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Highlights

* Influences on organic carbon are regional on the North Slope of Alaska (NSA)

* Influences of elemental carbon are local for an NSA Arctic oilfield

* Biomass burning smoke impacts are episodic on the North Slope of Alaska.

* Contemporary carbon comprises 74% at Utqiagvik and 63% at an Arctic oilfield.
Abstract

As the Arctic continues to change and warm rapidly, it is increasingly important to

understand the organic carbon (OC) contribution to Arctic aerosol. Biogenic sources of primary
and secondary OC in the Arctic will be impacted by climate change, including warming
temperatures and earlier snow and ice melt. This study focuses on identifying potential sources
and regional influences on the seasonal concentration of organic aerosol through analysis of
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chemical and isotopic composition. Aerosol samples were collected at two sites on the North
Slope of Alaska (Utqiagvik, UQK, and Oliktok Point, OLK, which is in an Arctic oilfield) over
three summers from 2015-2017. The elemental carbon (EC) trends at each site were used to
understand local combustion influences. Local sources drove EC concentrations at Oliktok Point,
where high EC was attributed to oil and gas extraction activity, including diesel combustion
emissions. Utqiagvik had very low EC in the summer. OC was more similar in concentration and
well correlated between the two sites with high contributions of contemporary carbon by
radiocarbon apportionment (UQK=74%, OLK=63%), which could include both marine and
terrestrial sources of contemporary carbon (e.g. primary and secondary biogenic, biomass
burning and/or associated SOA, and bioaerosols). OC concentrations are strongly correlated to
maximum ambient temperatures on the NSA during the summer, which may have implications
for predicting future OC aerosol concentrations in a warming Arctic. Biomass burning was
determined to be an episodic influence at both sites, based on interpretation of combined aerosol
composition, air mass trajectories, and remote sensing of smoke plumes. The results from this
study overall strongly suggests contribution from regional sources of contemporary organic
aerosol on the NSA, but additional analysis is needed to better constrain contributions from both
biogenic sources (terrestrial and/or marine) and bioaerosol to better understand temperature-
related aerosol processes in the Arctic.

Keywords: Arctic, biomass burning, biogenic secondary organic aerosol, radiocarbon, climate

change, organic carbon

1. Introduction
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The Arctic is warming at a rate nearly twice as fast as the rest of the planet (Stocker,
2014). Aerosols play a role in the Earth’s radiative budget by scattering and absorbing solar
radiation and acting as cloud condensation nuclei (CCN) leading to either warming or cooling
(Chen and Bond, 2010; Williams et al., 2001). While much Arctic work has focused on aerosol
resulting from anthropogenic and marine emissions, specifically black carbon and sulfur aerosol
(Breider et al., 2017; Breider et al., 2014; Moffett et al., 2020; Quinn et al., 2009; Sharma et al.,
2006; Sharma et al., 2012; Sinha et al., 2017; Winiger et al., 2019), there is increasing interest in
organic aerosol sources and processing (Barrett et al., 2015; Becagli et al., 2019; Burkart et al.,
2017; Feltracco et al., 2021; Feltracco et al., 2020; Ickes et al., 2020; Kirpes et al., 2018; Leaitch
et al., 2018; Moffett et al., 2020). Properly understanding the sources, composition, and
concentration of organic aerosol is vital to ensure models are accurately predicting the effects
and feedbacks of climate change in the Arctic. However, Arctic aerosol includes a mixture of
inorganic and organic components which may vary by season, location and atmospheric
processing (Willis et al., 2018). Studying the influence of different sources and controls on
organic aerosol is vital to understanding how climate change is affecting the Arctic. A common
conclusion among researchers is that the lack of knowledge of natural aerosols currently, will
make it more difficult to estimate the presence of natural aerosol in the future as anthropogenic
aerosol increases (Leck et al., 2013).

The North Slope of Alaska (NSA) does not always follow the trends in aerosol
composition or sources reported for high Arctic locations (Breider et al., 2017; Breider et al.,
2014; Quinn et al., 2002; Walker et al., 2005; Winiger et al., 2019). The NSA has two sites
Utqgiagvik and Oliktok Point, AK which have had recent field campaigns; Oliktok Point is

located within an Arctic oilfield. While aerosol from marine primary production is normally
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comparable to other sites with regards to seasonal trends, biomass burning is often over-
predicted for Utqgiagvik (Winiger et al., 2019). Breider et al. (2014) noted that the contribution of
biomass burning to organic carbon (OC) is often overestimated in the Arctic. Utqiagvik also does
not follow trends of other Arctic sites for sulfate due to its’ location close to the Prudhoe Bay oil
fields. Within the NSA, Creamean et al. (2018) found that the emissions from oil and gas
extraction and exploration activities often remained localized such that Oliktok Point was more
impacted than Utqgiagvik. Air masses do travel from Oliktok to Utqiagvik, however they become
diluted during transport (Gunsch et al., 2017). Part of the focus of this study is to determine
whether the NSA has a consistent organic aerosol signature, or if the oil and gas activities near
Oliktok strongly impact the organic aerosol composition.

Sources of elemental carbon (EC) at Arctic sites, include oil and gas emissions, diesel
emissions, gas flaring, and biomass burning (Barrett et al., 2015; Gunsch et al., 2020;
Manousakas et al., 2020). For OC, the sources are more complex and can include anthropogenic
emissions, fossil fuel combustion, primary biogenic emissions, biomass burning, marine sources,
and secondary organic aerosol from organic precursors of all these sources. Several recent
studies have reported different trends and sources of organic aerosol in the Arctic. At Cape
Baranova, in the Siberian high Arctic, sources of OC include gas flaring, industrial activity, and
biomass burning (Manousakas et al., 2020), while results from a cruise through the northern
Atlantic and Arctic Ocean indicated that organic aerosol in the open ocean is mainly composed
of primary marine emissions (Russell et al., 2010). At Utqiagvik, Shaw et al. (2010) found
organic aerosol in PM; o was lowest in the summer compared to winter and spring. Barrett et al.
(2017) reported that OC concentrations in PMjo were similar across seasons at Utqiagvik in

2012-13, and contemporary sources (e.g. primary and secondary biogenic, biomass burning
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and/or associated SOA, and bioaerosols) dominated in spring and summer (69 and 65%
contemporary OC, respectively). Moschos et al. (2022) observed that Utqgiagvik and other low
latitude Arctic sites had higher contributions from primary and secondary biogenic organic
aerosol compared to higher latitude sites in the summer season, when not including organic
aerosol associated with methanesulfonic acid (MSA); while high Arctic sites had greater
contribution from methanesulfonic acid-associated aerosol, oxygenated organic aerosol, and haze
during the winter. Organic aerosol concentrations and sources can be heavily influenced by
seasonality, particle size, location, and year-to-year differences; the current study is focused on
characterizing trends in contemporary organic aerosol across the NSA considering specifically
the influences of local sources, transported biomass burning plumes, secondary biogenic aerosol
from marine sources, and local ambient temperature.

The goal of this study is to characterize sources and controls on summertime OC and EC
concentrations on the NSA. This study utilizes radiocarbon apportionment, levoglucosan, MSA,
aerosol optical properties, and satellite products to determine similarities and differences
between the two sites, specifically whether contemporary carbon sources dominate local fossil
influences across the NSA.

2. Methods
2.1 Sampling Site and Methods

Total suspended particulate (TSP) matter samples were collected at two sites on the NSA
over three years (2015-2017). TSP samples were used to assess aerosol composition which is
inclusive of sea spray, dust, combustion and photochemistry-derived aerosol. The sites were
Utqiagvik, AK (formerly Barrow, AK), and Oliktok Point, AK. A detailed description of the

sampling sites and methods used can be found in Moffett et al. (2020). Briefly, TSP samples
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were collected on quartz fiber filters (QFFs) using high volume samplers (Hi-Q Environmental
Products Company, Inc., San Diego, CA). Sample duration was on average 7 days (6.5%1.5
days). Sampling occurred from August-September 2015 and from June 2016-August 2017. In
total 37 samples were collected at Utqiagvik and 42 samples were collected at Oliktok Point
during the summertime period. This study focuses on OC and EC analysis of samples collected
during the summer periods (June-September). Anion and cation data, including methanesulfonic
acid (MSA), has been previously reported for these samples in Moffett et al. (2020).

2.2 Carbon and Isotope Analysis

OC and EC concentrations were determined using a thermal-optical transmittance (TOT)
carbon analyzer (Sunset Laboratories, Tigard, OR 97223) using the NIOSH 5040 method (Birch
and Cary, 1996). Instrument blanks, field blanks, analytical triplicates, and a sucrose standard
were run with each batch of 10 samples. The method detection limit (MDL) was 5.5 ng m™ for
OC and 0.37 ng m3 for EC. Field blanks were averaged for each campaign and site and
subtracted from the corresponding samples. Field blanks comprised 5.7% and 2.5% of the total
carbon at Utgiagvik and Oliktok Point, respectively, for the 2015 campaign, and 1.9% and 1.4%
of the total carbon for the 2016 — 2017 campaign.

For radiocarbon abundance, the sampled filters were cut to provide 100 pg of total
organic carbon (TOC) for the '*C measurement. As described in Barrett et al. (2015) the QFFs
were placed in prebaked glass Petri-dishes and acidified in a desiccator over hydrochloric acid
for 12 hours and then dried in an oven for 1 hour at 60 °C; this acidification process removes any
carbonate carbon that would interfere with the radiocarbon analysis. Samples were submitted to
the Woods Hole National Oceanic Sciences Accelerator Mass Spectrometry (NOSAMS) facility

for analysis. The results are reported as the fraction modern (Fum), or the “C/!2C ratio of the
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sample compared to the “modern reference,” which is 95% of the radiocarbon concentration in

1950 A.D. of NBS Oxalic Acid I (Equation 1).

_ (14C /12 C)sample

F,, =
M (MC /12 C) apyys,

(1)

The relative difference between the sample and the reference, Fm, was then corrected for the
amount of decay that had taken place between collection and the time of the measurement. This
is displayed in Equation 2 where A is the radiocarbon half-life and the year of sample collection
is Yc. The A'C is calculated from the reported fraction modern using the following established

conversion (Stuiver and Polach, 1977):
AC = [FM X @A(1950-Y0) _ 1] x 1000 (2)

The AC was then utilized to apportion the fraction of fossil and contemporary sources on the
particles. An end member was defined for both fossil and contemporary. Contemporary carbon
includes all primary and secondary organic carbon derived from biomass combustion and
biogenic emissions, with an end member value of +107.5%0 (A'"*Ccon), which was based on a
2010 wood burning reference from temperate regions (Barrett et al., 2015; Zotter et al., 2014).
Fossil carbon includes organic carbon derived from fossil fuel emissions and combustion; the
end member used was -1000%o (A*Crossit) (Gustafsson et al., 2009). The A'*C and end members
were then utilized in Equation 3 to calculate the fraction contemporary (fcon:) and fraction fossil
(1-f cons)-

A% Croc = (A*Ceone) (feone) + (A* Crossi) (1 = front) (3)
Field blanks from each campaign and site were prepared in the same manner as samples and

submitted to NOSAMS with samples. Blank subtraction was performed on the fraction modern
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reported for each sample. Instrumental standard error, blank correction uncertainty, and end-
member uncertainty were all included in TOC uncertainty calculations (Yoon et al., 2021).

To better constrain the OC and EC influence on the radiocarbon of TOC, the
contemporary carbon for OC was estimated using radiocarbon results for EC for each site from
previous studies in 2012 at Utgiagvik (Barrett and Sheesley, 2017) and in 2016 at Oliktok Point
(Gunsch et al., 2020). Assuming the contribution of EC radiocarbon to the TOC radiocarbon
abundance is consistent across seasons, the radiocarbon abundance of OC was then calculated
(Equation 4). At both sites removing the contemporary carbon due to EC from the percent
TOCcon results in a higher percent OCcont than percent TOCcone (Figure S1). TOCcont includes
both OC and EC while OCcon: does not include contributions from EC. At Utqgiagvik this is a
1.4% average increase in the percent OCcont over the TOCcon, illustrating that the impact of
fossil EC on the TOC at the site is small. At Oliktok Point this increase in the percent OCcont
over the TOCcon is an average of 5.4%, meaning that the fossil EC sources have a larger impact

on the TOC at Oliktok Point.

A Cye = @ X (A“CTOC - <ﬂ X A14CEC>) 4)

2.3 Testing for Carbonate

To test for possible presence of carbonate, a duplicate filter can be acidified prior to
OCEC analysis and compared to the non-acidified OCEC results. As the radiocarbon protocol
already includes acidification, the mass of C combusted reported by NOSAMS can be compared
to the mass of total carbon (TC) calculated by the TOT carbon analyzer. At both sites 95% of
samples were beneath 20% difference between the unacidified and the acidified sample, with
only 2 samples at each site being greater than 20% difference. At Utqiagvik the samples were

from 7/6-7/13/2016 and 9/15-9/21/2016. At Oliktok Point the samples were from 8/28-8/31/2016
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and 9/29-10/5/2016. To check if this difference was due to the presence of carbonate aliquots of
each filter were acidified following the procedure described above and then analyzed on the TOT
carbon analyzer. There was no significant difference between the C on the filters before and after
acidification meaning there was no carbonate present. The difference between the reported value
of carbon from NOSAMS and the TOT analyzer results may be due to discrepancies in the area
of the filter sent for radiocarbon analysis, processing differences between the OCEC analysis and
NOSAMS, and any contamination during transport.
2.4 Levoglucosan Analysis

Aliquots of the filters were extracted using a previously reported pressurized liquid
extraction technique (Clark et al., 2015). Several samples with low OC loadings were
composited together in order to ensure enough carbon to analyze via gas chromatography-mass
spectrometry (GC-MS) analysis. Composites were calculated so each sample contributed 200 or
300 pg of carbon for a total of 400 or 600 ug of carbon total. A summary of the samples
composited together can be found in Table S1. Briefly, each filter or composite was spiked with
an isotopically-labeled internal standard and then a Dionex Accelerated Solvent Extractor (ASE)
350 was used to extract the filter samples with a 2:1 v/v dichloromethane:acetone mixture. In
order to analyze samples for polar compounds, an aliquot of each extract was derivatized using a
silylation method described in Yoon et al. (2021). Briefly, an aliquot of the sample was blown to
dryness under a gentle stream of  nitrogen. Pyridine and N,O-
bis(trimethylsilyl)trifluoroacetamide were added to the vial and it was heated at 70 °C for 1 hour.
Samples were immediately analyzed on the GC-MS due to the long-term instability of the
silylation products. Levoglucosan was quantified using a five-point calibration curve silylated in

the same manner as the samples. The recovery of levoglucosan was determined using a standard
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reference material (SRM), Urban Dust 1649b (National Institute of Standards and Technology,
Gaithersburg, MD), extracted in the same manner as the samples. The concentration of
levoglucosan in the SRM was reported in Louchouarn et al. (2009). The average recovery of
levoglucosan was 76£3%. No levoglucosan was detected in the field blanks. The MDL was
determined using the average signal to noise ratio within 0.5 min of the levoglucosan peak. The
MDL was 0.009 ng m™. Analysis of additional organic tracers was completed at the same time
but will be reported in a future manuscript.

2.5 Auxiliary Analysis

Backward air mass trajectory analysis was completed using the National Oceanic and
Atmospheric Administration (NOAA) Hybrid Single-Particle Lagrangian Integrated Trajectory
(HYSPLIT) online model for 1 week (Rolph et al., 2017; Stein et al., 2015). Detailed information
on the method and results can be found in Moffett et al. (2020). Meteorological data for
Utqgiagvik was obtained from the NOAA Earth System Research Laboratory Global Monitoring
Laboratory (https://www.esrl.noaa.gov/gmd/obop/brw/). Temperature data for Oliktok Point was
obtained from the Atmospheric Radiation Measurement (ARM) Program sponsored by the U.S.
Department of Energy (DOE), Office of Science, Office of Biological and Environmental
Research, Climate and Environmental Sciences Division (Kyrouac & Holdridge, 2015)
(https://doi.org/10.5439/1025220).

The spatial distribution of active fire spots during the sampling period was also studied to
determine the location of active fires with the potential to affect the aerosol population at the
study sites. The active fire spot data was retrieved from the Visible Infrared Imaging Radiometer
Suite (VIIRS), aboard the Suomi-National Polar-orbiting Partnership (S-NPP) satellite

(VNP14IDG; 375 m active fire product) (Schroeder et al., 2014). Only the fires with normal and
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high confidence levels were used in this study to remove any false fire typically associated with
sun glint during daytime. In addition, the NOAA Hazard Mapping System (HMS) Fire and
Smoke Analysis product (https://www.ospo.noaa.gov/Products/land/hms.html) was used to
identify the presence of smoke over the study sites. The aerosol optical depth (AOD) from
MODIS (Moderate Resolution Imaging Spectroradiometer aboard Aqua/Terra) was used to
analyze the impact of the active fires on the columnar pollution load. Here the Collection 6.1
(C6.1) Level 3 daily combined dark target and deep blue AOD product retrieved at 550 nm for
land and ocean was used (Levy et al., 2013). The MODIS observations from Aqua and Terra
were combined to improve spatial coverage of daily AOD. The ability to detect smoke using the
NOAA HMS product and AOD retrievals from MODIS can be compromised by cloud cover
which limits the ability of the smoke and AOD data to track biomass burning plumes on the
NSA.

The Absorption Angstrdm Exponent (AAE) was calculated for periods identified as
having influence from biomass burning events and for the summer average. The AAE was used
as a biomass burning indicator as it provides information regarding the presence of smoke at the
surface where sampling was occurring. The AAE was calculated as the negative slope of the
linear fit of the aerosol absorption coefficient (cans) versus the wavelengths on a log-log plot
(Moosmiiller and Chakrabarty, 2011). Aerosol absorption data was obtained from the ARM data
discovery portal (https://adc.arm.gov/discovery/#/). The c.s measurements were conducted by
DOE ARM with a continuous light absorption photometer (CLAP) using the Flynn Algorithm at
Utqiagvik (Shilling and Flynn, 2015) and a particle soot absorption photometer (PSAP) at

Oliktok Point (Shilling and Flynn, 2016). The AAE values were calculated using all three
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wavelengths: 467 nm, 528 nm, and 652 nm for the CLAP, and 464 nm, 529 nm, and 648 nm for
the PSAP.
2.7 Outlier Determination
The interquartile rule was used to identify suspected outliers in the data. The interquartile
range was calculated using the third and first quartiles. An upper and lower fence were then
calculated using Equation 5a and 5b, where 1.5 is a standard value used to scale the IQR. Any
value above the upper fence or below the lower fence was considered a suspected outlier (Hubert
& Van der Veeken, 2008).
Lower fence = Q1 — (1.5 X IQR) (5a)

Upper fence = Q3 + (1.5 X IQR) (5b)

3. Results and Discussion
3.1 Bulk carbon concentrations and radiocarbon apportionment

Bulk carbon analysis was performed on the summer (June-September) samples from
2015-2017. The average summer concentration of OC was 200+7 ng m? (avg.std. dev.) at
Utqgiagvik for all three years combined (Table 1). The overall average concentration of EC at
Utgiagvik was 6.0+0.3 ng m>, which follows previously reported trends of low summer EC
concentrations (Breider et al., 2017; Sharma et al., 2006; Sinha et al., 2017). The highest
averages over the whole summer for both OC and EC mass concentrations at Utqiagvik were in
2017, and the lowest were in 2015. At Oliktok Point the average summer concentration of OC
was 43018 ng m? for all three years combined. For EC the average summer concentration was

43+1 ng m? at Oliktok Point.
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The summers were compared to one another using a paired t test (@=0.05) to evaluate
year-to-year variability. For OC the summer of 2015 was significantly different than the
summers of 2016 and 2017 for both sites (p<0.03). The summers of 2016 and 2017 were not
significantly different when considering OC mass concentrations at both sites (p>0.5). EC mass
concentrations were not significantly different at Utqiagvik or Oliktok Point (p>0.05). Sampling
in the summer of 2015 only occurred in August and September, likely impacting the averages for
that summer (Table S2), however, the temperatures were also lower during that time period. For
more discussion of how this shortened sampling period may have affected the summer averages,
please see the Supplementary Materials. All averages were corrected for the sample duration so

that shorter samples would not disproportionally affect the result.

Table 1. The average * standard deviation of weekly concentrations of organic carbon (OC),
elemental carbon (EC), OC to EC ratios, levoglucosan, percent TOCcon, and percent OCcon for
the summer sampling periods. OC, EC, levoglucosan, and percent TOCconx maximum and

minimum are reported with uncertainties. The number of samples are listed in parentheses.

Utqiagvik, AK (ng m™) Oliktok Point, AK (ng m™)
2015 2016 2017 2015 2016 2017
OC Avg. 100 =13 220+16 | 23021 | 170+25 630 £ 56 330 +£27
(n=8) (n=16) (n=13) (n=7) (n=20) (n=15)
OC Max. 168 +£26 443 +£29 | 571 £36 | 271 %21 3330£170 | 733 +44
OC Min. 63 +10 8211 34+9 115+13 98.0 £22 441 £8.5
EC Avg. 2.8+0.7 53+04 |8.0+x1.2 45+ 8 48 +3 383
EC Max. 13+1 13+1 53+3 86 +3.3 239+29 132+14
EC Min. <MDL 1.1+04 | <MDL 3+£0.7 <MDL T7+£1.0
0.24%+0.097 | 1.0+0.1 | .67%+.09 | 012+0.02 | 1201 | 0.33+0.04
Levo Avg.
(n=4) (n=13) (n=12) (n=7) (n=19) (n=14)
Levo Max. 051+£003 | 5203 [3.6£0.2 | 0.22+£0.01 9.6 £05 1.63 £0.08
Levo Min. 06(.)3(()) 41' O(fggf <MDL 06(.)8(()) S| <MDL | <MDL

13
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302

303

OC:EC Avg. | 143 | 424 | 343 | 9x2 131 =1
OCEC Max. | 51.7 134 935 2.1 58.1 25.9
OC:EC Min. 9.75 106 | 545 2.14 0.81 4.20
% TOCcom | 75%25 | 715 | 8528 | 507 67=4 66 =8
Avg.? @=3) | @=15 | @m=10) | @=7) (n=19) (n=8)
%TOCcom | 76,6 | 90+5 | 86+6 | 69+4 | 9010 | 805
Max.
IS | a7 | s8x4 | 664 | 2922 28 +3 3442
%A(zgf,"“‘ 77 +£26 73+5 | 878 55+8 73+4 70+9

2The n value is not the same for radiocarbon data as not all samples were submitted for
analysis.

Ambient concentrations of OC displayed week-to-week variability (Figure 1). OC mass
concentrations at the two sites were well correlated (r>=0.70) indicating regional influences;
however, the slope of 1.38 reveals a consistently higher concentration at Oliktok Point (Figure
S2). For comparison, OC concentrations were considerably lower than at Fairbanks, AK, which
had previously reported TSP OC concentrations of 1,900 ng m™ in the summertime (Haque et al.,
2021). Fairbanks is located south of the Brooks Range and experiences both higher urban
emissions and more frequent impact from wildfires in the summer (Deshmukh et al., 2018;
Deshmukh et al., 2019). The Brooks Range obstructs transport from central Alaska to the NSA
(Winiger et al., 2019).

EC ambient concentrations were low during the summer campaigns in Utqgiagvik and
Oliktok Point (Table 1 and Figure 1), as expected for the Arctic. However, unlike for OC, the EC
concentrations did not correlate well between the sites (r?=0.20, slope=4.08), indicating the
influence of local sources at Oliktok Point which dominate any regional background of EC on

the NSA (Figure S2). The EC concentrations were often an order of magnitude higher at Oliktok
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Point, likely due to local oil and gas extraction and exploration activity. Gunsch et al. (2020)
showed these particles were consistent with diesel combustion. EC concentrations from both
sites were low compared to more urban sites such as Fairbanks, AK, where an average TSP EC
concentration of 300 ng m™ was reported for the summertime (Haque et al., 2021). The average
ratio of OC to EC at Fairbanks was 6.3 (Haque et al., 2021). The OC to EC ratio at Oliktok Point
ranged slightly higher than this from 9 to 12. This indicates the influence of local combustion
sources including generators and motor vehicles. Utqiagvik reflected dominance of non-
combustion sources with average OC to EC ratios from 13 to 42. High OC:EC ratios indicate
that the site has higher influence from contemporary sources such as biogenic emissions and
secondary aerosol formation, while lower OC:EC ratios (closer to 1) indicate more influence
from fossil fuel combustion (Popovicheva et al., 2019). The low EC concentrations and high
OC:EC ratio indicate that there is low regional background and low local influence for EC at
Utqgiagvik. During the summer of 2015, Utgiagvik was influenced by air masses from the oil
fields of Oliktok Point for 10% of the study and by the Arctic Ocean for 70% of the study
(Gunsch et al., 2017). A previous source apportionment study of EC at Utgiagvik indicated fossil
sources dominate these very low EC summertime averages (Winiger et al., 2019). Analysis of
aethalometer-based black carbon (BC) concentrations in a previous campaign at Utqiagvik
revealed no significant difference based on wind sector (Barrett et al., 2015). Utqiagvik therefore
experiences influence from fossil sources via transport. Back trajectory analysis (48 hour)
reported previously for Utqgiagvik revealed that 45% of its air masses originated from the
Chukchi Sea, the Bering Strait, and west coast of the NSA, 45% from the Beaufort Sea and the
east coast of the NSA, and 10% from the interior of Alaska for this campaign period (Moffett et

al., 2020). At Oliktok Point air mass influence was comprised of 67% from the Beaufort Sea and
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east coast of the NSA, 15% from the Chukchi Sea and the west coast of the NSA, and 17% from
the interior of Alaska for this campaign period. One-week back trajectories extended further into
the Arctic Ocean, extended over the Canadian Arctic Archipelago, or originated in the East
Siberian Sea (Moffett et al., 2020). Both sites are therefore likely to be heavily impacted by
transport over marine regions, with lesser impacts from other regions and limited transport from

North American boreal forested regions.
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Figure 1. Ambient concentrations of organic carbon (OC, purple) and elemental carbon (EC,
red) for both sites (Utqiagvik=UQK, Oliktok Point=OLK) over the three summers. The
temperature is plotted in green behind the OC and EC. The axis scales for both OC and EC as

well as temperature are not the same between sites or years.

Radiocarbon source apportionment offers additional insight into the sources influencing
TOC at the two sites. The summertime TOC was dominated by contemporary sources at both
sites (Figure 2). To determine whether this is driven by contemporary sources such as biogenic
(primary or secondary aerosol and/or bioaerosols) or biomass burning sources of TOC,
additional source information is needed. As mentioned previously, a recent radiocarbon study of
EC has shown that Utgiagvik has low summertime influence (15%) from biomass burning
compared to other Arctic sites and is mainly influenced by fossil sources (Winiger et al., 2019).
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Radiocarbon apportionment of EC for Oliktok Point also revealed a dominance of fossil sources
(Gunsch et al., 2020). Similarly, single particle analysis showed little influence from biomass
burning on Utqiagvik in 2015 and Oliktok Point in 2016 (Gunsch et al., 2017; Gunsch et al.,
2020). OC and EC were not correlated with one another at either site: Utgiagvik had an r>=0.26
and Oliktok had an r?=0.16 (Figure S3). These previous results combined with low regional
background of EC on the NSA, indicate a more dominant influence of more biogenic sources of
TOC on the NSA. Additional results and discussion of discrete biomass burning events is
reported in section 3.2. Overall, there is high influence from contemporary sources to aerosol
during the summertime at both sites.

At Utqgiagvik, there was a distinct summer maximum in the contemporary carbon
contribution in late summer (i.e. August) for 2016 and 2017 (Figure 2). The percent contribution
of contemporary sources was in the 60 — 70% range at the beginning of the summer period (i.e.
June) before increasing to 80 — 90% at the end of July to mid-August. The contribution of
contemporary carbon then decreased back to the 60 — 70% range at the end of summer and into
September. A similar trend appeared at Oliktok Point, except the percent contribution of
contemporary sources was lower than Utgiagvik throughout the season (Table 1) and decreased
to the 30 — 40% range in early fall. The total average percent contemporary was 74.2% at
Utqgiagvik and 63.0% at Oliktok Point. This trend is repeated across summers despite differences
in bulk carbon concentrations. Moschos et al. (2022) determined 68% of aerosol in the summer
at Utgiagvik was from natural sources. This is just slightly lower than the average percent
contemporary calculated here. The maximum percent contemporary TOC occurred during the

summer of 2016 at both sites with 89.7% at Utqiagvik and 91.5% at Oliktok Point. At the end of
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September 2016, the contemporary contribution increased at both sites. The concentration of OC
was small for these samples, so this increase does not reflect a major event.

The average radiocarbon abundances of EC from previous studies at Utqiagvik (Barrett et
al., 2012) and Oliktok Point (Gunsch et al., 2020) were used to understand the contribution from
OC and EC to the TOC radiocarbon abundance (see Section 2.2). Although overall the percent
OCcont appears similar between the two sites, it is statistically different (p=0.03), due to the
differences in local sources such as oil and gas activity at Oliktok Point. For OC alone, the
summer of 2016 had the same average percent contemporary at both sites, while Oliktok Point
had more fossil influence in 2015 and 2017 (Table 1).

Both Utqgiagvik and Oliktok Point are dominated by contemporary influence (74% and
63% respectively), which illustrates a strong regional background of biogenic, bioaerosol, and/or
biomass burning sources. Levoglucosan can be utilized to determine the impact from biomass
burning on the sites; the mass concentrations are plotted below the percent contemporary TOC in
Figure 2. The sporadic increases in levoglucosan does not follow the smooth contemporary
carbon signal. Even the background levoglucosan appears to peak earlier in the summer than the
contemporary carbon. The biomass burning impact on the sites appears to be episodic based on
levoglucosan concentrations; however additional data is needed to understand its impact as it can

be complicated to fully identify biomass burning events.
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Figure 2. The '*C apportioned total organic carbon (TOC) for contemporary source contribution
(top) and ambient concentrations of levoglucosan (bottom) for each site over all sampling years.
The arrows on the levoglucosan time series plots indicate the biomass burning event discussed in

Section 3.2.

3.2 Biomass Burning Events

Levoglucosan was utilized in this study as a marker for biomass burning impacts on the
NSA. Concentrations of levoglucosan were relatively low and consistent at both sites, with a few
instances of increased concentrations. Previous research at Utqiagvik indicated that the half-life
of levoglucosan in the atmosphere could range from 20-50 hours for 2-day transit times to 110-

290 hours for 5-day transit times in the winter (Barrett et al., 2015). During the summer the half-

20



399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

lives would be expected to be on the low end of the range due to photodegradation. High
concentrations of levoglucosan are therefore not expected at either site as the VIIRS fire data
product did not indicate any presence of local fires on the NSA. The average ratio of
levoglucosan to OC plus one standard deviation was used as a threshold marker for biomass
burning events (UQK=0.006, OLK=0.0035). Four samples at Utqiagvik and five samples at
Oliktok Point were marked as being influenced by biomass burning events (Table 2). The NOAA
HMS smoke product, backward air mass trajectories, and VIIRS active fire spot locations were
used to verify the possible influence of biomass burning on the sites during the identified
biomass burning events (Figure 4). The HMS smoke data was unavailable for the days of interest
in 2016, possibly due to high cloud coverage over the NSA (Figure S4). The ground based AAE,
which is available for Utqgiagvik in 2016 and for both sites starting in 2017, could be used as
confirmation of the presence of smoke at the ground level (Schmeisser et al., 2017). A large
amount of data for Utqiagvik in 2016 and 2017 was unavailable (<40%), resulting in the average
AAE of the biomass burning events not displaying an enhancement above the summer average.
For the summer of 2017 at Oliktok Point, the majority of data was available (78%), and an
enhancement of the AAE for the biomass burning event over the summer average is shown in
Table 2. The AOD was mostly unavailable over the sites, likely due to the intense cloud
coverage over the NSA (Table 2). Of the biomass burning events, the majority with identifiable
source regions originated in the region of Russia/Siberia based on fire spot data combined with
back trajectory analysis.

The 7/12-7/19/2017 event is an example of a central Alaska wildfire that does reach the
surface stations on the NSA. The backward air mass trajectories combined with VIIRS fire data

indicate a potential source region in central Alaska for Utqgiagvik (Figure 4), and the HMS smoke

21



422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

product has smoke plumes over Utqgiagvik during 7/12-7/15 (Figure S6). The backward air mass
trajectories for Oliktok Point during the same period did not indicate air masses passing over the
central Alaska fires; however, the smoke data products showed influence from smoke during this
period. The Utqiagvik levoglucosan:OC ratio (Table 2) does show enhancement over the site
average, and the levoglucosan concentration is an outlier (using an upper and lower fence) in the
2017 season in Figure 2. Levoglucosan was elevated at Oliktok Point during this period (Figure
2) but was not as high of a concentration as Utqiagvik. The levoglucosan:OC ratio was also not
above the threshold to be considered a biomass burning event for Oliktok Point (Table 2). The
average AAE for Oliktok Point during this time period (1.3+0.4) showed an enhancement over
the average for the summer of 2017 (1.0£0.4), indicating influence from a biomass burning event
(Table 2). The AOD also indicates enhancement over the sites during this time period (Figure
S5). The differences between the sites highlights the difficulties in characterizing wildfire
influence on the NSA because: 1) it can be difficult to correctly attribute the smoke source, 2) the
smoke may remain aloft and surface measurements are needed to confirm if the plume reaches
the ground level, 3) organic tracer measurements are impacted by degradation during transport,
which complicates assessment of the strength of the source influence (Barrett et al., 2015; Yttri
et al., 2011; Hoffmann et al., 2010; Hennigan et al., 2010), 4) long term monitoring data at the
surface is not always available. These difficulties in characterizing wildfire influence on the NSA

will also make it difficult to identify the impact of biomass burning on OC aerosol.

Table 2. The sample information, levoglucosan concentration, levoglucosan to OC ratio, and
information about the fire data product, HMS smoke product, and AAE value for each of the

identified biomass burning events. Fire data was available for all samples and the table indicates
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446

447

448

whether the source region could be identified using that fire data product combined with back

trajectories. The column for the biomass burning event described in depth in this section is

bolded.
Utqgiagvik, AK
Sample Start 8/17/16 9/15/16 9/21/16 7/12/17
Sample End 8/24/16 9/21/16 9/30/16 7/19/17
Levo Conc. (ng m™?) 5.23 0.15 1.06 3.55
Levo:OC ratio 0.0133 0.0080 0.0097 0.0062
Source Region b
Identified U i Fir Yes: No Yes: Russia/Siberia,
entitied Lsing Lire Russia/Siberia Russia/Siberia Central
Spot Data
Alaska
HMS Smoke Product
Days Available 8/8 717 10/10 7/8
Number of Days of 0/3 0/7 0/10 47
Smoke Cover
Avg. AAE for Sample | (4 | 07105 07204 N/A
Period
Avg. AAE for 08+04 |08+04| 08+04 0.79 + 0.44
Summer
AOD Enhancement No Data No Data No Data Yes
Oliktok Point, AK
7/20/1
Sample Start 6/15/16 P 8/17/16 9/21/16 9/29/16 7/12/17
7/27/1
Sample End 6/22/16 6 8/21/16 9/29/16 10/5/16 7/19/17
Levo Conc. 1.27 3.18 9.57 1.00 234 1.63
(ng m~)
Levo:OC ratio 0.0038 0.0049 0.0124 0.0058 0.0114 0.0005
S Regi Yes:
Oil;ce i f? g(;on Yes: Yes: Russia/Sibe Yes: Yes:
entinie Russia/Sibe | No | Russia/Sibe ria, Russia/Sibe | Russia/Sibe
Using Fire . . . . .
ria ria Aleutian ria, Alaska ria
Spot Data
Islands
HMS Smoke
Product Days 8/8 8/8 8/8 9/9 717 7/8
Available
Number of 0/8 0/8 0/8 0/9 0/7 6/7
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Figure 3. A scatter plot of the ambient concentration of the OCcon and the ambient
concentration of levoglucosan for both sites for all sampling periods. Statistical outliers are

marked with a “+”, they were calculated using an upper and lower fence.
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The relationship between OCcont and levoglucosan can be examined to further assess the
consistency of the biomass burning influence on OC (Figure 3). The correlation is driven by the
few high levoglucosan samples (shown in Figure 3), as lower correlation is evident when these
are removed (r?=0.41 for Utqgiagvik and 0.36 for Oliktok Point). Non-sea-salt potassium (nss-K*)
can also be utilized to understand the influence of biomass burning events, although it has a
variety of sources, so it is not a direct measurement. However, no correlation was found between
nss-K* and levoglucosan or between nss-K* and OCcont for the NSA sites (Figure S7). It is quite
possible that coarse aerosol sources of nss-K* surrounding the sites make it difficult to identify
the small fraction of the total nss-K* that results from biomass burning. It is also possible that the
lifetime of levoglucosan in the Arctic is too variable to clearly discern a relationship (Barrett et
al., 2015), or that differing transport times from fires in different locations results in varying
concentrations reaching the site. While there appears to be a consistent low background influence
of biomass burning, it is likely not the driving factor of OC concentrations.

In summary, the levoglucosan concentrations reported here indicate that biomass burning
influence on the NSA during the summer is event-based (during the three summer campaigns:
4/37 samples at UQK, 6/42 samples at OLK) with low background concentrations during other
time periods. This interpretation matches previous assessments from both modeling and
measurement studies. For example, during Sept. 8-30, 2015 at Utgiagvik, Gunsch et al. (2017)
reported that biomass burning from central Alaskan wildfires did not influence the site while
biomass burning was a minor contribution (10-14%) to total particles from 0.1-4.0 pm at
Utqgiagvik between Aug. 21-Sept. 30, 2015. Single particle mass spectrometry measurements at
Oliktok Point from Aug. 22-Sept. 17, 2016, found the average contribution of biomass burning

particles between 0.07-1.6 um was 8% of the particle number concentration (Gunsch et al.,
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2020). The results of both single particle studies are consistent with the lack of biomass burning
transport events identified during these time periods and also consistent with the low
levoglucosan:OC ratio observed here (UQK avg. ratio=0.003, OLK avg. ratio=0.001). Stohl et al
(2007) and Eck et al (2009) found that Utqgiagvik, AK, was impacted episodically by individual
smoke transport events and did not receive constant influence from biomass burning events in
spring 2006 and during variable months from 1999-2008 respectively. Breider et al (2017) found
similar results of BC being overpredicted at Utqiagvik because of the overestimation of biomass
burning influence using a GEOS-Chem chemical transport model. Utqiagvik had the lowest
fraction biomass burning contribution to summertime EC in a Pan Arctic black carbon study
(Winiger et al., 2019). It has been speculated that this is a result of the Brooks Range lofting
biomass burning plumes originating in central Alaska to above the boundary layer such that they
are only episodically observed at the surface at Utgiagvik (Quinn et al., 2002; Winiger et al.,
2019). Indeed, during our study, the wildfires identified were primarily in Russia/Siberia (Table
2). Back trajectory analysis indicates only a small portion of air masses are transported to the site
from the interior of Alaska or other North American boreal forests (Moffett et al., 2020). It is
possible that very aged biomass burning plumes are being mixed into the contemporary carbon
on the NSA, but this influence cannot be tracked via levoglucosan or AAE. As biomass burning
influence is only episodic at the site and the radiocarbon abundance indicates contemporary

sources, biogenic aerosol and bioaerosols are the other possibility for a contemporary OC source.
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Figure 4. One-week backward air mass trajectories overlaid with satellite retrieved data (VIIRS
fire data product) indicating where fire activity occurred during the sample duration from July

12 to July 19, 2017.

3.3 Relationship between OC and temperature

As the OC is likely comprised of biogenic aerosol and/or bioaerosols, due to the high
contemporary and low biomass burning influence, the sources are likely impacted by the
environment at the sites. Meteorology in the Alaskan Arctic can vary from year to year. Biogenic
sources determine a significant fraction of Arctic aerosol (Section 3.1), and these sources are in
turn controlled by the meteorological environment (Bates et al.,1992; Kramshgj et al., 2016; Li et
al., 1993; Zhang et al., 2014). In the time series of OC and temperature, there is often an increase
in OC concentration when the temperature exceeds 10 °C (Figure 1). The increase in temperature

above this threshold may lead to amplified biogenic activity which could cause a corresponding
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increase in OC ambient concentrations. Recent studies of the impact of increased temperature on
biogenic volatile organic compound (BVOC) emissions at Toolik Field Station in Alaska do
show exponential increases in emissions of BVOCs above 15-20 °C (Angot et al., 2020).
However, an increase in temperature may also indicate the influx of warmer air from the south,
bringing biogenic aerosol from other regions. OC mass concentrations and the average maximum
temperature of the sample duration (the average of the daily maximums for the sample) are
strongly correlated across the summers of 2015-2017 (Figure 5). Individually, Utgiagvik had an
r? of 0.71, a slope of 28.7, and an intercept of 42.0 ng m=, and Oliktok Point had an r? of 0.65, a
slope of 36.2, and an intercept of 40.6 ng m™. The intercepts indicate that a similar concentration
of carbon at each site is unrelated to temperature. It may have been expected that Oliktok Point
would have a higher intercept due to the local oil and gas activity, but this is not apparent in the
relationship of the TSP. Oliktok Point has a higher slope here, meaning the OC mass
concentration has a strong response to increases in temperature. The summer of 2015 had the
lowest average temperatures, much lower max temperatures and the lowest average OC mass
concentration (Tables 1 and 3). As the correlations and slopes are similar between sites, it
appears that similar sources and/or processes are driving this relationship across the NSA. As
mentioned previously, BVOC emissions are expected to increase with temperature, which would
be expected to increase the local concentrations of biogenic secondary organic aerosol (SOA).
Increased temperature may also impact SOA chemistry and yields; however, there are conflicting
processes in play as reduced temperature encourages condensation and partitioning, while
increased temperature can change the mechanism or rate of atmospheric reactions (Jonsson et al.,

2008; Sheehan and Bowman, 2001; Svendby et al., 2008). In order to further investigate the
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impact of secondary biogenic sources on contemporary OC, the relationship with MSA, which is

of marine origin, is discussed in the next.

Table 3. The average temperature, maximum temperature, and minimum temperature for all

sampling periods at both sites, as well as the 12 for the linear regression of the average maximum

temperature of the sample duration with ambient concentration of OC for each year. Bold type

indicates 12 > 0.60.

Utqgiagvik, AK

Oliktok Point, AK

12 of 12 of

OC and OC and
Avg. Max. Min. Avg. Avg. Max. Min. Avg.
Temp. Temp. | Temp. | Max. | Temp. | Temp. | Temp. | Max.

Year (°O) (°O) (°O) Temp. (°O) (°O) (°O) Temp.
2015* 1.37 11.2 -7.8 0.62 1.43 16.9 -9.9 0.30
2016 2.27 19.1 -4.3 0.64 4.35 27.3 -4.7 0.61
2017 3.18 21.5 -5.6 0.75 4.69 26.7 -4.6 0.75

* Only includes temperature data from August and September 2015
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Figure 5. Scatter plots of the ambient concentration of OC and the average maximum
temperature of the sample duration at Utgiagvik and Oliktok Point. Outliers determined
statistically are not included in the correlation and are marked with an “+”. The two outliers in

the summer of 2016 are both from Oliktok Point and are due to local activity.

3.4 Relationship between OC and MSA
Previous studies have indicated that marine sources are important for organic aerosol in
the Arctic summertime (Moffett et al., 2020; Leaitch et al., 2013). Both sites are influenced

heavily by air masses from marine source regions (90% at Utqiagvik, 82% at Oliktok Point),
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with the terrestrial source regions dominated by transport over the NSA (Moffett et al., 2020).
MSA is utilized as a proxy for marine influence, although it only reflects marine influence from
a single pathway: the photooxidation of dimethyl sulfide released from phytoplankton
(Hatakeyama et al., 1985; Leaitch et al., 2013). In order to fully understand the relationship
between OC from biogenic sources and MSA, the mass concentration of OCcone Was utilized.
There was little difference between the relationship of OC and OCcon¢ With temperature (OCcont:
r’=0.63, slope=24.9). Moffett et al. (2020) found that MSA was correlated to temperature
(r>=0.62 at Oliktok Point). Here a relationship between OCcont and temperature was identified
(1?=0.65 at Oliktok Point), this may indicate a similar temperature dependence for emissions in
the Arctic. However, this relationship may be complicated by differences in timescales and
reaction mechanisms for OC and MSA. MSA and OCcon are correlated at Utgiagvik and Oliktok
Point (Figure 5), with an r? value of 0.50 and a slope of 6.90 for Utqiagvik, compared to an r? of
0.46 and a slope of 15.3 for Oliktok Point. The correlation is not strong; however, it does point to
a need for more comprehensive analysis of the potential marine contribution to OCcont to better
understand how the marine contribution will be impacted by warming Arctic conditions. For
example, Moffett et al. (2020) found that MSA, an indicator of marine biogenic activity,
correlated highly with average maximum temperature during summers that had intense Arctic
cyclone activity at Utgiagvik from 1998-2017. The summer of 2016 had one such storm, which
persisted for over a month beginning in early August, and at one time covered much of the
Pacific region of the Arctic Ocean (Yamagami et al., 2017). These cyclones can influence
biological activity in the Arctic Ocean (Zhang et al., 2014) and the frequency of their occurrence
is likely to increase with melting sea ice. Interestingly, removing data from the summer of 2016

increases the relationship between ambient temperature and OC to an r?> of 0.74; while the

31



580

581

582

583

584

585

586

587

588

589

590

591

592

summer of 2016 has an r?> of 0.65. These results highlight the complexity of the marine-
atmosphere system. The factors influencing MSA concentrations are varied and complicated
including ambient temperature, air mass influence region, the occurrence of Arctic cyclones,
ocean circulation, and changes in phytoplankton productivity (Moffett et al., 2020). As OC is
thought to be impacted heavily by marine sources in the summertime, it likely shares these
complicated influencing factors as well as potential temperature dependence for aerosol
processes. In addition to marine influence, other sources need to be considered. Both sites
receive a small percentage of their air mass influence from terrestrial regions (Moffett et al.,
2020). Previous studies have indicated that local inputs of primary biological aerosol particles
(PBAPs), such as sugars, increase when the ground is free of snow and ice (Feltracco et al.,
2020), which is likely to occur more as the Arctic continues to change. Future work should also
focus on identifying the impact of terrestrial contemporary carbon sources on OC, including

bioaerosols (e.g. fungal spores, pollen and bacteria).
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Figure 6. A scatter plot of the ambient concentration of the OCcon and the ambient

concentration of MSA for both sites for all sampling periods. Outliers determined statistically

with an upper and lower fence are marked with a “+”.

Conclusions

This study presents a three-summer characterization of OC at two sites on the North
Slope of Alaska. Concentrations of EC were low at both sites, but uncorrelated. The influences
on EC differed between the two sites with Oliktok Point having local sources and Utqgiagvik

mainly dominated by transport. Although, OC concentrations varied over the three summers, the
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three-year summer average had a low standard deviation (6 ng m™ for Utgiagvik and £18 ng m-
3 for Oliktok Point). The OC concentrations at the two sites were well correlated, with highly
contemporary radiocarbon signals, strong correlation to ambient temperature and only episodic
influence from biomass burning. A weak correlation between OC and levoglucosan signifies that
biomass burning is not the driving factor of OC; while the marine influence on summer OC can
likely not be fully described based only on the correlation with MSA. The results from this study
overall strongly suggest contribution from regional sources of OC aerosol on the NSA, but
additional analysis is needed to better constrain contributions from both biogenic sources (e.g.
terrestrial vs marine) and bioaerosol to better understand temperature-related aerosol processes in
the Arctic.
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Utqiagvik, AK
Sample Start 8/17/16 9/15/16 9/21/16 7/12/17
Sample End 8/24/16 9/21/16 9/30/16 7/19/17
Levo Conc. (ng m?) 5.23 0.15 1.06 3.55
Levo:OC ratio 0.0133 0.0080 0.0097 0.0062
Source Region b
Identified U -g Fi Yes: No Yes: Russia/Siberia,
1hied Using kire Russia/Siberia Russia/Siberia Central
Spot Data
Alaska
HMS Smoke Product
Days Available 8/8 777 10/10 7/8
Number of Days of 0/8 0/7 0/10 a7
Smoke Cover
Avg. AAE for Sample | ;4 | 07405 | 07204 N/A
Period
Avg. AAE for 08+04 | 08+04| 08+04 0.79 + 0.44
Summer
AOD Enhancement No Data No Data No Data Yes
Oliktok Point, AK
7/20/1
Sample Start 6/15/16 6 8/17/16 9/21/16 9/29/16 7/12/17
7/27/1
Sample End 6/22/16 6 8/21/16 9/29/16 10/5/16 7/19/17
Levo Icn‘_’;)‘c' (ng |57 3.18 9.57 1.00 234 1.63
. 0.004
Levo:OC ratio 0.0038 9 0.0124 0.0058 0.0114 0.0005
. Yes: ]
Source B?glon Yes: Yes: Russia/Sib Y.es’ ) Yes:
Identified . . ) Russia/Sib . s
. . Russia/Sib No Russia/Sib eria, ) Russia/Sib
Using Fire Spot . . . eria, .
eria eria Aleutian eria
Data Alaska
Islands
HMS Smoke
Product Days 8/8 8/8 8/8 9/9 717 7/8
Available
Number of
Days of Smoke 0/8 0/8 0/8 0/9 0/7 6/7
Cover
Avg. AAE for N/A N/A N/A N/A N/A 1.3+0.4
Sample Period
Avg. AAEfor |\ NA | N/A N/A N/A 1.0+ 0.4
Summer




AOD
Enhancement
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Utgiagvik, AK Oliktok Point, AK

r? of r? of

OC and OC and
Avg. Max. Min. Avg. Avg. Max. Min. Avg.
Temp. Temp. | Temp. | Max. | Temp. | Temp. | Temp. | Max.

Year (°O) (°O) (°O) Temp. (°O) (°O) °O) Temp.
2015* 1.37 11.2 -7.8 0.62 1.43 16.9 -9.9 0.30
2016 2.27 19.1 -4.3 0.64 4.35 27.3 -4.7 0.61
2017 3.18 21.5 -5.6 0.75 4.69 26.7 -4.6 0.75

* Only includes temperature data from August and September 2015
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