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Three Polar 
Campaigns
Submicron Aerosol Filters
Duration: 1-7 days
IC or XRF: Sulfate, NaCl, Dust
FTIR: Organic Mass

AWARE: ARM AMF (6 vans)

Barrow 
(Utgiagvik) 
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McMurdo 
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(Antarctica)  
2015-16



AWARE 
Highlights

A few recent publications ;
And s ee breakout groups  on: 
● Obs ervation-guided models
● High-latitude proces s es  

AWARE: The ARM West Antarctic Radiation Experiment
Lubin D et al. 2020 Bulletin of the American Meteorological Society

Nonturbulent Liquid -Bearing Polar Clouds: Observed Frequency of 
Occurrence and Simulated Sensitivity to Gravity Waves
Silber I et al. 2020 Geophysical Research Letters

High summertime aerosol organic functional group 
concentrations from marine and seabird sources at Ross 
Island, Antarctica, during AWARE
Liu J et al. 2018 Atmospheric Chemistry and Physics

January 2016 extensive summer melt in West Antarctica 
favoured by strong El Nino
Nicolas J et al. 2017 Nature Communications

Persistent Supercooled Drizzle at Temperatures below ‐25°C 
Observed at McMurdo Station, Antarctica
Silber I et al. 2019 Journal of Geophysical Research: Atmospheres

Meteorological Drivers and Large-Scale Climate Forcing of West 
Antarctic Surface Melt
Scott R et al. 2019 Journal of Climate

https://www.arm.gov/publications/programdocs/doe-sc-arm-17-028.pdf
http://dx.doi.org/10.5194/acp-18-8571-2018
https://www.nature.com/articles/ncomms15799.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1029/2019JD030882
http://dx.doi.org/10.1175/jcli-d-18-0233.1


Arctic Aerosol Chemical 
Composition

● Highest in winter-spring when mid-
latitude sources contribute biomass 
and fossil fuel particles to episodic 
haze.
○ Utqiaġvik

Fro s s a rd , A. A., Sh a w , P . M., Ru s s e ll, L. M., 
Kro ll, J . H., Ca n a g a ra t n a , M. R., W o rs n o p , 
D. R., ... Ba t e s , T. S. (20 11). Sp rin g t im e  
Arc t ic  h a ze  c o n t rib u t io n s  o f s u b m ic ro n  
o rg a n ic  p a rt ic le s  fro m  Eu ro p e a n  a n d  
As ia n  c o m b u s t io n  s o u rc e s . Journal of 
Geophysical Research -Atmospheres, 
116(D0 520 5). d o i: 10 .10 29 /20 10 jd 0 15178

http://dx.doi.org/10.1029%2F2010jd015178
http://dx.doi.org/10.1029%2F2010jd015178


Arctic Aerosol Chemical 
Composition

● Highest in winter-spring when mid-
latitude sources contribute biomass 
and fossil fuel particles to episodic 
haze.
○ Alert

Leaitch, W. R., Russell, L. M., Liu, J., 
Kolonjari, F., Toom, D., Huang, L., ... Zhang, 
W. D. (2018). Organic functional groups in the 
submicron aerosol at 82.5 degrees N, 62.5 
degrees W from 2012 to 2014. Atmospheric 
Chemistry and Physics, 18(5), 3269-3287. doi: 
10.5194/acp-18-3269-2018

http://dx.doi.org/10.5194%2Facp-18-3269-2018
http://dx.doi.org/10.5194%2Facp-18-3269-2018


Arctic Aerosol Chemical 
Composition

● Highest in spring when mid-latitude 
sources contribute biomass and 
fossil fuel particles to episodic 
haze.
○ Utqiaġvik has high sulfate and 

high organic mass (from coal 
and biomass burning).

○ Alert has lower organic than 
sulfate (less from biomass 
burning)



Antarctic Aerosol Chemical 
Composition

● Large biogenic contributions in 
summer but largely sea spray and 
frost flowers in winter.  
○ McMurdo

Liu , J ., De d ric k , J ., Ru s s e ll, L. M., Se n u m , 
G. I., Uin , J ., Ku a n g , C. G., ... Lu b in , D. 
(20 18 ). Hig h  s u m m e rt im e  a e ro s o l 
o rg a n ic  fu n c t io n a l g ro u p  
c o n c e n t ra t io n s  fro m  m a rin e  a n d  
s e a b ird  s o u rc e s  a t  Ro s s  Is la n d , 
An t a rc t ic a , d u rin g  AW ARE. Atmospheric 
Chemistry and Physics, 18 (12), 8 571-8 58 7. 
d o i: 10 .519 4 /a c p -18 -8 571-20 18

http://dx.doi.org/10.5194%2Facp-18-8571-2018
http://dx.doi.org/10.5194%2Facp-18-8571-2018


Antarctic Aerosol Chemical 
Composition

● Large biogenic contributions in 
summer but largely sea spray and 
frost flowers in winter.  
○ McMurdo summertime has 

man-made contributions to 
organic and dust. 
■ Most aerosol mass in 

summer is sulfate and 
organic, which is largely 
biogenic.



Antarctic Cloud Condensation 
Nuclei

● McMurdo CCN are highest in 
summer, tracking the seasonal 
increases in sulfate and organic 
submicron mass concentrations.
○ CCN at 1% are explained 

biogenic sulfate and possibly 
organic components. 

○ CCN  at 0.1% are largely sea 
salt in winter.



Comparison of Arctic and Antarctic 
Chemical Composition by Season

● Seasonal statistics at McMurdo and Utgiaġvik 
highlight differences 
○ Utqiaġvik submicron sulfate and organic 

mass peak in winter-spring (due to 
transported haze). 

○ McMurdo sulfate and organic mass are 
highest in summer (biogenic and some local 
pollution). Sulfate

Organic

Sea Salt



CCN 
Comparison

Utqiaġvik is highest 
in spring because of 
transported haze; 
difficult to see 
biogenic signal.

McMurdo is highest 
in summer because 
of biogenic sources; 
winter is “super” 
clean.



Conclusions

● Arctic aerosol submicron mass 
concentrations are highest in spring 
when mid-latitude sources contribute 
biomass and fossil fuel particles to 
episodic haze.

● Antarctic aerosol submicron mass 
concentrations have large biogenic 
contributions in summer but are 
largely sea spray and frost flowers in 
winter.  

● Antarctic CCN are highest in summer, 
tracking the seasonal increases in 
sulfate and organic submicron mass.



The Next 
Questions...

Jeramy Dedrick   
(2nd yr PhD at SIO) 
analyzed AWARE 

data and proposes 
to study LASIC next.

● Can we quantify sea spray, 
DMS, and volatile organic 
contributions to CCN?

○ Can we tie sea spray to cloud 
properties?

● How are polar aerosol and 
marine aerosol different?

○ How do seasons and SST affect 
sea spray and clouds?

● How do clouds change in 
somewhat clean conditions?

○ For low clouds in tropical regimes?



Thank you!  
Questions?
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