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Abstract. Blowing snow sublimation is an-impertant-a key boundary layer process in polar regions and is the major ablation
term in the surface mass balance (SMB) of the Antarctic ice sheet. In-this-study—we-update-This study updates the blowing
snow model in the Regional Atmospheric Climate Model (RACMO) ;-version 2.3p3, to-inclide—among—other-things;—the
effeet-of-incorporating blowing snow sublimation ia-into _the prognostic equations for temperature and water vapour. These
updates are-necessary-to-remove-the-undesired-address numerical artefacts in this—version—s-modeHed-blowing-snowflux:
Speetfically;-instead-of-a-the previous model version by replacing the uniformly discretised ice particle radius distributionused
mh&pfewe&s—vefﬂe&ef—me—mede} which limited the maximum ice partlcle radius to < 50 pm, we-use-a-non-uniformly

a-with a non-uniform distribution coverin
radii from 2 to 300 pm without any-additional computational overhead. The updated-modelresults-are-compared-against-the
improved model is validated against meteorological observations from site D47 in Adélie Land, East Antarctica. The updates

aHeviatefix_the numerical artefactsobserved-in-the-previous-model-results-and-suceessfully-prediet-, successfully predictin
the power-law variation of the blowing snow flux with wind speed while improving the prediction of the-magnitudeof-the

frequeneyfrom-updated RACMO-its magnitude. Additionally, a qualitative comparison with CALIPSO satellite ebservations
data shows that RACMO sueeesstully-prediets-accurately forecasts the spatial pattern of monthly blowing snow frequencies.

typical satellite observation values. Results reveal that, without blowing snow, sublimation in Antarctica is-timited-to-summer
months{(Oetober—Mareh)as-there-isnegligible-mainly occurs in summer (October—March), with minimal surface sublimation
in Antaretic-winter(April-Septemberwinter (April-September). Introducing the blowing snow model creates an additional

sublimation mechanism with-its-majer-contribution-in-the-Antarctiec-wintermenths—For-primarily contributing in winter. From
2000——2012, the-model-integrated blowmg snow sublimation t&mlﬁ +7Gt yr*1 an-inerease-of-a 52% compared

torrincrease from

the previous version. Total sublimation, summing blowing snow and surface sublimation, is-teached 234 & 10 Gt yr~!, which
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15-47% higher compared-to-a-simulation-without-a-than in simulations without the blowing snow model. Inereased-sublimation
eontributes-This increase leads to a 1.2% reduction in the integrated-SMB-of-the-Antarctic ice sheeteompared-to-the-previous
modelresults—tnaddition,—we-observechanges-in-the-’s integrated SMB. Additionally, changes in sublimation in coastal and
lower escarpment zones ;-indieating-underscore the importance of the model updates to-the-climatologyof-blowing-snow-in

1 Introduction

In the coastal regions of Antarctica, strong katabatic winds lift loose snow off the ground, causing drifting snow (e.g. Kodama
et al. (1985)). When this snow rises further and is suspended in the atmospheric boundary layer, it is called blowing snow.
This wind-driven transport can be categorised as drifting (< 1.8 m a.g.l) and blowing (> 1.8 m a.g.l) snow (Serreze and Barry,
2005, p. 54). It redistributes the snow on the surface of an ice sheet and can also give rise to black-ice areas, affecting the local
surface energy balance (SEB) (van den Broeke and Bintanja, 1995). Furthermore, it is well known that the suspended snow
particles are more prone to sublimation than surface snow (Schmidt, 1972; Bintanja, 2001). Therefore, drifting and blowing
snow transport and sublimation are important factors contributing to Antarctica’s surface mass balance (SMB), particularly in
coastal regions (Bintanja, 1998). For brevity, from hereon, both drifting and blowing snow are combined and referred to as
blowing snow.

Blowing snow is a significant contributor to the (local) SMB of the polar regions and plays a crucial role in the climate
system of Antarctica. While there have been automatic weather station (AWS) observations of blowing snow-related processes
from Antarctica (van den Broeke et al., 2004; Thiery et al., 2012; Barral et al., 2014; Amory, 2020), continent-wide estimates
of blowing snow are difficult to obtain from such observations. Though continent-wide estimates derived from satellite-based
products are available (Palm et al., 2017), they are restricted to optically thin cloud conditions and snow suspended in upper
layers of the boundary layer (> 30 m a.g.l.) (Palm et al., 2011) and therefore are not suitable for estimates of near-surface
blowing snow and its contribution to SMB. Hence, the continent-wide estimates can only be obtained by parameterising
blowing snow processes and embedding these parameterisations in regional climate models (RCMs) (Bintanja, 1998; Déry
and Yau, 2001; Lenaerts and van den Broeke, 2012; Amory et al., 2021; Toumelin et al., 2021). However, the representation of
blowing snow in RCMs is challenging due to the complex and dynamic nature of the phenomenon involving multiple feedbacks
with related processes such as snow precipitation and surface sublimation.

Including a blowing snow model in RCMs has been found to improve the SMB estimates in the regions where katabatic
winds form (Mottram et al., 2021). Specifically, without modelling blowing snow processes, it is difficult to capture the spatial
gradients in the sublimation of snow accurately (Agosta et al., 2019), which is particularly important in the escarpment regions
of Antarctica. To improve our understanding of the Antarctic climate, it is crucial to accurately model the occurrence and
impacts of blowing snow in RCMs. However, due to the coupled nature of blowing snow and the high sensitivity of the model

to parameters, it is difficult to obtain a perfect agreement between observed and RCM estimates of blowing snow flux (Lenaerts
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Figure 1. (a) Yearly average (2000-2012) 10—m wind speed (ms 1), Location of observational site D47 in Adélie Land, East Antarctica, IL
represents an interior location (71.1 S, 111.7 E), and dashed lines represent the latitude 82 S, North of which CALIPSO satellite data is
available. (b) Variation of near surface blowing snow flux TRgs (kgm 15 1) vs 2-m wind speed (ms 1). Solid and dashed lines represent

the variation of observed and simulated (RACMO2.3p3) near-surface snow-drift fluxes, respectively.

et al., 2014; van Wessem et al., 2018; Amory et al., 2015, 2021).

The polar version of the regional atmospheric climate model (RACMO) (van Wessem et al., 2018; van Dalum et al., 2022) is
coupled with a blowing snow scheme based on the PIEKTUK model (Déry and Yau, 2001; Lenaerts et al., 2012) to represent
snow transport in polar regions. Evaluation of RACMO against snow particle counter (SPC) observations from Greenland
showed that RACMO2.3pl (hereafter Rpl) overestimated the snow particle transport (Lenaerts et al., 2014). Therefore, in
RACMO2.3p2 (hereafter Rp2) (van Wessem et al., 2018), the linear saltation coefficient was subsequently halved to match the
SPC observations from Greenland.

Recently, we evaluated blowing snow fluxes from RACMO2.3p3 (hereafter Rp3) against the SPC observational data at site
D47 (location: 67.4°S, 138.7°E), Adélie Land, East Antarctica (Amory, 2020). Figure 1(a) shows the yearly (2000-2012)
average 10-m wind speed obtained by Rp3 and the location of the observation site D47. Since the coastal regions of Antarctica
witness very high wind speeds (Fig. 1(a)) and the concentration of blowing snow particles increases with the wind speed
(Radok, 1977; Budd, 1966; Amory, 2020), the blowing snow transport (TRy4s kgm~!s~1) is expected to increase in a power-
law fashion with velocity. However, Figure 1(b) shows that TRy from Rp3 does not show a rapid increase with velocity
as expected. Evaluation of Rp3 blowing snow flux with observations also revealed that it consistently underestimates the
magnitude of the observed flux. The evaluation shows the need to improve the blowing snow model in Rp3 and systematic
comparison of blowing snow fluxes against observations to obtain reliable estimates of Antarctic SMB.

In this study, several updates to the blowing snow scheme in Rp3 are presented. The updates aim to improve the coupling
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of the blowing snow processes with Rp3 atmospheric physics. Next, near-surface blowing snow uxes obtained from Rp3 are
compared against the observed uxes from site D47, Adélie Land, East Antarctica (Amory, 2020). The observations from site
D47 are particularly suitable for evaluations since the region experiences frequent blowing snow, and the observations employ
2" generation FlowCapY sensors, which have been found to predict the blowing snow uxes with reasonable accuracy
(Amory, 2020). The details of RACMO and the modi cations to the blowing snow scheme in Rp3 are presented in Section
2, and details of the observational site and available data are presented in Section 3. Blowing snow frequency and uxes
from the updated RACMO are evaluated against the observations in Section 4, followed by comparing results against version
Rp3. Furthermore, we discuss the impact of the snow drift updates on the continent-wide estimates of SMB for Antarctica by
comparing the modelled SMB for 2000-2012 with a no-blowing snow case and model results from CRYOWRF (Gerber et al.,
2023), followed by conclusions in Section 5.

2 Model descriptions
2.1 Regional Atmospheric Climate Model (RACMO)

RACMO is built on the semi-implicit semi-Lagrangian dynamics kernel of the numerical weather prediction model HIRLAM
(High-resolution limited area model; Undén et al. (2002)), version 5.0.3, with the European Center for Medium-Range Weather
Forecasts (ECMWF) physics package, including both surface and atmospheric processes, from cycle 33r1 (ECMWF, 2009).
The model assumes hydrostatic equilibrium, and the operational polar version, Rp2, has been veri ed to produce realistic
results at the resolutions used in this study (van Wessem et al., 2015, 2016). This polar (p) version of RACMO?2 includes
a multilayer snow model that calculates the snow albedo evolution, melt, refreezing, percolation and run-off of meltwater
(Greuell and Konzelmann, 1994; Ettema et al., 2010; Kuipers Munneke et al., 2011). It also includes a blowing snow scheme
based on the PIEKTUK model (Déry and Yau, 1999; Lenaerts et al., 2012).

In the newer version Rp3, the snow and ice albedo parameterisations were updated using Two-streAm Radiative TransfEr in
Snow model (TARTES; Libois et al. (2013)) coupled with the Spectral-to-NarrOWBand ALbedo (SNOWBAL) module, version
1.2 (van Dalum et al., 2019). Rp3 has produced results that compare well with both in-situ and remote sensing observations of
SMB of Antarctica (van Dalum et al., 2022). Rp2 and Rp3 are introduced in detail in Noél et al. (2018) and van Dalum et al.
(2019), respectively. At the lateral boundaries, the simulations presented here are forced with ECMWF ERADS reanalysis data
(Hersbach et al., 2020) with an update interval of 3 hours.

2.2 Blowing snow model

In Rp3, we use the bulk (non-spectral) version of the PIEKTUK model (Déry and Yau, 1999), which employs an evolution
equation for the mixing ratio of blowing snog, (kgkg 1) and an additional equation for the evolution of snow particle
number concentratioN , which is the double-moment version of the model (hereafter PIEKTUK-D, Déry and Yau (2001)).
Here, we introduce only the essential features of the PIEKTUK model, and the additional details can be found in Déry and Yau
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Figure 2. Schematic showing the blowing snow model levels, Rp3 model levels, and key processes involving blowir@smnepresents
the snow transport due to blowing snow. The gure shows that the model level of blowing snow is above the saltation height. In the schematic,
o (mixing ratio) and\ (number concentration) represent the boundary conditions for the blowing snow model calculatgd feordN sar

using the classical equation for suspended particle concentration.

(2001). PIEKTUK is an Inuktitut word for blowing snow (Déry et al., 1998). Figure 2 shows the blowing snow processes and
the coupling between PIEKTUK-D and Rp3, presenting the important snow transport mechanisms over an ice sheet. When the
friction velocity, a measure of the wind shear at the surface, exceeds the threshold friction velocity, the snow particles perform
a downwind motion of a series of jumps or skips, a process called saltation. When the saltating snow particles get suspendec
in the boundary layer due to turbulent mixing, they form the blowing snow. In PIEKTUK-D, this transition from saltation to
suspension, governed by different physical mechanisms, is assumed to happen at the élgyation

To calculate the sublimation and transport of blowing snow, the evolution equation for the blowing snow mixirgg ratio
(kgkg 1) is written as:

@4_ @ @
@t @z Kb@z"' Vb + Sp 1

where t (s) denotes time, z (m) the vertical coordinagéms 1) is the bulk terminal velocityK , (m?s 1) represents turbulent
eddy diffusivity for blowing snow, an®, (kgkg s 1) the bulk sublimation rate. The lowest blowing snow model level is
set to 0.1 m, at the top of the saltation layer at helght The boundary condition for solving Eq. (1) is given by relating the
blowing snow mixing ratiay, at the lowest model level with the mixing ratio at the top of the saltation laygt, There exist
several empirical formulations for erosion of the snow particles in the saltation tgyefikgkg ). In Rp1, saltation ux was
parameterised using Déry and Yau (1999),

Gsalt = Csait(1 Uthr:UfmI)Z:59 =u, (2)

in which csacis a constant, initially set t8:385and retuned t0:192in Rp2 and Rp3, respectively. Furthermaug, represents
the threshold wind velocity (m <), andUsy represents wind speed at the rst model level (m)s The threshold wind velocity
is de ned byuy, =9:43+0:18 T, +0 :0033T22m with Tomin C (Déry and Yau, 1999).
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In Rp3, we update the saltation parameterisation Pomeroy (1989),

€sait o 2 .
u us, ; 3
g hsalt ! ( )

wherees,y, the saltation ef ciency, is set td=(3:25u ), u (ms 1) is the friction velocity,hsy = 0:0843611?7 represents

Csalt =

the thickness of the saltation layer (m) according to the relation of Pomeroy and Male (§292)81 is the gravitational
acceleration (ms?), andu  represents the threshold friction velocity (3.
The parameterisation of the threshold friction velocity in Eq. (3) is given by Gallée et al. (2001):

n n
+ Mo

1 n 1n0;

where,n=(1 =) is the snow porosityng =(1 o= ), with ¢ as the actual mean snow density of the upper 5 cm,

U= Uupexp

(4)

and ; is the density of iceny is the porosity of fresh snow withy = 300 kgm 2. The reference threshold friction velocity

U 1o is calculated based on the potential for snow erosion by the winglis characterised by a snow mobility index, Mo

0:75d 0:5s+0:5, where the variabled ands represent the snow grain dendricity, and sphericity, respectively. However,
dendricity and sphericity are not modelled in RACMO. Therefore, we tbkes = 0:5, hence set Mo t0:625. The threshold

friction velocity based on (Gallée et al., 2001), depend on the snow mobility index which denotes the potential for snow erosion
by the wind, withMo =0:75d 0:5s+0:5, where d and s represent dendricity and sphericity of fresh snow. Gallée et al. (2001)
mention that the crystal shape of freshly fallen snow does not allow a large grain cohesion in the snowpack. Therefore, this
allows relatively high snow mobility index Mo values for lardeSintering is enhanced when the number of rounded shapes
increases so théflo decreases whemdecreases. Explicitly modelling the snow mobility index requires solving prognostic
equations for snow particle characteristics. Without sophisticated models for snow particle characteristics, the snow mobility
index was set to 0.62%E 0:5 ands = 0:5) to match blowing snow frequency observations. A detailed discussion is available

in Lenaerts et al. (2012). A parametric study of the snow particle characteristics is out of the scope of the present study.
Finally, u (o is de ned by Gallée et al. (2001) as

log(2:868) log(1+ Mo :
o= 20EE0 09T O o, ©

whereCp = u?=U2 represents the drag coef cient of momentum.

The governing equation for the evolution the concentration of partiblgsg
%:lz @@z KN%§+VbN + Sn: (6)
Here,Kn (m?s 2?) is the eddy diffusivity foN, andSy (m®s 1) denotes the rate of change of particle numbers due to the
sublimation process. The lower boundary condition for solving Eq. (6) is here also the particle concentration at the top of the
saltation layerN <) (Déry and Yau, 1999), which will be de ned below.
In PIEKTUK-D, the bulk blowing snow mixing ratiq, is related taN via the spectral number densky(r), following Schmidt
(1982):

A

%= ‘13& r3F(r) dr, @
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where the distribution dfF (r) follows two-parameter gamma distribution (Budd, 1966; Schmidt, 1982) by the relation:

Nr( Dexp =
()

where,r represents the radius of ice particles(dimensionless) and (m) the shape and scale parameters of the gamma

F(r)= : )

distribution . Substituting, Eq. (8) in (7), we obtain the particle number concentratigpat the saltation layer:

3QSaIt( ) .
4 ice( +3) 3’

©)

Nsait=

with =4:0, =100= ( m), and density of iceice = 917 kgm 3. Eq. (7) is discretised with the hypothesis that ice particle
size follows a two-parameter gamma distribution, with particle size bins covering particles of24di880 m (Déry et al.,

1998).

Finally, in the blowing snow model, the mass change of an ice particle due to the blowing snow sublimation is given by the
model of Thorpe and Mason (1966):

dﬂ - 2 r QI’ LS 1 - LS LS 1 + RV Ta ’
dt KNnTa RyTa KN nuTa RyTa NsnDe;

(10)

where (dimensionless and negative) is the water vapour de cit with respect tdeicee )=g, wheree and g are the
vapour pressure and its value at saturation overigeis the ambient air temperature (K&, the thermal conductivity of
air (Wm 1K 1), L the latent heat of sublimation (Jk§K 1), R, the gas constant for water vapour, @ddhe molecular
diffusivity of water vapour in air (s 1), Q, the net radiation transferred to the ice particle (W), Aiag andN gy, being the
Nusselt and Sherwood numbers.

2.3 Major changes to blowing snow model in RACMO

Six major updates in the implementation of PIEKTUK-D in Rp3 are summarised below :

1. In Rp3, uniformly discretised 12-particle size bins were used, with a constant particle binrsizé m. Therefore,
size bins with a mean particle radius greater th&n m were excluded, which caused the unexpected variation gf TR
observed in Fig. 1(b). To solve the issue, we use a grid stretching technique similar to Direct Numerical Simulations
(DNS) of channel ows to obtain non-uniform distribution with smooth stretching following a tangent hyperbolic func-
tion (Vinokur, 1983). We now use 16-particle size bins with varyingto include all relevant particle size classes with
particles of mean radius for each bin fréghto 300 m, while keeping the computational overhead the same as before.
Déry et al. (1998) report convincing results by including particles of mean radius for each bi@ foo2%4 m.

2. Previously, in the blowing snow model of Rp3, 32 vertical levels equidistant on a logarithmic scale were used. The
blowing snow model was not fully coupled to the boundary-layer model as the blowing snow grid levels did not match
the model atmospheric levels. Speci cally, instead of the actual velocity pro les, temperature and velocity pro les were
reconstructed using logarithmic relations from the rst model atmospheric level. In addition, the friction velogity (
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was recalculated in the blowing-snow model, assuming near-neutral conditions. These inconsistencies have now been
resolved, and actual velocity and temperature pro les and friction velocities from the boundary layer model are used,
which constitutes another major improvement. We have reduced the vertical levels to 16 to reduce computational ex-
penses, with eight logarithmically varying levels up to the lowest model level (dashed lines in Figure 2). Furthermore,
above the lowest atmospheric level, the PIEKTUK-D model levels coincide with the model atmospheric levels, and this
facilitates easier coupling of blowing snow sublimation as tendencies in the prognostic equations.

. We found that PIEKTUK-D, when coupled to Rp3, is highly sensitive to the model time step. In PIEKTUK-D, the

integrated blowing snow ux quickly reaches equilibrium, and it depends on the time step used to solve the evolution
equations. While Déry and Yau (1999) specify a model time step of 2 seconds for PIEKTUK-D; in Rp3, the model time
step was of the order &0 600seconds. This time step was too large to predict the drift uxes reliably. To overcome
this, we introduce sub-stepping in the blowing snow model. We ran the model with diffetenith different time step

sizes. We found large difference between the values of integrated blowing snow ux fer600, 300, 100, 50, 20, 10,

and 5 seconds. Fort = 10 and t = 5, the magnitude of blowing snow ux was nearly the same, so we choose

10 s. Furthermore, the model quickly reaches a steady state in 5 sub-steps. Therefore, we use ve sub-steps with a time
step of 10 seconds and the uxes from the last sub-step are taken as the representative ux for the full Rp3 model step.

. In the original PIEKTUK model implementation by Déry and Yau (1999), the blowing snow mixing ratios are reset to

zero only if the friction velocity is lower than the threshold friction velocity in two consecutive time steps, providing a
realistic initial approximation of blowing snow quantities in each time step. However, previously ilf\Radqg, were

reset to zero after every model time step, though in reality, the blowing snow events last for hours. Resetting the ux to
zero is unrealistic and calls for a proper initialisation of the variables. Therefore, we now iniNaks®l g, from the
previous time step if two consecutive time steps satisfy the conditionu ; otherwise, the values are reset to zero,
indicating the end of the blowing snow event.

. In Rp3, the bulk sublimation ratg, was used to calculate an integrated blowing snow sublimation ux, and this inte-

grated moisture ux was added to the surface. While this approach works reasonably in obtaining SMB estimates, it is
not realistic since it limits the effect of blowing snow sublimation to the surface. To rectify this error in representation,
we now add blowing snow sublimation rate$%,) and latent heat due to blowing snolsS,=G,) as tendencies to the
prognostic equations of atmospheric water vapour and temperature, respectively.

. In Rp3, snowdrift was modelled if >u ; and Eq. (2) was used to estimate the saltation ux. This parameterisation

caused sharp variations in the saltation ux in Rp3 and was not optimal. Therefore, the saltation ux is now derived with
Eq. (3), which produces smooth variationsogfi. Furthermore, Eqg. (3) is also used in the MAR model to parameterise
saltation ux (Amory et al., 2021). Finally, the formula to derive the vapour saturation pressure &)iagekq. (10) has

been updated to the AERKI formula (Alduchov and Eskridge, 1996; CY45R1—Part IV, 2018), as this formula is used
in IFS code in which the blowing snow module is embedded.
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3 Datasets for model evaluation
3.1 In situ snowdrift observations

The in situ observations used for evaluation are presented and discussed in detail by Amory (2020) and Amory et al. (2020a);
here, we summarise the key information. The observational site D47 (loc&fighsS, 1387 E, Fig. 1(a)), is located at an
elevation of 1560 m, and at a distance of 105 km from the shore. Due to its topographical situation, the site experiences
strong katabatic winds with a strong directional consistency Amory (2020). Due to the high surface winds, the site experiences
frequent blowing snow events and is ideally suited for evaluating RACMO results. For evaluation, observations of near-surface
gquantities such as 2-m wind speed, temperature, and air relative humidity are used, complemented with half-hourly drifting-
snow transport uxes. These observations are available for 2010-2012 with half-hourly temporal resolution. The drifting-
snow transport uxes are measured with second-generation FloMCagnsors. The sensors convert the acoustic vibration
caused by blowing snow particles into integrated snow mass ux. The equipment consists of two 1-m length acoustic tubes,
superimposed vertically to measure snow ux in the rst 2 m above the ground.

The blowing snow scheme in Rp3 has multiple levels, with the lowest vertical level set at 0.1 m. For comparison with
observations, we obtain an average, vertically integrated, blowing snowQgacmo (kgm 2s 1), from the lowest model
level up to 2-m height. Following Amory et al. (2021), since there are two acoustic tubes for measurement, we combine snow

mass ux from both the tubes into an average, near-surface, mas®wbgs (kgm ?s 1), as:

_ Qmihi+ Q2hy,
Qr;08s = T hpth, (11)

where, Q.1 is the observed snow mass ux integrated over the exposed lendthaffthe corresponding 2G-FlowCdf

sensor. The height of the sensor at D47 is 2.8 m. However, Amory (2020) mention that, due to harsh weather conditions
at D47, it was dif cult to reset the height of the sensors owing to the elevation changes due to snow. As a result, by late
December 2012, the measurement heights decreased from their initial values to 1.5 m for wind speed and direction and 0.9
m for temperature and relative humidity. Therefore, we compare the instantaneous uxes for the year 2011. The data is made
available on Zenodo as quantities at 2-m height. Since the rst atmospheric level in RACMO (approximately 8—10 m) is above
this height, we obtain the 2-m wind speed using the Monin-Obukhov similarity theory.

3.2 Satellite data for evaluating monthly blowing snow frequency

We compare model results with lidar data from CALIPSO (Cloud-Aerosol Lidar and Infrared Path nder Satellite Observation,
Palm et al. (2017)), which measures blowing snow quantities for the Antarctic Ice Sheet norttsoff&m et al., 2017, 2018).

These satellite observations include only those blowing snow layers deeper than 30 m and only those events without clouds.
Making an accurate one-to-one comparison of the model results with the satellite observations requires ltering of the model
results to layers deeper than 30 m and for cases with no or optically thin cloud conditions, of which the former is not possible
with the data exported from the current RACMO simulations. Therefore, we use the satellite observations to look at the seasonal
patterns and only qualitatively compare the model results.
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Figure 3. Comparison of simulated instantaneous near-surface blowing snow ;uk@n 2s 1) with observations for the year 2011: (a)

Rp3, (b) RpNew (c) Variation of near-surface blowing snow @¢ with 2-m wind speed kh, (ms ). Open circular, lled red diamond,

and lled circular markers represent data from RpNew, Rp3, and AWS data, respectively. Observed and simulated blowing snow uxes
kgm 2s ! (d) Rp3, and (e) RpNew. Solid lines represent the 1:1 line and the dashed lines represent the best- t line. The colours represent

the normalised point density from low (0.0, black) to high (1.0, red).

4 Results and discussion

Three Rp3 simulations for 2000-2012, forced by ERAS reanalysis data, were run for the evaluation presented here. The rst
one, hereon referred to as RpNew, employed all updates listed in Section 2.3. A second simulation was carried out with the
blowing snow scheme switched off, hereon referred to as NO-DRIFT, to study the effects of blowing snow compared to the
no-blowing snow scenario. Finally, a simulation with the original blowing snow code of Rp3 has been carried out to compare

the change in SMB estimates and related quantities.

10
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4.1 Model evaluation with observations at site D47
4.1.1 Blowing snow ux and near-surface relative humidity

Figure 3(a) presents the instantaneous blowing snow mass ux obtained from Rp3 compared with the observations for the year
2011. As can be seen in the gure Rp3 fails to predict the peaks of blowing snow magnitude when compared with observations
and as such does not reliably predict the magnitude of the blowing snow. In Rp3, the linear saltation coefgigd. (2))

was reduced (van Wessem et al., 2018) which resulted in the low, limited snow transport ux seen in Figure 3(a). As halving
Csait roughly led to halving the snow drift ux, the RACMO versions preceding version 2.3p2, with doghlgdverestimated

Qr for most of the time (not shown).

Figure 3(b) presents the instantaneous blowing snow mass ux obtained with the RpNew. We observe that RpNew works
well in predicting the magnitude of the blowing snow ux. Speci cally, the magnitude of the blowing snow ux matches the
observations reasonably well in the Antarctic winter (April-September). However, it is underestimated in the Antarctic sum-
mer (October—March). The underestimation might be related to the amount of loose snow available at the surface, possibly due
to inaccuracies of the modelled surface snow compaction in summer or the direct interaction between precipitation and snow
drift, which Rp3 does not resolve. As we found no clear cause for the underestimation of snow drift during summer, further
study is necessary to uncover the seasonal differences in the blowing snow ux.

Figure 3(c) presents the variation of blowing snow mass ux with the near-surface wind speed. Flux from Rp3 fails to
produce power-law variation with the wind speed; however, RpNew successfully predicts it. The primary reason for this im-
provement is the non-uniform ice particle radius distribution, allowing us to include all relevant ice particles in the range
between 2 to 300m. Coupled with the better coupling with RACMO prognostic variables and sub-stepping, the behaviour of
the ux follows the expected power-law variation seen in Figure 3(c).

In Figure 3(d) and (e), we present the comparison of simulated near-surface blowing snow mass ux with observed ux for
Rp3 and RpNew, respectively. Simulated ux from Rp3 has a positive bias, with a ver fop-value< 0:01) indicating that
Rp3 fails to capture the variability in the blowing snow ux observations. The predictions with Rp3 also have a higher RMSE
of 0.035 kgm 2s 1. Also, it is apparent from Figure 3(d) that Rp3 fails to predict the blowing snow uxes reliably when com-
pared with the observations. In contrast, with RpNew, we have a reasonable agreement between the observed and simulate
uxes (Fig. 3(e)) with R = 0:56 (p-value< 0:01). The agreement indicates that the changes introduced signi cantly improve
its ability to predict the blowing snow uxes. Though the predictions are considerably improved compared to the observations,
both Rp3 and RpNew underestimate the blowing snow uxes. The underestimation is mostly due to the underestimation of
velocities reported in Table A1 and the model sensitivity to the chosen parameters. Since the snow transport ux varies in a
power-law fashion with the wind speed (Radok, 1977; Budd, 1966; Amory, 2020), the ux is highly sensitive to the wind-speed
predictions; even a slight underestimation in the velocity introduces a signi cant difference in the blowing snow mass ux.

Though RpNew results show the desired behaviour, it fails to capture the spread in the observational data (Fig. 3(c)). Through
sensitivity analysis of the data, we found that the spread in the data depends on the modelling choices made, e.g. the parametse

in two-parameter gamma distribution (Eq. 8) and the threshold friction velocity. Budd (1966) and Schmidt (1982) report
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