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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K, (short wave radiation), L;;, (longwave radiation), H (sensible heat flux), LE(latent
heat flux), J (conduction heat flux), Q (snow layer heat content), Q,(advective heat
from rain and snow), W (snow layer SWE), W (snow layer liquid water content), D
(snow layer depth), p (snow layer density) , P (precipitation), E,, (evaporation)

snow scheme in the ORCHIDEE land surface model
(Wang et al., 2013)
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Snow cover real world vs global models
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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., ps.o = 100 kg m2) is equivalent to equation (3).

Niu and Yang (2007)



https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007JD008674

Snow cover in mountainous area: Swenson & Lawrence ( ) - SL12
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Snow cover in mountainous area: Swenson & L
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High Mountain Asia UCLA Daily Snow Reanalysis (

e Problem:

o reliable product of

over Meteorological forcing | Topographic data ‘ Landcover data

(Precip., air terﬁ;-:., radiation, etc.) (DEM, slope, aspect, etc.) (landcover, forest cover fraction, etc.)

e.g. MERRA-2

o To better test/calibrate SCF param -> spom O
need (or density)

e.g. MODIS,
GLCF,
AVHRR

| |

Forcing downscaling/uncertainty Resampling to uniform or multi-resolution model grid
(Girotto et al., 2014a, b) (Baldo and Margulis, 2017)

Generation of prior (open-loop) estimates Fractional Snow

FVRE

e New snow reanalysis over HMA: HMASR

» Parameter uncertainty Covered Area (fSCA)
» Land Surface Model-Snow Depletion Curve [LSM-SDC] Observations (Cortés et

» Prior fSCA/SWE and other snow-related estimates al,, 2014; Painter et al., 2009)

o downscale meteorological forcing +
topo/landcover -> prior SCF/SWE

e.g. Landsat,
MODIS

Reanalysis step
> yesian update; dition prior esti onr ly-sensed fSCA

||
. . . » Using Particle Batch Smoother (PBS; Margulis et al., 2015) 4
o assimilate Landsat/MODIS -> posterior > Joint andsateMODSCAG assimiation i
» Posterior SCA/SWE and other snow estimates (along with posterior

SCF/SWE

FIGURE 2 | Schematic representation of the Bayesian snow reanalysis framework that consists of an ensemble-based prior modeling system (red boxes) and a

O p rO\/l d eS d a | |y S C F/SW E at 5 O O m posterior update component for assimilating remotely sensed fractional sn.ow covered area (SCA) data from Landsat and MODIS (blue boxes).
Margulis et al. (2019)

e.g. daily SWE

o notvalidated over HMA / Sierra Nevada
(Margulis et al.,, 2016) and Andes (Cortés
and Margulis, 2017)
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Calibration with new snow reanalysis HMASR
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Calibration with new snow reanalysis HMASR
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Calibration with new snow reanalysis HMASR
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Calibration with new snow reanalysis HMASR
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Application in GCM (LMDZ/ORCHIDEE)
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Perspectives / Discussion / Conclusion

Taking into account the sub-grid topography in SCF parameterization is
essential for mountainous areas

Other processes might be involved in current biases over HMA:
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.

Further calibration -> other regions / datasets ( + forested areas?, etc.)

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

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

Deep learning very promising to replace such parameterization (+ test the
influence of other parameters)
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Snow cover in mountainous area: HMASR

HMASR seasonal daily SD vs SCF aggregagated at 1°x1°
Hsiio ) (1999-10-01 to 2017-09-30 with >30% permanent snow grid cells excluded)
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Other snow cover parameterizations
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https://link.springer.com/article/10.1007/s003820100153
https://github.com/mickaellalande/PhD/blob/master/local/SCE_SWE_parametization/Niu2007-std.ipynb
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007JD008674

High Mountain Asia UCLA Daily Snow Reanalysis

NYO07_orig non-permanent daily SCF (predicted from HMASR inputs) vs HMASR SD 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

All points

std > 400m
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NYO07_cust non-permanent daily SCF (predicted from HMASR inputs) vs HMASR SD 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

NYO07_orig daily non-permanent SCF at 1°x1° predicted from HMASR inputs
(1999-10-01 to 2017-09-30; grid cells with >30% permanent snow are excluded)
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High Mountain Asia UCLA Daily Snow Reanalysis

NYO07_cust daily non-permanent SCF at 1°x1° predicted from HMASR inputs
(1999-10-01 to 2017-09-30; grid cells with >30% permanent snow are excluded)
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High Mountain Asia UCLA Daily Snow Reanalysis

Snow Cover Fraction seasonal mean (2000)
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Swenson and Lawrence (

):
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Snow Cover Extent annual climatology: 1981-1989
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https://github.com/mickaellalande/PhD/blob/master/local/SCE_SWE_parametization/Niu2007-std.ipynb
https://github.com/mickaellalande/SCA_parameterization/commit/54ce1c21949dd6227c4537355600dd253abb04dd
https://github.com/mickaellalande/SCA_parameterization/commit/f4a82a01818ef9483232cfab7ce39743d97dc928
https://github.com/mickaellalande/SCA_parameterization/commit/2c63eb55c8beed77be2c8a6444dbbeb2fd0cb2cc
https://github.com/mickaellalande/SCA_parameterization/commit/4bea0a754b0eff5cec0fedbad3efe38995fc5ba3
https://vesg.ipsl.upmc.fr/thredds/catalog/idris_work/ufz23bm/IGCM_OUT/LMDZOR/PROD/clim/catalog.html

?.
&
Q@
O
o
|
o
©
o
|
©
=
o
C
7))
e
-
o
(-
©
&
| S
)
ol

HMASR SCF/SWE/SD averaged over HMA

32

~ 8102

~910C

~ 102

- c¢l0c

~0L0C

~ 800C

~ 9002

~ 002

~ c00C

— 0002

______________
@ N ™
o o o
uofjoel J9A0D) MOUS

_____:____:__
To] — To] o
Te =] <
o o

[w] useainbg sayepy moug

© v o
o (a0 o
[w] yideg moug

o



Dépdt aérosols

Annual climatology bias: 1981-2014 / | 100
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Usha et al., (2020, Fig 7)
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