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Abstract. Fragmentation of snow particles, where dendritic snowflakes transform into s@er—i' al shapes upon impact
with surface and other particles during drifting and blowing snow events, plays a critical role in shaping snow

anirocrne
dynamics. This phenomenon is important because it influences the size distribution and concentration of[snow

particles, affecting mass flux and sublimation rates. Currenﬂy‘ pmmf‘mng and blowing snow models ignore

i’?’CI’&/Jc netnieS
5 e snow partlcl(;z/ fragmentatlon leading to 1W uncertainties in predicting flow W and sublimatjon

10

15

20

eve/ep
rates. Here, we aim to quantitively investigate the impact of snow particle fragmentation on sublimation. Weﬂt_abheh’

a drifting and blowing snow model considering the snow particle fragmentation process and 1nvest1gate)i{ the effects
of fragmentation on drifting and blowing snow. The results show that fragmentation enhances the sublimation of
blowing snow and changes the airborne particle size distribution. The subhmatlon rate of salgatmg snow particles
1ncreasesy 11 % on average, jnd that of suspension snow particles 1ncreabe§976 % on average, T0_the fnctlori/z,(’a/-/d
pe@s( between 0.3 m/s jo/ 0.5 m/s. These findings have 1mportant Jimplications for improving the physical dynamic

ﬂ"” reved
model of drifting and blowing snow, which may contribute to/EIedlcmons nﬁmw\l{dmlogy and climate models.

wi, /zf[ /
1 Introduction

Snow plays an important role in Earth’s climate system because of its wide coverage and seasonal variation, leading
roeesy XN it
to variable surface conditions. Sublimation is a 81gn1ﬁcan’£)ya«y for snow surface to tp,ueféj heat, mass, and
energy with the atmosphere. Snow sublimation includes static snow cover sublimation and dynamical snow particles
sublimation in air transportation. The latter process contains drifting snow sublimation (DSS) or blowing snow
sublimation (BSS). Water vapor transport in DSS has a significant influence on the local hydrological cycle and
Thecoestal aréa oftte e Sheet
distribution, especially in }k{polar %10/n and high alpine regions. For example, in] Antarctiea-coastline-area; water ye(f
loss caused by drifting and blowing snow reaches 18.3 % of the whole drifti ﬁng and blowmg snow amount each year

,4//7/& 1 & wind, 4 ’zl
(Pomeroy and ]OHEb 1996) n the leetr Plateau, due to its special environmental con: itior® the sublimation amount

very
is se high s about 50 % of the amount of snow cover every year (Uenp et al., 2007
y@re‘l‘y g W 9.1/ Yy (S/I s 2
Sublimation of snow particles is closely related to particle size, shape, and specific area.of-particle (Domine et al.,

2009). Sublimation changes with particle size, meanwhile, the sublimation rate is affected by the particle size. When

bow 7
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25 snow particles move in the air, their size will not only be diminished due to sublimation but also g)ai{ bleak‘a;ge—
due to collision with the surface and other particles. The phenomenon wherein particles collide with a surface during
saltation, resulting in the Separatlon and deformation of the snowflakes into smaller-sized snow particles, is referred
to as fragmentation. /"Dl{ f/agmentatlon not only changes the size distribution of the snow granular system but also
_changes the snowpack’s physical properties such as the surface albedo of snow cover (Domine et al., 2006).

30 i %he)re is only one model (Comola et al., 2017) considering the fragmentation of t/lzé snow particles during }h/
drifting snow. 'i‘h.lsfwoff{%) using a statistical mechanics model} calculatefzi’ the fragmented number of particles from
the perspective of energy and mass balance and sga{;/ analyzéff the effects of fragmentation on the particle size
distribution. However, in that work, the influence of fragmentation on the drifting snow flux and subsequent snow
sublimation has not been investigated. It is therefore essential to incorporate the fragmentation process into a

35 physical numerical model to quantitatively assess its effect on snow particle sublimation, especially from the micro-
scale perspective of 1nd1 ue‘\l particles experiencing dynamic size changes during their mgvement.

In 9&6 previous numerlcaﬁ'r‘{ni(;ﬁgs snowflakes have typically been represented as I‘l’ > spheres with a constant
diameter. However, given that snowflakes are easily deforml and fragile granular materialé, their diameters con-
tinuously change during saltation in the air (Sato et al., 2008; Walter et al., 2024). Consequently, the impact of

40 the dynamically evolving size distribution of snow particles cannot be ignored in the numerical simulation. This is
particularly crucial for accurately estimating sublimation rates and quantities, as a precise characterization of the

dynamically changing size of particles is fundamentally important.

2 Model description

A comprehensive drifting and blowing snow model was well developed by Huang and Shi (2017). It described the

45 saltating snow particles near the surface in a Lagrangian way and the suspended snow particles above the surface
in an Eulerian way. A threshold grain size was used toiglfgg /ﬁle saltating and suspended particles. The Thorpe
and Mason model (Thorpe and Mason,’1966) W{ used to calculate the sublimation of drifting and blowing snow.
The feedback of particle motion and partlcle sublimation to the wind field, air temperature, and air humidity were I
also considered. Particle fragmentation W taken into consideration in the saltation splash process. Here, we

50 remtrodum?/ them briefly.
2.1 Air flow

Considering the steady state of saltation, the horizontal wind field satisfies the following equations (Nemoto and
Nishimura, 2004):

du du

—(prk?2| | )+ fp =0 (M
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55 where z is height 9%{ the surface, py 1Q/a1r density, k 1b\'</on Karman constant, u 1é/ ind speed, and f, is the feedback

force of the airborne snow particles. . (Z)dam/ ( 3), I’((/?d?‘l Vc’lﬁ / ﬁ/my/m%/ aecerding fy
The air temperature and humidity equations\'/satisfying the horizontal uniformity condition W (Bintanja,

2000b):

90 9, 00 '

IR ) r ol
ot 0z (Ko Bz)
g,(cﬁlw/_f -
60 where 6 is air potential temperature, Ky = rku.z+ Kr is the[heat] turbulent coefficient, K7 is the molecular diffusion
coefficients of heat, and Sy is the sublimation heat feedback of the airborne snow particles) U /3 The #/’z, 0N

veloci /:_f/ ,

dq, 0 Iqy

ot — 05 Bag, )5 | (3)

,cwﬁwgc
where g, is¥water vapor mixing ratio, K, = ku,z + K, is the water vapor turbulerrt-]coe cient, K, is the molecular

diffusion coefficient of water vapor, S, is the sublimation humidity feedback of the airborne snow particles.

65 2.2 Snow saltation

/ h/wz/ / /Wc//;éw ﬂ// 5 /tfd

T . ) " y ! :
he motion of saltating snow particles can be described as five sub-processes H/”)]l/”pw / ]
(1)Aerodynamic entrainment 'K, gL //

The snow particles start to move When wind speed reaches a Wn value (namely fluid threshold, usually presented
IVEVT
by friction velocity) for a‘?:;pmﬁl snow surface} whiet is called aerodynamic entrainment. The ratio of aerodynamic

e

70 entrainment is known as a linear function of the surface shear stress 7 (Anderson and Haff, 1991): — ~— "¢

No=A(r—) ! )
inpFrme
where N, is the number of aerodynamic entrainment particles per unit area per)saeeftfd,/ A[N~'s71] is an empirical

@
coefficient, and 7; is threshold surface shear stress. The particle size distribution f(d) follows ﬂ)e’ Gamma Distribution:

a—1
f(d) = T -y h//ﬂe? X za!m//g a/C .- . (5)
75 There are two ways to judge the motion pattern of snow particles. The most used way is to M a threshold height

ﬂl‘ld Sigimpreanflyinthe exish
an 1 ffer en hteratmef/ The other way is determined by the particle size, which is based

to divide the sa /‘:;(;ri/l/a;mnd sus en51on layer(’ which is easy to apply. However, the threshold value is empirical
es am

on the followablhty The lifting velocity of aerodynamic entrainment particles is set /14 V2gd (Dai and Huang, 2014),
which is not s¢nsitive to the steady state of saltation. - where ¢ (/ anel (fmfé )
80 (2) Particle’s trajectory

74'516 é(/é/ // /‘?
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After the snow particles are lifted into the air, theiﬁmjectories can be described by Newton’s second law:
dr
S 6
my =fa—mg | : (6)

where m is the mass of the snow particle, 7(x, z) is the location of the particle, fgq is the drag force by fluid, g is the
gravitational acceleration.
85 (3) Splash function
In this model, we use yg probability functions to describe the movement after particlg/impacting the surface
(Sugiura and Maeno, 2000). The restitution coefficient in the vertical direction S, (e, ), the restitution coefficient in

the horizontal direction Sy (es) and the number of particles ejected from the surface n, fellews—trhese—f-ﬁﬁeagns.
are dlefinee! as fefywy »

€ ey
Syley) = —=2 T 7
(ev) baT(@)° | (7)
1 _(ep—m)
90 Sh(eh): e 202 : (8)

ne = Cpep™(1—p)™ " 9)
where ",
) M Vi is the horizontal component velocity of the impqct@rain, vy is the vertical component velocity of the

impac .grain, Veg is the horizontal component velocity of th% grain, and vey is the vertical component velocity of
thef’djia?grain. €y = Vey /Uiy 1s the vertical recovery coefficient, e}, = vey /viz is the horizontal recovery coefficient, n,

95 is the number of J)lcnf-p;r@ snow grains. Sy(e,) is the probability distribution function of e,, Sy(ep,) is the probability
distribution function of ej, and S, (ne) is the probability distribution function of Ne- I'(a) is the gamma function,aw(/

- .w/
Cre =m!/[ne!(m —ne)!lis the combination number. the probability for particles break lﬁ"fter impact (Comola-et-als

_ 20477 is calculated}s{waf,ﬂyﬁhj bo lomole et ( 2’47,{?) L,
1

P =1-—— (10)
el i
wheie ‘ i3
100 i ch, o? is the turbulence velocity variance and wj is the settling velocity of snow particles. When a snow
)’Whrﬁ y £ & %s m’e"’;) 4 ;rrzhés‘

particle falls back to the ground (initial velocity v; > 0.5 m/s), Lyé ‘Equation l(mermine whether it )/ brokerr”

an/;l then calertafe the number of snow particles N Ea«nfrs\ is the ratio of particle size before and after fragmentat101> "‘g‘f"";’/
Lol eiwin - ‘
/}5‘ (Comgla et al., 2017) ) ( %w /Z) ‘ S Caleelefed (&77 //,;’))

N =150, —2.5,05<v; <15

)
N = ?(Gvi =+ 19),1)7; > 0.5

J/;gﬂccf/ 4
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_?94’(‘6’/

A=—-04v;+0.7,0.5 <v; < 1.0

% = 401, Ty - 0.4)\.0 <v; <15 (12)

A=0.25,v; >1.5 : ; o ;
A St ? Wiy
The velocity of the newly produced snow particles after crushing is the same as the size of the snow particles M
are broken, and the direction angle of the exit velocity is the same as that of the original snow particles.
(4) Sublimation i
The drifting snow sublimation is calculated)?{ the Thorpe and Mason model (Thorpe and Mason, 1966):

dm _ md(RH - 1) — g7 (o — 1)

- Lg Ls Ry T
dt KNuT(RUT 1) £ ShUDeS

(13)

where m is the particle mass, d is the particle diameter, T is the air temperature, RH is the air relative humidity,
@, is the solar radiation which snow particles absorb;z}d, K is the heat conductivity, R, is the gas constant of water
vapor (461.5 J/kg/K), D is the molecular diffusivity of water vapor, es is the saturated vapor pressure relative to
the ice surface, Nu is the Nussel number and Sh is the Sherwoods number.

(5) Feedback to air

The airborne particles have a significant effect on airflow. To consider this effect, we use// an equivalent body

force:

N
1 V)
fo=—5) fai Vi (14)
. explain )
where f, is the feedback body force of the airborne particles in a vertical grid, V is the volume of this vertical grid,

<I

N is the number of the airborne particles in this vertical grid, fq; is the drag force of the iy, particle in the grid.

The volume sublimation rate in each grid can be calculated as:

7
1 ] dmi i
S=—-= 15
V& dt (15)
=1
where m; is the mass of the i;; particle in the grid.
Then, the sublimation feedback to air temperature and humidity are:
L,S ‘
Gy L0 (16)
psC
S
Bg=— (17)
Pr

where Ly = 2.84 x 10% J/kg is the latent heat of sublimation, S is the volume drifting and blowing snow sublimation

rate, and C' = 1006 J/k?t( is the specific heat of air.

= 5
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A
Figure 1. Flowchart of the drifting and blowing snow model

2.3 Snow suspension )
distiaggulshl v
In the simulation, we define a threshold radius for jud}rt(g suspension and saltation particles (Huang and Shi, 2017),

the threshold radius is calcualted bfthe Rouse number:

based on
Riyg= IZ , | (18)
where Aermepal @positveloes) c?//é'é/fff/‘il‘/é’ , e I

y&hﬁh, Uy is the friction V€10Cit}3 ,aan’d/ws is the - Therefore, the conditions for

determining the saltation and suspension snow particles; (Scott, 1995) :
—re

Ry > 1,saltation

Ry <1, suspension

135 The suspended snow, follové the vertical diffusion equation (Déry and Yau, 2002):

aqsiﬁ( 945
ot 9z° °*dz

+wsqs)+ S (19)

where g, is the suspended snow particle mixing ratio, K, = dku,z is the diffusion coefficient of suspended particles,

ws is the terminal velocity. The § follows (Csanady, 1963):

R 1
14 B2 2

w’2

140 where = 1 is the proportionality constant, w’ is the vertical turbulent fluid velocity, and we set w2 = u?. A flowchart

is shown as Fig.1 to W/ﬁns/new splash function M 0/ rhe e/
ilutstrate the
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3.0 Schmidt(1982)
- This Paper

Total sublimation rate (kg/m>/s)

10 10!

Height (m)

Figure 2. Comparison of total sublimation rate for this paper and field observation (Schmidt, 1982) (u. = 0.63 m/s, z0 =
7x107* m, T' = 267.45 K)

(Setwicd, 4982,
simulgprd

To verify the modek we compared ’sublimation rate and mass concentrationjé QZJ’[ 4 Vfﬂé ou, / //‘Zféf .

2.4 Model verification

Fig. 2 showsThe comparison of the total sublimation rate between the numerical simulation and the field observa-

145 tion data’.The red curve.is the sublimation-rate-of-the field nhccxrxmhnn and-the gvay curveis the-simulation-result

£ the-sublimation-rate-underthe-same-conditions- Comparing the two curves, We/a«n’/ﬁxd' that the sublimation rate

errrer Sicezzs

is the same pa@ﬁ)rder of magnitude, which shows that the model 1;1;911’155711/ alculating the sublimation rate of
" Segrofer or
blowing snow.
& ety concentrasonfion  sjamlatin for
Fig. 3 shows the CWn hetween the p t an ﬁeld observations 7rf the same frictional velocity and tem-
150 perature.- d-point-is-the-suo g neent ‘.:- data~on| January 18, 1987 near Saskatoon (Pomeroy

and Male, 1992) )wt tho-black-curye-is-the-resu-cedenlafed in-this-paper:
o

The suspensmn sublimation rateﬁeb«v%/n this paper ancy' bther sublimation models under the same conditions w;aéﬁrg
% compared (Flg 4). The black line is the sublimation rate of suspension in the case of fragmentation of snow
particles, and the other five curves are the simulation results of suspension sublimation of jump without breaking of
155 snow particles (Xiao et al., 2000; Huang and Shi, 2017). The results show that the fragmentation of snow particles
mw the sublimation of suspension snow particles.
ehnhences
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Figure 3. Comparison of mass concentration for this paper and field observation/(Pomeroy and Male, 1992) (u+ = 0.31 m/s,
T = 265 K)
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T Without fragmentation (Huang & Shi,2017)
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Figure 4. Comparison of the results with other five sublimation models (Xiao et al., 2000; Huang and Shi, 2017) (u. = 0.87
m/s, zo = 0.001 m, 1y = 253.16 K)
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Figure 5. Size distribution with and without considering the particle fragmentation.

3 Results

Simulatrons are c'cwt/ﬂzfa/ W;M ‘

3.1 Fragmentation Effects on P ize Distribution

The fragmentati snow particles first leads to changes in their size distribution, releasing numerous smaller

particles. Simulations were conducted to analyze the effect of fragmentation on particle size distribution.
] an, _
Waﬁiction velocity u, = 0.45 m/s, and }lrfe initial mean particle size d =200 pm. As shown in Fig. 5, the

size distribution pattern for particles, without considering fragmentation, follows the normal distribution function

(yellow bar). When considering fragmentation, the proportion of smaller-sized particles (< 100 pm) increases, while

the overall proportion of larger-sized particles decreases. This results in a decrease in the average particle size.
3.2 Fragmentation Effects on Snow Particle Number

Fig. 6 presents the temporal evolution of the concentration of snow particles suspended in the air. It is observed
that the number of saltation particles increases over time until reaching a steady state, regardless of the presence
of fragmentation. It is noted that when fragmentation processes are taken into consideration, the steady-state
concentration of snow particles is consistently higher at all wind speeds. Under low wind speed (us = 0.3 m/s), the
c}m . particle number increaseﬁéy42 %. Under high wind speed (u. = 0.5 m/s), the W/particle number
increases/QG %. This suggests that the fragmentation contributes to the total number of snow particles in the air.
Furthermore, Fig. 6 also reveals that the increase of particle number resulting from fragmentation is notably more

pronounced at lower wind speeds. However, the increase rate of the particle number is lower than that of the high
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wind speed. This /md%,cates that at higher wind speeds, the degree of fragmentation becomes more intense due to the

W efi'c $
175  transfer of kinematic energy to the internal energy of the particles. Therefore, during the processes of particle-bed
surface and particle-particle collisions, the release rate of particles from snow particle fragmentation is higher under

stronger wind conditions.

(@) 54 x10° (b) 26.3%
20 30000 —
— u.=0.3m/s,no fragmentation — — u,=0.3m/s,fragmentation {
18F = u.=0.4m/s,no fragmentation = = u.=0.4m/s,fragmentation 31.2% ]
16k == 1.=0.5m/s,no fragmentation = - u.=0.5m/s,fragmentation 25000 |
14
~ 20000
= 12} g
= =)
: g
2 1.0 =~ 15000 | 41.9% i
4 % | |
0.8 - ! |
061 10000 | |
0.4 B |
5000 |
02F ]
|
0.0 0 1 1 1 1 1
0 0.25 0.30 0.35 0.40 0.45 0.50 0.55
Time (s) Friction velocity (m/s)

#.lﬂ‘(/ff £
Figure 6. (a) Saltating particle number variation with time i/(t})e’wind conditio%)f ux = 0.3, 0.4 and 0.5 m/s. (b) Increment

number and ratios of saltation snow particles in the air.

3.3 Fragmentation Effects on Mass Concentration and Mass Flux

i ushredes '
For near-surface saltation particles MWM Fig. 7 that the variation in the mass concentration of saltating

180 and suspended particles with height. The fragmentation of snow partlcles enhances the concentration of both saltatin f
at levels [/a.celvf/w Jur/zzc& versus hejglhfabove fhe Surfce
and suspended particles, eigeera /aft’ lowet al/l.badés Fig. 7(a) depicts the W mass fl }-ﬂgﬂg-'ée-vm’
_axis) showing that fragmentation enhances the transport of sa.ltatmg particles near the ground M This is
because the fragmentation of snow particles increases the number of air-borne saltation particles, more saltation
’a //7(/’ cYIJ/Wj
particles take part in the splash process, We the air saltation particle number iye@ er. When the
185 friction velocity varies from 0.3 m/s to 0.5 m/s, the increment proportion of fragmentation mass concentration

increases from 19 % to 3 %, which means the fragmentation only has strong effects on the mass concentration under

weak wind conditions. A’ /i/era/t?/# e
For hj suspended |particles, it is shown in Fig. 7(b) that the mass concentration of the suspen;f;{(}tf/’ ow
el /i

partlcles 1n the air is higher, when considering snow partlcle fragmentatlon This is because /{ /é smalf] partldes W

190 ;;,a,—rr %Sﬁ d ,ﬁ»(/t»h/ e snow fragmentation, which have néyé possibility to g}é&\nc&eﬂg{smspended 1r{%1gher
beentramed
AT ferelS

10
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Figure 7. Mass concentration of (a) saltating and (b) suspension particles with/without considering fragmentation, i

wind COndlth%)f u. = 0.3, 0.4 and 0.5 m/s. Wy/c 7/44 (//[C/(fﬂ%’ix“e’_f fC(z/C W [5{) e?M/ﬂ)

0.10
u,=0.3m/s,no fragmentation
——1,=0.4m/s,no fragmentation
0.08 u,=0.5m/s,no fragmentation
= = u,=0.3m/s,fragmentation
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20'06 1 - = 1,=0.5m/s,fragmentation
=
.20
5]
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0.00 ]'0
/ / Mass flux (kg/m?/s)
Uity ander

XY
Figure 8/ﬁa’ss flux distribution of snow particles with/without considering fragmentation, y/t e wind condltlo%f Us =
0.3, 0.4 and 0.5 m/s.

Loricr withs me/rz{i mentation
Under the same friction velocity, the mass flux of near-surface (< 0.01 m) snow particles is }gahef than /tbed/ Wwhefl W)/hq/

CM Won as /éhown in Fig. 8. It j.u% concluded that fragmentatlon increases /tk(
M thon of snow particles. 7’/7?&/{/70/# =

11
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The sublimation rates of saltating and suspended snow particles increase with fragmentationas shown in Fig. 9.

This enhancement is more significant at lower wind speeds, i qulC&tmg that snow particle fragmentation has a more

profound effect on sublimation under such conditions. Th” e|sublimation rate of saltation particles increases from 16

indicates that snow fragmentation haé\/fnore un
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3.5 Effects of Size Distribution on Fragmentation
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the Value /IS w1der the size distributes).

3.5.1 Average Particle Diameter

M__% when the friction velocity increases from 0.3 m/s to 0.5 m/s, considering the fragmentation effects. F* ;

s ltatlon particles. This

on the sublimation procesw//suspensmn particles. [
f
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and Seerle /fﬂ/)&f/h’{y :

,
As is shown in Fig. 10(a) 7{ (b), with the increasing value of « or 8, the number of fragmented snow particles

increases, and the fragmentation efficiency is higher. This indicates that the larger particles have a higher fragment

extent, and this is because larger particles can produce more small snow particles.
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diameter d = 200 pm,

3.5.2 Size Proportion Neote e zﬁ/&/c'u%y’ﬁ/(/i' sczele i Hie /ﬁ/f&/%yz(f‘c

Here we chose three different values of § with the same mg—lﬁfgi/:meter d =200 pm. In these three cases, the }l'e/

proportion of the particles larger than the threshold diameter is 73 % (blue), 85 % (green) and 96 % (purple). Vlﬂ‘(/(l’)j
As shown in Fig. 10(c), the fragmentation is significant under the same mean averaged diameter when the large

particles take a higher proportion in a granular system. The fragmentation number of snow particles with different

particle size distribution increases almost linearly with the time. This is because, only snow particles with a larger

size than threshold diameter, more snow particles will join the fragmentation.

4 Conclusion

<,
This work investigated the significant role of snow particle fragmentation on drifting %V and blowing snow. We

LIng v
?g/uaé/ that fragmentation not only alters the particle size distribution, but also increases the number, concentration

13
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arn A(J/’ ne
and mass flux of snow particles. Subsequently, this phenomenon affects the sublimation rate of _aip-THOvITIg snow
articles. X I :
B “ : reduces increccsed e /xﬂ/é//// G
Our results show that fragmentation @;m&—mﬁﬁ—s the particle size on average, WhiClWe-S /mer?gppo ities
. y NS ; : .
/f@( smaller particles to subhmate.)bh"m G nmdel;abl/(ﬁ'}f//gamde fragmentation, the)m(Wrtlcle mass con-
d y
225 centration a (#sublimation rate increas?( %ne order of rzlagnitude Wm Wﬂ, ’yh-m‘l’f'
¢ Kéy - ; ’

ing b . I .
indica}eag’ fragmentation of saltation snow particles is one’ MMal sourc;e’ /o{" suspended snow particles.
The sublimation rate of saltating snow partijcles increasesyA 1 % on average, and that of suspension snow particles
b . veleetly IS increeded fionvt ) ) o
1@6\4555' 76 % on average when the friction w /speMe n 0.3 m/s to 0.5 m/s. The differences in sublimation

rate with/without considering fragmentation decrease with increasing wind speedsw ]rlvestlgat’ the effects

partielec W,
230 of /gfie distributio%@n&d@ on the sublimation rates)y(e found that the sublimation rate is enhanced M/
particles with a larger average diameter and a higher proportion of larger particles. /

. : al Suggestrug -
Our simulation results are consistent with ,ﬂ'e/previous observation%esults, W the validity of our

Coinparison @FF s mulation A o v .‘}ﬂ(ﬁﬁ/gw""l“ s
model. Furthermore, W CM results from model ch t consider/fragmentation
Shewgthat, ~/H’h//th€ e /tfj; r MM )
of snow particles/aur sublimation rates are 2-4 times higher than _the"Drevious model results. This is because
reduces increeqes e number of carborne peartrefes
235 fragmentation Mes the snow particle’s size/aid smaller snow particles are more proné to sublimate in the air.

Our work provides insights into the complex dynamics of drifting and blowing snow. It provides a deeper un-
derstanding of the physical process of snow particle fragmentation during saltating/suspending in the air. This
indicates the importance of fragmentation in the drifting and blowing snow numerical modeﬁtHowever, (ofld 'w;nodel
is a two-dimensional numerical model, which could not be applied to larger regions, especially for complex terrains.

240 Therefore, the i%aé:é‘éﬁgaﬁon of this model into a three-dimensional drifting snow model in the future is necessary.

The results provide detailed physical dynamic prgesses of particle-atmospheric momentum transfer, heat transfer-
7

a . PESPESTIVE b provieles L Afoundefion .
and mai(sf transfer, from each single particle M This Sup the theoretical basepacnt and prediction methoc}{
aceurerfe

for(assessing the }eefﬁe amount of snow sublimation during drifting and blowing snow, which should be further
implemented ijrwefe/related atmospheric and climate models.
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