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Key Points: 17 

• Using an optimized algorithm, ICESat-2 derived blowing snow properties are consistent 18 
with observations from the MOSAiC drift  19 

• ICESat-2 estimates of blowing snow sublimation at MOSAiC (2.38 cm SWE) match 20 
those inferred from the ground-based observations (2.56 cm SWE) 21 

• Across the Central Arctic, ICESat-2 indicates blowing snow occurrence frequencies of 22 
18-25%, with sublimation removing 16-17% of snowfall 23 
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Abstract 47 
 48 
Blowing snow plays a key role in the surface mass and energy budgets of polar regions and can 49 
be a significant source of water vapor to the atmosphere. In this study, we optimize the algorithm 50 
for detecting blowing snow from NASA’s Ice, Cloud and land Elevation Satellite 2 (ICESat-2) 51 
satellite for use over Arctic sea ice. We analyze six months (November 2019 through April 2020) 52 
of observations from the Multidisciplinary drifting Observatory for the Study of Arctic Climate 53 
(MOSAiC) campaign together with 612 nearly coincident (within 100 km) ICESat-2 overpasses 54 
to evaluate the ICESat-2 detection algorithm and inferred blowing snow properties. Both 55 
ICESat-2 and MOSAiC suggest a blowing snow occurrence frequency of 17% during the period 56 
of study. Blowing snow particle number and inferred from ICESat-2 show broad agreement with 57 
in situ observations made at 10 m above the surface during MOSAiC but are often well below 58 
observations made at 8 cm. Within a 100 km radius around the MOSAiC observatory, we find a 59 
cumulative blowing snow sublimation of 2.38 cm snow-water-equivalent (SWE), comparable to 60 
MOSAiC (2.56 cm SWE) and SnowModel-LG (2.35 cm SWE) estimates. This suggests that 61 
blowing snow sublimation removed 22-33% of snowfall during MOSAiC. Across the central 62 
Arctic, ICESat-2 and SnowModel-LG indicate blowing snow occurrence frequencies as high as 63 
18-25%, with cumulative blowing snow sublimation fluxes (1.74-1.79 cm SWE) removing 16-64 
17% of snowfall. These findings highlight the importance of blowing snow sublimation for the 65 
Arctic snow on sea ice budget.  66 
 67 
Plain Language Summary 68 
 69 
Blowing snow occurs when strong winds lift surface snow into the air. In polar regions, this 70 
process impacts the energy budget and results in snow loss through sublimation, thereby adding 71 
water vapor to the atmosphere. However, direct surface observations of blowing snow over 72 
Arctic sea ice are limited. Active satellite sensors, like the one on NASA’s ICESat-2 satellite, 73 
help fill this gap by sending pulses of light toward the surface and measuring the signal returned. 74 
These high-resolution observations of blowing snow need to be validated against ground-based 75 
measurements. In this work, we combine ICESat-2 observations with surface measurements 76 
from an Arctic field campaign between November 2019 and April 2020. We first refine the 77 
methods used to detect blowing snow and estimate its properties using ICESat-2 and find these 78 
refinements align with the surface observations of blowing snow occurrence, particle number, 79 
and particle mass. Additionally, ICESat-2 estimates of blowing snow sublimation match the 80 
surface observations and predictions from a high-resolution computer simulation. Over the six-81 
month period studied, the amount of snow lost to blowing snow sublimation accounts for 16-82 
21% of total central Arctic snowfall, highlighting the significant role of blowing snow in the 83 
Arctic climate. 84 
 85 
1 Introduction 86 
 87 
Windblown snow plays a critical role in Earth’s climate system, influencing a wide range of 88 
processes including sea and land ice mass balance (Déry & Yau, 2002; Gallée et al., 2001), the 89 
radiation budget of polar regions (Lesins et al., 2009; Y. Yang et al., 2014), polar tropospheric 90 
chemistry (Gong et al., 2023; Huang et al., 2020; Huang & Jaeglé, 2017; Krnavek et al., 2012; X. 91 
Yang et al., 2008), and the interpretation of physical and chemical ice core records (King et al., 92 



2004; Rhodes et al., 2017). Despite this marked importance, it is difficult to accurately describe 93 
the full spatial extent and temporal variability of blowing snow in polar regions. Long-term 94 
observations in both the Arctic and Antarctic are relatively scarce and often cover only specific 95 
regions or seasons (e.g., Déry & Yau, 2001; Mann et al., 2000; Nishimura & Nemoto, 2005). 96 
 97 
Blowing snow sublimation is a significant removal path for snow and a source of moisture to the 98 
atmosphere. While some sublimation of snow occurs at the surface, it is greatly enhanced when 99 
snow particles are lofted into the atmospheric column, exposing their entire surface area (Liston 100 
& Sturm, 2004; Schmidt, 1982). Schmidt (1982) found that blowing snow sublimation can be up 101 
to two orders of magnitude greater than surface sublimation under similar conditions. J. Yang et 102 
al. (2010) report model estimates that blowing snow sublimation removes more than 27% of 103 
wintertime snowfall poleward of 70oN over Arctic sea ice. However, other studies (e.g., Chung 104 
et al., 2011) found a lower contribution of only 6% in their simulations, highlighting the large 105 
uncertainty in blowing snow model estimates. Accurately quantifying the impact of blowing 106 
snow sublimation on snow loss from the sea ice surface remains a key open area of research, 107 
particularly in a changing climate. 108 
 109 
Over sea ice, blowing snow sublimation is also a source of sea salt aerosol (SSA; Frey et al., 110 
2020; Ranjithkumar et al., 2025; Simpson et al., 2007; X. Yang et al., 2008, 2019) which play an 111 
important role in modulating polar atmospheric composition and climate. As snow accumulates 112 
on the sea ice, brine present at the ice/snow interface migrates into the snowpack (Geldsetzer et 113 
al., 2009; Perovich & Richter-Menge, 1994; Peterson et al., 2019). In addition, deposition of 114 
airborne SSA can introduce salt to the snowpack (Krnavek et al., 2012). Together, these 115 
processes result in the surface snow layer containing trace amounts of salt. When this salty snow 116 
is lofted into the atmosphere, its sublimation releases SSA, driving winter and spring SSA 117 
maxima observed in the Arctic and Antarctic (Huang and Jaeglé, 2017; Rhodes et al., 2017; X. 118 
Yang et al., 2019). Blowing snow SSA serves as a source of halogen species linked to ozone 119 
depletion events (Choi et al., 2018; Huang et al., 2020; Marelle et al., 2021; Swanson et al., 120 
2022; Wales et al., 2023; X. Yang et al., 2010). Moreover, Gong et al. (2023) recently showed 121 
that blowing snow SSA enhances Arctic cloud condensation nuclei concentrations by up to an 122 
order of magnitude above background levels and induce during cloudy days a significant net 123 
surface warming of several watts per square meter through the alteration of cloud properties and 124 
lifetimes.  125 
 126 
Several studies have attempted to create a more spatiotemporally complete record of blowing 127 
snow using models with varying levels of complexity. All of these approaches predict the onset 128 
of blowing snow based on meteorological parameters such as windspeed, temperature, snow age, 129 
or properties of the snow itself such as density (e.g., Gallée et al., 2001, 2013; Lenaerts et al., 130 
2010, 2012, 2012). Gallée et al. (2013) used a regional climate model and compared blowing 131 
snow predictions to observations from two stations in Adélie Land, Antarctica. Their model was 132 
able to reproduce the overall frequency of blowing snow but underestimated the total observed 133 
flux of blowing snow during events in part due to a known bias in the acoustic measurement 134 
technique employed to detect blowing snow (Cierco et al., 2007; Naaim-Bouvet et al., 2010). 135 
Over boreal latitudes, development of models has focused largely on continents (e.g., Déry & 136 
Yau, 2001; Pomeroy et al., 1997), where blowing snow also negatively impacts populated areas. 137 
Additional studies expanded these approaches to sea ice regions (Chung et al., 2011; Déry & 138 



Tremblay, 2004; Lecomte et al., 2015; Liston et al., 2018, 2020; J. Yang et al., 2010). However, 139 
the modeling approaches presented in these studies are based on empirical relationships of 140 
blowing snow processes derived from sparse observations, and there are no observationally-141 
based constraints on these model calculations of pan-Arctic blowing snow over sea ice. 142 
 143 
The use of spaceborne lidars can help fill observational gaps to examine the incidence and 144 
impacts of blowing snow over broad spatial and temporal scales. Palm et al. (2011, 2017, 2018) 145 
developed a blowing snow detection algorithm for the Cloud-Aerosol Lidar with Orthogonal 146 
Polarization (CALIOP) sensor aboard the NASA CALIPSO satellite (Winker et al., 2009). They 147 
showed that CALIOP lidar backscatter retrievals over Antarctica allow quantification of blowing 148 
snow properties, such as occurrence frequency, blowing snow height, optical depth, transport 149 
flux, and sublimation flux. A similar blowing snow detection algorithm (Palm et al., 2021; 150 
Herzfeld et al., 2021) was applied to the more recently launched NASA Ice, Cloud and land 151 
Elevation Satellite 2 (ICESat-2; Markus et al., 2017). The algorithms for both CALIOP and 152 
ICESat-2 were designed to detect and retrieve blowing snow properties over the Antarctic 153 
continent; however, Arctic sea ice is a substantially different environment where higher 154 
cloudiness relative to Antarctica (Zhang et al., 2019) and frequent low-level clouds, with bases 155 
below 1km altitude (Shupe et al., 2011), complicate the retrieval’s ability to detect blowing 156 
snow.   157 
 158 
In the present study, our goal is to optimize the ICESat-2 blowing snow retrieval algorithm over 159 
Arctic sea ice. We evaluate the optimized retrieval using six months (November 2019 through 160 
April 2020) of observations from the Multidisciplinary drifting Observatory for the Study of 161 
Arctic Climate (MOSAiC) expedition (Nicolaus et al., 2022; Rabe et al., 2022; Shupe et al., 162 
2022). To estimate blowing snow transport and sublimation fluxes, we combine the optimized 163 
ICESat-2 retrieval algorithm with meteorological fields from reanalysis and particle size 164 
assumptions constrained by MOSAiC in situ observations. The inferred fluxes are evaluated 165 
against in situ MOSAiC observations and simulations from the state-of-the-art Lagrangian snow-166 
evolution model SnowModel-LG (Liston et al., 2020). 167 
 168 
In Section 2 we provide details on ICESat-2, MOSAiC, and SnowModel-LG. We also describe 169 
the modifications we applied to the ICESat-2 blowing snow algorithm to address challenges 170 
related to the high cloud occurrence over Arctic sea ice. In Section 3 we infer blowing snow 171 
occurrence frequency and properties using ICESat-2 and compare them to MOSAiC in situ 172 
observations and SnowModel-LG predictions for November 2019 through April 2020. We then 173 
examine blowing snow over the entire Arctic during the same period as observed by ICESat-2 174 
and simulated with SnowModel-LG in Section 4, before providing concluding remarks in 175 
Section 5. 176 
 177 
2 Datasets and Methods 178 
2.1 Satellite blowing snow retrievals from ICESat-2 179 
 180 
ICESat-2 was launched in 2018 to continue high resolution routine monitoring of the height of 181 
the Earth’s surface, with emphasis on the change in ice sheet elevations. ICESat-2 is in a 182 
precessing orbit with an altitude of ~ 500 km and inclination of 92o, which allows for 183 
measurements up to 88o N latitude with a 91-day orbital repeat cycle (Markus et al., 2017). The 184 



sole sensor aboard ICESat-2 is the Advanced Topographic Laser Altimeter System (ATLAS), 185 
which is a single wavelength (532 nm), high repetition rate (10 kHz) lidar system with photon 186 
counting detectors (Markus et al., 2017; Neumann et al., 2019). A diffractive optical element 187 
splits each laser pulse into 3 simultaneous beam pairs (one strong and one weak beam per pair) 188 
separated by about 3 km. Atmospheric backscatter is obtained by ATLAS using the three strong 189 
beams, spanning from the surface to an altitude of 14 km, with an along-track resolution of 190 
approximately 280 m and a vertical resolution of 30 m. To achieve this horizontal resolution, 191 
each 280 m ICESat-2 atmospheric profile represents the aggregate of 400 individual ATLAS 192 
laser shots (Palm et al., 2021). This study utilizes data from version 6 of the ATLAS/ICESat-2 193 
Level 3A (ATL09) calibrated backscatter profile product (Palm et al., 2023). Only data from 194 
beam 1 are used in the analysis. 195 
 196 
The algorithm for detecting blowing snow in the ATLAS backscatter profile is based on the 197 
CALIOP algorithm (Palm et al., 2011, 2018) and is described in Herzfeld et al. (2021) and Palm 198 
et al. (2021, 2022). In brief, in the presence of a detected surface return and 10 m windspeed > 4 199 
m s-1 (from the NASA GEOS-5 FP-IT analysis) over snow covered land or sea ice, the blowing 200 
snow algorithm compares the atmospheric signal in the bin directly above the ground to the 201 
molecular (Rayleigh) scattering. If the atmospheric signal exceeds a fixed multiple of the 202 
molecular scattering, each successive vertical bin (moving upward) is interrogated until the 203 
backscatter falls below an adaptive threshold (about 2×10-5 m-1 sr-1). The retrieved feature is 204 
required to touch the ground and not exceed 500 m in depth. If it passes both of these 205 
requirements, a blowing snow flag is assigned to the profile. Once blowing snow is retrieved, its 206 
vertical depth is logged and its optical depth (OD) is estimated as the sum of the backscatter 207 
within the blowing snow layer multiplied by the product of the bin depth (30 m) and the 208 
extinction to backscatter (lidar) ratio. A lidar ratio of 25 sr is used, which is a typical value for 209 
ice crystals in cirrus clouds (Chen et al., 2002; Josset et al., 2012). 210 
 211 
We follow the work of Palm et al. (2017) and Déry & Yau (2002) to derive blowing snow 212 
particle number density, transport flux, and sublimation flux from the observed lidar backscatter. 213 
These calculations rely on meteorological fields from the NASA GEOS-5 FP-IT analysis (run at 214 
0.5o latitude × 0.625o longitude; Lucchesi et al., 2015) and assumptions about blowing snow 215 
particle size, informed by MOSAiC observations. Further detailed descriptions are provided in 216 
Text S1. 217 
 218 
2.2 Ground-based measurements during the MOSAiC expedition 219 
 220 
The MOSAiC expedition began in September 2019 when the German research vessel Polarstern 221 
(Knust, 2017) was frozen into the sea ice north of the Laptev Sea. Observational platforms were 222 
housed onboard Polarstern and within ~ 2 km of Polarstern in a Central Observatory (Shupe et 223 
al., 2022). Two open-path snow particle counters (SPC; Nishimura et al., 2014; Nishimura & 224 
Nemoto, 2005) continuously measured the number and sizes of airborne snow particles in the 225 
diameter range 36–490 µm. These sensors were installed on the Met City meteorological tower 226 
as part of the Central Observatory, with an SPC at 8 cm (SPC8cm) and the other at 10 m (SPC10m) 227 
above the snow (Frey et al., 2023; Ranjithkumar et al., 2025). These heights were specifically 228 
chosen to help distinguish between falling and blowing snow (Shupe et al., 2022). The SPC 229 
measurements are combined with the windspeed observed at 2 and 10 m, respectively, to 230 



calculate snow particle number density (m-3) and snow-drift density (µ, kg m-3). For the SPC at 8 231 
cm, the observed 2 m windspeed is scaled to the measurement height assuming a logarithmic 232 
profile (Frey et al., 2020). Following the recommendation of Frey et al. (2020), we discard 233 
particle counts from the smallest and largest diameter class due to their larger uncertainty and 234 
increased influence from falling snow. Due to complications with installation, the SPC8cm was 235 
only operational from 01 December 2019 onward. More detail on MOSAiC SPC observations 236 
can be found in Ranjithkumar et al. (2025). 237 
 238 
Additional sensors installed on the Met City tower measured temperature, pressure, relative 239 
humidity (RH), and winds at nominal heights of 2, 6, and 10 m above the sea ice (Cox et al., 240 
2023; Shupe et al., 2022). In addition, radiosondes were launched at least every 6 hours 241 
throughout the duration of MOSAiC. These sondes provided vertical profiles of temperature, 242 
RH, pressure, and winds from 12 m to 30 km. Jozef et al. (2023) developed a lower-atmospheric 243 
properties dataset built from the combination of MOSAiC radiosonde and ground-based 244 
observations, which includes the height and strength of temperature inversions as well as the 245 
presence, and base height, of boundary layer clouds. The cloud observations were provided by a 246 
Vaisala Ceilometer CL31 (ARM user facility, 2019) mounted on the deck of the Polarstern about 247 
20 m above the ice surface. The ceilometer measured atmospheric backscatter at a wavelength of 248 
910 nm with a temporal resolution of 16 s and a vertical resolution of 10 m. Beyond observing 249 
cloud properties, the ceilometer data were used as an independent check on the ICESat-2 250 
retrieved blowing snow heights. 251 
 252 
2.3 Blowing snow model simulations from SnowModel-LG 253 
 254 
SnowModel-LG is a physics-based snow-on-sea ice model forced by atmospheric inputs of air 255 
temperature, RH, winds, and precipitation by the NASA Modern-Era Retrospective analysis for 256 
Research and Applications, version 2 (MERRA-2; Gelaro et al., 2017) as well as sea ice inputs 257 
of concentration and parcel motion (Tschudi et al., 2019, 2020). At each 3-hour timestep, 258 
SnowModel-LG performs mass-budget calculations where SWE depth evolution is accounted for 259 
by snow gains, losses, and sea ice dynamics (Liston et al., 2020). 260 
 261 
The MERRA-2 fields used to force SnowModel-LG (0.5o latitude × 0.625o longitude) are first 262 
averaged from 1-hourly to 3-hourly and then distributed to the sea ice parcels using procedures 263 
in the MicroMet module (Liston & Elder, 2006). Moreover, SnowModel-LG is not forced 264 
directly by MERRA-2 snowfall but rather uses MERRA-2 water equivalent precipitation. 265 
MicroMet then defines the snowfall fraction of that water equivalent precipitation based on 266 
environmental conditions following Dai (2008). All MERRA-2 snowfall used in SnowModel-LG 267 
and quoted throughout this analysis have been bias corrected (as described in section 2.5 and 268 
Table 1 of Liston et al., 2020). 269 
 270 
The SnowModel-LG blowing snow module, SnowTran-3D (Liston et al., 2007, 2018; Liston & 271 
Sturm, 1998) calculates the snow threshold friction velocity, u*t, as a function of snow 272 
density, ⍴s, which is related to snow strength and hardness. The temporal evolution of ⍴s includes 273 
the histories of temperature, precipitation and wind-transport. The rate of blowing snow 274 
sublimation is a function of the vertical mass concentration distribution, temperature-dependent 275 
humidity gradients between the snow particles and the atmosphere, conductive and advective 276 



energy- and moisture-transfer mechanisms, particle size, and solar radiation. SnowModel-LG 277 
blowing snow transport and sublimation fluxes are reported as column integrated values in units 278 
of kg m-1 s-1 and cm SWE d-1, respectively. 279 
 280 
Simulations of snow depth on Arctic sea ice from SnowModel-LG were evaluated against 281 
several independent datasets, including Operation IceBridge, ice mass balance buoys, and 282 
passive microwave estimates (Stroeve et al., 2020). With few exceptions, SnowModel-LG was 283 
shown to reproduce both the observed spatiotemporal variability of snow accumulation and 284 
depth (r2 > 0.70) as well as significant reductions in snow depth over several Arctic sea ice 285 
regions in recent decades. Stroeve et al. (2020) did find agreement between SnowModel-LG and 286 
observations decreased in spring and summer due to overestimated melt in the model, but these 287 
periods largely lie outside of the cold season months (November through April) we analyze. 288 
 289 
The version of SnowModel-LG used in this study is output as 3-hourly averages on a National 290 
Snow and Ice Data Center (NSIDC) Equal‐Area Scalable Earth (EASE) grid (Brodzik & 291 
Knowles, 2002) with a resolution of 25 km. 292 
 293 
2.4 Modifications to the ICESat-2 blowing snow detection algorithm 294 
 295 
We modify the default ICESat-2 blowing snow algorithm to improve its ability to detect blowing 296 
snow over Arctic sea ice, particularly when clouds are present. The default algorithm faces two 297 
key challenges: 1) low Arctic clouds can be misidentified as blowing snow, and 2) thicker clouds 298 
attenuate the lidar signal below them, reducing the backscatter below the detection threshold and 299 
causing blowing snow to be mistakenly classified as clear air.  300 
 301 
To address the misidentification of low clouds as blowing snow, we introduce two additional 302 
checks. First, if the height of maximum backscatter in the retrieved blowing snow feature 303 
exceeds 120 m, the retrieval is rejected and labeled as cloud. We chose this height because it is 304 
consistent with average ceilometer derived cloud base heights (146 m) during the MOSAiC 305 
campaign (Jozef et al., 2023; Section 2.2). Second, following Palm et al. (2017), we reclassify 306 
any blowing snow retrieval as cloud if the backscatter of any bin exceeds a threshold of 2.0×10-4 307 
m-1 sr-1, regardless of its altitude. We found that while exceptionally strong blowing snow can 308 
have observed backscatter which approaches this value, clouds almost always have bins which 309 
exceed 2.0×10-4 m-1 sr-1 (e.g., Figure S1-S2). The impact of these changes for an ICESat-2 310 
overpass near MOSAiC is illustrated in Text S3 and Figure S1. 311 
 312 
To correct for the attenuation due to transmissive clouds, we introduce a scaling factor that 313 
adjusts the near-surface backscatter based on the ratio of the apparent surface reflectance (ASR) 314 
to the true surface reflectance (SR). This ratio is a measure of the two-way atmospheric 315 
transmission (T2) and thus an indicator of the presence and optical depth of clouds (Palm et al., 316 
2022; Y. Yang et al., 2013). True SR values are derived from a monthly average of clear-sky (no 317 
detected cloud or aerosol layers) ICESat-2 measurements between 2018-2021 (Palm ext al., 318 
2022). The scaling factor we apply is 1/T2 (= SR / ASR). We apply this scaling factor to the 319 
lowest 120 m of the backscatter profile before running the blowing snow algorithm. For ICESat-320 
2 observations near the MOSAiC observatory, the median SR was 0.60 (interquartile range of 321 
0.59-0.61; Figure S3a), while the median ASR for profiles with a detected surface was 0.29 322 



(interquartile range of 0.08-0.48; Figure S3b). The resulting median SR / ASR scaling factor was 323 
2.05 (interquartile range of 1.25-7.23; Figure S3c). The effect of this scaling is illustrated in Text 324 
S4 and Figures S2 for an ICESat-2 overpass near MOSAiC. 325 
 326 
We examined the overall effect of introducing these modifications by conducting a sensitivity 327 
test across the entire Arctic during February 2020. This test compared the default algorithm (no 328 
reclassification of retrievals as cloud and no scaling for cloud attenuation) to scenarios with one 329 
or both modifications turned on. Overall, we found that our first modification reclassifies 14 % 330 
of retrievals as cloud, while our second enhances the blowing snow occurrence frequency from 331 
15 % (using the default algorithm) to 22 %. 332 
 333 
A final modification we implement is to consider the attenuation of the lidar signal as it 334 
propagates through the blowing snow feature. This attenuation can lead to an underestimation of 335 
the backscatter, which in turn affects the derived blowing snow transport and sublimation fluxes 336 
near the surface. We correct this attenuation by cumulatively integrating the extinction, starting 337 
at the top bin of blowing snow and working downwards towards the surface. In doing so, we also 338 
account for the two-way transmission between each bin and the top of the blowing snow feature. 339 
While only applied to Arctic sea ice in this study, the modifications we describe could have 340 
applicability for differentiating near-surface scattering layers and clouds in other regions. 341 
 342 
2.5 Identification and classification of ICESat-2 coincidences with MOSAiC 343 
 344 
We define ICESat-2 orbits as coincident with the MOSAiC observatory if the beam ground-track 345 
passed within 100 km of the drift location. By varying this distance criterium, we found that the 346 
100 km search radius balances maximizing the number of coincidences with ensuring similar air 347 
mass sampling by ICESat-2 and MOSAiC.  348 
 349 
We then assign each of the coincident ICESat-2 overpasses one of four categories: blowing 350 
snow, mixed, clear air, or cloudy/attenuated. These categories are based on the distribution of 351 
ICESat-2 profile types within each coincidence. If more than 70% of all profiles are attenuated 352 
due to cloud (i.e., the surface cannot be detected), the coincidence is labeled as 353 
cloudy/attenuated. We assign the other three categories based on the occurrence frequency of 354 
blowing snow in the non-attenuated profiles. We label the coincidences as blowing snow if more 355 
than 50% of profiles are blowing snow, mixed if 15-50% of profiles are blowing snow, and clear 356 
air if less than 15% of profiles are blowing snow. 357 
 358 
3 Results 359 
3.1 Coincidence of ICESat-2 orbits with the MOSAiC drift  360 
 361 
The November 2019 through April 2020 period encompassed the first three of five MOSAiC 362 
expedition legs, during which the observatory drifted across the central Arctic Ocean (Figure 1a). 363 
Except for a two-week period from late February to early March 2020, the observatory remained 364 
south of 88o N, the highest latitude observable by ICESat-2 (red circle, Figure 1a). With the 365 
coincidence definition described in section 2.5, we identify 612 ICESat-2 orbits coincident with 366 
MOSAiC (Figure 1b). The number of monthly coincidences increased from 64 in November, 367 
peaked at 164 in January, and decreased to 46 in April as MOSAiC quickly drifted southward 368 



(Figure 1b). These coincidences encompassed 346,820 individual ICESat-2 profiles, with on 369 
average 566 ICESat-2 profiles within 100 km of MOSAiC per coincident overpass (Figure 1c). 370 
The number of coincident overpasses on any given day was typically 3-5 (Figure 1d), with up to 371 
6 coincidences on several days in January, February, and March as MOSAiC drifted near 88o N. 372 
 373 

 374 
 375 
Figure 1. Overview of the MOSAiC drift and ICESat-2 coincidences for November 2019 through April 2020. (a) 376 
Track of the MOSAiC drift (black line) with the drift month displayed as colors. At each point, the shaded area 377 
represents a circle with a radius of 100 km centered on the drift. The red circle represents the poleward extent of 378 
ICESat-2 orbits (88o N). (b) Monthly number of ICESat-2 overpasses coincident with MOSAiC. (c) Distribution 379 
showing the number of ICESat-2 profiles within 100 km of the MOSAiC drift per coincident overpass. The total 380 
number of profiles and the mean number of profiles per coincidence are shown in the legend. (d) Daily timeseries of 381 
the number of ICESat-2 coincident overpasses colored by month. Multiple coincidences on a given day are shown as 382 
stacked bars. The MOSAiC drift latitude is indicated as a black line, with the period when it was poleward of 88o N 383 
highlighted in red. 384 
 385 
Figures 2a and 2b show the hourly timeseries of 10 m windspeed (U10m) and snow-drift density 386 
at 8 cm (µ8cm) observed during MOSAiC. We identify MOSAiC blowing snow events using the 387 
following three criteria: 1) U10m exceeds 5 m s-1; 2) µ8cm exceeds 1×10-5 kg m-3; and 3) the snow-388 
drift density at 10 m (µ10m) exceeds 1×10-7 kg m-3. Since the 8 cm SPC data were unavailable in 389 
November 2019, only the U10m and µ10m criteria are applied for that period. These criteria differ 390 
slightly from the blowing snow event identification of Gong et al. (2023), who used the same 391 
µ8cm threshold, but set a higher U10m threshold based on the Li & Pomeroy (1997) empirical 392 
model (which is a function of temperature, and is ~ 7 m s-1 on average). We chose instead a fixed 393 
blowing snow threshold windspeed of 5 m s-1 near the lower end of available MOSAiC 394 
observations (see Figure 8 of Ranjithkumar et al. 2025). Our additional µ10m threshold helps 395 
exclude periods of shallower, drifting snow that ICESat-2 is less likely to detect. By applying our 396 
criteria to the MOSAiC observations, we identify 724 hours as blowing snow, across 27 397 
individual events (gray shading, Figure 2), resulting in an hourly blowing snow occurrence 398 
frequency of 17%. This is slightly lower than Gong et al. (2023), who reported a 20% frequency 399 



without the µ10m threshold. However, the number and timing of the events remains consistent 400 
across both methods. 401 
 402 
During blowing snow periods, µ8cm reached values as high as 1×10-2 kg m-3 (Figure 2b), with 403 
µ10m (not shown) maximizing about one order of magnitude lower at 1×10-3 kg m-3. Figure 2b 404 
also shows the daily SnowModel-LG blowing snow transport flux (green line, Figure 2b), 405 
obtained by averaging the model 25 km grid cells within 100 km of MOSAiC (about 48-50 grid 406 
cells per day). We find that SnowModel-LG generally reproduces the timing of blowing snow 407 
events, particularly in February and March. 408 
 409 
Figure 2c shows the 612 ICESat-2 coincidences color-coded according to their classification 410 
(Section 2.5): blowing snow (magenta), mixed (mixture of blowing snow profiles and clear air, 411 
green), clear air (orange), or cloudy/attenuated (blue). Of the 540 non-cloudy coincidences, 92 412 
are classified as blowing snow, resulting in an 17% occurrence frequency, in agreement with the 413 
17% occurrence frequency found from the MOSAiC observed snow-drift density and windspeed. 414 
 415 

 416 
 417 
Figure 2. (a) Hourly timeseries of MOSAiC observed 10m windspeed (black line, units m s-1), with the 5 m s-1 418 
threshold for blowing snow shown as a dashed red line. (b) Hourly timeseries of MOSAiC snow-drift density at 8cm 419 
(µ8cm, black line, units kg m-3), with the 10-5 kg m-3 snow-drift threshold indicated in red. The 3-hourly timeseries of 420 
SnowModel-LG column integrated blowing snow mass transport flux is also shown (green line, units Mg m-1 s-1). 421 
(c) ICESat-2 coincident overpasses classified as blowing snow (magenta), mixed (green), clear air (orange), or 422 
cloudy/attenuated (blue) as described in Section 2.5. For all panels, the vertical gray shading indicates periods 423 
identified as blowing snow in the MOSAiC data. The 11-15 February 2020 blowing snow storm is marked by a dark 424 
blue bracket in each panel. (d-f) As in (a-c) but for the period of 11-15 February 2020. 425 
 426 
Several intense blowing snow periods during MOSAiC were due to major storms, especially in 427 
late February and mid-April (Rinke et al., 2021; Shupe et al., 2022), and were not observable by 428 
ICESat-2 due to cloudy conditions. However, at other times, such as mid-February and the 429 
second week of March, ICESat-2’s blowing snow classification aligns well with the MOSAiC 430 
observations of blowing snow. Notably, from 11 to 15 February, ICESat-2 captured the full 431 



progression of a 3-day blowing snow event observed by MOSAiC (Figure 2d-f). During this 432 
period, ICESat-2 initially observed clear air for four coincidences on 11 February, then detected 433 
blowing snow coincidences between 12 and 14 February, corresponding with strong increases in 434 
U10m, µ8cm, and SnowModel-LG blowing snow flux. By late 14 February into 15 February, no 435 
ICESat-2 coincidences were observed as blowing snow. This period is analyzed more closely in 436 
the following section (a second case study for 8-11 March is presented in the Supporting 437 
Information, text S6 and Figure S5). 438 
 439 
3.2 11-13 February 2020 case study of blowing snow 440 
 441 
Figure 3 shows three ICESat-2 coincident backscatter curtains encompassing the onset and 442 
maintenance of the 11-13 February blowing snow event. On 11 February ICESat-2 detected a 443 
clear return from the surface and no atmospheric scattering within 100 km of MOSAiC (Figure 444 
3a). There was some blowing snow retrieved by ICESat-2, but it occurred more than 120 km 445 
from MOSAiC (right side, Figure 3a) and was comparatively weak (OD = 0.04). At the same 446 
time, observations at Met City recorded moderate winds (U10m = 6.5 m s-1; Figure 2d), with 447 
negligible snow-drift (µ8cm = 9.8×10-11 kg m-3; Figure 2e), and no snow particles observed at 10 448 
m. In addition, the coincident radiosonde launch identified a very shallow surface inversion 449 
(height = 50 m, Figure 3b) and the ceilometer mounted on the Polarstern detected no backscatter 450 
(Figure S4a). 451 
 452 
On 12 February, ICESat-2 detected blowing snow across the entire coincident overpass, with 453 
over 90% of profiles within 100 km of MOSAiC classified as blowing snow (Figure 3c). Ground 454 
observations from MOSAiC indicated the onset of blowing snow around this time, with U10m 455 
increasing to 8.8 m s-1 and µ8cm to 1.2×10-5 kg m-3 (Figure 2d-e). The mean height of the blowing 456 
snow observed by ICESat-2 was 97 m, consistent with the depth of the surface temperature 457 
inversion identified in the coincident radiosonde launch (100 m, Figure 3d). Moreover, the 458 
ceilometer also observed elevated backscatter in the lowest 100 m coincident with this overpass, 459 
with a mean top of the feature at 110 m (Figure S4b). 460 
 461 

 462 



 463 
Figure 3. ICESat-2 overpasses coincident with MOSAiC observations during the 11-13 February blowing snow 464 
storm. Left column: Curtains of ICESat-2 calibrated, attenuated backscatter between the surface and 500m 465 
(shading, units m-1 sr-1). The x-axis indicates the distance from the MOSAiC observatory (in km). The thick white 466 
line in each curtain plot represents the top of ICESat-2 retrieved blowing snow. Right column: Vertical profiles of 467 
ICESat-2 calibrated, attenuated backscatter averaged within 100 km of the MOSAiC drift (magenta line, with 468 
shading corresponding to ± 1 standard deviation). MOSAiC radiosonde profiles of temperature (black line) for the 469 
launch closest in time to each ICESat-2 overpass are also shown. The legend indicates the height of the temperature 470 
inversion identified in the radiosonde temperature profile, as well as the average height and optical depth of ICESat-471 
2 blowing snow retrievals within 100 km of the MOSAiC drift. 472 
 473 
Both MOSAiC and ICESat-2 observations indicate strengthening of the blowing snow event on 474 
13 February (Figure 3e,f). At the surface, U10m approached 12 m s-1 (Figure 2d), with significant 475 
snow-drift density observed at both 8 cm (µ8cm = 1.5×10-3 kg m-3; Figure 2e) and 10 m (µ10m = 476 
3.5×10-7 kg m-3). ICESat-2 retrievals show that the blowing snow layer had deepened, with a 477 
mean height of 171 m near MOSAiC, and intensified (mean OD = 0.29). The strengthening of 478 
the blowing snow was also observed by the ground-based ceilometer, which observed a stronger 479 
backscatter signal reaching deeper heights (mean 174 m, Figure S4c). Temperature below 200 m 480 
had increased by 5oC, and the temperature inversion had deepened to 190 m, indicative of 481 
stronger mixing in the lowest levels of the atmosphere (Figure 3f). Taken together, the 12-13 482 
February ICESat-2 overpasses suggest that during blowing events lofted particles often reach the 483 
top of the capping inversion, consistent with the Antarctic case studies presented in Palm et al. 484 
(2018). 485 
 486 

 487 
 488 
Figure 4. Expanded view of the 13 February 2020 blowing snow event. (a) Curtain of ICESat-2 calibrated, 489 
attenuated backscatter between the surface and 500 m (shading, units m-1 sr-1) for all profiles over sea ice. This orbit 490 
corresponds to the segment highlighted in Figure 3e, with the portion within 100 km of the MOSAiC observatory 491 
indicated by the white arrow. Spatial distribution of (b) 10 m MERRA-2 windspeed (units m s-1), (c) SnowModel-492 
LG predicted blowing snow transport flux (shading, units Mg m-1 d-1), and (d) classifications based on ICESat-2 493 
observations, using a 100 km grid spacing. Grid cells in (d) are classified using the approach described in Section 494 
2.5: blowing snow (magenta), mixed (green), clear air (orange), or cloudy/attenuated (blue). In panels b-d, black 495 
lines correspond to the ICESat-2 orbit shown in (a) and cyan circles are centered on MOSAiC and have a radius of 496 
250 km. 497 
 498 



Figure 4 illustrates the full horizontal extent of blowing snow on 13 February as observed by 499 
ICESat-2, with near continuous detections spanning over 1,000 km along track (Figure 4a). In 500 
the region near MOSAiC (cyan circles), MERRA-2 windspeeds were > 10 m s-1 (Figure 4b), 501 
with SnowModel-LG predicting significant blowing snow mass transport (> 0.80 Mg m-1 d-1, 502 
Figure 4c) aligned with the ICESat-2 detections (magenta points, Figure 4d). On this day, both 503 
ICESat-2 and SnowModel-LG suggest blowing snow occurred across an area of about 1.5 504 
million km2, comparable in size to the state of Alaska. Taken together, Figures 3 and 4 illustrate 505 
the large spatial footprint of this event and underscore its synoptic-scale nature. 506 
 507 
3.3 Blowing snow heights, number concentrations, and mass concentrations from ICESat-2 508 
and MOSAiC 509 
 510 
Do retrieved ICESat-2 blowing snow depths always coincide with identified temperature 511 
inversion heights? What factors control the retrieved blowing snow depth? To answer these 512 
questions, we broaden our examination to 253 ICESat-2 coincident overpasses categorized as 513 
either blowing snow (n = 83) or mixed (n = 170) paired with MOSAiC sonde launches within 6 514 
hours of each overpass. 515 
 516 
Figure 5a shows that inversion heights for this subset of radiosonde profiles peak broadly 517 
between 25 and 175 m, with a mean of 109 m. For comparison, the mean observed inversion 518 
height over the entire November through April period is 156 m. ICESat-2 blowing snow 519 
retrievals in this subset of coincidences show a mean height of 86 m, maximizing between 60 520 
and 120 m. Most retrieved blowing snow heights fall at or just below the inversion layer, 521 
displaying a moderately strong correlation (r = 0.67) with the radiosonde inversion height 522 
(Figure 5b). 523 
 524 

 525 
 526 
Figure 5. (a) Distribution of inversion altitudes from MOSAiC radiosonde launches (blue) and blowing snow 527 
heights from ICESat-2 (magenta) in coincidences classified as blowing snow or mixed. The legend includes the 528 
mean height for each. (b) Correlation between radiosonde inversion altitude and mean ICESat-2 blowing snow 529 
height. (c) Dependence of inversion heights (blue) and ICESat-2 blowing snow heights (magenta) with 10m 530 
windspeed. Bar heights represent the average and error bars are ± 1 standard deviation. The observations are 531 
grouped into 2 m s-1 windspeed bins between 5-13 m s-1. All observations occurring at windspeeds ≥ 13 m s-1 are 532 
grouped into the final bin. Also shown is the average and standard deviation of inversion heights for all launches 533 
occurring at windspeeds < 5 m s-1. The numbers at the top of the panel indicate the number of ICESat-2 blowing 534 
snow profiles in each windspeed bin. 535 
 536 
Both the radiosonde observations and ICESat-2 suggest U10m controls much of the observed 537 
variability in inversion and blowing snow heights (Figure 5c), consistent with deeper vertical 538 
mixing during periods of stronger winds (Jozef et al., 2024; Sterk et al., 2013). The inversion 539 



heights increase from 50 m to nearly 200 m as U10m increases from 5 m s-1 to more than 11 m s-1. 540 
Over the same range, ICESat-2 retrieved blowing snow heights increase by a factor of 3 from 50 541 
m to 150 m on average. 542 
 543 
We now turn our focus to blowing snow properties inferred from ICESat-2 and compare them to 544 
MOSAiC and SnowModel-LG. Figure 6 shows the snow particle number densities and mass 545 
concentrations inferred from ICESat-2 backscatter during the 13 February blowing snow event 546 
(same overpass as in Figure 3e). The derivation of these blowing snow properties from the 547 
retrieved backscatter depends on assumptions about the lidar ratio and snow particle size profile 548 
(Supporting Information, Text S1-S2). Significant snow particle number densities (2.5-5.0×105 549 
m-3) are inferred from ICESat-2, with maxima close to the MOSAiC drift occurring 30-100 m off 550 
the surface (Figure 6a). Despite backscatter being maximum at the surface (Figure 3f), the 551 
assumed decrease in particle size with height (Text S2) results in particle numbers maximizing 552 
above the surface. Inferred particle mass concentrations decrease by a factor of 6 from the 553 
surface (> 0.60×10-4 kg m-3) to the top of the blowing snow layer (< 0.10×10-4 kg m-3; Figure 554 
6b). Figures 6c and 6d compare the mean and range of ICESat-2 snow particle number densities 555 
and mass concentrations in the lowest atmospheric bin, centered at 15 m, to the MOSAiC SPC 556 
observations, averaged within 6 hours of the overpass. The ICESat-2 mean number density 557 
(1.46×105 m-3) and mass concentration (3.62×10-5 kg m-3) compare well with the SPC 558 
observations at 10 m (2.28×105 m-3 and 5.51×10-5 kg m-3) but, as expected, are lower than the 559 
SPC observations at 8 cm. 560 
 561 

 562 
 563 
Figure 6. ICESat-2 inferred snow particle number density (top row) and mass concentration (bottom row) for a 564 
coincidence on 13 February 2020. (a,b) Curtain plot of ICESat-2 blowing snow number density (units m-3, panel a) 565 
and mass concentration (units kg m-3, panel b). The thick white line in each panel represents the top of ICESat-2 566 
retrieved blowing snow layers. (c,d) Comparison of mean blowing snow particle number density and mass 567 
concentrations from ICESat-2 and MOSAiC observations. ICESat-2 values (magenta) are derived from the lowest 568 
atmospheric bin (centered at 15 m) within 100 km of the MOSAiC drift. MOSAiC in situ measurements at 8 cm 569 
(blue) and 10 m (orange) are averaged within 6 hours of the ICESat-2 overpass. Circles indicate the mean values and 570 
error bars represent the observed range (minimum to maximum). 571 
 572 
Figure 7 evaluates more systematically the ICESat-2 derived snow particle number densities and 573 
mass concentrations against MOSAiC observations during 217 blowing snow and mixed 574 
coincidences. MOSAiC snow particle number densities at 8 cm showed a median value of 575 
1.72×105 m-3 (Figure 7a), an order of magnitude larger than observed at 10 m (median 2.45×104 576 
m-3). The number densities inferred from ICESat-2 in the lowest atmospheric bin display median 577 
values of 1.10×105 m-3 (Figure 7a) and range from 3.58×104 – 4.90×105 m-3. The range of 578 
observable number densities is limited by the lower and upper bounds of backscatter assumed in 579 



the blowing snow retrieval (1-2×10-5 – 2×10-4 m-1 sr-1). The number density distributions further 580 
indicate that ICESat-2 displays better agreement with the SPC10m observations compared to 581 
SPC8cm, with a lower mean absolute error (MAE) (2.04×105 m-3 compared to 5.59×105 m-3) and a 582 
reduced MOSAiC to ICESat-2 bias (-2.81×104 m-3 compared to +4.48×105 m-3).  583 
 584 

 585 
 586 
Figure 7. Distributions of (a) blowing snow particle number densities and (b) mass concentrations observed during 587 
MOSAiC and inferred from ICESat-2. The ICESat-2 distributions (magenta) are pooled for coincidences classified 588 
as blowing snow or mixed and represent the average inferred from the lowest atmospheric bin for blowing snow 589 
retrievals within 100 km of MOSAiC. The distributions from the MOSAiC SPC sensors at 8 cm (blue) and 10 m 590 
(orange) are from observations occurring within 6 hours of each ICESat-2 coincidence. The mean absolute error 591 
(MAE) and bias of the MOSAiC observations relative to ICESat-2 are shown in the legends. 592 
 593 
Observed SPC8cm particle mass concentrations (median 2×10-4 kg m-3; Figure 7b) are again an 594 
order of magnitude larger than SPC10m (median 2.35×10-5 kg m-3). The ICESat-2 inferred values 595 
(median 2.72×10-5 kg m-3; Figure 7b) align more closely with the SPC10m observations, with a 596 
lower MAE (5.42×10-5 kg m-3) and bias (+1.16×10-5 kg m-3) compared to the SPC8cm 597 
observations (MAE: 1.60×10-3 kg m-3, bias: +1.53×10-3 kg m-3). We thus find that ICESat-2 598 
derived number and mass concentrations are comparable to in situ measurements taken at 10 m 599 
above the surface. Moreover, the reasonable agreement in particle number and mass across 600 
ICESat-2 coincidences lends confidence to the estimates of blowing snow transport and 601 
sublimation fluxes, which we examine next. 602 
 603 
3.4 Blowing snow transport and sublimation fluxes from ICESat-2, MOSAiC, and 604 
SnowModel-LG 605 
 606 
Figure 8 shows the daily timeseries of blowing snow transport and sublimation fluxes derived 607 
from ICESat-2, MOSAiC, and SnowModel-LG along the MOSAiC drift. The ICESat-2 fluxes 608 
are averaged over all blowing snow detections within a 100 km radius of MOSAiC, weighted by 609 
the occurrence frequency of blowing snow. Similarly, we average daily SnowModel-LG results 610 
within 100 km of MOSAiC and ignore grid cells which ICESat-2 observes as cloudy. We 611 
estimate daily blowing snow transport and sublimation fluxes from hourly MOSAiC SPC8cm and 612 
Met City observations following Déry & Yau (1999, 2001, 2002), with details in Text S5. 613 
 614 
The daily timeseries of blowing snow transport shows marked periods of intense transport (> 2 615 
Mg m-1 d-1) coinciding with periods of blowing snow identified in the MOSAiC data (gray 616 
inserts, Figure 8a). All three estimates show correlation with each other (r = 0.43-0.73) as the 617 



main driver for transport flux is windspeed. Inferred ICESat-2 column integrated transport fluxes 618 
(mean 0.53 Mg m-1 d-1) are nearly a factor of three larger than SnowModel-LG (mean 0.19 Mg 619 
m-1 d-1). While both values represent a column integrated transport, the difference can be 620 
explained by SnowModel-LG largely confining the blowing snow to the lowest several meters of 621 
the atmosphere. Meanwhile, ICESat-2 observes blowing snow extending to deeper heights 622 
(Figure 3-5) where windspeeds tend to be faster (Figure S6b). The transport flux within the 623 
saltation layer, derived from the SPC8cm observations, has a lower mean value of 0.12 Mg m-1 d-624 
1. The fact that the ICESat-2 estimate exceeds this value by a factor of four suggests that a 625 
substantial fraction of the total blowing snow transport occurs above the saltation layer. This is 626 
consistent with Liston & Sturm (1998), who showed that for windspeeds > 9 m s⁻¹, the 627 
magnitude of blowing snow transport in the lofted blowing snow layer exceeds that in the 628 
saltation layer. 629 
 630 

 631 
 632 
Figure 8. Timeseries of blowing snow transport and sublimation fluxes inferred from MOSAiC observations (black 633 
lines), ICESat-2 retrievals (magenta), and predicted by SnowModel-LG (green) between November 2019 and April 634 
2020. (a) Blowing snow transport flux (units Mg m-1 d-1). The mean value for each dataset is shown in the legend. 635 
(b) Same as (a) but for the blowing snow sublimation flux (units cm SWE d-1). The relative humidity over ice 636 
(RHice) observed at 10 m during MOSAiC is shown in red. (c) Cumulative blowing snow sublimation flux during 637 
MOSAiC. The integral of each timeseries is shown in the legend. In November when SPC8cm data were missing in 638 
the MOSAiC estimates have been scaled by a constant factor of 44, which is the ratio of 8 cm to 10 m drift densities 639 
during December through April periods of blowing snow. 640 
 641 
During the majority of blowing snow periods at MOSAiC, the Met City near surface relative 642 
humidity over ice (RHice; red line, Figure 8b) was below saturation and allowed sublimation to 643 



occur. Daily mean sublimation flux values show good agreement between MOSAiC (0.014 cm 644 
SWE d-1), SnowModel-LG (0.013 cm SWE d-1), and ICESat-2 (0.014 cm SWE d-1). During the 645 
November through April period, we infer a cumulative sublimation of 2.38 cm SWE from 646 
ICESat-2 in the region surrounding the MOSAiC drift (Figure 8c). This value is within 10% of 647 
both the MOSAiC-based estimate (2.56 cm SWE) and SnowModel-LG prediction (2.35 cm 648 
SWE). 649 
 650 
Matrosov et al. (2022) and Wagner et al. (2022) conducted a detailed analysis of snowfall and 651 
snow accumulation during MOSAiC between the end of October 2019 and the end of April 652 
2020. They report a cumulative snowfall of 7.2 cm SWE based on optical precipitation sensor 653 
observations and 10.7 cm SWE based on radar measurements. Furthermore, weekly snow depth 654 
measurements from SnowMicroPen retrievals indicated an accumulated snow mass of 3.8 cm 655 
SWE. Taken together, these MOSAiC observations suggest a precipitation mass loss of 47-64% 656 
near the observatory. Our blowing snow sublimation estimates for the same period are 2.38 cm 657 
SWE for ICESat-2 and 2.35 cm SWE for SnowModel-LG, which represent a 22-33% removal of 658 
total snowfall and potentially explain a substantial portion of the reported precipitation loss. 659 
Static surface (non-blowing snow) sublimation represents an additional precipitation mass loss of 660 
4-5 % (total 0.38 cm SWE) based on SnowModel-LG. Processes causing the remaining 661 
precipitation mass loss could include horizontal snow transport, transport into leads, and snow-662 
ice formation (Merkouriadi et al., 2025; Wagner et al., 2022). Liston et al. (2020) found that 663 
blowing snow sublimation removed 15% of snowfall when averaged over all Arctic sea ice, but 664 
that this fraction could be as large as 30% for the Central Arctic. Our results are broadly 665 
consistent with this contribution. 666 
 667 
4 Examination of pan-Arctic blowing snow during MOSAiC 668 
 669 
Figure 9 shows the spatial variability in Arctic-wide blowing snow occurrence, transport, and 670 
sublimation from ICESat-2 and SnowModel-LG between November 2019 and April 2020. For 671 
ICESat-2, non-cloudy profiles are averaged to a 100 km EASE grid for each day; clear air 672 
profiles are assigned a value of zero for transport and sublimation, while the blowing snow 673 
occurrence represents the fraction of non-cloudy profiles in each grid cell that are retrieved as 674 
blowing snow. Daily transport and sublimation spatial averages are then computed only for grid 675 
cells where less than 70% of ICESat-2 profiles are cloudy. In SnowModel-LG, blowing snow 676 
occurrence is defined as the fraction of days with a blowing snow transport flux exceeding 0.02 677 
kg m-1 s-1 – a threshold selected to match the blowing snow flux inferred from an ICESat-2 678 
blowing snow retrieval with OD = 0.10 at a windspeed of 7 m s-1. This ensures that we only 679 
examine SnowModel-LG fluxes that are sufficiently strong for ICESat-2 to detect. Further, we 680 
do not consider values from SnowModel-LG grid cells that are labeled as cloudy by ICESat-2. 681 
Figure 10 presents the daily averaged timeseries of blowing snow occurrence, transport, and 682 
sublimation generated by this procedure.  683 
 684 
Both ICESat-2 and SnowModel-LG show a mean blowing snow frequency of 18-28% over the 685 
Central Arctic, with the highest values exceeding 20% in the Fram Strait region, consistent with 686 
storms entering the Arctic from the midlatitudes (Figure 9a-b). These storms are evident in the 687 
pan-Arctic mean blowing snow timeseries as days where both occurrence frequencies peak > 688 
15% (Figure 10a). These days correspond to increases in U10m and decreases in sea-level 689 



pressure both at MOSAiC and predicted by MERRA-2 across all sea ice (Figure S9), suggesting 690 
that these storms not only impacted MOSAiC (Rinke et al., 2021) but also the broader Arctic. 691 
 692 
While there is overall agreement in the spatial distribution of blowing snow occurrence between 693 
ICESat-2 and SnowModel-LG (r = 0.60; Figure 9c), two regions show marked differences. First, 694 
ICESat-2 detects blowing snow nearly a quarter of the time in regions north of the Canadian 695 
Arctic Archipelago (Figure 9a) while SnowModel-LG maximizes at about a factor of 4 lower 696 
(6%). Conversely, SnowModel-LG predicts significant blowing snow (> 20%) off the 697 
southeastern coast of Greenland which ICESat-2 does not observe. These two regions will be 698 
analyzed in more depth in a subsequent study. 699 
 700 

 701 
 702 
Figure 9. November 2019 through April 2020 mean spatial distribution of blowing snow occurrence (a,b) (units %), 703 
transport (d,e) (units Mg m-1 d-1), and sublimation (g,h) (units cm SWE d-1) inferred from ICESat-2 and predicted by 704 



SnowModel-LG. The maps are shown on an EASE grid with a resolution of 100 km. The top right of each panel 705 
shows the mean and standard deviation. (c) Spatial correlation between ICESat-2 (x-axis) and SnowModel-LG (y-706 
axis) blowing snow frequency from the grid cells shown in panel a. The correlation coefficient and normalized mean 707 
bias (NMB) are given in the bottom right. (f) Same as panel c but for blowing snow transport flux. (i) Same as panel 708 
c but for blowing snow sublimation. 709 
 710 
Transport inferred from ICESat-2 also maximizes in the region of high blowing snow occurrence 711 
near the Fram Strait, with values > 0.6 Mg m-1 d-1 (Figure 9d). SnowModel-LG predicts similar 712 
values of transport (> 0.4 Mg m-1 d-1) in this region (Figure 9e). The storms driving the 713 
occurrence of blowing snow are also seen in the pan-Arctic transport timeseries (Figure 10b), 714 
with ICESat-2 and SnowModel-LG displaying peaks > 0.5 Mg m-1 d-1 on several days in March 715 
(Figure 10b). 716 
 717 
The mean daily sublimation flux inferred from ICESat-2 and predicted by SnowModel-LG agree 718 
to within 15% on average (Figure 9i). The strongest sublimation predicted by SnowModel-LG 719 
occurs in March (> 0.04 cm SWE d-1), but ICESat-2 inferred values at these times are a factor of 720 
2 lower at 0.02 cm SWE d-1 (Figure 10c). Nevertheless, the ICESat-2 (1.74 cm SWE) and 721 
SnowModel-LG (1.79 cm SWE) cumulative blowing snow sublimation amounts averaged across 722 
the Arctic for November through April also agree to within 10% (Figure 10d). These totals are 723 
broadly consistent with previous SnowModel-LG simulations (1.5 cm SWE; Liston et al., 2020), 724 
suggesting ICESat-2 can be used to infer the general temporal evolution of blowing snow 725 
sublimation and its role in the snow mass budget on sea ice. Moreover, we find a cumulative 726 
snowfall of 10.7 cm SWE over this period predicted by MERRA-2 (Figure S9). Thus ICESat-2 727 
and SnowModel-LG suggest that blowing snow sublimation removes 16-17% of snowfall when 728 
averaged across all Arctic sea ice. 729 
 730 

 731 
 732 



Figure 10. November 2019 through April 2020 daily timeseries of blowing snow occurrence frequency (a), 733 
transport flux (b), and sublimation flux (c) inferred from ICESat-2 (magenta lines) and predicted by SnowModel-LG 734 
(green lines). The daily averaged value is shown in the legend. (d) Arctic-wide average accumulative sublimation 735 
inferred from ICESat-2 (magenta line) and predicted by SnowModel-LG (green line). The cumulative total is shown 736 
in the legend. 737 
 738 
ICESat-2 can only detect blowing snow in conditions with clear sky or optically thin clouds. To 739 
evaluate the potential bias this introduces, we compare vertically integrated SnowModel-LG 740 
blowing snow fluxes for all conditions versus only days with valid ICESat-2 retrievals (Figures 741 
S10-S11). SnowModel-LG results from all conditions show the same spatial and temporal 742 
patterns as in Figures 9-10 but with values that are 30% larger. These results suggest that the 743 
ICESat-2 estimates could be biased low by 30% on average because of this sampling limitation. 744 
Scaling the ICESat-2 values to account for this, we find a cumulative blowing snow sublimation 745 
flux of 2.26 cm SWE, which equals 21% of MERRA-2 snowfall. SnowModel-LG estimates a 746 
cumulative Arctic-wide sublimation under all conditions of 2.27 cm SWE, also resulting in the 747 
loss of 21% of snowfall (Figure S11d). Future work will expand this comparison to additional 748 
years and seasons to further understand how ICESat-2 samples the underlying variability in 749 
blowing snow over Arctic sea ice. 750 
 751 
5 Summary and Conclusions 752 
 753 
Our analysis presented an optimized ICESat-2 algorithm for detecting blowing snow over Arctic 754 
sea ice and demonstrated its ability to capture the occurrence of blowing snow and its properties. 755 
This optimization addressed two key issues of retrieving blowing snow when clouds are present. 756 
First, we imposed additional quality checks on the retrievals to reclassify clouds misidentified as 757 
blowing snow. Second, we introduced a scaling factor which corrects the near-surface 758 
backscatter for attenuation by transmissive clouds, thereby allowing retrieval of blowing snow in 759 
these instances.  760 
 761 
We evaluated the optimized algorithm by examining 612 ICESat-2 overpasses occurring within 762 
100 km of the MOSAiC drifting observatory between November 2019 and April 2020. Both 763 
ICESat-2 and the ground-based MOSAiC observations suggest blowing snow occurred 17% of 764 
the time during this period. The ability of ICESat-2 to observe the onset, maintenance, and 765 
termination of blowing snow was demonstrated for a strong storm on 12-14 February 2020. 766 
Across three days, ICESat-2 observed strong blowing snow (ODs > 0.20) coincident with large 767 
MOSAiC snow-drift densities (> 1×10-5 kg m-3) and SnowModel-LG blowing snow fluxes (> 768 
1×10-6 Mg m-1 s-1). At its peak on 13 February 2020, ICESat-2 observations indicate that the 769 
blowing snow event spanned over 1,000 km horizontally and encompassed an area of 770 
approximatively 1.5 million km2, comparable to the geographic extent of Alaska. 771 
 772 
We found that ICESat-2 retrieved blowing snow heights (mean 86 m) occurred at or just below 773 
temperature inversions identified in coincident radiosonde launches during MOSAiC. 774 
Furthermore, both inversion height and retrieved blowing snow height showed a strong 775 
dependence on U10m, consistent with increased turbulent mixing at high windspeeds. During 776 
coincident periods, blowing snow particle number and mass inferred from ICESat-2 backscatter 777 
in the lowest atmospheric bin (0-30 m) showed broad agreement with MOSAiC observations 778 
made at 10 m. 779 



 780 
We examined all ICESat-2 retrievals within 100 km of MOSAiC and inferred a total of 2.38 cm 781 
SWE of blowing snow sublimation, consistent with the total inferred based on the MOSAiC 782 
observations (2.56 cm SWE) and SnowModel-LG predictions (2.35 cm SWE). We then used 783 
ICESat-2 and SnowModel-LG to examine blowing snow across the entire Arctic during the same 784 
six-month period, in general finding good agreement in the spatial structure of blowing snow 785 
occurrence. Total pan-Arctic sublimation from ICESat-2 and SnowModel-LG agreed to within 786 
10% (1.74-1.79 cm SWE). These totals represent 16-17% of total pan-Arctic snowfall, consistent 787 
with previous studies (e.g., Liston et al., 2020; J. Yang et al., 2010) highlighting the importance 788 
of blowing snow sublimation in removing snow from the sea ice surface. 789 
 790 
There are a number of factors which could affect the ICESat-2 blowing snow retrievals presented 791 
in this work. In cases where falling snow or ice might be mixed with blowing snow, the entire 792 
ICESat-2 backscatter signal is attributed to blowing snow, thereby enhancing blowing snow 793 
mixing ratios, transport, and sublimation. Further, the temperature and relative humidity profile 794 
within blowing snow layers is largely unknown. While we attempted to achieve consistency in 795 
assumptions between ICESat-2 and SnowModel-LG, small errors in temperature and humidity 796 
can lead to significant changes in derived sublimation. Moreover, blowing snow processes are 797 
not included in the MERRA-2 reanalysis and GEOS models and thus their temperature and 798 
humidity fields are missing a potentially large source of heat and moisture. Due to the vertical 799 
resolution of ICESat-2, the blowing snow algorithm cannot reliably detect blowing snow layers 800 
shallower than 30 m. Therefore, the transport and sublimation associated with these layers is not 801 
accounted for, potentially biasing the results. With regard to sampling by ICESat-2, no blowing 802 
snow can be detected beneath optically thick clouds. These conditions are most often present in 803 
and around winter storms which, due to their strong winds, likely generate extensive blowing 804 
snow. It is also likely that relative humidities are high beneath these clouds, resulting in 805 
suppression of blowing snow sublimation. Conversely, even at these high relative humidities 806 
sublimation of small blowing snow particles may still proceed through the Kelvin or curvature 807 
effects (X. Yang et al., 2019). To assess the impact of this sampling bias, we examined 808 
SnowModel-LG predictions under optically thick cloud conditions and found that ICESat-2 may 809 
underestimate sublimation by 30%. However, this approach assumed that SnowModel-LG and 810 
MERRA-2 accurately capture the complex sub-cloud storm environment containing blowing 811 
snow, falling snow, and nuanced temperature and moisture fields which influence predicted 812 
blowing snow sublimation. Future studies should extend the presented analysis approaches 813 
beyond MOSAiC to campaigns occurring in additional regions and seasons (e.g., the NASA 814 
2024 Arctic Radiation-Cloud-Aerosol-Surface Interaction EXperiment, ARCSIX) to further 815 
evaluate the representativeness of ICESat-2 blowing snow observations and SnowModel-LG 816 
predictions. 817 
 818 
Arctic sea ice regions are experiencing warming at a rate more than four times the global average 819 
(Rantanen et al., 2022). These accelerated changes have been linked to decreasing sea ice extent, 820 
thinning sea ice accompanied by a shift to younger ice, and a reduction in the overall snowpack 821 
present on sea ice (Meredith et al., 2019; Stroeve et al., 2020; Stroeve & Notz, 2018; Webster et 822 
al., 2014). Recent studies have shown that projected continued Arctic warming will also lead to 823 
increased precipitation, but that a greater fraction of this precipitation will fall as rain instead of 824 
snow (Bintanja, 2018; Bintanja & Andry, 2017; McCrystall et al., 2021). These changes will 825 



likely affect the occurrence and properties of blowing snow, which depend strongly on the 826 
amount and characteristics of surface snow. It is therefore more critical than ever to have robust, 827 
observational constraints on Arctic blowing snow to accurately capture its characteristics in the 828 
present climate and examine potential responses to a changing climate. 829 
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