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Snow and precipitation in remote high-mountain regions
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Snow and precipitation in remote high-mountain regions

= Essential for water availability, natural
hazards, climate impact studies,...

= Scarcity of ground observations

= How precipitation and snow are changing?
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Snow and precipitation in remote high-mountain regions
= Essential for water availability, natural Reanalyses (ERA-5, MERRA-2)
hazards, climate impact studies,... ~Global coverage but unsuited

= Scarcity of ground observations for complex topography

= How precipitation and snow are changing?
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Downscaling reanalysis estimates in high-mountain regions
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Downscaling reanalysis estimates in high-mountain regions
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Downscaling reanalysis estimates in high-mountain regions

— ® Air temperature

(c) \ 03.04.2019
600 hPa

Northing [m]
(CH1903)

-10 -5 0
T ature - [°C]
lemperature-{~C |

i
i
i
4000 4 :
i
i
i

DHM-Z,S 650 hPa

w
a
o
S

= i
g Findelgletscher v
€ AWS *
‘= 30004 700 hPa
g 1y I 8 N
® A 725 hPa
g [ V \
& 25001 7d 750 hPa
MERRA-2 Elevafion \
7 775 hPa
2000 { U 800 hPa
MERRA-2 Elevation )
] 1
i 1
1500 i i
605000 610000 615000 620000 625000 630000 635000 640000  —20 -15 . -1 S
Easting [m] (CH1903) Air temperature [°C]

unversiT o srisoun

Matteo Guidicelli EGU22 May 27, 2022




Downscaling reanalysis estimates in high-mountain regions
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Downscaling reanalysis estimates in high-mountain regions
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Winter mass balance on glaciers
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Snow and precipitation in remote high-mountain regions
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Models evaluation: original reanalyses
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Models evaluation: site-independent GBRs
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Winter mass balance on glaciers
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Snow and precipitation in remote high-mountain regions
= Essential for water availability, natural Gradient boosting regressor Reanalyses (ERA-5, MERRA-2)
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GBR-derived SWE trends (1981-2021)
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GBR-derived SWE trends (1981-2021)
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GBR-derived SWE trends (1981-2021)
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For further information, please see:

Guidicelli, M., Huss, M., Gabella, M., and Salzmann, N. Snow accumulation over the world’s
glaciers (1981-2021) inferred from climate reanalyses and machine learning, The Cryosphere
Discuss. [preprint], https://doi.org/10.5194 /tc-2022-69, in review, 2022.
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Winter mass balance data from WGMS
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Gradient boosting regressor and cross-validation schemes

ﬁl’raining of the GBR models FdB‘GBR:ng,-r,“1+RdB,Tvee2+...+RdE.1—,D

RoB Tree k=FdB,ref —FdB Tree k1
Predictors: . : ’
static B .
lat, lon, slope g :
cos(aspect), 88 i E
sin(aspect), Hinterval g B
reanalysis : 3
variables constant
in time (cf. Tables — g = :
B1, B2, B3) 9 8 g :
single-level [ —[ 5 = _I: %
reanalysis | e | e
variables varying in i s =
time (cf. Tables BI, _I: ] _I: )
B2, B3) i B : &
. @ .3
5 g e
pressure levels —I: E —I: 3
Pv HAY
downscaled H 8
variables (cf. _I: g _I: g
Tables B1, B2, B3) : 8 : 8
= D=
year, _I: ] _I: TE
delta_variables, others = g
variables_P o5 depth depth
(cf. Table B3) Lo b > mo >
\ N estimators j
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Gradient boosting regressor and cross-validation schemes

Cross-validation schemes:

Site-independent model

unversiT o srisoun

n = number of glaciers
Fag ref = 10108(Bu/Preanalysis tot)
for g in {1;...0n}:

TRAINING:
all glaciers \
glacier g

VALIDATION:
glacier g
MSE,=mse(Fg ref,
Fapred)

MSE,;—mean(MSEy;

Matteo Guidicelli

SE,)

ﬁl’raining of the GBR models ng‘GBR:ngv-rm1+RdB,Tvee2+...+RdE.1—,D

Predictors:

lat, lon, slope
cos(aspect),
sin(aspect), Hinterval

reanalysis
variables constant
in time (cf. Tables
B1, B2, B3)

reanalysis

variables varying in
time (cf. Tables B1,
B2, B3)

downscaled
variables (cf.
Tables B1, B2, B3)

year,
delta_variables,
variables_P o5
(cf. Table B3)

static

(0[]
OO

single-level

pressure levels

others

4B, Tree k=FdB,ref —FdB Tree k1

— —I: = —I:
$ ; 3 ;
o
oY & Ys
— - — ‘s
.8 .2
—I::ﬁ —I::ﬁ
= =Y
: E : E
] .8
e fe
_[ £ _[ £
iV PV
H ]
s =Y
1 1
i G : 8
: £ =
_I:'g _I:«
::) ::)
max depth max depth

N estimators

3
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Gradient boosting regressor and cross-validation schemes

Cross-validation schemes:

I Site-independent model

n = number of glaciers
Fag ref = 10108(Bu/Preanalysis tot)
for g in {1;...0n}:

TRAINING: Z{:;L'?’;T'ON:

all ;laclers \ MSE,=mse(Fg et

glacier g o :
gpre

MSE,.;=mean(MSE;;..;MSE,)

I Season-independent model

n = number of glaciers
Fag,rer = 10l0g(Bu/Preanalysis tot)
for g in {1;...;n}:

m = number of seasons for glacier g

TRAINING: VALIDATION:
all glaciers & all season s of glacier g
seasons \ season s MSE, .=mse(Fyg s ref,
of glacier g Frmm)
v
MSE, o =mean(MSE; 11);.
(MSE,MJ ,,,,, MSE"‘](,,,,...,MSEM,(H)))

Matteo Guidicelli

Predictors:

lat, lon, slope
cos(aspect),
sin(aspect), Hinterval

reanalysis
variables constant
in time (cf. Tables
B1, B2, B3)

reanalysis

variables varying in
time (cf. Tables B1,
B2, B3)

downscaled
variables (cf.
Tables B1, B2, B3)

year,
delta_variables,
variables_P o5
(cf. Table B3)

ﬁl’raining of the GBR models ng‘GBR:ngv-r,«1+RdB,Tv:e2+...+RdE.1—,D

static

(0[]
OO

single-level

pressure levels

others

4B, Tree k=FdB,ref —FdB Tree k1

Tree 1
[T Ko s M s W W

Until n samples < min samples per leaf

| Tree N
e s B B B B

Until n samples < min samples per leaf

max depth max depth

N estimators

3

EGU22

May 27, 2022
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Spatial evaluation

FINDELEN (Alps) - 2015
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Central Asia Scandinavia Alps

W. Canada

Further spatio-temporal validation
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