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Sea ice leads may play dominant role in 
Arctic sea salt aerosol emissions 

during the cold season

Satellite locations of sea ice leads 
suggest additional Arctic sea salt 

emissions are possible
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Figure 1. Sea ice conditions on a 
fractional basis (2006-2009 sampling 
period) from May et al. (2016) near 
Utqiaġvik, Alaska. 

Cracks in sea ice (“leads”) through which sea spray can release
salt have been identified as a source of sea salt aerosols in the
Arctic since the early 1970s. Recent observations suggest they are
a leading source of Arctic sea salt aerosols in the cold season (see
Figures 1 and 2). This source is currently missing from chemical
transport and climate models, leading to potentially large biases in
simulations of Arctic aerosols and a critical gap in our
understanding of future Arctic climate change. Ongoing
summertime sea ice loss and changes in sea ice properties will
likely increase the frequency of Arctic sea ice leads and their
aerosol emissions, with potential feedbacks that must be quantified.

Locations of leads observed from
satellites like MODIS and AMSR-E
(left) in the example month of April
2006 show locations of leads
where sea salt aerosol emissions
in GEOS-Chem are currently 0
(above).

We implement emissions of sea salt aerosols from leads using the
satellite lead fraction from AMSR_E for the location of emissions
and as a scaling factor using HEMCO. We use the same emissions
dependencies as the open ocean as a first step.

• Monthly-varying lead area fraction 
• Using MODIS IST lead frequencies 
• Improving wind-dependence and size distribution
• Evaluating against observations
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ABSTRACT: The Arctic is experiencing the greatest warming on Earth, as most evident by
rapid sea ice loss. Delayed sea ice freeze-up in the Alaskan Arctic is decreasing wintertime
sea ice extent and changing marine biological activity. However, the impacts of newly open
water on wintertime sea spray aerosol (SSA) production and atmospheric composition are
unknown. Herein, we identify SSA, produced locally from open sea ice fractures (leads), as
the dominant aerosol source in the coastal Alaskan Arctic during winter, highlighting the
year-round nature of Arctic SSA emissions. Nearly all of the individual SSA featured thick
organic coatings, consisting of marine saccharides, amino acids, fatty acids, and divalent
cations, consistent with exopolymeric secretions produced as cryoprotectants by sea ice
algae and bacteria. In contrast, local summertime SSA lacked these organic carbon coatings,
or featured thin coatings, with only open water nearby. The individual SSA composition was
not consistent with frost "owers or surface snow above sea ice, suggesting that neither
hypothesized frost "ower aerosolization nor blowing snow sublimation resulted in the
observed SSA. These results further demonstrate the need for inclusion of lead-based SSA production in modeling of Arctic
atmospheric composition. The identi!ed connections between changing sea ice, microbiology, and SSA point to the signi!cance
of sea ice lead biogeochemistry in altering Arctic atmospheric composition, clouds, and climate feedbacks during winter.

! INTRODUCTION
With rapidly declining Arctic sea ice extent and increasing
open water,1 sea spray aerosol (SSA) emissions are predicted
to be increasing.2 Notably, even wintertime coastal sea ice in
the Arctic is drastically decreasing as a result of sea ice freeze-
up delays in the Bering, Chukchi, Barents, and East Greenland
Seas.3 Thick multiyear sea ice is being replaced by thinner !rst-
year ice, which is more susceptible to fracturing and forming
leads, open areas of water surrounded by ice.4 During Arctic
winter, fresh (nascent) SSA comprises a signi!cant aerosol
fraction: up to 40% and 25% of supermicron and submicron
aerosol mass,5 and up to 90% and 50% of supermicron and
submicron aerosol number, respectively.6 While wintertime
SSA was previously thought to primarily be transported long
distances to the Arctic,5 recent work showed that leads
contribute to local Arctic SSA emissions year-round.7

SSA composition re"ects the surface seawater,8,9 which is
expected to be altered by changing marine productivity in the
warming Arctic.10 In the open ocean, SSA particles are
primarily generated by wave breaking processes resulting in
bubble bursting at the ocean surface, creating !lm and jet
drops that form SSA.11 Wind-driven wave breaking processes
also produce SSA in leads, at lower concentrations than in
open water due to the reduced fetch.7,12#14 Supermicron SSA

particles (>1 !m; 2 !m number mode) are primarily inorganic
salts but can also contain organic matter.11 These inorganic
salts are hygroscopic, with a high e#ciency of forming cloud
droplets.11 Submicron SSA particles (<1 !m; $200 nm
number mode) can be signi!cantly enriched in organic matter
(>50%, by mass) in comparison to bulk seawater.9,15 SSA
organic coatings can inhibit heterogeneous reactions of trace
gases, inhibiting particulate chloride depletion, and impacting
trace gas budgets and atmospheric composition.16 However,
recent work has shown that surfactant coatings on SSA can
actually enhance certain reactions.17 Laboratory studies with
ambient seawater also show suppression of SSA hygroscopicity
by certain organics, potentially altering cloud condensation
nuclei (CCN) activity.18,19 Enhanced cloud ice nucleation
e#ciency is observed for Arctic seawater, suggesting a
contribution of SSA to cloud ice formation.20#22 Despite
important climate implications for cloud formation and phase,
and associated longwave radiative forcing,23 limited knowledge
exists regarding ambient SSA organic coatings and the transfer
of marine biogenic organics to the particle phase,8 particularly
for Arctic winter.
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Figure 2. Single-particle observations 
from Jan-Feb 2014 in Utqiaġvik, 
Alaska (Kirpes et al., 2019). 

Standard GEOS-Chem Emissions, 
April 2006
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METHODS
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MOTIVATION

Harmonized Emissions 
Component (HEMCO)

Sea salt aerosol 
emissions 

parameterization

Meteorology
Satellite lead 
area fraction

GCClassic 13.2.1 (DOI: 10.5281/zenodo.5500717) 

HEMCO (Harmonized Emissions component) 3.1.1 
(DOI: 10.5281/zenodo.5504133)

Meteorology: NASA MERRA-2 reanalysis – January 2019

Resolution: HEMCO emissions calculated at 
0.5˚x0.625˚ 

Default sea salt aerosol 
emissions: 

Jaegle et al. (2011) for open 
ocean; Huang et al. (2018) for 
blowing snow

Default size bins: 
Accumulation Mode: rdry = 0.01–0.5 μm
Coarse Mode: rdry = 0.5–8 μm

Jan 2019 SALA+SALC emissions difference
Absolute

g/m2

Relative

%

REF= DEFAULT 
EMISSIONS 

(Tg)

DEV= 
DEFAULT+ 

LEAD 
EMISSIONS (Tg)

REF – DEV (Tg) PERCENT 
DIFFERENCE 

SALA 0.106 0.107 0.001 1.1%
SALC 1.68 1.75 0.07 4.2%

Total differences for >70˚ N

Total monthly Arctic lead area (AMSR-E)
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