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Downscaling reanalysis estimates in high-mountain regions
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Models evaluation: original reanalyses
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Models evaluation: site-independent GBRs
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Models evaluation: season-independent GBRs
ERA-5 MERRA-2

0 1000 2000 3000 4000 5000
Glacier-wide winter mass balance [mm]

0

1000

2000

3000

4000

5000

ER
A-

5 
se

as
on

-in
de

p 
GB

R 
[m

m
]

CORR RMSE FSE N pts
0.82 232 508
0.95 310 451
0.8 172 97

0.73 387 62
0.95 272 1118

Alps
Scandinavia
Central Asia
W. Canada
All

0.19
0.16
0.26
0.2

0.18

Median
25th, 75th percentiles
x = y

All
W. Canada

Central Asia
Scandinavia

Alps

Al
l

W
. C

an
ad

a
Ce

nt
ra

l A
sia

Sc
an

di
na

vi
a

Al
ps

0 5 10 15 20
Number of points [#]

0 1000 2000 3000 4000 5000
Glacier-wide winter mass balance [mm]

0

1000

2000

3000

4000

5000

M
ER

RA
-2

 se
as

on
-in

de
p 

GB
R 

[m
m

] CORR RMSE FSE N pts
0.78 258 508
0.95 313 451
0.78 180 97
0.69 416 62
0.94 287 1118

Alps
Scandinavia
Central Asia
W. Canada
All

0.21
0.16
0.28
0.21
0.19

Median
25th, 75th percentiles
x = y

All
W. Canada

Central Asia
Scandinavia

Alps

Al
l

W
. C

an
ad

a
Ce

nt
ra

l A
sia

Sc
an

di
na

vi
a

Al
ps

0 5 10 15 20
Number of points [#]

Matteo Guidicelli EGU22 May 27, 2022 7



Western Canada
North-West
South-West
South

Scandinavia
North
South

Longitude [deg] Longitude [deg] Longitude [deg]

La
ti
tu

d
e
 [

d
e
g
]

Alps

Longitude [deg]

Central Asia

...

... ...... ... ... ...... ... ... ...... ... ... ...... ...

... ...... ... ... ...... ... ... ...... ... ... ...... ... Easting

1500

2000

2500

3000

3500

4000

E
le

va
ti
o
n
 [

m
 a

.s
.l.

]

MERRA-2 Elevation

Findelgletscher
DHM-25

A

B

Matteo Guidicelli EGU22 May 27, 2022 8



Western Canada
North-West
South-West
South

Scandinavia
North
South

Longitude [deg] Longitude [deg] Longitude [deg]

La
ti
tu

d
e
 [

d
e
g
]

Alps

Longitude [deg]

Central Asia

...

... ...... ... ... ...... ... ... ...... ... ... ...... ...

... ...... ... ... ...... ... ... ...... ... ... ...... ... Easting

1500

2000

2500

3000

3500

4000

E
le

va
ti
o
n
 [

m
 a

.s
.l.

]

MERRA-2 Elevation

Findelgletscher
DHM-25

A

B

Matteo Guidicelli EGU22 May 27, 2022 8



Western Canada
North-West
South-West
South

Scandinavia
North
South

Longitude [deg] Longitude [deg] Longitude [deg]

La
ti
tu

d
e
 [

d
e
g
]

Alps

Longitude [deg]

Central Asia

...

... ...... ... ... ...... ... ... ...... ... ... ...... ...

... ...... ... ... ...... ... ... ...... ... ... ...... ... Easting

1500

2000

2500

3000

3500

4000

E
le

va
ti
o
n
 [

m
 a

.s
.l.

]

MERRA-2 Elevation

Findelgletscher
DHM-25

A

B

Matteo Guidicelli EGU22 May 27, 2022 8



Western Canada
North-West
South-West
South

Scandinavia
North
South

Longitude [deg] Longitude [deg] Longitude [deg]

La
ti
tu

d
e
 [

d
e
g
]

Alps

Longitude [deg]

Central Asia

...

... ...... ... ... ...... ... ... ...... ... ... ...... ...

... ...... ... ... ...... ... ... ...... ... ... ...... ... Easting

1500

2000

2500

3000

3500

4000

E
le

va
ti
o
n
 [

m
 a

.s
.l.

]

MERRA-2 Elevation

Findelgletscher
DHM-25

A

B

Matteo Guidicelli EGU22 May 27, 2022 8



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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Thank you for your attention!

Questions?
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Winter mass balance data from WGMS
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Gradient boosting regressor and cross-validation schemes
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Spatial evaluation
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Further spatio-temporal validation

0 5 10 15 20 25 30 35 40
0.5

1.0

1.5

F d
B,

re
gi

on
 [d

B]

(a)

Al
ps

MERRA-2 Benchmark
MERRA-2 GBR site-indep
MERRA-2 GBR season-indep

ERA-5 Benchmark
ERA-5 GBR site-indep
ERA-5 GBR season-indep

0 5 10 15 20 25 30 35 40
0.5

1.0

1.5

F d
B,

re
gi

on
 [d

B]

(c)

Sc
an

di
na

vi
a

0 5 10 15 20 25 30 35 40
1.0

1.5

2.0

2.5

F d
B,

re
gi

on
 [d

B]

(e)

Ce
nt

ra
l A

sia

0 5 10 15 20 25 30 35 40
Number of seasons of the validated

 glacier used in the training [#]

0.5

1.0

1.5

2.0

F d
B,

re
gi

on
 [d

B]

(g)

W
. C

an
ad

a

0

10

20

30

40

Nu
m

be
r o

f y
ea

rs
 [#

]

0

10

20

30

40

Nu
m

be
r o

f y
ea

rs
 [#

]

0

10

20

30

40

Nu
m

be
r o

f y
ea

rs
 [#

]

0

10

20

30

40

Nu
m

be
r o

f y
ea

rs
 [#

]

0 200 400 600 800 1000
0.5

1.0

1.5

F d
B,

re
gi

on
 [d

B]

(b)

0 200 400 600 800 1000
0.5

1.0

1.5

F d
B,

re
gi

on
 [d

B]

(d)

0 200 400 600 800 1000
1.0

1.5

2.0

2.5

F d
B,

re
gi

on
 [d

B]

(f)

0 200 400 600 800 1000
Range of excluded training glaciers [km]

0.5

1.0

1.5

2.0

F d
B,

re
gi

on
 [d

B]

(h)

0

10

20

30

40

50

Nu
m

be
r o

f g
la

cie
rs

 [#
]

Average number of years (left)
or glaciers (right) used in the training
of the models

0

10

20

30

40

50

Nu
m

be
r o

f g
la

cie
rs

 [#
]

0

10

20

30

40

50

Nu
m

be
r o

f g
la

cie
rs

 [#
]

0

10

20

30

40

50

Nu
m

be
r o

f g
la

cie
rs

 [#
]

Matteo Guidicelli EGU22 May 27, 2022 16


