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Figure S1: (top left) Location of the Chablais massif, with ALADIN RCM grid points chosen as the
closest in x, y (N = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Chablais massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection

methods) and in SAFRAN.
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Figure S2: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Chablais massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S3: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top) tem-
perature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function of the
integration window over the evaluation period, for the Chablais massif, at (left) 1200 m a.s.l. and (right)

2100 m a.s.l..
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Figure S4: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) precipi-
tation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in the
SAFRAN reanalysis over the evaluation period, for the Chablais massif, at (left) 1200 m a.s.l. and (right)

2100 m a.s.l..
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Figure S5: Scores for the duration and persistence of precipitation events in each adjusted RCM simulation
compared to the SAFRAN reanalysis over the evaluation period, for the Chablais massif, at (left) 1200
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Figure S6: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Chablais massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S7: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case)
seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Chablais massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.1..
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Figure S8: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and (bot-
tom) precipitation as a function of the integration window over the evaluation period, for the Chablais

massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S9: Scores for the detection of precipitation events in each adjusted RCM simulation compared to
the SAFRAN reanalysis over the evaluation period, for the Chablais massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability of
false detection, T'SS = true skill score.
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Figure S10: (top left) Location of the Aravis massif, with ALADIN RCM grid points chosen as the closest
in x, y (N =0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN massif
centre point with the corresponding grid point in ALADIN for the different elevations considered (in m
above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom right)
snow depth (using Crocus in this case) for each elevation band for the Aravis massif, over the evaluation
period in each adjusted RCM simulation (different learning periods and 2 neighbour selection methods)

and in SAFRAN.
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Figure S11: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Aravis massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S12: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Aravis massif, at (left) 1200 m a.s.l. and

(right) 2100 m a.s.l..
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Figure S13: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) precip-
itation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in the

SAFRAN reanalysis over the evaluation period, for the Aravis massif, at (left) 1200 m a.s.l. and (right)
2100 m a.s.l..
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Figure S14: Scores for the duration and persistence of precipitation events in each adjusted RCM simula-
tion compared to the SAFRAN reanalysis over the evaluation period, for the Aravis massif, at (left) 1200
m a.s.l. and (right) 2100 m a.s.]l.. EPD = relative error on the probability of a dry day, EPDD = relative
error on the probability of a dry day following a dry day, EPHH = relative error on the probability of a

wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S15: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Aravis massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S16: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Aravis massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S17: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Aravis
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S18: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Aravis massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability of
false detection, T'SS = true skill score.
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Figure S19: (top left) Location of the Mont Blanc massif, with ALADIN RCM grid points chosen as the
closest in x, y (IV = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Mont Blanc massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection
methods) and in SAFRAN.
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Figure S20: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to
the SAFRAN reanalysis over the evaluation period for the Mont Blanc massif as a function of elevation.
Scores computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S21: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Mont Blanc massif, at (left) 1200 m a.s.l.

and (right) 2100 m a.s.l..
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Figure S22: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in
the SAFRAN reanalysis over the evaluation period, for the Mont Blanc massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S23: Scores for the duration and persistence of precipitation events in each adjusted RCM simula-
tion compared to the SAFRAN reanalysis over the evaluation period, for the Mont Blanc massif, at (left)
1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day, EPDD =
relative error on the probability of a dry day following a dry day, EPHH = relative error on the probability
of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S24: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Mont Blanc massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).

19



Mt Blanc 1200 m Mt Blanc 1200 m Mt Blanc 2100 m Mt Blanc 2100 m

275 —DJE 282 274 DJF
274 273
73 272

271

NN
-
o ©

— SAFRAN reanalysis

— RCM L. 1980-1995

-- RCM L. 1980-1995 N50
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010 287
RCM L. 1980-2010 N50

— SAFRAN reanalysis

— RCM L. 1980-1995

-- RCM L. 1980-1995 N50
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

Seasonal Temperature (K)
N
S
3

Seasonal Temperature (K)
~
I}
3

N
3
3

286
285
284
283
282
281
280

Seasonal Temperature (K)
Seasonal Temperature (K)

7 279 274
1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010

~ Mt Blanc 2100 m
3 DJF MAM

Mt Blanc 1200 m Mt Blanc 1200 m Mt Blanc 2100 m
DJF

S
S

-]
S 3 S
S 33

—  SAFRAN reanalysis

— RCM L. 1980-1995

-~ RCM L. 1980-1995 N50
RCM L. 1995-2010

Mt Blanc 1200 m Mt Blanc 1200 m RCM L. 1995-2010 N50

800 A 900 SON RCM L. 1980-2010

RCM L. 1980-2010 N50

IS
S
S

—  SAFRAN reanalysis

~— RCM L. 1980-1995

-~ RCM L. 1980-1995 N50
RCM L. 1995-2010

Mt Blanc 2100 m RCM L. 1995-2010 N50

1000 SON RCM L. 1980-2010

RCM L. 19802010 N50

w
S
3

N
S
3

1000

AU 2 N 2 ©
S s 33 38 o
S 33 3 3 3

w
S
3

Seasonal Precipitation (kg m~2) Seasonal Precipitation (kg m—

00 100 200 100
1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010

Mt Blanc 2100 m Mt Blanc 2100 m
Mt Blanc 1200 m Mt Blanc 1200 m DJF MAM
DJF MAM 2.5 3.0
14 1.0 2
E 1.2 2
2. 2
21.0 g
a s L
z 0.8 g
1=}
So6 2R
EL L
§ ! — SAFRAN reanalysis % . — SAFRAN reanalysis
g o2 — RCML. 1980-1995 S — RCM L. 1980-1995
D90 -~ RCM L. 1980-1995 N50 @, -~ RCM L. 1980-1995 N50
’ RCM L. 1995-2010 RCM L. 1995-2010
Mt Blanc 1200 m Mt Blanc 1200 m RCM L. 1995-2010 N50 RCM L. 1995-2010 N50
0.06 JjA 0.07 SON RCM L. 1980-2010 _ RCM L. 1980-2010
B RCM L. 19802010 N50 g RCM L. 1980-2010 N50
= 004 0.06 =05
5 g
2 0.05 @
g o002 goa
0.04 2
£ 000 g o3
& 0.03 & |
— =02
s 0.02 0.02 ] /,
2 I}
2 -0.04 0.01 201\
& . & / A .
@ _0.06 0.00 Lt 0.0 0.0
1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 20052010 1980 1985 1990 1995 2000 2005 2010

Figure S25: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Mont Blanc massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S26: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Mont
Blanc massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S27: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Mont Blanc massif, at (left) 1200 m a.s.l.
and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability
of false detection, T'SS = true skill score.
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Figure S28: (top left) Location of the Bauges massif, with ALADIN RCM grid points chosen as the closest
in x, y (N =0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN massif
centre point with the corresponding grid point in ALADIN for the different elevations considered (in m
above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom right)
snow depth (using Crocus in this case) for each elevation band for the Bauges massif, over the evaluation

period in each adjusted RCM simulation (different learning periods and 2 neighbour selection methods)
and in SAFRAN.
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Figure S29: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Bauges massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S30: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Bauges massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S31: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and

in the SAFRAN reanalysis over the evaluation period, for the Bauges massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S32: Scores for the duration and persistence of precipitation events in each adjusted RCM simula-
tion compared to the SAFRAN reanalysis over the evaluation period, for the Bauges massif, at (left) 1200
m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day, EPDD = relative
error on the probability of a dry day following a dry day, EPHH = relative error on the probability of a
wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S33: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Bauges massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S34: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Bauges massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S35: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Bauges
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..

Bauges 1200 m Bauges 2100 m

1.0 - - 1.0 - -
Il RCM L. 1980-1995 Il RCM L. 1980-1995
Il RCM L. 1980-1995 N50 Il RCM L. 1980-1995 N50
sl BB RCML.19952010 | (4| BB RCML.19952010 |
I RCM L. 1995-2010 N50 I RCM L. 1995-2010 N50
[ RCM L. 1980-2010 [ RCM L. 1980-2010
A RCM L. 1980-2010 N50 A RCM L. 1980-2010 N50
T 06 { zos ]
2] 2]
1) o
= =
3 3
w 0.4 »n 0.4
0.2 0.2
0.0 0.0
POD FAR POFD TSS POD FAR POFD TSS

Figure S36: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Bauges massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability of
false detection, T'SS = true skill score.
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Figure S37: (top left) Location of the Beaufortin massif, with ALADIN RCM grid points chosen as the
closest in x, y (IV = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Beaufortin massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection

methods) and in SAFRAN.
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Figure S38: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Beaufortin massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S39: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function of
the integration window over the evaluation period, for the Beaufortin massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S40: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in

the SAFRAN reanalysis over the evaluation period, for the Beaufortin massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S41: Scores for the duration and persistence of precipitation events in each adjusted RCM simula-
tion compared to the SAFRAN reanalysis over the evaluation period, for the Beaufortin massif, at (left)
1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day, EPDD =
relative error on the probability of a dry day following a dry day, EPHH = relative error on the probability

of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.

Beaufortin 1200 m
1980-1995

Beaufortin 1200 m
95-2010

JFMAM]J]JASON

Beaufortin 1200 m
1980-1995

Mean Monthly Temperature (K)

FMAM]J JASON

Beaufortin 1200 m
1995-2010

—

JFMAM]J ] ASON

Beaufortin 1200 m

Mean Monthly Precipitation (kg m?)

JFMAM]J] ] ASON

Beaufortin 1200 m

—~0.9 1980-1995 — 1995-2010
g g
5% g
:
go,e 2/
05 Sr
w w
'fg 03 'g
S o2 s
So1 g

O )
2 0.0 )

"J FMAM]J] JASON

JEMAM] J ASON

SAFRAN reanalysis
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

SAFRAN reanalysis
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

SAFRAN reanalysis
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

° w

Mean Monthly Snow Depth (m)
°
o

0.0

JEMAM] J ASON

Beaufortin 2100 m
1980-1995

Beaufortin 2100 m
1995-2010

JFMAM]J] JASON

Beaufortin 2100 m
1980-1995

Mean Monthly Temperature (K)

FMAM]J ] ASON

Beaufortin 2100 m
1995-2010

[

JFMAM]J] ] ASON

Beaufortin 2100 m
1980-1995

Mean Monthly Precipitation (kg m?)

J FMAM]J] ] ASON

Beaufortin 2100 m
1995-2010

/

Mean Monthly Snow Depth (m)

JEMAM] J ASON

— SAFRAN reanalysis
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

— SAFRAN reanalysis
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

— SAFRAN reanalysis
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

Figure S42: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Beaufortin massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S43: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Beaufortin massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S44: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and (bot-
tom) precipitation as a function of the integration window over the evaluation period, for the Beaufortin
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S45: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Beaufortin massif, at (left) 1200 m a.s.l.
and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability
of false detection, T'SS = true skill score.

35



Haute Tarentaise

Hte Tarentaise

— SAFRAN reanalysis
—— RCM L. 1980-1995
- = RCM L. 1980-1995 N50
RCM L. 1995-2010
RCM L. 1995-2010 N50 |
RCM L. 1980-2010
RCM L. 1980-2010 N50 |

270 272 274 276 278 280
Average Temperature (K)

Hte Tarentaise

950000 975000 1000000 102500( 4000
0 5 10 km Closest ALADIN grid
% % pointinx,y & z(ma.s.l.)
— 3600 3500 +
o < ~— 3300
é‘ g 3000 3000
2700 =
g
g § 2400 ‘; 2500 -
g g 2100 3
1800 =
1500 2 2000 ¢
g §  — 1200 @
8 | - 900 1500 r
i - 600
g % 1000 f
* SAFRAN massifs centroids
5 Houte T i £ O ALADIN grid points 500 .
g a.lu e.arer: alse. é (o] Closest ALADIN grid point in x,y 266 268
950000 975000 1000000 1025000
4000 ‘ : Hte Tarentaise : 4000 :
3500 3500
3000 + 3000
£ E
a 2500 | o 2500 t
S S
= =
S 2000 | 2 2000 |
2 2
4] 4]
1500 1500
1000 | . 1000 |
500 L L L L L L L L 500 N
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 0.0 0.2

Average Precipitation (kg m~2)

0.4 0.6 0.8 1.0 1.2 1.4 1.6
Average Snow Depth (m)

Figure S46: (top left) Location of the Haute Tarentaise massif, with ALADIN RCM grid points chosen
as the closest in x, y (N = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each
SAFRAN massif centre point with the corresponding grid point in ALADIN for the different elevations
considered (in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and
(bottom right) snow depth (using Crocus in this case) for each elevation band for the Haute Tarentaise
massif, over the evaluation period in each adjusted RCM simulation (different learning periods and 2
neighbour selection methods) and in SAFRAN.
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Figure S47: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Haute Tarentaise massif as a function of elevation.
Scores computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S48: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Haute Tarentaise massif, at (left) 1200 m
a.s.l. and (right) 2100 m a.s.l..
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Figure S49: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and
in the SAFRAN reanalysis over the evaluation period, for the Haute Tarentaise massif, at (left) 1200 m

a.s.l. and (right) 2100 m a.s.l..
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Figure S50: Scores for the duration and persistence of precipitation events in each adjusted RCM simu-
lation compared to the SAFRAN reanalysis over the evaluation period, for the Haute Tarentaise massif,
at (left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S51: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Haute Tarentaise massif, and at (left) 1200 m a.s.l. and (right) 2100
m a.s.l.. Letters on the x-axis correspond to the different months of the calendar (J = January, F =
February, etc.).
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Figure S52: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Haute Tarentaise massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S53: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Haute
Tarentaise massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..

Hte Tarentaise 1200 m Hte Tarentaise 2100 m

1.0 - - 1.0 - -
Il RCM L. 1980-1995 Il RCM L. 1980-1995
HEE RCM L. 1980-1995 N50 HEE RCM L. 1980-1995 N50
08| N RCM L. 1995-2010 | 08| I RCM L. 1995-2010 |
I RCM L. 1995-2010 N50 I RCM L. 1995-2010 N50
[ RCM L. 1980-2010 [ RCM L. 1980-2010
A RCM L. 1980-2010 N50 A RCM L. 1980-2010 N50
3 0.6 1 3 0.6 1
%] %]
) )
o o
3 3
wn 0.4 wn 0.4
0.2 0.2
0.0 0.0
POD FAR POFD TSS POD FAR POFD TSS

Figure S54: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Haute Tarentaise massif, at (left) 1200
m a.s.l. and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD =
probability of false detection, T'SS = true skill score.
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Figure S55: (top left) Location of the Chartreuse massif, with ALADIN RCM grid points chosen as the
closest in x, y (IV = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Chartreuse massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection

methods) and in SAFRAN.
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Figure S56: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Chartreuse massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S57: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function of
the integration window over the evaluation period, for the Chartreuse massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S58: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in

the SAFRAN reanalysis over the evaluation period, for the Chartreuse massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S59: Scores for the duration and persistence of precipitation events in each adjusted RCM simula-
tion compared to the SAFRAN reanalysis over the evaluation period, for the Chartreuse massif, at (left)
1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day, EPDD =
relative error on the probability of a dry day following a dry day, EPHH = relative error on the probability

of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S60: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Chartreuse massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).

47



Chartreuse 1200 m Chartreuse 1200 m Chartreuse 2100 m Chartreuse 2100 m
MAM MAM

__276 DJF _275 DJF
< £
2 275 ®
3 5273
g o g 272
2273 2
g 271
S 272 3
= =270
T 271 )
g —  SAFRAN reanalysis g 269 —  SAFRAN reanalysis
§ 270 — RCM L. 1980-1995 @ 268 — RCM L. 1980-1995
@ 269 -- RCML.1980-1995 N50 D 967 -- RCM L. 1980-1995 N50
RCM L. 1995-2010 RCM L. 1995-2010
Chartreuse 1200 m Chartreuse 1200 m RCM L. 1995-2010 N50 Chartreuse 2100 m RCM L. 1995-2010 N50
203 1A 284 SON RCM L. 1980-2010 288 JJA RCM L. 1980-2010
& RCM L. 1980-2010 N50 “ RCM L. 1980-2010 N50
=29 283 =
@ 2 286
3 201 3
s 282 ]
5200 g 284
2 \ 2
289 281 5
) \/ 3
F 288 V & 282
= 280 =
g 287 g 280
@ 286 279 @
[ k3
@ 285 278 @278 274
1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010
_ Chartreuse 1200 m Chartreuse 1200 m _ Chartreuse 2100 m Chartreuse 2100 m
A‘;‘E 800 DJF MAM ﬁ'E 900 DJF 1000 MAM
2 2800 900
= 800
= = 700 "
32 2 600 7
) )
5 5 500
o] © 400
£ £ 400
& & 300
= —  SAFRAN reanalysis = 300 —  SAFRAN reanalysis
g — RCM L. 1980-1995 52 200 — RCM L. 1980-1995
2 -~ RCM L. 1980-1995 N50 8, 100 -~ RCM L. 1980-1995 N50
3 RCM L. 1995-2010 3 RCM L. 1995-2010
_ Chartreuse 1200 m Chartreuse 1200 m RCM L. 1995-2010 N50 . Chartreuse 2100 m Chartreuse 2100 m RCM L. 1995-2010 N50
= 800 A 900 SON RCM L. 1980-2010 =900 A 1200 SON RCM L. 1980-2010
g RCM L. 1980-2010 N50 g RCM L. 1980-2010 N50
2 800 e 800
< ' = 700
g 700 z
b= 600 3 600
£ 500 £ 500
& £ 400
S S
3 400 3
£ £ 300
& 300 &
= = 200
g 200 5 100
2 2
& 100 100 g o0 0
¢ 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 ¢ 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010
Chartreuse 2100 m Chartreuse 2100 m
Chartreuse 1200 m Chartreuse 1200 m DJF MAM
DJF MAM 3.0 3.0

N
2

I
)

Seasonal Snow Depth (m)
: 5

1.0
—  SAFRAN reanalysis 05 —  SAFRAN reanalysis
~— RCM L. 1980-1995 ~— RCM L. 1980-1995
-~ RCM L. 1980-1995 N50 0.0 0.0 -~ RCM L. 1980-1995 N50
RCM L. 1995-2010 RCM L. 1995-2010
Chartreuse 1200 m Chartreuse 1200 m RCM L. 1995-2010 N50 Chﬂl‘tfe‘ls: 2100 m Chaﬂl‘e;;% 2100 m RCM L. 1995-2010 N50
0.06 JjA ) SON RCM L. 1980-2010 07 1 05 RCM L. 1980-2010
B RCM L. 1980-2010 N50 o6 RCM L. 1980-2010 N50
= 004 3"
g
2 205
£ 002 g
N 3 04
3 000 5
& Fo3
= 002 -
g Zo2
g oot 801
3 3
@ _0.06 0.00 / 0.0 L3 JAn 00
1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010

Figure S61: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Chartreuse massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S62: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and (bot-
tom) precipitation as a function of the integration window over the evaluation period, for the Chartreuse
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S63: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Chartreuse massif, at (left) 1200 m a.s.l.
and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability
of false detection, T'SS = true skill score.
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Figure S64: (top left) Location of the Belledonne massif, with ALADIN RCM grid points chosen as the
closest in x, y (IV = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Belledonne massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection

methods) and in SAFRAN.
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Figure S65: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Belledonne massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S66: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function of
the integration window over the evaluation period, for the Belledonne massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S67: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in
the SAFRAN reanalysis over the evaluation period, for the Belledonne massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S68: Scores for the duration and persistence of precipitation events in each adjusted RCM simula-
tion compared to the SAFRAN reanalysis over the evaluation period, for the Belledonne massif, at (left)
1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day, EPDD =
relative error on the probability of a dry day following a dry day, EPHH = relative error on the probability
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Figure S69: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Belledonne massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,

etc.).
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Figure S70: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Belledonne massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S71: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and (bot-
tom) precipitation as a function of the integration window over the evaluation period, for the Belledonne
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S72: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Belledonne massif, at (left) 1200 m a.s.l.
and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability
of false detection, T'SS = true skill score.
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Figure S73: (top left) Location of the Maurienne massif, with ALADIN RCM grid points chosen as the
closest in x, y (N = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Maurienne massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection
methods) and in SAFRAN.
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Figure S74: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Maurienne massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S75: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function of
the integration window over the evaluation period, for the Maurienne massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S76: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in

the SAFRAN reanalysis over the evaluation period, for the Maurienne massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S77: Scores for the duration and persistence of precipitation events in each adjusted RCM simula-
tion compared to the SAFRAN reanalysis over the evaluation period, for the Maurienne massif, at (left)
1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day, EPDD =
relative error on the probability of a dry day following a dry day, EPHH = relative error on the probability
of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S78: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Maurienne massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S79: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Maurienne massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S80: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and (bot-
tom) precipitation as a function of the integration window over the evaluation period, for the Maurienne
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S81: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Maurienne massif, at (left) 1200 m a.s.l.
and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability
of false detection, T'SS = true skill score.
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Figure S82: (top left) Location of the Vanoise massif, with ALADIN RCM grid points chosen as the
closest in x, y (N = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Vanoise massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection

methods) and in SAFRAN.
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Figure S83: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Vanoise massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S84: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Vanoise massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S85: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in

the SAFRAN reanalysis over the evaluation period, for the Vanoise massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S86: Scores for the duration and persistence of precipitation events in each adjusted RCM simula-
tion compared to the SAFRAN reanalysis over the evaluation period, for the Vanoise massif, at (left) 1200
m a.s.l. and (right) 2100 m a.s.]l.. EPD = relative error on the probability of a dry day, EPDD = relative
error on the probability of a dry day following a dry day, EPHH = relative error on the probability of a
wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S87: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Vanoise massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S88: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Vanoise massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S89: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Vanoise
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S90: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Vanoise massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability of
false detection, T'SS = true skill score.
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Figure S91: (top left) Location of the Haute Maurienne massif, with ALADIN RCM grid points chosen
as the closest in x, y (N = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each
SAFRAN massif centre point with the corresponding grid point in ALADIN for the different elevations
considered (in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and
(bottom right) snow depth (using Crocus in this case) for each elevation band for the Haute Maurienne
massif, over the evaluation period in each adjusted RCM simulation (different learning periods and 2
neighbour selection methods) and in SAFRAN.
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Figure S92: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Haute Maurienne massif as a function of elevation.
Scores computed for the raw RCM simulations concern minimum and maximum daily temperatures.

72



Hte Maurienne 1200 m Hte Maurienne 2100 m

1.4 1 month 3 months 1yr 2§ 1.4 1 month 3 months 1yr 2yrs

— RCM L. 1980-1995

- = RCM L. 1980-1995 N50
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

— RCM L. 1980-1995

-- RCM L. 1980-1995 N50
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

Ratio of standard deviations
Ratio of standard deviations

100 10! 102 10° 100 10! 10? 103
Number of days Number of days
Hte Maurienne 1200 m Hte Maurienne 2100 m

7
14 Tmonth 3 q"\\)\nth; A e 2y 1.4 1 month 3 months 1yr 2yrs
'
|
'
I
i
|
i
i

@ )
£ =
g g
5 — RCM L. 1980-1995 = — RCM L. 1980-1995
5 -~ RCM L. 1980-1995 N50 d;) -~ RCM L. 1980-1995 N50
< v RCM L. 1995-2010 o \ RCM L. 1995-2010
B ! RCM L. 1995-2010 N50 e ! RCM L. 1995-2010 N50
= I RCM L. 1980-2010 = i RCM L. 1980-2010
El " RCM L. 1980-2010 N50 g ‘ RCM L. 1980-2010 N50
k] ! @ !
8 ! B '
I I
g I 2 !
E=| | = i
E: | & !
I |
| |
X h . h
10° 10' 10? 10° 10° 10! 10? 10°
Number of days Number of days
Hte Maurienne 1200 m Hte Maurienne 2100 m
- 1.4 1 month 3 months 1yr  2yrs

~—— RCM L. 1980-1995

- = RCM L. 1980-1995 N50
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

—— RCM L. 1980-1995

- - RCM L. 1980-1995 N50
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

0.8

0.6

0.4

Ratio of standard deviations
Ratio of standard deviations

0.2

|
T
|
I
|
|
I
|
|
I
|
|
I
|
|
I
L

i 0.0
2 10° 10° 10! 1

0.0
10° 10! 1
Number of days Number of days

Figure S93: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Haute Maurienne massif, at (left) 1200 m
a.s.l. and (right) 2100 m a.s.l..
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Figure S94: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and
in the SAFRAN reanalysis over the evaluation period, for the Haute Maurienne massif, at (left) 1200 m

a.s.l. and (right) 2100 m a.s.l..
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Figure S95: Scores for the duration and persistence of precipitation events in each adjusted RCM simu-
lation compared to the SAFRAN reanalysis over the evaluation period, for the Haute Maurienne massif,
at (left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S96: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Haute Maurienne massif, and at (left) 1200 m a.s.l. and (right) 2100
m a.s.l.. Letters on the x-axis correspond to the different months of the calendar (J = January, F =
February, etc.).
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Figure S97: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Haute Maurienne massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S98: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Haute
Maurienne massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S99: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Haute Maurienne massif, at (left) 1200
m a.s.l. and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD =
probability of false detection, T'SS = true skill score.
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Figure S100: (top left) Location of the Grandes Rousses massif, with ALADIN RCM grid points chosen
as the closest in x, y (N = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each
SAFRAN massif centre point with the corresponding grid point in ALADIN for the different elevations
considered (in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and
(bottom right) snow depth (using Crocus in this case) for each elevation band for the Grandes Rousses
massif, over the evaluation period in each adjusted RCM simulation (different learning periods and 2
neighbour selection methods) and in SAFRAN.
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Figure S101: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Grandes Rousses massif as a function of elevation.
Scores computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S102: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Grandes Rousses massif, at (left) 1200 m
a.s.l. and (right) 2100 m a.s.l..

80



100 Grandes 1200 m
80
S
E 60
a
°
Q
T
= 40
£
3
o
20
0
250 260 270 280 290 300 310
Daily Temperature (K)
100 Grandes 1200 m
90
S
E 80
Ay
°
£
= 70
£
=
o
60
50
0 20 40 60 80 100 120
Daily Precipitation (kg m~2)
100 Grandes 1200 m
S
r,
a
Ay
-]
£
= 40
£
=
&}
20
0
00 02 04 06 08 10 12 14 16 1.8

Daily Snow Depth (m)

SAFRAI
RCM L.
RCM L.
RCM L.
RCM L.
RCM L.
RCM L.

N reanalysis
. 1980-1995
. 1980-1995 N50

. 1995-2010
. 1995-2010 N50
. 1980-2010
. 1980-2010 N50

SAFRAN reanalysis

RCM L.
RCM L.
RCM L.
RCM L.
RCM L.
RCM L.

1980-1995
1980-1995 N50
1995-2010
1995-2010 N50
1980-2010
1980-2010 N50

SAFRAN reanalysis

. 1980-1995
. 1980-1995 N50
. 1995-2010
. 1995-2010 N50
. 1980-2010

1980-2010 N50

Grandes Rousses 2100 m

100
80
S
E 60
a
°
Q
K
= 40
g
3
o
20
0
250 255 260 265 270 275 280 285 290 295
Daily Temperature (K)
100 Grandes Rousses 2100 m
g
I,
[a]
Ay
°
Q
2
=
=
£
=
O
50
0 20 40 60 80 100 120
Daily Precipitation (kg m~—)
100 Grandes Rousses 2100 m

Cumulated PDF (%)

20

0.0 0.5

1.0 1.5 2.0 2.5 3.0 3.5
Daily Snow Depth (m)

SAFRAN reanalysis

RCM L.
RCM L.
RCM L.
RCM L.
RCM L.
RCM L.

. 1980-1995
. 1980-1995 N50
. 1995-2010
. 1995-2010 N50
. 1980-2010
. 1980-2010 N50

SAFRAN reanalysis

RCM L.
RCM L.
RCM L.
RCM L.
RCM L.
RCM L.

1980-1995
1980-1995 N50
1995-2010
1995-2010 N50
1980-2010
1980-2010 N50

SAFRAN reanalysis

. 1980-1995
. 1980-1995 N50
. 1995-2010
. 1995-2010 N50
. 1980-2010

1980-2010 N50

Figure S103: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and

in the SAFRAN reanalysis over the evaluation period, for the Grandes Rousses massif, at (left) 1200 m
a.s.l. and (right) 2100 m a.s.l..
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Figure S104: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Grandes Rousses
massif, at (left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry
day, EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error
on the probability of a wet day following a wet day, EHD = relative error on the mean duration of wet
periods.
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Figure S105: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Grandes Rousses massif, and at (left) 1200 m a.s.l. and (right) 2100
m a.s.l.. Letters on the x-axis correspond to the different months of the calendar (J = January, F =
February, etc.).
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Figure S106: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Grandes Rousses massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S107: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Grandes
Rousses massif, and at (left) 1200 m a.s.]. and (right) 2100 m a.s.1..
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Figure S108: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Grandes Rousses massif, at (left) 1200
m a.s.l. and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD =
probability of false detection, T'SS = true skill score.
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Figure S109: (top left) Location of the Thabor massif, with ALADIN RCM grid points chosen as the
closest in x, y (IV = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Thabor massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection

methods) and in SAFRAN.
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Figure S110: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Thabor massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S111: Ratios of standard deviations between the SAFRAN reanalysis and adjusted RCM (top left)
temperature, (top right) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Thabor massif, at 2100 m a.s.l..
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Figure S112: Cumulated probability density functions (PDFs) of daily (top left) temperature, (top right)
precipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and
in the SAFRAN reanalysis over the evaluation period, for the Thabor massif, at 2100 m a.s.l..
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Figure S113: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Thabor massif, at
2100 m a.s.l.. EPD = relative error on the probability of a dry day, EPDD = relative error on the
probability of a dry day following a dry day, EPHH = relative error on the probability of a wet day
following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S114: (top left) Temperature, (top right) precipitation and (bottom) snow depth (using Crocus
in this case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over
the period 1980-1995 and 1995-2010, for the Thabor massif, and at 2100 m a.s.l.. Letters on the x-axis
correspond to the different months of the calendar (J = January, F = February, etc.).
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Figure S116: Correlation between the SAFRAN reanalysis and adjusted RCM (left) temperature and
(right) precipitation as a function of the integration window over the evaluation period, for the Thabor
massif, and at 2100 m a.s.l..
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Figure S117: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Thabor massif, at 2100 m a.s.l.. POD =
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Figure S118: (top left) Location of the Vercors massif, with ALADIN RCM grid points chosen as the
closest in x, y (N = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Vercors massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection

methods) and in SAFRAN.
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Figure S119: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Vercors massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S120: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Vercors massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S121: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and

in the SAFRAN reanalysis over the evaluation period, for the Vercors massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S122: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Vercors massif, at
(left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S123: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Vercors massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S124: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Vercors massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S125: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Vercors
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S126: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Vercors massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability of
false detection, T'SS = true skill score.
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Figure S127: (top left) Location of the Oisans massif, with ALADIN RCM grid points chosen as the
closest in x, y (N = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Oisans massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection
methods) and in SAFRAN.
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Figure S128: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Oisans massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S129: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Oisans massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S130: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and

in the SAFRAN reanalysis over the evaluation period, for the Oisans massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S131: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Oisans massif, at
(left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S132: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Oisans massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S133: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Oisans massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S134: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Oisans
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S135: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Oisans massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability of
false detection, T'SS = true skill score.
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Figure S136: (top left) Location of the Pelvoux massif, with ALADIN RCM grid points chosen as the
closest in x, y (IV = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Pelvoux massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection

methods) and in SAFRAN.

105



Elevation (m)

Elevation (m)

Elevation (m)

Elevation (m)

2 Pelvoux DJF 2 Pelvoux MAM 20 Pelvoux DJF 20 Pelvoux MAM
15 15
15 15
10 10 o 2
2 s N 2 5 < %
= =4 w 2]
2 0 \ ] 0 N e —— RCM raw Tmin o 10 o 10 \ RCM raw Tmin
a : . a o N RCM raw Tmin N50 b2 2 \ / RCM raw Tmin N50
-5 N -5 . ~— RCM raw Tmax 5 5 ~— RCM raw Tmax
RCM raw Tmax N50 RCM raw Tmax N50
-10 -10 — ROML, 1980-1995 — RCM L. 1980-1995
-15 -15 RCM L. 1980-1995 N50 0 0 RCM L. 1980-1995 N50
0 1200 2400 3600 0 1200 2400 3600 RCM L. 1995-2010 0 1200 2400 3600 0 1200 2400 3600 RCM L. 1995-2010
Elevation (m) Elevation (m) RCM L. 1995-2010 N50 Elevation (m) Elevation (m) RCM L. 1995-2010 N50
20 Pelvoux JJA 20 Pelvoux SON RCM L. 1980-2010 20 Pelvoux JJA 20 Pelvoux SON RCM L. 1980-2010
RCM L. 1980-2010 N50 RCM L. 1980-2010 N50
15 15
10 10 _ 15 _ 15
g s g s =) <
« « . =10 & 10
£ o g o - 3 g 2
= : = = \ z A
-5 N -5 5 5 \
-10 -10 \ \/ .
-15 -15 0 0 e y
1200 2400 3600 1200 2400 3600 0 1200 2400 3600 0 1200 2400 3600
Elevation (m) Elevation (m) Elevation (m) Elevation (m)
300 Pelvoux DJF 300 Pelvoux MAM 300 Pelvoux DJF 300 Pelvoux MAM
T T 5 250 = 250
= 200 = 200 E E
i =1 S S
5 5 g 200 g 200
NE 100 NE 100 RCM raw o 150 - - RCM raw
& & RCM raw N50 g g RCM raw N50
> ° s ° RCM L. 1980-1995 2100 2100 RCM L. 1980-1995
< 3 RCM L. 1980-1995 N50 o o RCM L. 1980-1995 N50
< < . o Pt
2 -100 J @ -100 RCM L. 1980-1995 no corr & 50 @ 50 RCM L. 1980-1995 no corr
& [ RCM L. 1995-2010 E E RCM L. 1995-2010
—200 —200 RCM L. 1995-2010 N50 0 0 RCM L. 1995-2010 N50
1200 2400 3600 0 1200 2400 3600 RCM L. 1995-2010 no corr 0 1200 2400 3600 0 1200 2400 3600 RCM L. 1995-2010 no corr
Elevation (m) Elevation (m) RCM L. 1980-2010 Elevation (m) Elevation (m) RCM L. 19802010
300 Pelvoux JJA 300 Pelvoux SON RCM L. 1980-2010 N50 300 Pelvoux JJA 300 Pelvoux SON RCM L. 1980-2010 N50
RCM L. 19802010 no corr =~ ~ RCM L. 1980-2010 no corr
- o D
& 200 5 200 § 250 "E 250
5 g £ 200 2 200
£ 100 g 100
Y VE g 150 ) g 150
z ° = i > g — g
= i 2 < 100 £ 100
e b : . et
g 100 g 100 E 50 2 50
a a 2 2
~200 -200 0 0
1200 2400 3600 0 1200 2400 3600 0 1200 2400 3600 0 1200 2400 3600
Elevation (m) Elevation (m) Elevation (m) Elevation (m)
04 Pelvoux DJF 04 Pelvoux MAM 0.9 Pelvoux DJF 09 Pelvoux MAM
0.8 0.8
0.2 0.2 07 0.7
00 A _ 00 Ched goo
g Er g 05 05
) = ) \ = P
2 02 o 02 \ B oa 2 oa
A _g4 & RCM L. 1980-1995 203 03 RCM L. 1980-1995
o o4 RCM L. 1980-1995 N50 o2 RCM L. 1980-1995 N50
_06 06 RCM L. 1980-1995 no corr - 02 RCM L. 1980-1995 no corr
' ’ RCM L. 1995-2010 01 01 RCM L. 19952010
-0.8 -0.8 RCM L. 1995-2010 N50 0.0 0.0 RCM L. 1995-2010 N50
0 1200 2400 3600 0 1200 2400 3600 RCM L. 1995-2010 no corr 0 1200 2400 3600 o 1200 2400 3600 RCM L. 1995-2010 no corr
Elevation (m) Elevation (m) RCM L. 1980-2010 Elevation (m) Elevation (m) RCM L. 1980-2010
04 Pelvoux JJA 04 Pelvoux SON RCM L. 1980-2010 N50 0.9 Pelvoux JJA 0.9 Pelvoux SON RCM L. 1980-2010 N50
’ : RCM L. 1980-2010 no corr 08 08 RCM L. 1980-2010 no corr
0.2 0.2 0'7 0‘7
X LT =06 206
. 00 - ~ 00 Lo 2 2
£ 2 £ . — Sos Sos
8 8 Zo4 Zos
B 04 D 04 %03 - zo3
0.2 Vo 4 0.2
-0.6 -0.6
0.1 0.1
-0.8 -0.8 0.0 0.0 =
0 1200 2400 3600 0 1200 2400 3600 1200 2400 3600 1200 2400 3600

Figure S137: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Pelvoux massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S138: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Pelvoux massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S139: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in
the SAFRAN reanalysis over the evaluation period, for the Pelvoux massif, at (left) 1200 m a.s.l. and

(right) 2100 m a.s.l..
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Figure S140: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Pelvoux massif, at
(left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S141: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Pelvoux massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S142: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Pelvoux massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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(bottom) precipitation as a function of the integration window over the evaluation period, for the Pelvoux
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Figure S144: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Pelvoux massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability of
false detection, T'SS = true skill score.
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Figure S145: (top left) Location of the Queyras massif, with ALADIN RCM grid points chosen as the
closest in x, y (N = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Queyras massif, over the

evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection
methods) and in SAFRAN.
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Figure S146: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Queyras massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S147: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Queyras massif, at (left) 1200 m a.s.l. and

(right) 2100 m a.s.l..

114



100 Queyras 1200 m 100 Queyras 2100 m

80 — SAFRAN reanalysis 80 — SAFRAN reanalysis
3 — RCM L. 1980-1995 3 — RCM L. 1980-1995
< -~ RCM L. 1980-1995 N50 < -~ RCM L. 1980-1995 N50
& 60 RCM L. 1995-2010 & 60 RCM L. 1995-2010
~ RCM L. 1995-2010 N50 ~ RCM L. 1995-2010 N50
2 RCM L. 1980-2010 2 RCM L. 1980-2010
T RCM L. 1980-2010 N50 T RCM L. 1980-2010 N50
= 40 = 40
£ g
= =4
(&] (&)
20 20
0
250 260 270 280 290 300 310 250 255 260 265 270 275 280 285 290 295
Daily Temperature (K) Daily Temperature (K)
100 Queyras 1200 m 100 Queyras 2100 m
90 — SAFRAN reanalysis 90 — SAFRAN reanalysis
3 — RCM L. 1980-1995 3 — RCM L. 1980-1995
< -~ RCM L. 1980-1995 N50 < -~ RCM L. 1980-1995 N50
& 80 RCM L. 1995-2010 & 80 RCM L. 1995-2010
~ RCM L. 1995-2010 N50 [y RCM L. 1995-2010 N50
3 RCM L. 1980-2010 2 RCM L. 1980-2010
K] RCM L. 1980-2010 N50 il RCM L. 1980-2010 N50
= 70 = 70
£ g
= =4
(&) (&)
60 60
50 50
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Daily Precipitation (kg m~2) Daily Precipitation (kg m~2)
100 Queyras 1200 m 100 Queyras 2100 m
80 — SAFRAN reanalysis 80 — SAFRAN reanalysis
2 — RCM L. 1980-1995 2 — RCM L. 1980-1995
< -~ RCM L. 1980-1995 N50 < -~ RCM L. 1980-1995 N50
& 60 RCM L. 1995-2010 & 60 RCM L. 1995-2010
~ RCM L. 1995-2010 N50 ~ RCM L. 1995-2010 N50
2 RCM L. 1980-2010 T RCM L. 1980-2010
K] RCM L. 1980-2010 N50 T RCM L. 1980-2010 N50
= 40 = 40
£ g
= =4
(&) (&)
20 20
0 0
00 01 02 03 04 05 06 07 08 09 00 02 04 06 08 1.0 12 14 1.6 18
Daily Snow Depth (m) Daily Snow Depth (m)

Figure S148: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in
the SAFRAN reanalysis over the evaluation period, for the Queyras massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S149: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Queyras massif, at
(left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.

Queyras 1200 m Queyras 1200 m Queyras 2100 m Queyras 2100 m
1980-1995 1995-2010 1980-1995 1995-2010

— SAFRAN reanalysis
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

— SAFRAN reanalysis
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

Mean Monthly Temperature (K)
Mean Monthly Temperature (K)
Mean Monthly Temperature (K)

JFMAM]J J ASON

[

FMAM]J JASON JFMAM] JASON

[

FMAM]J] JASON

Queyras 1200 m
1980-1995

Queyras 1200 m P Queyras 2100 m

- Queyras 2100 m
1995-2010 1 1980-1995

1995-2010

— SAFRAN reanalysis
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

— SAFRAN reanalysis
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

Mean Monthly Precipitation (kg m~2)
Mean Monthly Precipitation (kg m?)
Mean Monthly Precipitation (kg m~?)

30 10 v
20 30
JFMAM]J ] ASON JFMAM]J ] ASON JFMAM]J ] ASON JFMAM] ] ASON
Queyras 1200 m Queyras 1200 m Queyras 2100 m Queyras 2100 m
—~0.30 1980-1995 —_ 1995-2010 ~0.8 1980-1995 —_ 1995-2010
g g E EIIS
= = 0.7 /
£ 0.25 £ k=) g
oy & 2056 &
8 020 a — SAFRAN reanalysis a | a] — SAFRAN reanalysis
2 2 RCM L. 1995-2010 g 0.5 g RCM L. 1995-2010
2 2 RCM L. 19952010 N50 &oa g RCM L. 1995-2010 N50
(I;O.l.; s RCM L. 1980-2010 2 0. D RCM L. 1980-2010
= \ = RCM L. 1980-2010 N50 =03 = RCM L. 1980-2010 N50
= 0.10 \ =1 b1 E=1
g \ =1 g =
S \ S So02 S
2 \ ) ) =
g 005 \ g 0.1 g
© \ © © ©
] \ 5] o \ / o
= 0.00 = = = 2 0.0 — e 2
JFMAM]J] JASON JEMAM] J ASON JFMAM]J JASON JEMAM]J ] ASON

Figure S150: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Queyras massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S151: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Queyras massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S152: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Queyras
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S153: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Queyras massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability of
false detection, T'SS = true skill score.

118



Devoluy

3000 Devoluy ‘ ‘
875000 900000 Closest ALADIN grid — SAFRAN reanalysis
pointinx,y &z (ma.s.l.) — RCM L. 1980-1995
-- RCM L. 1980-1995 N50
= 3600 2500 J
— 3300 RCM L. 1995-2010
3000 RCM L. 1995-2010 N50
2700 g 2000 L RCM L. 1980-2010 |
8 S 2400 ~ RCM L. 1980-2010 N50
8 8 =
g g 2100 S
&) 2 B
1800 g
1500 © 1500 ]
~— 1200 =
= 900
Dévoluy - 600 1000 |- |
875000 900000
* SAFRAN massifs centroids
O ALADIN grid points 500

270 272 274 276 278 280 282 284 286
Average Temperature (K)

O Closest ALADIN grid point in x,y

Devolu Devolu
3000 , , evolny , , 3000 : : ‘ y :
2500 2500 |
g 2000 g 2000
s g
g S
> >
1500 | & 1500 |
i 73
1000 + 1000
500 L L L L L L L L 500 n L L L n n
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Average Precipitation (kg m~?) Average Snow Depth (m)

Figure S154: (top left) Location of the Devoluy massif, with ALADIN RCM grid points chosen as the
closest in x, y (IV = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Devoluy massif, over the

evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection
methods) and in SAFRAN.
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Figure S155: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Devoluy massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S156: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Devoluy massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S157: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in
the SAFRAN reanalysis over the evaluation period, for the Devoluy massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S158: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Devoluy massif, at
(left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S159: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Devoluy massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S160: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Devoluy massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S161: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Devoluy
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S162: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Devoluy massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability of
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Figure S163: (top left) Location of the Champsaur massif, with ALADIN RCM grid points chosen as the
closest in x, y (IV = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Champsaur massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection
methods) and in SAFRAN.
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Figure S164: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to
the SAFRAN reanalysis over the evaluation period for the Champsaur massif as a function of elevation.
Scores computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S165: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Champsaur massif, at (left) 1200 m a.s.l.
and (right) 2100 m a.s.l..
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Figure S166: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in

the SAFRAN reanalysis over the evaluation period, for the Champsaur massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S167: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Champsaur massif,
at (left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S168: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Champsaur massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S169: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Champsaur massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S170: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and (bot-
tom) precipitation as a function of the integration window over the evaluation period, for the Champsaur
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S171: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Champsaur massif, at (left) 1200 m a.s.l.
and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability
of false detection, T'SS = true skill score.
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Figure S172: (top left) Location of the Parpaillon massif, with ALADIN RCM grid points chosen as the
closest in x, y (IV = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Parpaillon massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection

methods) and in SAFRAN.
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Figure S173: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Parpaillon massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S174: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function of
the integration window over the evaluation period, for the Parpaillon massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S175: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in
the SAFRAN reanalysis over the evaluation period, for the Parpaillon massif, at (left) 1200 m a.s.l. and

(right) 2100 m a.s.l..
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Figure S176: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Parpaillon massif,
at (left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S177: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Parpaillon massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S178: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Parpaillon massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.1..
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Figure S179: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and (bot-
tom) precipitation as a function of the integration window over the evaluation period, for the Parpaillon
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S180: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Parpaillon massif, at (left) 1200 m a.s.l.
and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability
of false detection, T'SS = true skill score.
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Figure S181: (top left) Location of the Ubaye massif, with ALADIN RCM grid points chosen as the closest
in x, y (N = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN massif
centre point with the corresponding grid point in ALADIN for the different elevations considered (in m
above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom right)
snow depth (using Crocus in this case) for each elevation band for the Ubaye massif, over the evaluation

period in each adjusted RCM simulation (different learning periods and 2 neighbour selection methods)
and in SAFRAN.
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Figure S182: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to the
SAFRAN reanalysis over the evaluation period for the Ubaye massif as a function of elevation. Scores
computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S183: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Ubaye massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S184: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and
in the SAFRAN reanalysis over the evaluation period, for the Ubaye massif, at (left) 1200 m a.s.l. and

(right) 2100 m a.s.l..
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Figure S185: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Ubaye massif, at
(left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S186: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Ubaye massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).

144



Ubaye 1200 m Ubaye 1200 m Ubaye 2100 m Ubaye 2100 m
DJF MAM DJF MAM

N
3
3

)
@
&

N

3

=

~
3
)
8
3
@

3
&
N
3
&

N
=

271

3
@
N
3
S

3
N
Y
&
©

— SAFRAN reanalysis
~— RCM L. 1980-1995
-- RCM L. 1980-1995 N50
RCM L. 1995-2010
Ubaye 1200 m Ubaye 1200 m RCM L. 1995-2010 N50 Ubaye 2100 m
IJA 284 SON RCM L. 1980-2010 1JA
RCM L. 1980-2010 N50

— SAFRAN reanalysis

~—— RCM L. 1980-1995

--  RCM L. 1980-1995 N50
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010
RCM L. 1980-2010 N50

)
3

Seasonal Temperature (K)
NoNoNN
N
>
3

Seasonal Temperature (K)

)
3
S

)
m
3

)
[
4

)
@
&

)
@
15

283 287
292 286
201 282
]
290 281 |
/ 284
289 !
|
|

)
@
&
N
@
@

Seasonal Temperature (K)

Seasonal Temperature (K)
»
*
&

)
3

)
>
=3
~
3

2 - 5

980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010

Ubaye 2100 m
DJF

9
980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010
Ubaye 1200 m
DJF

Ubaye 1200 m Ubaye 2100 m
MAM MAM

‘7;5 450 450 TE 500 500

400 100 450

< 350 = 400

§ 300 - 8 550

3 300 3 35

£ 250 250 £ 300

£200 £ 250

o 200 o

£ 150 £ 200

= 100 150 —  SAFRAN reanalysis = 150 —  SAFRAN reanalysis

5 s0 100 ~— RCM L. 1980-1995 £ 100 — RCM L. 1980-1995

Z 50 - RCM L. 1980-1995 N50 g 5o -~ RCM L. 1980-1995 N50
3 RCM L. 1995-2010 3 RCM L. 1995-2010

_ RCM L. 1995-2010 N50 _ RCM L. 1995-2010 N50
400 600 RCM L. 1980-2010 400 RCM L. 1980-2010

g RCM L. 1980-2010 N50 g RCM L. 1980-2010 N50
g3so g3s0

5300 5 300

b= =

8250 S 250

[= 2

3 200 g 200

5] ]

2 2

& 150 & 150

g g

£ 100 £ 100

2 L 2

£ 50 0 & 50 0

& 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 & 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010

Ubaye 1200 m Ubaye 1200 m Ubaye 2100 m Ubaye 2100 m
_o05 0.18 MAM 14 DJF 00 MAM
£ [ 0.16 E
EM | 014 y | z 12
g i 012t | 210
0.3 | | a
z o0 | i 2 0.8
=]
Ho02 0081 | | 506
= 0.06F 1|4 ) it
1 I ©
H 0.04 i / — SAFRAN lysi £04
So.1 - o i reanalysis 8 — SAFRAN reanalysis
3 0.02 Wi | — RCML. 1980-1995 QS) 0.2 ~— RCM L. 1980-1995
0.0 0.00 22 a2 N ;‘\gx ": iggg';g?g N50 e -~ RCM L. 1980-1995 N50
- 1995 RCM L. 1995-2010
Ubaye 1200 m Ubaye 1200 m RCM L. 1995-2010 N50 RCM L. 1995-2010 N50
A SON i
006 11 0.045 RCM L. 1980-2010 0.00006 RCM L. 1980-2010
E 0.040 RCM L. 1980-2010 N50 g RCM L. 1980-2010 N50
0.04 =
g 0.035 5 000005
2
o
& 0.02 0.030 £ 0.00004
2 0.025 >
0.00
2 0.020 g 0:00003
@ @ N
= —0.02 0.015 = 0.00002 i
g g T
2 -0.04 0010 A  0.00001 b
g 0.005 /\ g B
@ _0.06 0.000 L, © 0.00000 L) .00
1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010

Figure S187: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Ubaye massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S188: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Ubaye
massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S189: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Ubaye massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability of
false detection, T'SS = true skill score.
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Figure S190: (top left) Location of the Alpes Azur massif, with ALADIN RCM grid points chosen as the
closest in x, y (IV = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Alpes Azur massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection

methods) and in SAFRAN.
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Figure S191: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to
the SAFRAN reanalysis over the evaluation period for the Alpes Azur massif as a function of elevation.
Scores computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S192: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function of
the integration window over the evaluation period, for the Alpes Azur massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..

149



100

Alpes Azur 1200 m

- o ©
o =1 S

Cumulated PDF (%)

)
=3

4
p,

0
260

100

90

@
=1

Cumulated PDF (%)
<
o

o
=1

50

265 270 275 280 285 290

Daily Temperature (K)
Alpes Azur 1200 m

295 300 305

100

- @ ©
o k= S

Cumulated PDF (%)

IS}
o

20 40 60 80 100
Daily Precipitation (kg m~2)

120 140

Alpes Azur 1200 m

0.0

0.2 0.4 0.6 0.8 1.0
Daily Snow Depth (m)

SAFRAN reanalysis
RCM L. 1980-1995
RCM L. 1980-1995 N50
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010

RCM L.

1980-2010 N50

SAFRAN reanalysis

RCM L.
RCM L.
RCM L.
RCM L.
RCM L.
RCM L.

1980-1995
1980-1995 N50
1995-2010
1995-2010 N50
1980-2010
1980-2010 N50

SAFRAN reanalysis

. 1980-1995
. 1980-1995 N50
. 1995-2010
. 1995-2010 N50
. 1980-2010

1980-2010 N50

100

Alpes Azur 2100 m

80

60

40

Cumulated PDF (%)

20

100

90

80

70

Cumulated PDF (%)

60

50

260 270 280

Daily Temperature (K)
Alpes Azur 2100 m

290

100

20

40 60 80 100
Daily Precipitation (kg m~—)

120

140

- @ ©
o I} 1=

Cumulated PDF (%)

1)
5

Alpes Azur 2100 m

0.5 1.0 1.5 2.0
Daily Snow Depth (m)

2.5

SAFRAN reanalysis
RCM L. 1980-1995
RCM L. 1980-1995 N50
RCM L. 1995-2010
RCM L. 1995-2010 N50
RCM L. 1980-2010

RCM L.

1980-2010 N50

SAFRAN reanalysis

RCM L.
RCM L.
RCM L.
RCM L.
RCM L.
RCM L.

1980-1995
1980-1995 N50
1995-2010
1995-2010 N50
1980-2010
1980-2010 N50

SAFRAN reanalysis

. 1980-1995
. 1980-1995 N50
. 1995-2010
. 1995-2010 N50
. 1980-2010

1980-2010 N50

Figure S193: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in

the SAFRAN reanalysis over the evaluation period, for the Alpes Azur massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S194: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Alpes Azur massif,
at (left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S195: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Alpes Azur massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S196: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Alpes Azur massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S197: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Alpes
Azur massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.1..
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Figure S198: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Alpes Azur massif, at (left) 1200 m a.s.l.
and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability
of false detection, T'SS = true skill score.
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Figure S199: (top left) Location of the Mercantour massif, with ALADIN RCM grid points chosen as the
closest in x, y (N = 0, pink contour) and in x, y and z (using N # 0). Coloured lines link each SAFRAN
massif centre point with the corresponding grid point in ALADIN for the different elevations considered
(in m above sea level (a.s.l.)). (top right) Mean temperature, (bottom left) precipitation and (bottom
right) snow depth (using Crocus in this case) for each elevation band for the Mercantour massif, over the
evaluation period in each adjusted RCM simulation (different learning periods and 2 neighbour selection

methods) and in SAFRAN.
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Figure S200: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean bias and root mean square error of each raw and adjusted RCM simulation compared to
the SAFRAN reanalysis over the evaluation period for the Mercantour massif as a function of elevation.
Scores computed for the raw RCM simulations concern minimum and maximum daily temperatures.
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Figure S201: Ratios of standard deviations between the SAFRAN ranalysis and adjusted RCM (top)
temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this case) as a function
of the integration window over the evaluation period, for the Mercantour massif, at (left) 1200 m a.s.l.
and (right) 2100 m a.s.l..
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Figure S202: Cumulated probability density functions (PDFs) of daily (top) temperature, (middle) pre-
cipitation and (bottom) snow depth (using Crocus in this case) in each adjusted RCM simulation and in

the SAFRAN reanalysis over the evaluation period, for the Mercantour massif, at (left) 1200 m a.s.l. and
(right) 2100 m a.s.l..
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Figure S203: Scores for the duration and persistence of precipitation events in each adjusted RCM
simulation compared to the SAFRAN reanalysis over the evaluation period, for the Mercantour massif,
at (left) 1200 m a.s.l. and (right) 2100 m a.s.l.. EPD = relative error on the probability of a dry day,
EPDD = relative error on the probability of a dry day following a dry day, EPHH = relative error on the
probability of a wet day following a wet day, EHD = relative error on the mean duration of wet periods.
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Figure S204: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) mean annual cycle in each adjusted RCM simulation and in the SAFRAN reanalysis over the period
1980-1995 and 1995-2010, for the Mercantour massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
Letters on the x-axis correspond to the different months of the calendar (J = January, F = February,
etc.).
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Figure S205: (top) Temperature, (middle) precipitation and (bottom) snow depth (using Crocus in this
case) seasonal average time series from 1980 to 2010 in each adjusted RCM simulation and in the SAFRAN
reanalysis, for the Mercantour massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.l..
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Figure S206: Correlation between the SAFRAN reanalysis and adjusted RCM (top) temperature and
(bottom) precipitation as a function of the integration window over the evaluation period, for the Mer-
cantour massif, and at (left) 1200 m a.s.l. and (right) 2100 m a.s.1..
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Figure S207: Scores for the detection of precipitation events in each adjusted RCM simulation compared
to the SAFRAN reanalysis over the evaluation period, for the Mercantour massif, at (left) 1200 m a.s.l.
and (right) 2100 m a.s.l.. POD = probability of detection, FAR = false alarm rate, POFD = probability
of false detection, T'SS = true skill score.
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