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Context: Arctic Amplification

a DJF surface temperature trends (1960-2013)
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http://www.nature.com/articles/ngeo2234
https://www.nature.com/articles/s43247-022-00498-3
https://doi.org/10.1146/annurev-environ-012220-011847
http://www.nature.com/articles/ngeo2234

Snow: essential component of the climate system
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Arctic snowpack

Domine et al., (2019)


https://onlinelibrary.wiley.com/doi/abs/10.1029/2018MS001445
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Figure 3. Comparison of measured snow density profiles at Bylot Island in
May 2015 with those simulated using the detailed snow models Crocus and
SNOWPACK. Crocus runs of 6 May are shown because Crocus simulates
melting on 7 May, and this extra process makes comparisons irrelevant on
12 May.

Domine et al., (2019)

Domine et al., (2018)


https://onlinelibrary.wiley.com/doi/abs/10.1029/2018MS001445
https://www.cambridge.org/core/journals/journal-of-glaciology/article/soil-moisture-wind-speed-and-depth-hoar-formation-in-the-arctic-snowpack/A7A58A639BD2BD079F1D45E2401CFCB1
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PHYSTCAL SOLUTION

Implement the water vapor fluxes explicitly in
the snowpack (~ snow mass redistribution):

e |VORI project (Marie Dumont, ERC ~2M €)

e Jafarietal, (2020): The Impact of Diffusive
Water Vapor Transport on Snow Profiles in

Deep and Shallow Snow Covers and on Sea
Ice

e Simsonetal (2021): Elements of future
snowpack modeling - Part 2: A modular
and extendable Eulerian-Lagrangian
numerical scheme for coupled transport,

& phase changes and settling processes /
4



https://ivori.osug.fr/-Objectives-58-
https://www.frontiersin.org/articles/10.3389/feart.2020.00249
https://tc.copernicus.org/articles/15/5423/2021/
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Jafari et al., (2020): The Impact of Diffusive
Water Vapor Transport on Snow Profiles in
Deep and Shallow Snow Covers and on Sea
Ice

Simson et al. (2021): Elements of future
snowpack modeling - Part 2: A modular
and extendable Eulerian-Lagrangian
numerical scheme for coupled transport,

N
PRACTICAL SOLUTION

phase changes and settling processes j

Increase the compaction due to the wind +
reduce the density of the lower layers, e.g.:

e Royeretal (2021): Improved Simulation
of Arctic Circumpolar Land Area Snow
Properties and Soil Temperatures

e lackneretal, (2022): Snow properties at
the forest-tundra ecotone:
predominance of water vapor fluxes
even in deep, moderately cold
snowpacks

Challenge: never applied worldwide and
often site specific...

/



https://www.frontiersin.org/articles/10.3389/feart.2021.685140/full
https://tc.copernicus.org/articles/16/3357/2022/
https://ivori.osug.fr/-Objectives-58-
https://www.frontiersin.org/articles/10.3389/feart.2020.00249
https://tc.copernicus.org/articles/15/5423/2021/

Snow model in CLASSIC: description

Primary water, energy, CO,, and CH, fluxes in CLASSIC
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https://gmd.copernicus.org/articles/13/2825/2020/
https://gmd.copernicus.org/articles/13/2825/2020/gmd-13-2825-2020-f01.png

Snow model in CLASSIC: description

Primary water, energy, CO,, and CH, fluxes in CLASSIC Melton et al. (2020),
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Objectives of the project

1. Implement a in CLASSIC (1D simulations)
o technical challenges: model not so modular and snow is included in many files/routines
o physical challenges: include characteristics (if possible) + , etc.
o - assess these changes at (SnowMIP + 3 Arctic sites)

/#1 Implement multilayer\

snow model in CLASSIC
(site simulations)

\\,,CreQit: Sawtooth Avalanche Center /
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Objectives of the project

1. Implement a in CLASSIC (1D simulations)
2. Testnew parameterizations + multilayer snowpack in
(Arctic) — use of data (snow, land type, etc.) to calibrate and asses these new

developments

3. with new snowpack (assessment on the surfaces fluxes)
/#1 Implement multilayer\ /#2 Snow cover param h /#3 Improved Arctic simb
snow model in CLASSIC multilayer snowpack (snow, energy/carbon
(site simulations) (spatial simulations) fluxes, etc.)
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| Work Package breakdown: Snow cover heterogeneity and its impact on the Climate and Carbon cycle of Arctic regions

ESA CCI Fellowship - Mickaél Lalande - supervised by Christophe Kinnard at UQTR / RIVES (Canada)
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Annex B: Climate Change Initiative Fellowship Project Proposal

Project (2 years). Snow cover heterogeneity and its impact on the Climate and Carbon
01/10/2023 - 30/09/2025 cycle of Arctic regions (Snow(C?)

Objectives : Improving snow model in CLASSIC (SCF, multi-layer snow scheme, blowing snow
sublimation) and assessing these improvements over the Arctic

Location : Trois-Rivieres, QC, UQTR / GLACIOLAB / RIVE (Canada)

Supervision : Christophe Kinnard (+ Alexandre Roy / ECCC)
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