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Snow modelling (earth system; scales)

https://svs.gsfc.nasa.gov/2899
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Snow height(COSMO-2)

Weissfluhjoch IMIS
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Snow model complexity
§ ‘Good’ models must include …

§ multiple layers
§ new snow density 
§ surface energy balance 

(albedo, transfer coefficients)
§ heat conduction/equation
§ phase changes 
§ water transport
§ compaction/settlement
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Physical processes - Layering SNOWPACK
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Bulk Temperature Equation:

q   : Volumetric Fraction (-)
r : Density (kg m-3);

s, i, w, a, v: subscripts for Snow, Ice, Water, Air, Vapor

TS: Temperature of Snow (K)
cp : Heat Capacity (J kg-1 K-1)
keff: Effective Thermal Conductivity (W m-1 K-1)

ρscp
∂Ts
∂t

−
∂
∂z

(keff
∂Ts
∂z

) = [Qpc ]+ [Qmm ]+Qsw ;

[Q]=Wm−3  Volumetric Heat Source
ρscp = ρiciθi + ρwcwθw + ρacaθa
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Physical processes - Layering

o Multi-layer scheme

o Number of layers pre-defined (‘default’ 25)

o Max. thickness new layer 0.02 m min. 0.0025 m

o New snow amounts ≥ 0.02 m new layer 

added …

o … until max. number of snow layers is 

reached …

o … second layer from bottom, i.e. above 

soil, merged with bottom layer …

o … layers are ‘shifted’ downward 

accordingly. 

Snowfall: Melt:
o If layers thickness ≤ 0.0025 m, layer 

gets merged with bottom layer.

o If number of layers smaller then pre-

defined value, bottom layer gets split 

dz(1) = dz(1)- 0.02 m ; q(1)i,w,a = q(2)i,w,a

o Layer boundaries are ‘shifted’ upwards 

and levels adjusted accordingly.
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Physical processes – New snow density(SNOWPACK)

!" = 10&

' = ( + * ∗ ,- + . ∗ (0123 1456 78 + 9 ∗ :;<=>(?@)

RH = relative humidity = 0.8
Ta = air temperature (℃)
UV = wind speed (m/s) ; max. 2.0

If Ta < -14 ℃

Else
' = ( + * ∗ ,- + . ∗ (0123 1456 78 + 9 ∗ :;<=>(?@) + e

Coefficients: a = 3.28 ; b = 0.03; c = -0.75 ; d = 0.3; e = -0.36



8

Physical processes – Heat Equation

!!
∂T
∂t

=α ∂2T
∂x2

; 0≤ x ≤ L; t ≥0

1D heat equation:

o Implicitly: Crank-Nicholson 
oSetup a tridiagonal matrix for set of 

linear equations for each layer.
oSolved using the Thomas-Algorithm

Atmospheric 
forcing
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Physical processes – Atmospheric forcing(Albedo)

Prate = Precipitation Rate
TSFC = Snow Surface Temperature
T10m = Air temperature 10m

Measured vs. modeled Albedo
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Physical processes – Atmospheric forcing (Turb. Fluxes)

Transfer Coefficient:
Stability Corrections:
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Physical processes – Phase Changes(SNOWPACK)

o Calculate ‘hypothetical’ temperature.

o Determine mass changes due to phase
change and associated energy.
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Physical processes – Water transport(Bucket Model)

© SLF

oBucket model (1:1 from SNOWPACK)
oEstimate residual water content 

(Coleou and Lesaffre,1998)
oPercolate excess water, i.e. water larger than 

residual water content down the domain 
(layer to layer; bucket to bucket)

o Layer temperature set to 273.15K
oExcess water at snow/soil interface is stored.



13

Physical processes – settling/densification
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Testing (SNOWPACK vs. SNOWPOLINO)
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Snow height (local) – Sensitivity (# layers)

Weissfluhjoch – Winter 2015-16
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Snow height (local) – Sensitivity (# layers)

Weissfluhjoch – Winter 2015-16
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Snow height (local) – Sensitivity (# layers)

Weissfluhjoch – Winter 2015-16
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Snow height (local) – Sensitivity (# layers)

Weissfluhjoch – Winter 2015-16

Runtime
# Layers Time Percent

- s %

10 4.6 69

25 6.6 100

100 16.9 256

250 43.2 655
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Snow height (regional) - COSMO-1 Analysis/SNOWPOLINO

x = Weissfluhjoch

TAIR, RH, FF, SWD, 
LWD, PP
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Snow height (regional)

COSMO-1(Analysis) SNOWPOLINO
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Summary & Conclusion
o ‘New’ (GPU capable) multi-layer snow cover scheme 

(SNOWPOLINO) was implemented into COSMO -

v6.0 ready!

o Minor to major adaptations; e.g. implementation, 

tuning, switches – v6.1

o Main physical parametrizations (i.e. phase change, 

water transport) were taken or adapted mainly from 

the sophisticated snow cover model SNOWPACK. 

o Scheme is switchable (namelist option; lsnow) and 

no. of layers can be chosen (default currently n=25).

o Local (offline) validations of SNOWPOLINO shows 

comparable results to SNOWPACK.

o Spatial validation (online) shows … (stay tuned)
o Operational implementation (MCH) – Winter 

2020/2021
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Thank you!
Questions or Comments?

Sascha Bellaire, Varun Sharma, Louise Braud, Michael Lehning, Jean-Marie Bettems
Contact: sascha.bellaire@meteoswiss.ch
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Future snow analysis
(MCH - Tentative plan)

Sascha Bellaire, Louise Braud, Jean-Marie Bettems

MeteoSwiss, Zurich, Switzerland
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Snow height (local) – Sensitivity (# layers)

Weissfluhjoch – Winter 2015-16
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Snow Analysis – What do we need?
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Snow Analysis – SLF(?OSHD?) MCH products

to SNOWPOLINO

back to COSMO
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Snow Analysis – What’s the alternative?

to generate snow cover mask(s)

back to COSMO?
SNOWE



28

Snow Analysis – What’s the alternative?
INCA

COSMO

Radar
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Thank you!
Questions or Comments?

Sascha Bellaire, Louise Braud, Jean-Marie Bettems
Contact: sascha.bellaire@meteoswiss.ch
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Introduction: Model complexity vs. Costs
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