. L. J. A., Barber, M. E. E. V., & Finney, B. P. (2005). Holocene 
development of the Alaskan boreal forest. In: F. Stuart Chapin III. (ed.) Alaska’s 
changing boreal forest. New York: Oxford University Press. (Long-Term 
Ecological Research Network series). pp 62-78. 

McCoy, V. M., and C. R. Burn. “Potential Alteration by Climate Change of the Forest-
Fire Regime in the Boreal Forest of Central Yukon Territory.” Arctic, 2005, pp. 
276–85. 

Ménégoz, M., G. Krinner, Y. Balkanski, A. Cozic, O. Boucher, and P. Ciais. “Boreal 
and Temperate Snow Cover Variations Induced by Black Carbon Emissions in 
the Middle of the 21st Century.” The Cryosphere 7, no. 2 (March 26, 2013): pp. 
537–54. doi:10.5194/tc-7-537-2013. 

Pechony, Olga, and Drew T. Shindell. “Driving Forces of Global Wildfires over the 
Past Millennium and the Forthcoming Century.” Proceedings of the National 
Academy of Sciences 107, no. 45 (2010): 19167–70. 

Quinn, P.K., A. Stohl, A. Arneth, T. Berntsen, J. F. Burkhart, J. Christensen, M. 
Flanner, K. Kupiainen, H. Lihavainen, M. Shepherd, V. Shevchenko, H. Skov, 
and V. Vestreng (2011) “AMAP The impact of black carbon on Arctic climate”. 
Oslo. pp. 72.  

Ramanathan, V., and G. Carmichael. “Global and Regional Climate Changes due to 
Black Carbon.” Nature Geoscience 1, no. 4 (April 2008): pp. 221–27. 
doi:10.1038/ngeo156. 

Reid, J. S., Koppmann, R., Eck, T. F. & Eleuterio, D. P. (2005). A review of biomass 
burning emissions part II: intensive physical properties of biomass burning 
particles. Atmospheric Chemistry and Physics, 5(3), pp. 799–825. 

Sahu, L. K., Y. Kondo, N. Moteki, N. Takegawa, Y. Zhao, M. J. Cubison, J. L. 
Jimenez “Emission Characteristics of Black Carbon in Anthropogenic and 



 

 
 

20 

Biomass Burning Plumes over California during ARCTAS-CARB 2008.” Journal 
of Geophysical Research 117, no. D16 (August 17, 2012). 
doi:10.1029/2011JD017401. 

Sterle, K. M., J. R. McConnell, J. Dozier, R. Edwards, and M. G. Flanner. “Retention 
and Radiative Forcing of Black Carbon in Eastern Sierra Nevada Snow.” The 
Cryosphere Discussions 6, no. 3 (June 29, 2012): pp. 2247–64. 
doi:10.5194/tcd-6-2247-2012. 

Stohl, Andreas. “Computation, Accuracy and Applications of trajectories—A Review 
and Bibliography.” Atmospheric Environment 32, no. 6 (March 1998): pp. 947–
66. doi:10.1016/S1352-2310(97)00457-3. 

Sharma. S, J.A. Ogren, A. Jefferson, K. Eleftheriadis, E. Chan, P.K. Quinn, J.F. 
Burkhart (2013) ”Black Carbon in the Arctic” J. Geophys. Res. Atmos. 118, 
doi:10.1029/2012JD017774 
http://www.arctic.noaa.gov/report13/black_carbon.html 

Taylor, J. W., J. D. Allan, G. Allen, H. Coe, P. I. Williams, M. J. Flynn, M. Le Breton, J. 
B. A. Muller, C. J. Percival, D. Oram, G. Forster, J. D. Lee, A. R. Rickard, M. 
Parrington, P. I. Palmer (2014) “Size-Dependent Wet Removal of Black Carbon 
in Canadian Biomass Burning Plumes.” Atmos. Chem. Phys. 14, no. 24 
(December 22, 2014): pp. 13755–71. doi:10.5194/acp-14-13755-2014. 

Textor, C., Schulz, M., Guibert, S., Kinne, S., Balkanski, Y., Bauer, S., Berntsen, T., 
Berglen, T., Boucher, O., Chin, M., Dentener, F., Diehl, T., Easter, R., Feichter, 
H., Fillmore, D., Ghan, S., Ginoux, P., Gong, S., Grini, A., Hendricks, J., 
Horowitz, L., Huang, P., Isaksen, I., Iversen, I., Kloster, S., Koch, D., Kirkevåg, 
A., Kristjansson, J. E., Krol, M., Lauer, A., Lamarque, J. F., Liu, X., Montanaro, 
V., Myhre, G., Penner, J., Pitari, G., Reddy, S., Seland, Ø., Stier, P., Takemura, T. 
& Tie, X. (2006). Analysis and quantification of the diversities of aerosol life 
cycles within AeroCom. Atmos. Chem. Phys., 6(7), pp. 1777–1813. 

Val Martin, M., J. A. Logan, R. A. Kahn, F.-Y. Leung, D. L. Nelson and D. J. Diner.  
 (2010) Smoke injection heights from fires in North America: analysis of 5 years 

of satellite observations. Atmospheric Chemistry and Physics, vol. 10, pp. 1491-
1510. 

Viereck, L. A. (1973). Wildfire in the taiga of Alaska. Quaternary Research, 3(3), pp. 
465–495 

Viereck, L. A., Dyrness, C. T., Cleve, K. V. & Foote, M. J. (1983). Vegetation, soils, 
and forest productivity in selected forest types in interior Alaska. Canadian 
Journal of Forest Research, 13(5), pp. 703–720. 

Wang, R. Tao, S. Shen, H. Huang, Y. Chen, H. Balkanski, Y. Boucher, O. Ciais, P. 
Shen, G. Li, W. Zhang, Y. Chen, Y. Lin, N. Su, S. Li, B. Liu, J. Liu, W (2014). 
“Trend in Global Black Carbon Emissions from 1960 to 2007“. Environmental 
science & technology, 48(12), pp. 6780–6787. 

Warneke, C., R. Bahreini, J. Brioude, C. A. Brock, J. A. de Gouw, D. W. Fahey, K. D. 
Froyd, et al. (2009) “Biomass Burning in Siberia and Kazakhstan as an 
Important Source for Haze over the Alaskan Arctic in April 2008.” Geophysical 
Research Letters 36, no. 2 (January 1, 2009): L02813. 
doi:10.1029/2008GL036194. 

Wheate, R. D., Berthier, E., Bolch, T., Menounos, B. P., Shea, J. M., Clague, J. J. & 
Schiefer, E. (2014). Remote Sensing of Glaciers in the Canadian Cordillera, 
Western Canada. In: Kargel, J. S., Leonard, G. J., Bishop, M. P., Kääb, A., & 
Raup, B. H. (Eds) Global Land Ice Measurements from Space, Berlin & 
Heidelberg: Springer, pp. 333–352. 



 

 
 

21 

Westerling, A. L., H. G. Hidalgo, D. R. Cayan, and T. W. Swetnam. (2006) “Warming 
and Earlier Spring Increase Western U.S. Forest Wildfire Activity.” Science 313, 
no. 5789 (August 18, 2006): pp. 940–43. doi:10.1126/science.1128834. 

Wolken, Jane M., Teresa N. Hollingsworth, T. Scott Rupp, F. Stuart Chapin, Sarah F. 
Trainor, Tara M. Barrett, Patrick F. Sullivan, et al. (2011) “Evidence and 
Implications of Recent and Projected Climate Change in Alaska’s Forest 
Ecosystems.” Ecosphere 2, no. 11 (November 2011): art124. doi:10.1890/ES11-
00288.1. 

Xiao, J. & Zhuang, Q. (2007). Drought effects on large fire activity in Canadian and 
Alaskan forests. Environmental Research Letters, 2(4), 044003. 

Yalcin, Kaplan, Cameron P. Wake, Karl J. Kreutz, and Sallie I. Whitlow (2006) “A 
1000-Yr Record of Forest Fire Activity from Eclipse Icefield, Yukon, Canada.” 
The Holocene 16, no. 2 (March 1, 2006): pp. 200–209. 
doi:10.1191/0959683606hl920rp. 

Yang, Song, Baiqing Xu, Junji Cao, Charles S. Zender, and Mo Wang (2015) 
“Climate Effect of Black Carbon Aerosol in a Tibetan Plateau Glacier.” 
Atmospheric Environment 111 (June 2015): pp. 71–78. 
doi:10.1016/j.atmosenv.2015.03.016. 

Zdanowicz, Christian, David Fisher, Jocelyne Bourgeois, Mike Demuth, James 
Zheng, Paul Mayewski, Karl Kreutz, et al. (2014) “Ice Cores from the St. Elias 
Mountains, Yukon, Canada: Their Significance for Climate, Atmospheric 
Composition and Volcanism in the North Pacific Region.” ARCTIC 67, no. 5, pp. 
35–57. 

 
 
 
 
 
 

 
 
 
 
 
 
 



 

 
 

22 

 
 
 
 
 
 

Appendix



 

 

Name Year Latitude Longitude 
Discovery 
date End date Duration Area (km2) 

Elevation 
(m asl) 

Start day of 
trajectory 

Passing  
St.Elias 

Days of traj 
over area 

Traj 
travel 
time 

Did traj pass 
over the Gulf 
before area 

Lone Mtn. 2005 62.53333 -154.75 6/15/05 00:00 9/5/05 00:00 82 124,8011155 275   no* 0     
Washington Cr. 2005 63.31667 -155.2 5/24/05 00:00 9/5/05 00:00 104 286,9608192 148 07/29/2005 07/31-08/01/05 2 2,3 no 
Little Mud #2 2005 64.78944 -153.5347 6/11/05 17:49 9/30/05 00:00 110,2576389 782,6619146 152   no* 0     
Boney Creek 2005 64.9925 -151.9331 6/16/05 18:42 9/30/05 00:00 105,2208333 253,1820834 126   no 0     
Chapman Creek 2005 67.10028 -150.2464 5/30/05 13:40 9/30/05 00:00 122,4305556 697,3581527 381   no 0     
Beaver Creek 2005 65.71833 -147.4611 6/20/05 19:30 9/26/05 00:00 97,1875 673,5537128 488   no 0     
Charley Creek 1 2005 65.58833 -141.5875 6/11/05 16:58 9/26/05 00:00 106,2930556 296,8205889 574   no 0     
Boundary Creek 2005 64.65639 -141.0222 7/12/05 14:39 9/26/05 00:00 75,38958333 470,9371451 784 08/26/2005 08/28/2005 1 2 no 
Saddle 2005 62.11666 -159.15 8/2/05 00:00 9/2/05 00:00 31 524,6106492 45   no 0     
Little Mud River #1 2005 63.96667 -157.8 7/25/05 19:46 9/29/05 00:00 65,17638889 143,9759476 237   no 0     
Little Mud River #2 2005 64.08417 -157.4667 7/27/05 20:08 9/30/05 00:00 64,16111111 122,096599 101   no 0     
Old Dummy 2005 66.16417 -152.0142 6/16/05 21:06 9/30/05 00:00 105,1208333 938,1503695 168   no 0     
Ray River 2005 65.91639 -150.5747 6/16/05 22:58 9/30/05 00:00 105,0430556 393,7874013 309   no 0     
Talbiksok 2005 61.66667 -160.9 8/2/05 00:00 9/2/05 00:00 31 332,3406885 26   no* 0     
Gisasa River  64.85 -158.7833 7/1/05 20:56 9/30/05 00:00 90,12777778 212,8907359 500   no* 0     
Wasky 2005 62.18333 -156.15 7/3/05 00:00 9/5/05 00:00 64 296,4911745 245   no* 0     
East Fork Yuki River 2005 64.3 -156.1167 7/30/05 19:18 9/30/05 00:00 61,19583333 132,6338131 145   no 0     
Upper Tatlawiksuk 2005 62.21667 -155.1333 6/26/05 00:00 9/5/05 00:00 71 118,2876944 299   no* 0     
Chitanatala 
Mountains 2005 64.55111 -152.3683 8/9/05 19:25 9/30/05 00:00 51,19097222 144,2689403 493   no* 0     
Hodzana River 2005 66.66666 -149.0833 6/12/05 18:43 9/15/05 00:00 94,22013889 108,0932493 402   no 0     
Mission Creek 2005 64.78917 -141.5342 7/21/05 12:30 9/26/05 00:00 66,47916667 136,1978827 992 08/26/2005 08/28/2005 1 2 no 
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Rabbit Mountain 2005 67.53333 -141.9833 7/24/05 17:15 9/26/05 00:00 63,28125 774,7486846 351 08/26/2005 08/28/2005 1 2 no 
George 2005 62.01667 -157.6 7/31/05 00:00 9/5/05 00:00 36 245,7743062 130   no* 0     
Chick Mountain 2005 63.1 -157.75 8/1/05 16:49 9/30/05 00:00 59,29930556 393,0909367 131 08/27/2005 08/30/2005 1 3 yes 
Highpower Creek 2005 63.47222 -152.6225 6/14/05 17:03 9/30/05 00:00 107,2895833 463,1368224 263   no* 0     
Grayling Creek 2005 62.75 -160.6375 7/30/05 19:01 9/15/05 00:00 46,20763889 185,8738985 81   no 0     
Dishna 2005 62.75 -157.3833 8/2/05 00:00 9/2/05 00:00 31 145,3332644 307   no 0     
Holtnakatna Creek 2005 64.96667 -156.2203 7/25/05 14:15 9/30/05 00:00 66,40625 785,1523523 330   no* 0     
Papa Willie Creek 2005 63.65 -159.1167 7/26/05 13:48 9/30/05 00:00 65,425 474,3365075 46   no* 0     
Yetna 2005 62.71667 -158.55 8/2/05 00:00 9/5/05 00:00 34 202,6631066 64   no* 0     
Fish Creek 2005 65.79195 -148.8017 6/16/05 17:00 9/26/05 00:00 101,2916667 476,5084572 388   no 0     
Glacier Creek 2005 65.87611 -146.7436 8/15/05 12:19 9/26/05 00:00 41,48680556 133,8094259 678   no 0     
Preacher Creek 2005 65.7325 -145.4364 6/12/05 17:09 9/15/05 00:00 94,28541667 281,2818605 358   no* 0     
Salmon Fork 2005 66.48333 -142.2 7/19/05 12:40 9/26/05 00:00 68,47222222 957,8978323 274   no 0     
North Bonanza 2005 66.72361 -150.5219 6/16/05 17:19 9/2/05 00:00 77,27847222 772,7167562 469   no 0     
Nelson Mountain 2005 66.66666 -148.0833 6/13/05 12:39 9/26/05 00:00 104,4729167 989,8607419 465   no 0     
Sheenjek River 2005 66.83417 -144.4403 6/12/05 15:31 9/26/05 00:00 105,3534722 463,7563967 144   no 0     
Fanny Mountain 2005 66.07 -142.203 8/15/05 12:16 9/26/05 00:00 41,48888889 104,4215333 227   no 0     
Kandik River 2005 65.80417 -141.2422 6/11/05 16:35 9/26/05 00:00 106,3090278 624,9630648 720 08/26/2005 08/28-29/05 2 2 no 
Six Mile 2005 66.26667 -155.4333 6/16/05 17:46 9/29/05 00:00 104,2597222 104,8889456 112   no* 0     
Tozitna River 2005 65.53194 -151.6128 7/29/05 16:27 9/30/05 00:00 62,31458333 233,600542 313   no 0     

Fox Creek 2005 60.13334 -150.8667 7/11/05 00:00 11/3/05 00:00 115 106,432418 101 

08/03/05, 08/28/05, 
10/11/05 
&10/12/05 

08/05-06/05, 
08/30-31/05, 
10/13/05 & 
10/13/05, 6 2,2,2,1 

Yes(116642), 
yes(116721), 
yes*2(116874),  

Coleen Mountain 2005 67.2225 -142.7331 7/24/05 17:20 9/26/05 00:00 63,27777778 533,8346572 323   no* 0     
Negeethluk River 2006 62.2725 -161.7131 5/31/06 07:12 7/6/06 00:00 35,7 212,6220244 40   no* 0     
Parks Hwy 2006 64.36667 -149.0333 6/7/06 00:00 11/1/06 00:00 147 526,844516 147 06/27/2006 06/28/2006 1 1 no 
Anaktuvuk River 2007 69.047226 -150.8366699 7/16/07 15:43 10/9/07 12:02 84,84693287 1038,96696 227   no 0     
Coffee Can Lake 2007 65.3499985 -156.9666595 7/5/07 14:03 9/30/07 11:05 86,87637731 161,0447937 60   no 0     

Caribou Hills 2007 60.0002785 -151.2841644 6/19/07 00:00 
10/30/07 
11:30 133,4798148 227,6520624 385 

08/06/07, 09/24/07 
& 09/17/07, 

08/07/07, 
09/26/07 & 6 1,2,2,2,1 

Yes*2(137932), 
yes(138121), 
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09/29/07, 
10/10/07 

09/19-20/07, 
10/01/07, 
10/11/07 

yes(138248) 

Little Delta 2007 64.1488876 -146.8266602 4/29/07 00:00 10/2/07 09:42 156,4044792 135,3755607 404 06/26/07, 08/06/07 
06/29/07, 
08/08/07 2 2,2 no 

Three Lakes 2008 66.1916656 -143.9441681 6/3/08 15:09 
10/10/08 
16:36 129,0604977 142,1168201 232   no* 0     

Titna River 2009 64.3688889 -152.6886139 7/11/09 12:16 9/25/09 13:13 76,03956019 665,8780334 249   no* 0     
Minto Flats South 2009 64.746666 -149.504715 6/21/09 00:00 9/14/09 06:03 85,25251157 2092,542275 101   no* 0     

Chakina 2009 61.2488899 -143.1127777 7/2/09 00:00 10/8/09 06:57 98,2902662 228,2955132 524 

07/03, 07/05, 
07/04,07/09,07/
11, 07/10, 
07/02, 07/12, 
07/13, 07/15,  
07/12, 07/13, 
07/15, 07/30, 
07/29, 
08/02, 08/01, 
08/07, 
08/22, 09/06, 
09/01, 08/31,  
10/06, 10/05,  
08/18, 08/11, 
08/12 

07/3-5/09&07/9-
12, 07/12-16/09, 
07/30/09, 08/1-
2/09&08/07-
08/09, 08/23/09, 
08/31/09&09/01/
09&09/07-
08/09, 10/6-
7/09,08/13/09&0
8/18/09 26 

0,0,0,0,0,
0,0,0,1,0,
0,1,1,0,0,
0,2,0,2,1 no 

Nowitna 2009 64.2313919 -153.8894501 6/13/09 11:44 9/23/09 15:12 102,1447338 512,2580138 150   no 0     
Bear Creek 2009 64.0294418 -151.0213928 6/17/09 18:15 9/25/09 13:12 99,78952546 205,9726287 155 07/08/2009 07/11/2009 1 3 no 
Jagged Ridge 2009 65.5480576 -144.117218 7/26/09 17:48 9/28/09 13:19 63,81334491 218,0828573 285   no 0     
Stevens Creek 1 2009 65.2724991 -150.8216705 6/18/09 19:18 9/23/09 15:10 96,82755787 347,6612911 200   no 0     
Oklahoma 2 2009 63.955555 -146.3877716 5/1/09 12:07 5/24/09 12:09 23,00143519 155,3925443 530 05/10/2009 2009-13-5 1 3 no 
Little Black One 2009 66.2236099 -143.2572174 6/20/09 21:23 9/28/09 13:21 99,66505787 1414,174822 265   no* 0     
Broken Snowshoe 2009 63.082222 -155.4230499 5/24/09 00:00 9/17/09 05:56 116,2475116 102,5458137 125   no* 0     
Bering Creek 2 2009 64.9066696 -153.6802826 7/7/09 18:10 9/23/09 15:11 77,87611111 191,9644228 130   no 0     
Little Mud 2009 64.6611099 -153.6413879 7/10/09 16:38 9/23/09 15:12 74,94041667 205,2522877 370   no* 0     
Big River 2009 62.2794456 -154.7430573 7/2/09 00:00 9/17/09 06:00 77,25041667 134,6066573 330   no* 0     
Tonclonukna Creek 2009 63.2005539 -153.2799988 5/23/09 00:00 9/17/09 05:56 117,2475116 664,9719415 230   no 0     
Kantishna River 2009 64.351387 -150.5222168 5/23/09 19:39 9/25/09 13:09 124,7291551 126,8221174 120 08/07/2009 07/11/2009 1 3 no 
Crash Creek 2009 65.5969467 -150.8766632 7/4/09 18:40 9/23/09 15:10 80,85378472 117,6033703 550   no* 0     
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Big Creek 2009 65.9297256 -146.8197174 7/18/09 22:45 9/28/09 13:20 71,60795139 686,5040695 500   no* 0     
Paddle 2009 65.5852814 -143.8263855 7/23/09 19:52 9/28/09 13:20 66,72784722 168,9276723 290   no 0     
Rock Slough 2009 67.0113907 -143.597229 6/30/09 16:58 9/28/09 13:21 89,84899306 252,1736059 220   no 0     
Zitziana 2009 64.480278 -151.3194427 6/17/09 18:01 9/25/09 13:12 99,79866898 571,1159503 260   no 0     
Cheeneetnuk 2009 61.9663887 -155.4244385 7/2/09 00:00 8/17/09 05:46 46,24050926 151,8665152 170 2009-31-7 08/02/2009 1 2 no 
Rex Creek 2009 64.132225 -148.7655487 8/2/09 00:00 9/14/09 05:59 43,24940972 409,339889 575   no 0     
Bluff Creek 2009 65.7872238 -144.4997253 7/26/09 17:17 9/28/09 13:19 63,83479167 168,9798768 275   no 0     
Sheenjek 2009 67.2394409 -144.316391 7/2/09 15:54 9/28/09 13:20 87,89295139 253,5685586 205   no 0     
Wood River 1 2009 64.348053 -147.9608307 7/12/09 00:00 10/7/09 16:09 87,6734838 507,4017818 213 2009-25-9 2009-27-9 1 2 yes 
LONE MOUNTAIN 2010 62.4791679 -154.7486115 5/29/10 00:00 7/16/10 07:40 48,32009259 210,4205326 380 07/11/2010 07/09/2010 1 2 no 

Turquoise Lake 2010 62.3950005 -153.5033264 5/17/10 00:00 9/7/10 05:55 113,2465394 371,8457311 410 
2010-10-7, 2010-
11-7 2009-13-7 2 3,2 no 

Toklat 2010 64.4591675 -150.3244476 5/16/10 17:06 6/4/10 12:55 18,82583333 694,9535085 115   no 0     

Canvasback Lake 2010 66.4049988 -146.4250031 7/12/10 11:08 
10/18/10 
07:29 97,84800926 143,4842541 120   no* 0     

Bull Creek 2010 65.9666672 -141.0666656 5/31/10 18:37 6/25/10 17:11 24,94013889 145,8678546 460   no 0     

Chitanatala 2010 64.7561111 -151.773056 5/26/10 20:28 
10/19/10 
07:35 145,4633796 148,2486224 210   no* 0     

Big Mountain 2010 66.3211136 -141.7550049 6/2/10 18:24 8/27/10 13:33 85,79791667 338,9083376 300   no* 0     

Peavey Creek 2010 66.6750031 -151.9052734 7/1/10 19:37 
10/19/10 
07:32 109,4960532 122,3725949 190   no 0     

Pat Creek 2010 66.2013855 -148.7988892 6/25/10 17:55 
10/28/10 
07:05 124,5483218 294,1735377 100   no* 0     

Coal Creek 2011 64.0316667 -148.565 5/21/11 15:51 9/8/11 00:00 109,3393634 100,5604241 730 2011-29-5 2011-32-5 1 3 no 

East Volkmar 2011 64.1248667 -144.88855 5/26/11 11:05 8/10/11 00:00 75,53758102 219,4086086 850 
2011-09-6, 2011-
18-7 

2011-12-6, 
2011-21-7 2 3,3 no 

Fish River 2011 65.859169 -160.2550049 5/26/11 18:34 6/10/11 12:21 14,74030093 127,880776 150   no 0     
Little Creek 2011 64.5863876 -151.9858398 5/29/11 21:37 9/30/11 08:01 123,4337037 106,0329929 350   no 0     
DISH MOUNTAIN 2011 63.1166667 -157.35 5/27/11 16:58 8/11/11 00:00 75,29274306 155,8445786 140   no 0     

Dry Creek 2012 64.4952778 -147.3288889 6/23/12 18:33 
11/15/12 
11:18 144,6982292 190,8256364 190 2012-27-8 2012-28-8 1 1 no 

Uvgoon Creek #1 2012 67.8108333 -162.3652778 7/3/12 18:58 8/5/12 16:49 32,91023148 199,5316464 75   no 0     
Little Mud 2013 64.6161111 -154.1691667 6/24/13 15:14 10/1/13 08:24 98,71541667 105,1123323 155   no* 0     
Beaver Log Lakes 2013 63.9386667 -152.2025 6/22/13 18:48 10/1/13 08:16 100,5607639 260,6829384 200 2013-20-9 2013-22-9 1 2 yes 
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Doestock Creek 2013 61.24975 -158.9592222 5/30/13 16:29 6/28/13 00:00 28,31310185 117,7599838 245   no 0     

Toklat River East 2013 63.6927778 -150.1433333 6/26/13 21:17 9/4/13 15:02 69,73940972 134,6754539 710 

2013-14-7, 2013-
16-7, 2013-26-7, 
2013-31-7 

2013-16-7, 
2013-18-7, 
2013-28-9, 
2013-29-7, 
2013-02-8 5 2,2,2,2 no 

Mississippi 2013 63.8930555 -145.9930556 5/30/13 09:10 
12/31/13 
11:09 215,082662 272,5074587 480 

2013-29-6, 2013-
04-7, 2013-20-7, 
2013-19-9, 2013-
15-11 

2013-01-7, 
2013-06-7, 
2013-21-7, 
2013-21-9, 
2013-17-11 5 2,2,1,2,2 Yes(140235) 

Stuart Creek 2 2013 64.6956944 -146.5874166 6/19/13 13:54 
12/31/13 
00:00 194,420625 352,7016552 305 12/11/2013 2013-13-12 1 2 Yes(142114) 

Moon Lake 2013 63.4283667 -143.6997 6/25/13 20:08 9/24/13 00:00 90,16049769 103,19493 580 
2013-29-6, 2013-
10-7, 2013-20-7 

2013-30-6, 
2013-12-7, 
2013-21-7 3 1,2,1 no 

Moving River 2013 63.9081666 -151.3676667 6/22/13 18:32 9/4/13 15:50 73,88765046 138,3042733 180 2013-27-6 2013-29-6 1 2   
Moore Creek 2013 62.536 -156.778 5/31/13 15:34 8/27/13 00:00 87,35086806 638,3812385 210   no* 1     
Lime Hills 2013 61.4555 -155.6906667 5/31/13 20:18 8/27/13 00:00 87,15405093 816,6895323 160   no* 0     
Sulatna River 2013 64.2663889 -154.3161111 6/21/13 16:23 9/6/13 16:42 77,01295139 194,5653398 160   no* 0     
Prospect Creek 2013 66.8088889 -150.9463889 6/20/13 20:30 10/1/13 08:18 102,491875 259,3163138 345   no 0     

Chisana River 2013 62.5103333 -141.414 5/31/13 21:34 
10/23/13 
00:00 144,1011806 188,7366473 680 

2013-04-6, 2013-09-6, 2013-08-6, 
2013-10-6, 2013-14-6, 2013-15-6, 
2013-17-6, 2013-29-6, 2013-11-7, 
2013-20-7, 2013-19-9, 2013-07-10 15 

2,2,2,2,1,
1,1.1,1,1,
2,1 Yes(146425) 

Sandless Lake 2013 63.9888889 -150.6322222 6/25/13 17:30 10/1/13 08:25 97,62165509 252,1938402 195 2013-19-9 2013-21-9 1 2 Yes(147356) 
Birch Creek 2013 65.3777778 -144.2944444 7/3/13 19:18 9/18/13 10:36 76,63736111 100,8619152 640 07/09/2013 07/12/2013 1 3 no 
Oklahoma (DTA 
West) 2014 64 -146.3333333 5/3/14 12:40 8/22/14 15:10 111,103912 229,2465253 470   no* 0     

Funny River 2014 60.43945 -150.961883 5/19/14 16:03 12/8/14 10:00 202,7474537 795,6531446 110 
2014-21-7, 2014-
5-10 

2014-24-7, 
2014-06-10 2 3,1 yes(164566) 

 
Table: Historical fire data accessed from AICC database.108 of fires larger than 100km2 were compiled into an excel spreadsheet. Days of 
passing trajectories were calculated and arranged into new columns in the spreadsheet. 
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