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Motivation for operationalsnowcovermodeling

Situationuntil 2013

A Insufficientinformationsabout spatialdistribution of seasonasnowin AT
(in-situpointmeasurementS @3 ® 2 { > | { X |t/ X0

Satellite(no reliable quantitative informationin Alpsandonly during clearsky)
A Needfor a spatiallydistributed snowcovermodelover entire AT

point measurementX SatdataXx Thespatialdistribution of snowx

'MODIS' Fractional Snow Cover (FSC)
- Threshold: 15% FSC -
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Snowload & infrastructure  (winter) road management
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Avalanchewvarning Wintertourism If>.oerg.rid - ZAMG
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Methods
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SNOWGRIDMethods& Technicastuff

A Operationalspatiallydistributed snowcovermodelwith highspatial(100 m)andtemporal (15
Minuten) resolutionfor INCAL grid (ZurichBratislava, NUrnberdriest ~28 mgridpointg

A Nearrealtime (Analysis)Reanalysigbackto Jan 2006) unébrecast(ALARO/ECMWH to +72 h)
A UpperBC:Meteo. Inputfrom INCALowerBC: INCAroundtemps

A Simpledegreedayscheme(operational)and more complexenergybalancemode (experimental),
simple 2layersnowmodel (swe-driven, consideringe.g. timevariableheat content, snowline
depressionsettling), state variablesare: swe, snowdepth, averagesnowtemp, liquidwater content

A Topography100 m DEMdprrectedNASA SRTM3atld. Data)

A CalibratioriValidation: >50 irsitu snowdepth groundstations(ZAMG/AWS), Swe
> 200manualswe' snowdepth meas (since2011), MODIS FSGhatafrom| { = X

A Outputgrids snowdepth, SWEaveragesnowtemp (+new snowin forecastmode)

A Currentuseof satellitedata: spatialvalidationonly (no assimilatior) B



SNOWGRIMethods & technicalstuft

Degreedaymode (currentlyoperational):

x Topography100x100m DEM,Slope(snowcoversettling), crestheight& sky
view factor (snowlinedepressioreffect)

X Meteorology.

A Analysignode INCAair temperature rel. humidity, snowline(wet-bulb
temp.), precipitation snowcoverablationusingair temperature&
degreedayfactor (seasonalariation)

A ForecasmodeY oaLb/ ! ¢ght ¢ weigihFAOARDIEGMWEFA 2 \
data), T2Mc (ALARRascorrected, RH2m (ALARO), ZS (ALARO)

A Simple bilineamterpolationto 100 m
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SNOWGRIDMethods & technicalstuff

Asimple 2layermodel

ACalculatiorof time variantheat contentof snowcover(snowvs.air temperature),
consideringenergeticeffect of liquid precipitationon snow

ASnowlinedepressioreffect = f(initialsnowline crestheight, precipitation, DEM)

AState variablesre: snowdepth, SWEaveragesnowtemperature

AFreshsnowdensity= Féir temperature)

ASnowsettling (rapid settingafter snowfall- destructivemetamorphism density:
dependantslowersettlingthereafter (overburdenpressure metamorphisn)

AFreshsnowtemperature=wet-bulb temperatureof the air durlngsnowfa}ﬂj
@ZAMG



SNOWGRIDhifferencesto more complexsnowmodels #

Whatsthe differencebetweenSNOWGRIGNd{ b h2 t ! / YZ { b ¢l 9w

{ bh2 DwL5X
Xonlyhas1-2 layers

Xdoesnot considerthe snowmicrostructure

Xdoesnot calculateanyverticaltemperatureor water profiles
Xno differential equationsto solve

Xis extremly faster

X H y gridgpointsin < 1 Minute petimestep (degreedayversion
X Apbint mode > 200pointsentire winter seasorn< 1minute

Xeasilyextendable(written in Python) o
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SNOWGRID Validation
(Analysis)

ZAMG
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SNOWGRID: Powmdlidationdata

Meteorologisches Messnetz in Osterreich

Automaticstation network ZAMG [ s s

(~250meteo stationsin total). zaus

==

_ ZAMGstations
63 ZAMGnowstations

(snowdepth usinglasersenso)

59 seletctedstationsof regional
AvalancheNarningServices

e Gerald Lang, Marc Olefs,
& Martin Mair
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SNOWGRID: Validatigmojnt measurementsspatial(MODIS))

Manual snow measurementsSD, SWEhangingocations
= (n=212, 3easong20112014))

V SWE: MAE = 106 mm, BIAS= 28 mm

V SD: MAE =0.54 m, BIAS=0.5m

autom. Snowdepth meas (Laser, ZAMG/AWS)
I (n> 50/ Season, 3 Seasons (2a20114) )
V r2=0.73,BIAS=0.16 m

MODISfractional snowcover(250 m,daily)
= (Cloudiness< 50 % irmodel domain, 2seasong13/14, 14/15), n=118 Days)
V KSS =0.77, HR= 0.BARsnow 0.21
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SNOWGRIpoint validation(snowdepth time-serieg

SNOWGRID vs. Station LECH_ARLBERG
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SNOWGRIOypicalproblems

Example Undercatchof winter precipitation: TAWES> INCA> SNOWGRID
SNOWGRIB SWEdriven ->too much/lessprecipitation input meansover-
/underestimationof SWEand SD
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snow depth diff. snowgrid-obs
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SNOWGRIBpatialvalidationMODIS: 2014/15

Binary Map of Snow Cover
- Comparison of 'MODIS FSCA' & 'SNOWGRID' -

D 12-Dec-14 1200 UTC
e C (excluding clouds, forests, water bodies and glaciers)

'MODIS' Fractional Snow Cover (FSC)
- Threshold: 15% FSC -

'SNOWGRID' Snow Depth (SD)
- Threshold: 1.0 cm SD -

48°N 48°N
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47°N

46°N 46°N

T 9°E 10°E 11°E 12°E 13°E 14°E 15°E 16°E 17°F
KSS =0.85

snow free snow covered

Binary Map of Snow Cover
M ar - Comparison of 'MODIS FSCA' & 'SNOWGRID' -

10-Mar-15 1200 UTC

(excluding clouds, forests, water bodies and glaciers)

'MODIS' Fractional Snow Cover (FSC)
- Threshold: 15% FSC -

'SNOWGRID' Snow Depth (SD)
- Threshold: 1.0 cm SD -
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snow free snow covered

Binary Map of Snow Cover
- Comparison of 'MODIS FSCA' & 'SNOWGRID' -

Fe b 20-Feb-15 1200 UTC
(excluding clouds, forests, water bodies and glaciers)

‘MODIS' Fractional Snow Cover (FSC) ‘SNOWGRID* Snow Depth (SD)
- Threshold: 15% FSC - - Threshold: 1.0 cm SD -
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Binary Map of Snow Cover
Apr - Comparison of 'MODIS FSCA' & 'SNOWGRID' -

21-Apr-15 1200 UTC

(excluding clouds, forests, water bodies and glaciers)

'MODIS' Fractional Snow Cover (FSC) 'SNOWGRID' Snow Depth (SD)
- Threshold: 15% FSC - - Threshold: 1.0 cm SD -
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KSS = 0.87

snow free snow covered

I Averageover51days(2014/15) :Skillscore = 0.78 (1 best)
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SNOWGRID: Validatiohsnowlinedepressioreffect

SNOWGRID ohne prec_cooling
96 H Diff Gesamtschneehdhe (mit Setzung) 30jan2014 07:00 UTC - 03Feb2014 07:00 UTC
— = — l_ r —

==

[cm]
SNOWGRID mit prec_cooling
96 H Diff Gesamtschneehsdhe (mit Setzung) 30Jan2014 07:00 UTC - 03Feb2014 07:00 UTC
BT 15 V5. = . z . 2
Ay S, ;

binarysnowcover
Karnten/Osttirol, 14.3.2014 [2]

MODIS FSCA

SNOWGRID
no depressioreffect

SNOWGRID
depressioreffect
activated
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SNOWGRIfzalidation
(forecas)

ZAMG

uuuuuuuuuuuuuuuuu
Meteorologie und
Geodynamik



SNOWGRIDorecastvalidation

Forecast
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SNOWGRID: Validatiohsnowwarnings

Freshsnowwarningsbasedon forecastedcumulativefreshsnowsumsandtresholds
(on municipalitylevel 4 warnlevelg

verification of warnings parameter: SNOWGRID

opercentagecorrecitiof snowwarningsbasedon 24-H forecasts(twice a day)
for 18 Febll Apr 2016




SNOWGRID
Dissemination

ZAMG
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SNOWGRID: internailsualizatiortools

Static(PNGs)only actualdata

Osterreich Vorariberg u Tirol Salzburg Oberasterreich Steiermark Kirnten Burgenland
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SNOWGRIInternal visualizatiortools

WebMap Serviceactualdataandarchive

analysisandforecasts
snowwarnings
Comparisorwith

point measurements
(nearrealtime)
Featurepoint requests

























































