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Temperature anomalies across the Arctic region (66.6°
N–90°N) from ERA5, credit: C3S/ECMWF



Polar anthro. 
aerosol-cloud 

effective radiative 
forcing, CMIP6 

±2σ model spread L. Marelle, LATMOS



Blowing snow

Leads

Frost flowers

Wind

Local sources of sea salt

sunlight 
scattering

cloud 
seeding

Long-range transport of 
aerosols

Dust
Black carbon
Sea salt
…

Northern Europe, North 
America, Russia…

sea ice







Polar sea-salt aerosol in climate models
Lapere, et al., 2023, The Representation of Sea Salt Aerosols and Their Role in Polar Climate Within CMIP6



Change in SW+LW radiation with doubled sea salt emissions

2x sea salt => up to -10W/m2

Polar sea-salt aerosol in climate models
Lapere, et al., 2023, The Representation of Sea Salt Aerosols and Their Role in Polar Climate Within CMIP6



Change in SW+LW radiation with doubled sea salt emissions

2x sea salt => up to -10W/m2

Polar sea-salt aerosol in climate models
Lapere, et al., 2023, The Representation of Sea Salt Aerosols and Their Role in Polar Climate Within CMIP6
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What are leads?



Lead emissions



Nilsson et al., 2001 Open sea Leads

Measured 
aerosol flux log(F)=0.20Ū-1.71 log(F)=0.11Ū-1.93

How much is emitted?

Ratio open ocean/leads to be 
used in our parameterization

Leads - proposed aerosol emissions parameterization
Lapere, et al., 2024, in review, Modeling the contribution of leads to sea spray aerosol in the high Arctic

Boutin, et al., 2023



sea salt from leads could matter as much as transported open ocean sea salt

Leads - proposed aerosol emissions parameterization
Lapere, et al., 2024, in review, Modeling the contribution of leads to sea spray aerosol in the high Arctic



Important fraction of organics in sea spray from leads -> key for ice cloud formation
+ seasonality difference leads vs open ocean

Leads - proposed aerosol emissions parameterization
Lapere, et al., 2024, in review, Modeling the contribution of leads to sea spray aerosol in the high Arctic



Implementation in WRF-Chem

~12% of sea salt surface mass concentration comes from leads in summer

Leads - proposed aerosol emissions parameterization
Lapere, et al., 2024, in review, Modeling the contribution of leads to sea spray aerosol in the high Arctic



Conclusions / perspectives
➔ Conclusions

◆ Developed a new emissions parameterization for sea spray emissions from leads
◆ Suggest organic and inorganic aerosol fraction, as that is a function of open ocean sea spray 

emissions 
◆ Tested the parameterization in a regional model WRF-Chem and suggest that ~12 % of sea salt mass 

is from leads in summer

➔ Perspectives
◆ Needs to be tested within a climate / Earth system modeling framework
◆ The role of increasing / changing sea spray aerosol emissions from leads under future sea ice 

conditions needs to be investigated
◆ The role of sea salt and lead emissions in controlling polar clouds (abundance, phase) needs further 

investigation

Lapere, et al., 2024, in review, Modeling the contribution of leads to sea spray aerosol in the high Arctic
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