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General description of model

ÅThe modelcreateshighresolution(10m) 
avalanchehazardmaps, refreshedtwice daily, 
that arebasedon:

ÅAvalancheriskdueto weather

ÅAvalancheriskdueto snowpackcharacteristics

ÅAvalanceriskof terrain

ÅAvalancheriskfrom landcover



Research area, meteostations
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Task: extrapolationof point weatherdata(minimum and maximum air temperatureand 
snowsurfacetemperature, wind speedanddirection) accordingto terrain parameters. 



Weatherςair temperature
Multiply linearregression
for eachoccasion, using
elevationand solar
radiationfor clearsky
andactualcloudinesssky



Weatherςsnowsurfacetemperature
Resultsareusedasinput 
for snowcrystal
metamorphism, 
snowmelt, formation of 
weaklayers, strengthof
bondingand calculation
of avalancherisk



ÅInput data: wind speedsabove5 m/s at
Chopok (peak) wereconsidered. Windspeeds
measuredin every10 minutesweresummed
for eachdirectionand then a vectoraverage
wascalculatedfor eachhalf day. 

Weather- wind



Windspeedat 3m for initial wind at Chopok 14,8 m/s, 10°(N) 

Weatherςwind
Windspeed(m/s)

Windspeedand directionare
modifiedby terrain in 2 steps:
ÅElevationand generalshape
of mountain (modifiedfrom
Tsaiand Shiau2011) 
ÅLocal slopeand curvature
(modifiedfrom Listonet al
2007)
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Snowpackheight, modified from general50 cm on previousday by snowmeltand settlement

Snowpack- snowmelt
Snowpackheight(m)

Snowmeltis calculated
from the energybalance
of the snowpack(Debele
et al 2009) 



Snowdensityin 24 daysfor the lowest snowlayer. Starting densityis 180 kg/m3.  

Settlementis calculated
by joiningand modifying
equationsby Flerchinger
andSaxton1989, 
McConkey1992 and 
Steinkogler2009, using
density, heightand 
temperature

Snowpackςsnowsettlement
Densityof 1st layer(kg/m3)



Snowpackheight starting from general50cm in caseof 14,8 m/s, 10° wind at Chopok peak. 

Snowpackςsnowredepositionby wind

Snowpackheight(m) Calculatingshearvelocity, 
friction velocity(Listonet 
al 2007), flux (Kind1981), 
carriedsnowamount, pick
up and depositionareas
(Seres), using snow
density, temperature, wind
speed, direction, duration, 
slope, curvature, elevation



Temporal change of snow layers / snowpack height

Snow layer heights between 01.12.2009 and 30.04.2010 for Chopok. Colouredstripes show the height of snow 
layer s above each other, red line shows snow surface temperature. 

Heightof snowlayersdependon 3 factors:  
ÅSnowmelt
ÅSnowsettlement
ÅSnowredepositionby wind



Snowpackςheightof snowpack, 
validation

Snow profile graphs: 16.03.2010. Jasna(Northern valley). Left: profile from calculated data Right: profile 
drawn by SLP 

Calculated snowpack heights are always smaller, then measured heights. 
Difference on the southern side is more significant. Reason of difference, the 
fault is either in the process of snowmelt or settlement or in the input 
temperature maps.  



Snowcrystalmetamorphismςgrainsize

Grainsizein 4th layer, 4 daysafter snowfall with initial 0,5mm. 

Grainsizeof 4th layer(mm) Grainsizechange
(Marbouty1980, Vionette
et al., 2012), usingdensity
and temperatureof snow
layer, temperature
gradient



Snowcrystalmetamorphismςgrainsize

Snowgrainsizebetween01.12.2009. and 30.04.2010. on Chopok peakstation. Red line is snowsurface
temperature, blackline snowpackheight, colouredlinesaregrainsizesof snowlayers. 



Snowcrystalmetamorphismςsphericity

Sphericityof 3rd snowlayer, 1 day after intial snowfall with starting valueof 0,5. 

Sphericityof 3rd snowlayer Sphericitychange
(Marbouty1980, Vionette
et al., 2012), using
temperatureof snow
layerand temperature
gradient



Snowcrystalmetamorphismςsphericity

Sphericityof grainsin eachsnowlayerbetween01.12.2009. and 30.04.2010. on Chopok peakstation. Red 
line is snowsurfacetemperature, blackline is snowpackheight, colouredlinesaresphericityvaluesof layers



Snowpackςsnowcrystal
metamorphismvalidation

Snowprofilegraphson 11.01.2010. for Kosodrevina(South side). Left: profile from calculated data Right: profile 
drawn by SLP 

Validationgrainsize: spatialdistributionof grainsizechangeis correct, but the processis too
slow.  Separateequationshouldbe usedfor wet snow.

Validationmetamorphism: spatialdistributionof sphericityand dendricitychangeis correct. The 
processof dendricitychangeis correct, but the sphericitychangeis too fast.



ÅValidation of snow properties (sphericity, dendricity, hardness) 
was really hard, given that there are no quantitative 
measurement values for these factors. 

Å In order to use the measured data in models, numerical data is 
needed.

Present data
qualitative 

measurements

Quantitative 
measurements, 

exact, numerical data

Snow crystal shape symbols
dendricity, sphericity, 

degree of melting beside 
the symbols

Hardness
fist-4 fingers-1 finger-

pen-knife method
penetrometer?

Bonding strength snow stability test
shear frame 

measurements

Qualitative - quantitative



Snowpackςweaklayersςdepthhoar

Grainsizeof 5th layeron 25.12.2009. Sizesabove1mm (lighter colours), considereddepth hoar, are locatedat
areaswith highertemperaturegradients.

Depthhoar/ grainsize(mm)



Snowpackςweaklayersςsurfacehoar

Surfacehoar on 25.12.2009

Surfacehoar
snow

surfacehoar



Snowpackςweaklayersςice

Icelayer on 25.12.2009

Icelayer

snow

ice


