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Motivation for operational snowcovermodeling

Situation until 2013
Å Insufficientinformationsaboutspatialdistributionof seasonalsnowin AT

(in-situ point measurementsŜΦƎΦ !²{Σ I{Σ It/ΣΧύ
Satellite(no reliablequantitative information in Alps andonlyduringclear-sky)

Å Need for a spatiallydistributedsnowcovermodeloverentire AT

point measurementsΧ SatdataΧ The spatialdistribution of snowΧ

Simple snowmodelscanhelp combiningthe best
of both worlds!

LWD Tirol

LWD Bayern

LWD Vorarlberg

LWD Autonome Provinz Bozen - Südtirol



SNOWGRID: Motivation / Demand (userperspective)

Snow load& infrastructure (winter) roadmanagement Hydrology
(runoff, flood, hydropower)

Avalanchewarning Wintertourism Power grid



Methods

&

Technical stuff

SNOWGRID



SNOWGRID: Methods& Technical stuff

Å Operational spatiallydistributedsnowcovermodelwith high spatial(100 m) andtemporal (15 
Minuten) resolutionfor INCA-L grid (Zürich-Bratislava, Nürnberg-Triest ~28 m gridpoints)

Å Nearrealtime(Analysis), Reanalysis(back to Jan 2006) und forecast(ALARO/ECMWF up to +72 h)

Å UpperBC: Meteo. Input from INCA. LowerBC: INCA groundtemps

Å Simple degree-dayscheme(operational) andmore complexenergybalancemode(experimental), 
simple 2-layer snowmodel(swe-driven, consideringe.g. time-variable heatcontent, snowline
depression, settling), statevariables are: swe, snowdepth, averagesnowtemp, liquid water content

Å Topography: 100 m DEM (correctedNASA SRTM3 + add. Data) 

Å Calibration/Validation: >50 in-situ snowdepthgroundstations(ZAMG/AWS), 5 swe

> 200 manualswe/snowdepth meas. (since2011), MODIS FSCA, datafromI{ΣΧ

Å Output grids: snowdepth, SWE, averagesnowtemp (+new snowin forecastmode)

Å Currentuseof satellitedata: spatialvalidationonly (no assimilation)



SNOWGRID: Methods& technicalstuff

Degree-daymode(currentlyoperational): 

× Topography: 100x100 m DEM, Slope(snowcoversettling), crestheight& sky
viewfactor (snowlinedepressioneffect)

× Meteorology:

Å Analysis mode:  INCA air temperature, rel. humidity, snowline(wet-bulb
temp.), precipitation, snowcoverablationusingair temperature& 
degree-dayfactor (seasonalvariation)

Å Forecast modeΥ αLb/!ψht¢ά ǇǊŜŎƛǇƛǘŀǘƛƻƴ όweightedALARO/ECMWF 
data), T2Mc (ALARO bias-corrected), RH2m (ALARO), ZS (ALARO)

Å Simple bilinear interpolationto 100 m



SNOWGRID: Methods& technicalstuff

Åsimple 2 layermodel

ÅCalculationof time variant heatcontentof snowcover(snowvs. air temperature),

consideringenergeticeffect of liquid precipitationon snow

ÅSnowline depressioneffect = f(initial snowline, crestheight, precipitation, DEM)

ÅState variables are: snowdepth, SWE, averagesnowtemperature

ÅFresh snowdensity= F(air temperature)

ÅSnow settling(rapid settingafter snowfall- destructivemetamorphism, density-
dependantslowersettlingthereafter (overburdenpressure, metamorphism)

ÅFresh snowtemperature= wet-bulb temperatureof the air duringsnowfall



SNOWGRID: differencesto morecomplexsnowmodels

Whatsthe differencebetweenSNOWGRID and{bh²t!/YΣ {b¢I9waΣ /wh/¦{ΣΧΚΚ

{bh²DwL5Χ
Χonlyhas1-2 layers

Χdoesnot considerthe snowmicrostructure

Χdoesnot calculateanyverticaltemperatureor water profiles

Χno differential equationsto solve

Χisextremly faster

Χну Ƴ gridpointsin < 1 Minute per timestep(degree-dayversion)

Χƛƴ point mode: > 200 pointsentire winter season< 1 minute

Χeasilyextendable(written in Python)



SNOWGRID Validation

(Analysis)



SNOWGRID: Point validationdata

Gerald Lang, Marc Olefs,
Martin Mair

AutomaticstationnetworkZAMG
(~250 meteostationsin total).

63 ZAMG snowstations
(snowdepth usinglasersensor)

59 seletctedstationsof regional
AvalancheWarningServices

ZAMG stations

ZAMG andselectedAWS stations



SNOWGRID: Validation (point measurements, spatial(MODIS))

Manual snowmeasurementsSD, SWE, changinglocations
(n=212, 3 seasons(2011-2014))
VSWE: MAE = 106 mm, BIAS= 28 mm
VSD: MAE = 0.54 m, BIAS= 0.5 m

autom. Snow depth meas. (Laser, ZAMG/AWS)
(n> 50 / Season, 3 Seasons (2011-2014) )
V r² = 0.73, BIAS = 0.16 m

MODIS fractional snowcover(250 m, daily)
(Cloudiness< 50 % in modeldomain, 2 seasons(13/14, 14/15), n=118 Days)
VKSS = 0.77, HR= 0.93, FARsnow= 0.21



Winter 2014/15

Goodtiming anddetectionof individual snowfallevents
But also larger under-/overestimationsof singleeventsthat propagatein time

SNOWGRID: point validation(snowdepth time-series)



Example: Undercatchof winter precipitation: TAWES -> INCA -> SNOWGRID
SNOWGRID is SWE-driven -> too much/ lessprecipitation input meansover-
/ underestimationof SWE andSD

(wind-) shelteredstation

(wind-) exposedstation

1942 m a.s.l.

2864 m a.s.l.

Winter 2014/15

13 km

1442 m a.s.l.

2079 m a.s.l.

1304 m a.s.l.

3 km

SNOWGRID: Typicalproblems

horizontal distance



SNOWGRID: Towardsassimilationof point observation

SNOWGRID ςObs differences(snowdepth): error propagationwith time

3 non-independantstationswith strong negative modelbias:
Kitzbühel Ehrenbachöhe, Galzig, PitztalerGletscher
Undercatcherror of precipitationpropagatesto snowmodel

Dec2015 Jan 2016 Feb 2016



SNOWGRID: spatialvalidationMODIS: 2014/15

Average over51 days(2014/15) : Skillscore = 0.78   (1 = best)

KSS = 0.85 KSS = 0.66

KSS = 0.90 KSS = 0.87

Dec Feb

Mar Apr



SNOWGRID: Validation of snowlinedepressioneffect

snowfree snowcovered

binarysnowcover

no depressioneffect

depressioneffect
activated



SNOWGRID validation

(forecast)



SNOWGRID: forecastvalidation

Forecast AnalysisOct2014

Jan/Feb 2014



SNOWGRID: Validation of snowwarnings

Freshsnowwarningsbasedon forecastedcumulativefreshsnowsums andtresholds
(on municipalitylevel; 4 warn levels) 

αpercentagecorrectά of snowwarningsbasedon 24-H forecasts(twice a day)
for 18 Feb-11 Apr 2016



SNOWGRID

Dissemination



SNOWGRID: internal visualizationtools

Static(PNGs): onlyactualdata



SNOWGRID: internal visualizationtools

Web Map Service: actualdataandarchive

analysisandforecasts
snowwarnings
Comparisonwith
point measurements
(nearrealtime)
Feature point requests






































