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Figure S1: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2000. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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Figure S2: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2001. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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Figure S3: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2002. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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Figure S4: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2003. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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Figure S5: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2004. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d). The observed ice layer due to rain is separately marked.
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Figure S6: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2005. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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Figure S7: Dry snow density without considering preferential flow (a) and with preferential
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using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow

season 2006. In (c), modelled layers are shown when they are either a melt-freeze crust, or
a dry snow density exceeding 500 kg m~3. For visibility, values of LWC in preferential flow b
0.1 % are ignored in (d).
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Figure S8: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2007. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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Figure S9: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2008. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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Figure S10: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2009. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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Figure S11: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2010. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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Figure S12: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2011. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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Figure S13: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2012. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).

14

IN o
LWC preferential flow (%)

N

o
.y



Snow height (cm) Snow height (cm) Snow height (cm)

Snow height (cm)

250

200

150

100

50

0

01-10 01-11 01-12 01-01 01-02 01-03 01-04 01-05 01-06 01-07 01-08 01-09 01-10

Date
250

200

150

100

50

01-10 01-11 01-12 01-01 01-02 01-03 01-04 01-05 01-06 01-07 01-08 01-09 01-10

200

H
180 ' Simulated layers
160 \!\ Observed crusts
Ob

140 served ice layers
120 . \_
100

80
60
40
20

01-10 01-11 01-12 01-01 01-02 01-03 01-04 01-05 01-06 01-07 01-08 01-09 01-10

Date
250

200
150
100

50

0 1 1 1 1 1 0
01-10 01-11 01-12 01-01 01-02 01-03 01-04 01-05 01-06 01-07 01-08 01-09 01-10
Date

Figure S14: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2013. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below

0.1 % are ignored in (d).
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Figure S15: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2014. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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Figure S16: Dry snow density without considering preferential flow (a) and with preferential flow
using high resolution simulations (b), validation with field observations (c) and liquid water content
in the matrix and preferential flow domain for the simulation with preferential flow (d), for snow
season 2015. In (c), modelled layers are shown when they are either a melt-freeze crust, or have
a dry snow density exceeding 500 kg m—3. For visibility, values of LWC in preferential flow below
0.1 % are ignored in (d).
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