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Abstract. The Arctic and Antarctic regions experience significant climate impacts from aerosol-cloud-radiation interactions,

yet the role of sea salt aerosols (SSA) emitted through blowing snow remains poorly quantified. This study implements a

parameterization of the SSA production of blowing snow in both the TM5 global chemical transport model and the EC-Earth3

global climate model, for AMIP-type as well as transient (SSP3-7.0 for 2015-2051) experiments, assessing the contributions

of the blowing snow process to aerosol mass, number, cloud condensation nuclei (CCN) and radiative forcing in both polar5

regions. Model results are evaluated against observations from the MOSAiC campaign and coastal stations (Villum, Zeppelin,

Alert). EC-Earth3 Simulations show that blowing snow substantially increases SSA concentrations during polar winter and

spring, especially in the Antarctic where enhancements can exceed 100% increase in particle numbers, leading to improved

agreement with surface and in situ observations. Regionally, TM5 reveals an increase in accumulation mode aerosol and CCN.

The resulting surface radiative forcing is globally negative due to increased scattering of shortwave radiation, while enhanced10

CCN increases longwave cloud effects in the polar lower troposphere. Overall, this work demonstrates that including blowing

snow SSA emissions is essential for realistically representing polar aerosol burdens, seasonal cycles, and climate feedbacks in

global models.

1 Introduction15

The Arctic region is experiencing rapid climate change, warming nearly four times faster than the global average (Rantanen

et al., 2022). This phenomenon, known as Arctic amplification, is driven by multiple feedback mechanisms, including changes

in surface albedo, sea ice loss, and atmospheric heat transport (Serreze and Barry, 2011; Pithan and Mauritsen, 2014). Re-

cently, the role of atmospheric aerosols has received increasing attention (Schmale et al., 2021). This is due to their complex

interactions with atmospheric radiation, clouds, and surface albedo in the polar environments (Sand et al., 2017), and due20

to the effect of global aerosol emissions on the heat transport to the Arctic (Acosta Navarro et al., 2016; Lewinschal et al.,

2019; Merikanto et al., 2021)). With regards to aerosol-cloud interactions in the polar regions, the longwave radiative effect

1

https://doi.org/10.5194/egusphere-2026-1575
Preprint. Discussion started: 1 April 2026
c© Author(s) 2026. CC BY 4.0 License.



of low-level mixed-phase clouds, comprising both liquid droplets and ice crystals, plays a critical role (Mauritsen et al., 2011;

Schmale et al., 2021). However, the overall impact of aerosols on Arctic clouds and climate is still not well understood. This is

to a large extent because aerosol sources and their properties in the central Arctic are poorly known (Wendisch et al., 2019).25

Sea salt aerosols (SSA) are an important source of cloud condensation nuclei (CCN) in the polar regions. Model estimates

show that SSA account for more than a quarter of the Arctic aerosol number concentration. Their role is expected to become

even more significant in a future climate with more open ocean and sea ice leads, leading to higher Arctic CCN concentrations

(Emme and Horowitz, 2025). SSA represents the largest mass fraction among all aerosol species in the Arctic (May et al., 2016).

The primary sources of SSA in the region are bubble bursting over open ocean and emissions from leads in sea ice(Lapere et al.,30

2024). However, recent studies have highlighted that blowing snow is also an important and previously underappreciated source

of SSA, especially during winter and spring (Huang et al., 2018; Yang et al., 2008; Frey et al., 2020).

The first observations of SSA production from snow-covered sea ice were made in 2013 in the Weddell Sea, Antarctica. Frey

et al. (2020) demonstrated that snow over sea ice can release sea salt into the atmosphere. Similar observations were made in

the Arctic during the 2019–2020 MOSAiC expedition. Ranjithkumar et al. (2025) showed that both particle mass and number35

concentrations of SSA increased during periods of storm-induced blowing snow. Blowing snow was responsible for enhanced

SSA concentrations for up to 40% of the time during the Arctic winter and spring.

CMIP6 models have been shown to inadequately represent SSA emissions in polar regions. In addition, there are significant

discrepancies between models, largely due to differences in source functions and emission parameterizations (Lapere et al.,

2023). These inconsistencies lead to biases in cloud microphysics, aerosol–radiation interactions, and the surface energy bud-40

get. Another source of model uncertainty is how SSA emissions are parameterized. Thornhill et al. (2021) demonstrated that

doubling SSA emissions in CMIP6 models results in an effective radiative forcing ranging from −0.3 W m−2 to −2.2 W m−2.

Furthermore, Venugopal et al. (2025) showed that this model spread is mainly due to differences in the parameterization of

ambient aerosol size distribution, CCN, and cloud droplet number concentrations (CDNC).

The climate effects of SSA production from blowing snow remain uncertain. Gong et al. (2023) investigated this process45

using the GEOS-Chem chemical transport model, which was driven by meteorological fields from MERRA-2 reanalysis.

Yang et al. (2019), Gong et al. (2023) and Ranjithkumar et al. (2025) implemented blowing snow SSA production in the p-

TOMCAT chemical transport model. However, simulations using fully coupled global climate models are still lacking, limiting

our understanding of the broader climate implications of SSA production from blowing snow.

Here, we implement SSA production from blowing snow into a chemical transport model TM5 and to a global climate model50

EC-Earth3 using TM5, based on the parameterization from Yang et al. (2019), to investigate the climate impacts of SSA from

blowing snow and their effects on CCN and CDNC. We also investigate how much SSA is generated from blowing snow in the

years 2019–2020 in both the Arctic and Antarctic using the TM5 chemical transport model, allowing for a direct comparison

of the model results to Arctic in-situ MOSAiC campaign data as well as to data from monitoring stations at Zeppelin, Alert and

Villum. Furthermore, we quantify the effective radiative forcing associated with blowing snow SSA using atmosphere-only55

(AMIP-style) simulations with the EC-Earth3 global climate model, and carry out transient climate simulations following the

SSP3-7.0 scenario for the years 2015-2051 to investigate future responses to polar SSA changes.
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2 Methods

2.1 Statistical methods

To assess the statistical significance of changes in aerosol particle number concentrations between simulations with and without60

blowing snow emissions, we applied a non-parametric block bootstrap method combined with False Discovery Rate (FDR)

correction to control for multiple testing. At each grid point, we constructed a time series of monthly mean differences between

the two simulations. To account for temporal autocorrelation, we applied the moving block bootstrap technique.

2.2 Observational datasets

Measurements of Arctic aerosols and cloud properties were carried out as part of the MOSAiC expedition. This year-long cam-65

paign, from September 2019 to October 2020, aimed to investigate Arctic climate change from multiple perspectives, including

the atmosphere, sea ice, snow, ocean, ecosystems, and biogeochemistry (Shupe et al., 2020). Particle number concentration data

from Beck et al. (2022) and cloud condensation nuclei (CCN) data from Bergner et al. (2023) were obtained for the MOSAiC

expedition (October 2019–September 2020). Both datasets were collected using instruments housed in the Swiss aerosol con-

tainer on the D-deck of the research vessel Polarstern. Blowing snow events in the observational record were defined based on70

concurrent 10-m wind speed surpassing a temperature-dependent critical threshold, calculated empirically from the observed

air temperature (Li and Pomeroy, 1997), and snowdrift density at 0.1 m above the snow surface, which was required to exceed

10−5 kg m−3 . These criteria allow separation of snow-driven aerosol production from sea-spray contributions.

We also used observations of sea salt mass from ground stations at three Arctic locations: Villum, Zeppelin, and Alert

(Norwegian Institute for Air Research, 2024). Both Alert and Villum are situated above 80°N, where sea ice persists even75

during summer, making them ideal coastal sites for studying blowing snow events. In contrast, Zeppelin is a mountainous site

that is often influenced by sea spray.

2.3 Blowing snow

We implement the same sea-salt aerosol (SSA) production from blowing snow parameterization as used in the TOMCAT chem-

ical transport model in Yang et al. (2019). The parameterization depends on meteorological variables, including air temperature,80

10 m wind speed, and relative humidity. The parameterization produces a size-resolved SSA particle flux. The size distribution

of emitted SSA follows the original TOMCAT implementation and is determined by the prescribed blowing-snow particle size

distribution, snow salinity (which is fixed per size bin), and the assumed number of SSA particles produced per sublimating

snow particle. The blowing snow parameterization is most sensitive to how the size distribution is described. Among the input

meteorological variables, the blowing-snow parameterization is most sensitive to changes in relative humidity (Ranjithkumar85

et al., 2025).
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2.4 Models

2.4.1 TM5

We employed the Tracer Model version 5 (TM5), a global three-dimensional chemistry transport model designed to simu-

late atmospheric composition with a focus on tropospheric chemistry (Huijnen et al., 2010). TM5 utilizes a flexible two-way90

nested zooming capability, allowing for variable horizontal resolutions in different regions of interest. The model incorporates

a comprehensive photochemical mechanism, interactions with aerosols, stratospheric chemistry treatments, and both wet and

dry deposition processes. Emissions from various sources, including anthropogenic, biogenic, and biomass burning, are inte-

grated with spatial and temporal distributions. Meteorological input fields are typically provided by the ECMWF Integrated

Forecasting System (IFS), ensuring realistic transport and mixing processes (Huijnen et al., 2010; Krol et al., 2005; Williams95

et al., 2017).

For aerosol microphysics, TM5 is coupled with the M7 module, a size-resolved aerosol microphysics scheme that represents

the aerosol size distribution using seven log-normal modes (Vignati et al., 2004). These modes include nucleation, Aitken,

accumulation, and coarse modes, each further divided into soluble and insoluble fractions. M7 simulates key aerosol processes

such as nucleation, condensation, coagulation, and deposition. The module tracks both number and mass concentrations for100

each mode, allowing a detailed representation of the aerosol dynamics and their interactions with trace gases.

2.4.2 EC-Earth3

For assessing the climate impacts of blowing snow SSA production, we use the EC-Earth3 global climate model (Döscher

et al., 2022). In the EC-Earth3 model, aerosols and chemical processes are represented by the TM5 atmospheric chemistry

model. The atmospheric model employed a spatial discretization TL255 in the horizontal with 91 vertical levels, whereas TM5105

was run at a coarser resolution of 3°×2° (longitude × latitude) with 34 vertical levels and a model top at 0.1 hPa (van Noije

et al., 2014).

2.5 Experiments

We conducted six experiments in total, two with the TM5 model and four with EC-Earth3. The TM5 experiments were driven

with boundary conditions from ERA5 for the years 2019–2020, corresponding to the MOSAiC campaign period. The EC-110

Earth3 experiments either followed the AMIP (Gates, 1992) setup described in Naakka et al. (2025), with prescribed sea-ice

concentrations and sea surface temperatures taken from the CMIP6 ACCESS-ESM1-5 model for the years 1950–1969, or were

carried out in a transient mode following the SSP3-7.0 scenario for years 2015-2051. In all cases, we performed a baseline

simulation without the blowing snow parameterization and a sensitivity simulation including sea-salt aerosol (SSA) production

from blowing snow. The experiments are listed in table 1.115
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Figure 1. (a) MOSAiC track (red dots) alongside the closest corresponding TM5 model grid point (green dot). The background shading

(white to black) indicates the mean sea salt aerosol particle flux from blowing snow events as simulated by the TM5 model. Panel b shows

mean sea salt aerosol particle flux from blowing snow for Antarctic regions. Panels c and d show added particles in percent compared to the

baseline simulation for Arctic and Antarctic regions.
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Table 1. List of experiments used in this study. Each row corresponds to one experiment, with the model name and a brief description.

Experiment Name Model Description

Baseline TM5 2019–2020 with meteorology from ERA5, without blowing snow

parametrization

Blowing snow TM5 2019–2020 with meteorology from ERA5, with blowing snow

parametrization

Baseline AMIP EC-Earth3 AMIP-style run with fixed SST and sea ice, 20-year simulation, without

blowing snow parametrization

Blowing snow AMIP EC-Earth3 AMIP-style run with fixed SST and sea ice, 20-year simulation, with

blowing snow parametrization

Baseline transient EC-Earth3 From 2015-2051 forced by emissions from the SSP3-7.0 scenario, with-

out blowing snow parametrization

Blowing snow transient EC-Earth3 From 2015-2051 forced by emissions from the SSP3-7.0 scenario, with

blowing snow parametrization

3 Comparison with observations

Figure 1 shows the time-mean sea salt particle flux from the TM5 blowing snow experiment. The highest fluxes in the Arctic

are found along the eastern coast of Greenland and at the boundary between the open ocean and sea ice. In comparison, the

Antarctic exhibits even more pronounced sea salt fluxes from blowing snow. In the Antarctic, emissions are more zonally

uniform around the ice edge, whereas in the Arctic they are more localized, particularly near the Greenland coast. Maximum120

flux values in the Arctic region reach approximately 3.6 particles m−2 s−1, while values in the Antarctic can reach up to

7.0 particles m−2 s−1. This corresponds to an increase in particle number fluxes of over 100% in the Arctic (near the North

Pole) and up to 89% in the Antarctic. The high relative increase in the Arctic is due to the lack of other emission sources

over sea ice regions. There is a clear seasonal cycle. In the Arctic, most of the sea salt emissions due to blowing snow occur

during Boreal wintertime, whereas in the Antarctic the peak emissions occur during the Austral winter (JJA) and spring (SON)125

seasons (see Fig. S6-S7).

3.1 Comparison to MOSAiC observations

Figure 2 presents a time series of sea salt aerosol number concentrations (particles cm−3) from MOSAiC campaign obser-

vations, alongside TM5 model simulations with and without the blowing snow parametrization. The figure demonstrates that

inclusion of the blowing snow parametrization in TM5 slightly improves the model’s ability to reproduce observed events.130

The correlation between observation and TM5 baseline is 0.37, while with blowing snow it is 0.39; however the difference be-

tween the correlations is not statistically significant using Williams’ test. Nevertheless, the model with blowing snow captures

a greater number of the observed sea salt aerosol peaks, although some events are still underestimated or missed entirely. In
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Figure 2. Time series of sea salt aerosol number concentration. The blue line shows observations from the MOSAiC campaign, the orange

line represents TM5 model results without blowing snow emissions, and the green line shows TM5 model results including blowing snow

emissions. The grey shaded areas indicate periods identified as blowing snow events. The black line represents the estimated number of

particles added due to blowing snow emissions in the TM5 simulation.

contrast, the standard model run (without blowing snow) fails to reproduce most of these episodes, highlighting the signifi-

cance of the blowing snow mechanism for Arctic wintertime aerosol concentrations. The same goes with CCN (see Fig 3). The135

blowing snow parametrization captures slightly better the CCN increase in blowing snow events, even though not all events are

captured.

Figure 4 shows monthly median particle size distributions from TM5 simulations compared to MOSAiC observations and

GEOS-Chem model results from Gong et al. (2023). The distributions are plotted as number concentrations (dN/dlogDp) as a

function of particle diameter, with each subplot representing a different month. Both TM5 and GEOS-Chem are shown with140

and without the blowing snow parametrization, allowing for a direct comparison of its impact. The inclusion of blowing snow

parametrization leads to an increase in accumulation mode particle concentrations across all months in both models. In March

and April, TM5 also exhibits a slight increase in Aitken mode particles when blowing snow is included. In GEOS-Chem,

Aitken mode particles increase substantially in all months due to blowing snow.
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Figure 3. Time series of sea salt CCN concentration. The blue line shows observations from the MOSAiC campaign, the orange line

represents TM5 model results without blowing snow emissions, and the green line shows TM5 model results including blowing snow

emissions. The grey shaded areas indicate periods identified as blowing snow events.

3.2 Station comparisons145

Figure 5 presents monthly sea salt aerosol mass concentrations from TM5 simulations with and without the blowing snow

parametrization, alongside observations from three Arctic ground-based monitoring stations: Zeppelin, Alert, and Villum.

Across all sites, the inclusion of the blowing snow parametrization leads to a pronounced increase in sea salt concentrations

during the winter and spring months (January–May), resulting in a more realistic seasonal cycle. Without blowing snow, TM5

underestimates observed sea salt aerosol levels during the cold season, particularly from January through March. However, the150

addition of blowing snow leads to an overestimation of the sea salt mass in Villum and Zeppelin.

4 Global effects

4.1 Present-day forcing

The previous section demonstrated how the inclusion of the blowing snow parametrization increases sea salt aerosol mass,

particle number concentrations, and CCN locally, particularly in Arctic surface observations. In this section, we assess the155

global implications of this additional source. Specifically, we examine the effect of blowing snow on global CCN distributions
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Figure 4. Monthly mean aerosol size distributions along the MOSAiC track. Observations are shown in green. TM5 model results without

blowing snow (baseline) are shown as a dashed black line, while TM5 results including blowing snow are shown as a solid black line. GEOS

model results without blowing snow are shown as a dashed blue line, and GEOS results with blowing snow are shown as a solid blue line
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Figure 5. Monthly mean sea salt aerosol mass concentrations at three Arctic land-based stations: Villum, Zeppelin, and Alert. Blue lines

represent observations, orange bars show TM5 model results without blowing snow emissions, and green bars show TM5 results including

blowing snow emissions. Monthly mean value is indicated by black line, and the height of the bar indicates the standard deviation within the

month of modeled sea salt mass.

and quantify the associated radiative forcing. As shown in Figure 1, the strongest impacts are found in the Antarctic region,

where extensive sea ice and persistent strong winds create favorable conditions for blowing snow generation.

Figure 6 presents the zonal mean response of aerosol number concentrations to the blowing snow parametrization, with

separate panels for the Aitken mode (left) and the accumulation mode (right) particles. The results illustrate that blowing160

snow significantly increases the number of accumulation mode particles in both the Arctic and Antarctic regions, particularly

between 60–80° latitude. This enhancement is most pronounced in the Southern Hemisphere, consistent with the stronger sea

salt fluxes over Antarctic sea ice.

In contrast, the inclusion of blowing snow leads to a widespread reduction in Aitken mode particle concentrations across the

same regions. This suggests that the added coarse and accumulation mode sea salt particles enhance coagulation and act as a165

sink for ultrafine particles, reducing their atmospheric lifetime. However, in Figure 4 the GEOS model also shows an increase of

Aitken mode particles, in comparison to TM5 which shows a slight decrease of Aitken mode particles. The opposing responses

in the two size modes highlight the complex role of blowing snow in modulating the aerosol size distribution and its potential

implications for cloud condensation nuclei (CCN) availability and cloud microphysical properties in polar environments.
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Figure 6. Annual zonal mean difference in particle number concentration due to blowing snow for the Aitken mode (left) and accumulation

mode (right) in the TM5 simulations. Shading shows the change in number concentration (particles cm−3), calculated as the difference

between simulations with and without blowing snow emissions. Positive values indicate an increase in concentration attributed to blowing

snow events. All colored region are statistically significant at level p < 0.05
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Figure 7. Annual zonal mean difference in CCN concentration in the TM5 simulations. All colored region are statistically significant at level

p < 0.05.

Figure 7 shows the zonal mean change in CCN concentrations at 0.3% supersaturation due to the inclusion of the blowing170

snow parametrization. The results highlight a clear polar enhancement, with the strongest increases observed in the Antarctic.

Specifically, CCN concentrations increase by up to 16.85 cm−3 in the Antarctic and 8.31 cm−3 in the Arctic. These increases

are consistent with the elevated sea salt aerosol concentrations resulting from blowing snow emissions in both hemispheres.

The enhancement in CCN is primarily confined to latitudes poleward of 60°.

The inclusion of the blowing-snow parametrization in EC-Earth leads to statistically significant changes in several surface175

radiative flux components (Fig. 8). In Arctic sea-ice-covered regions, enhanced production of SSA from blowing snow results

in a marked increase in the net downward surface radiative flux, mainly due to increased downward longwave radiation. The

additional SSA increases CCN, thereby strengthening the longwave cloud radiative effect. This mechanism explains why the

largest changes occur in winter, when blowing-snow events are most frequent (Fig. S3).
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Figure 8. Zonal mean annual-mean changes in surface radiative fluxes (W m−2) simulated with EC-Earth3, comparing AMIP-type ex-

periments with and without the blowing snow sea-salt aerosol parameterization. Left: all-sky surface radiative fluxes, middle: clear-sky

contributions, right: cloud radiative effects. Shown are changes in new downward solar (blue), thermal (orange), and net (green) components.

A notable decrease in longwave clear-sky flux is also found over the Arctic Ocean, indicating a drier lower troposphere in the180

blowing-snow experiment. The opposite signs of the cloud and clear-sky components during winter suggest that the enhanced

CCN supply modifies both cloud microphysics and the thermodynamical structure of the near-surface atmosphere. Spatially, the

annual-mean surface radiative forcing exhibits distinct regional patterns (Fig. S1): shortwave changes are strongest over high-

latitude land areas, whereas longwave changes dominate over perennial sea-ice regions. This separation reflects differences in

surface albedo, cloud response, and the vertical distribution of the added SSA.185

In the Southern Ocean around Antarctica, the downward LW flux is increased significantly in the blowing snow experiment

due to increased cloud longwave radiative effect at the surface. However, as a difference to the Arctic region, the increased

longwave radiation is more than compensated by reduced shortwave radiation. This results primarily from a stronger negative

cloud shortwave effect but also from reduced clear-sky shortwave radiation, which is likely due to the sea-salt direct radiative

effect. Consequently, in the Southern Ocean, the net downward radiation at the surface is more negative in the blowing snow190

experiment. Seasonally, this difference in most pronounced in the Austral summer (DJF) (Figs. S4 and S5).

Overall, the results show that blowing-snow-derived SSA exerts a seasonally and regionally dependent radiative influence,

with wintertime cloud modifications playing the primary role in increasing the net downward surface energy flux in the Arctic,

and summertime cloud modifications decreasing it around the Antarctica.
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Figure 9. Zonal-mean time evolution of (a) sea-salt aerosol optical depth (AOD) and (b) surface air temperature differences between transient

EC-Earth3 simulations with and without the blowing-snow parameterization, driven by SSP3–7.0 emissions. Shaded areas indicate regions

where differences are statistically significant at p < 0.05 after false discovery rate (FDR) correction.

4.2 Future response under SSP370 with interactive SST195

Figure 9a presents the evolution of sea-salt AOD. The largest increases occur over the Southern Ocean, with substantial en-

hancements also evident in the Arctic, consistent with elevated sea-salt emissions from blowing snow. In the Southern Ocean,

the AOD difference tends to decrease slighly towards the end of the simulation period, consistent with the fact that with warm-

ing climate, sea ice cover is reduced, which acts to reduce the blowing snow emissions. Figure 9b shows the corresponding

evolution of surface air temperature. The most notable feature is that the inclusion of SSA from blowing snow induces some200

regional cooling in the Arctic, by up to 4◦C in some years. Even though the Arctic cooling is statistically significant, we sus-

pect that this feature is caused by internal variability. The cooling is surprising, because in the AMIP-type runs, the change in

net radiative flux at the surface was slightly positive (Fig. 8a). Furthermore, while most blowing-snow emissions occur over the

Southern Ocean, and the net radiative flux response is negative in the AMIP-type runs, only very weak cooling is found there.

It is further noted that some statistically significant temperature anomalies appear in the tropics, but their lack of spatial and205

temporal coherence suggests they arise from internal variability rather than a physically consistent forcing response. Overall,

blowing-snow-driven sea-salt production induces regional cooling in both polar regions in EC-Earth3. However, the magni-

tude, intermittency, and spatial structure of the response indicate that internal climate variability partly masks or modulates the

forced signal, particularly outside high latitudes.

14

https://doi.org/10.5194/egusphere-2026-1575
Preprint. Discussion started: 1 April 2026
c© Author(s) 2026. CC BY 4.0 License.



5 Discussion210

Modeling SSA production from blowing snow is subject to significant uncertainties stemming from observational gaps and

intrinsic variability in snow properties and meteorological parameters.The particle size distribution of snow particles is the

parameter to which the SSA number flux is most sensitive. Shape and scale parameters defining this distribution strongly

control modeled aerosol emissions, yet observational constraints for these parameters remain limited and highly variable.

Complicating matters further, parameters such as wind speed, snow age, and atmospheric humidity also introduce mid-level to215

high sensitivity to the the parametrization of SSA production from blowing snow (Ranjithkumar et al., 2025).

It is not only the parameterization of blowing snow that introduces uncertainties in estimating sea-salt aerosol (SSA) pro-

duction and its climate impacts. Different models show both similarities and differences in how their aerosol schemes respond

to additional SSA production from blowing snow. In particular, the number concentration of accumulation-mode particles is

increased in both the TM5 and GEOS models; however, a notable discrepancy is that in TM5, adding blowing-snow SSA de-220

creases Aitken-mode particles, whereas in the GEOS model it increases them. This likely relates to differences in how aerosol

modes are represented in the two models.(Swanson et al., 2022; Huang et al., 2020). In TM5, blowing-snow SSA enhances

accumulation-mode particles but decreases Aitken-mode particles due to efficient transfer via coagulation and condensation

into larger modes, effectively shifting the particle population toward larger sizes (Gliß et al., 2021). In GEOS, by contrast,

blowing-snow SSA increases Aitken-mode particles because of a less aggressive transfer into larger modes, reflecting its more225

detailed representation of the aerosol size distribution.

Perhaps the most interesting finding is that, in EC-Earth3, the Arctic exhibits a cooling response when the blowing-snow

sea-salt source is included. This is in contrast to previous studies, which generally report a warming effect. For example, Gong

et al. (2023) found that including blowing snow increases the longwave emissivity of clouds, leading to a surface warming of

approximately +2.3 W m−2 under cloudy-sky conditions. Similarly, Ji et al. (2025) showed that wet growth of sea-salt aerosols230

under high relative humidity intensifies surface warming.

6 Conclusions

This study investigates how sea salt aerosols (SSA) generated from blowing snow influence cloud properties and the surface

radiation budget. We implemented a parameterization of SSA production from blowing snow in the TM5 global chemical

transport model and the EC-Earth3 global climate model. Our analysis focuses on the resulting changes in aerosol particle235

mass, cloud condensation nuclei (CCN) concentrations, and the surface radiation budget.

First, we find that SSA production from blowing snow events is more stronger in Antarctic than in Arctic regions. In TM5,

blowing snow increases particle number concentrations in the 100–1000 nm size range, while the GEOS model shows an

increase in smaller particle numbers as well. With blowing snow included, TM5 better captures observed peaks in SSA particle

number concentrations. In coastal regions, blowing snow enhances the seasonal cycle, with higher particle concentrations240

during winter and spring.
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The inclusion of SSA from blowing snow leads to increased CCN concentrations. Globally, blowing snow generates a

negative radiative forcing at the surface due to reduced incoming solar radiation, while modifications to cloud properties

contribute to a positive change in the longwave (LW) radiation balance.
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