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Snow cover real world vs global models
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Niu and Yang (2007) 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007JD008674
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Swenson & Lawrence (2012) 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178
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Standard deviation of topography 
(σtopo) in SCF parameterization first 
introduced by Douville et al. (1995), 

then Roesch et al. (2001), etc.

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012JD018178
http://link.springer.com/10.1007/BF00208761
http://link.springer.com/10.1007/s003820100153
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High Mountain Asia UCLA Daily Snow Reanalysis (HMASR)

● Problem:

○ No global reliable product of SD/SWE 
over mountainous areas

○ To better test/calibrate SCF param -> 
need SD and SWE (or density)

● New snow reanalysis over HMA: HMASR

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

○ assimilate Landsat/MODIS -> posterior 
SCF/SWE

○ provides daily SCF/SWE at 500 m

○ not validated over HMA / Sierra Nevada 
(Margulis et al., 2016) and Andes (Cortés 
and Margulis, 2017)

Margulis et al. (2019) 

https://nsidc.org/data/HMA_SR_D/versions/1
https://nsidc.org/data/HMA_SR_D/versions/1
http://journals.ametsoc.org/doi/10.1175/JHM-D-15-0177.1
http://doi.wiley.com/10.1002/2017GL073826
https://www.frontiersin.org/article/10.3389/feart.2019.00272/full
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R01 (Roesch et al., 2001) NY07 (Niu and Yang, 2007)

SL12 (Swenson and Lawrence, 2012) DNN (deep neural network)

http://link.springer.com/10.1007/s003820100153
http://doi.wiley.com/10.1029/2007JD008674
http://swenson2012
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Application in GCM (LMDZ/ORCHIDEE)

17

Bias of 
Temperature

Bias of Snow Cover 
Fraction



Perspectives / Discussion / Conclusion
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● 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:
○ 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.)
○ 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)

https://doi.org/10.1007/s00382-019-05080-w
https://doi.org/10.1007/s00382-020-05222-5
https://uibk.ac.at/iup/buch_pdfs/10.1520399106-003-1.pdf
http://doi.wiley.com/10.1002/%28SICI%291097-0088%28199609%2916%3A9%3C961%3A%3AAID-JOC72%3E3.0.CO%3B2-R
https://www.cambridge.org/core/product/identifier/S0260305517000295/type/journal_article
http://journals.ametsoc.org/doi/abs/10.1175/1520-0442%282004%29017%3C1381%3ARSSCHI%3E2.0.CO%3B2
https://tc.copernicus.org/articles/15/4607/2021/
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HMASR might be not 
representative of flat 
areas (TP mostly have 
STD >200m and dry)



         Other snow cover parameterizations

Roesch et al. (2001)Swenson and Lawrence (2012)Niu and Yang (2007) custom

STD
topo

Accumulation

Depletion

Mountainous areas

Depends only on SWE so no 
hysteresis

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
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Swenson and Lawrence (2012): commits 1, 2, 3, 4, thredds

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
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Usha et al., (2020, Fig 7)

https://doi.org/10.1007/s00382-020-05222-5
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Wang et al., (2020, Fig 5 & 9)

https://doi.org/10.1007/s00382-019-05080-w

