Adaptation of a snow cover scheme for complex topography areas:
regional calibration over High Mountain Asia and application in global models
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Snow cover over mountainous areas in global climate models
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Snow cover parameterizations
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Figure 1. (a) SCF (or f;,,) computed from equation (2) (used in the default CLM and BATS), equation
(3) of Yang et al. [1997], and a formulation used in the NCAR LSM1.0, f;,,, = min(1, A,,,/0.05), where
hg,o 18 snow depth (m) and (b) SCF as a function of ground surface roughness, snow depth, and snow
density computed from equation (4) with new snow density p,.,, = 100 kg m > and m = 1.6. The thick
line (i.e., py,o = 100 kg m>) is equivalent to equation (3).

Niu and Yang (2007)


https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007JD008674
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Figure 2. Relationship between AVHRR SCF (%) and CMC snow depth (m) in 1° x 1° grid cells of
major NA river basins including the Mackenzie, Yukon, Churchill, Fraser, St. Lawrence, Columbia,
Colorado, and Mississippi from October to May. The darker crosses stand for 1° x 1° grid cells where the
standard deviation of topography o, < 150 m, and the lighter triangles stand for 1° x 1° grid cells where
oy, =150 m. The fitted lines are computed from equation (4) (m = 1.6) with the mean snow densities
shown above each frame.
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Snow Cover parameterization: Niu and Yang (
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Figure 2. Relationship between AVHRR SCF (%) and CMC snow depth (m) in 1° x 1° grid cells of
major NA river basins including the Mackenzie, Yukon, Churchill, Fraser, St. Lawrence, Columbia,
Colorado, and Mississippi from October to May. The darker crosses stand for 1° x 1° grid cells where the
standard deviation of topography o, < 150 m, and the lighter triangles stand for 1° x 1° grid cells where
o, =150 m. The fitted lines are computed from equation (4) (m = 1.6) with the mean snow densities

shown above each frame.
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standard deviation of topography o, < 150 m, and the lighter triangles stand for 1° x 1° grid cells where
o, =150 m. The fitted lines are computed from equation (4) (m = 1.6) with the mean snow densities

shown above each frame.
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Snow cover in mountainous area: Swenson & Lawrence (
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‘Estimating the spatial distribution of snow water equivalent (SWE)
in mountainous terrain is currently
the most important unsolved problem in snow hydrology.”

Dozier et al. (2016)
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High Mountain Asia UCLA Daily Snow Reanalysis (
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HMASR -> snow cover parameterizations
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HMASR -> snow cover parameterizations
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HMASR -> snow cover parameterizations
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HMASR -> snow cover parameterizations
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Application in GCM (LMDZ/ORCHIDEE)

Nudged
simulations (LMDZ/ORCHIDEE)

e 2 resolutions:
o LR 144x142 (~100/200 km)

O
e 2005-2008 (2004 spin-up)
° parameterizations

° observational

reference
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Application in GCM (LMDZ/ORCHIDEE)

MAM (SON) SCF bias at HR (512x360) 2005-2008
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Application in GCM (LMDZ/ORCHIDEE)
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Application in GCM (LMDZ/ORCHIDEE)

MB=-4.9%
RMSE=11.8%
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Discussion

e Fvaluating is not easy in GCMs because

e These later snow related parameters (snowfall / SD / SWE) does not necessarily
take into account )

L subgrid parameterization of snowfall, snow distribution with elevation,
surface energy budget, small scale orographic drag?

e Hard to evaluate!
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Conclusion

e Taking into account the in
seems essential over (Swenson and Lawrence, 2012 ;
Miao et al.,, 2022 ; Lalande et al., in prep)

° might be involved in current :
o  precipitation (orographic drag; e.g, Wang et al., 2020) / aerosol deposition on
snow (e.g., Usha et al., 2020) / boundary layer (e.g., Serafin et al., 2020) /
tropospheric cold bias, etc.

e [urther -> / ( + other variables, forested
areas?, etc.)

e Limitation over areas? (glaciers, etc.)
o  elevation bands (e.g., Walland and Simmonds, 1996; Younas et al., 2017)

e (Other parameterizations not tested, e.g.: Liston (2004), Helbig et al. (2021),
etc.

° very for such parameterizations (+ help to test
the influence of other parameters) 18
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High Mountain Asia UCLA Daily Snow Reanalysis (

Comparison HMASR and in-situ station 1999-2013 (>90% temporal coverage and >1mm SD in winter DJFMA)
Elevation dependance
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https://nsidc.org/data/HMA_SR_D/versions/1

High Mountain Asia UCLA Daily Snow Reanalysis

HMASR seasonal daily SD vs SCF at 1°x1°
(1999-10-01 to 2017-09-30 with >30% permanent snow grid cells excluded)
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High Mountain Asia UCLA Daily Snow Reanalysis

HMASR MAM daily SD vs SCF at 1°x1°
(1999-10-01 to 2017-09-30 with >30% permanent snow grid cells excluded)
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Other snow cover parameterizations

Accumulation
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