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Case Study

Stable boundary layer over snow

Observatory Lindenberg

Januar 2009

C. Becker, DWD
02/03 2009

Foto: G. Hollaz, DWD, 2009

Motivation
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Synoptical Situation 2009 Jan 04-07

 04.01. Frontal system with heavy snow 

fall,  polar cold air approached

 05.01. Strong cooling due to advection of 

cold air, development of a stable 

boundary layer

 06.01. Decrease of geostrophic wind,BL 

decoupling, warming

 07.01 Advection of warm air, low clouds
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2 m-temperature Surface temperature

Obs

Model

Snow depth Soil temperature 5cm

Temperature error
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Snow water content mm Snow water content mm/cm

Impact of snow properties

Obs

Model

Obs

Model

Problem: Overestimation of SWE, wrong snow density and weak decoupling

of the atmosphere from the soil
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Structure
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NWP Hydrology Climate

Assimilation

Snow schemes
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COST ES1404
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Tasks

• A critical review of snow models utilizing physical snow parameters as 

input and used as parametrization schemes or for downstream 

applications (CROCUS, Snowpack, …) will be included.

Preparing a questionnaire, using existing model intercomparison

experience (e.g. SNOWMIP2), investigating interoperability of snow 

models with data assimilation, consider model sophistication.
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Models

Snow schemes

CROCUS TERRA JULES Snowpack SnowGrid

• Treatment of snow processes (metamorphism, liquid water)

• Considered complexity (one-layer, multi-layer schemes)

• Grid-scale and subgrid-scale features (snow tiles)  

• Interaction with other land-surface properties (e.g. vegetation)
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Snow

 Insulation effect: Decoupling of soil from atmosphere (30%-90% of the 
snow mantle is air)

 Albedo Effect: Higher albedo than any other natural surface (0.4-0.85 for 
bare ground/low vegetation, 0.2-0.33 for snow in forests)

 Snow melting prevents rise of surface temperature above 0°C for a long 
period in spring – impact on hydrological cycle and energy  budget at 
surface

Snow Model

 One layer – prognostic variables : snow temperature, snow water 
equivalent, snow density, snow albedo

 Multi-layer – Vertical profiles in snow pack; considers equations for the 
snow albedo, snow temperature, density, total water content and content of 
liquid water. Therefore phase transitions in the snow pack are included.

G. Balsamo, 2007

Main effects
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TERRA – Water budget

0.00-0.01

0.01-0.03

Transpiration

….

Capillary

transport

Snow
Interception Surface runoff

Sub-Surface runoff

Gravitational

transport

Infiltration

Rain, Dew
Snow, Rime

Evaporation
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TERRA – Energy budget

0.00-0.01

0.01-0.03

….

Heat release by

freezing/melting

Snow

Soil heat flux

Snow/Soil

Heat exchange

Sensible heat

Latent heat

Solar radiation

Heat release by

freezing/melting
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High Albedo

Low Density

Low Albedo

High Density

Snow processes
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Snow processes

0.85,
0.5)
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Snow processes

Heatflux through the snow pack:
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Evolution of the snow temperature

Heatflux through the snow

Surface forcing

Thermal snow processes
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Snow depth, Snow density
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ROUTI EXP
Csalb_snow_min = 0.400 0.500 ! snow for forest free 

surfaces      

Csalb_snow_max = 0.700 0.850 ! snow for forest free 

surfaces      

Csalb_snow_fe  = 0.200 0.270 ! snow with evergreen 

forest      

Csalb_snow_fd  = 0.200 0.320 ! snow with deciduous 

forest

Snow albedo

Dutra et al., 2010
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Snow cover fraction
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Dutra et al., 2010

New approach



COST ES1404, Vienna, April 18/19, 2016

Snow aging
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New approach



COST ES1404, Vienna, April 18/19, 2016

T_2M Verification
2011020200 - 2011030100

Europa North Amerika

Routi

8101
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Snow density aging
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Snow density aging EXP8483
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Temperature dependence of aging function C 

follows:

ROUTI: Lower limit of C_age = 0.2

EXP    : Extend the lower limit of 

C_age = 0.005
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EXP
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Case study: 2011111312+048h
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Case study: 2011111312+048h
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Case study: 2011111312+048h
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Case study: 2011111312+048h
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Case study: 2011111312+048h
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Case study: 2011111312+048h
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Case study: 2011111312+048h
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Case study: 2011111312+048h
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Case study 05.03.11 12 UTC
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W_SNOW DIFF
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Snow Fraction ROUTI
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Snow Fraction EXP
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Albedo ROUTI
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Albedo EXP
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T_2M DIFF
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T_2M OBS with GME ROUTI
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T_2M OBS wih GME EXP



COST ES1404, Vienna, April 18/19, 2016

T2M OBS ROUTI
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T_2M OBS EXP
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Schneebedeckungsgrad

 Schneebedeckungsgrad ist lineare 
Funktion des SWE 

 Einfluss von Wald und subskaliger 
Orographie wird im 
Schneebedeckungsgrad nicht 
berücksichtigt

 Existenz von Schnee wird bisher bei 
der Bestimmung der skalaren 
Rauigkeitslänge nicht berücksichtigt
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Roesch et al., 2001

Schneebedeckungsgrad
Snow fraction 
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DWD-FE14

TERRA/MODIS 20030102

Schneebedeckungsgrad
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DWD-FE14

TERRA/MODIS 20030102

Schneebedeckungsgrad
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Schneebedeckungsgrad
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 Decrease of SCF in alpine regions

 Aim: More realistic albedo

 Impact factors: thermal exposition,  

avalanches

 Consideration of subgrid orography 

(Douville et al., 1995)

Schneebedeckungsgrad
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DWD-FE14
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DWD-FE14
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DWD-FE14
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 Snow model treatment in WG 3 of COST 1404  

 Case study of wrong model forecast due to wrong snow 

properties

 Important snow parameters in NWP snow models (depth, 

density, (SWE), albedo)

 Impact studies of different approaches

 Aim: Exchange of useful parameter setups for NWP models 

Summary


