Snowpack, weather, terrain and
land cover based snowpack and
avalanchehazardmodel
Low-Tatras
Slovakia

Anna Seres

University of Miskolc

Faculty of Earth Sciences and Engineering

Institute of Geographyand Geoinformatics



General description of model

A Themodelcreateshighresolution(10m)
avalanchenazardmaps refreshedtwice daily
that are basedon:

— AAvalancheaisk dueto weather

sl
MJF‘M

AAvalancheisk dueto snowpackcharacteristics

2 AAvalancaiskof terrain

‘5\{{‘ AAvalancheisk from land cover
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avalanchaisk

Extrapolating point temperature data

— —p  Maximum temperature map
by linear regression (input: DEM + solar
radiation (DEM-+cloudniess)+point
temperature data) —»  Minimum temperature map

v
& \ Equation for wind speed and direction
change and calculating average for half
day (input: general shape of
mountain, land cover, slope, aspect,
curvature, DEM, initial wind speed, ‘
direction and duration)

Each snowfall or wind deposited snow
layer, exceeding 3 cm, produces new
snow layers in the model

and direction.

Snowmelt (input: solar radiation, date of the last snowfall, air
temperature, snow surface temperature, wind speed, humidity,

Snow settlement: (input: height and density of snow layers, snow

Snow transport by wind: (input: distance from ridges, elevation,
slope, aspect, starting wind speed direction and duration, density
and height of snow layers)

—
\ Snow crystal metamorphism (input: air temperature, snow
T ) !
/v surface temperature, temperature gradient, density of layers)

e

Weak layers: ice, surface hoar, depth hoar (input snow surface
and air temperature, grain size)

X

—> Slope and plan curvature with highest avalanche risk —

Dangerous areas based on snowpack height and

/ general height of vegetation class

Bonding of snow layers (depends on: snow surface temperature, new
snow temperature, temperature trend during snowfall, sphericity of

Potential avalanche risk
due to terrain

—» Wind speed and direction map

Creating new, wind deposited
snow layers and modifying the
height of older, wind blown
layers based on wind speed

Snow layer height

Snow layer density

Snowpack height

Snow layer dendricity

Snow layer sphericity
Snow layer grain size

Weak layers

Hazardous areas due to land
cover / snowpack

Lowest bonding strength for

N\

the upper layer, weight of wind deposited layer, snowfall on surface —p ; —_—
hoar or the ice layer and existence of depth hoar) each pixel
Avalanche risk due to actual weather (depends on: temperature A

change, high temperatures with high incoming radiation, snowmelt,
mass of new snow lavers. and rain)

—p Avalanche risk due to weather

Flowchart
avalancherisk
model

Characteristics of snow layers
(height, density, dendricity,
sphericity, grain size and weak
layers) are recalculated in every
12 hours (night and day
calculations), based on new input
parameters.

Snow layers, with their

characteristics are placed above
each other by their numbers,
starting from layer 1 on the

The avalanche risk map shows the
spatial distribution of avalanche
hazard, based on weather,
snowpack, terrain and vegetation.

Potential avalanche risk
due to terrain* Hazardous
areas due to land cover /

snowpack* Lowest
bonding strength for each
pixel* Avalanche risk due
to weather
= avalanche risk value

AVALANCHE RISK MAP

—_



B WEATHER
temp. max Extrapolating point temperature data Maxi t t \ F I t
/ = by linear regression (input: DEM + solar —’ bl bk OWC ’] ar
WEATHER radiation (DEM+cloudniess)+point
temp. min s temperature data) —®  Minimum temperature map -
_ ;i avalancherisk
G,) wind speed
- - \ Equation for wind speed and direction
+) WEATHER change and calculating average for half > . o I ' l I
CU — wind direction — day (input: general shape of Wind speed and direction man O C e
q_) mountain, land cover, slope, aspect,
2 VYEAIHER A curvature, DEM, initial wind speed, *
WEATHER
temp. max ; Extrapolating point temperature data ; Maximum temperature map
by linear regression (input: DEM + solar
WEATHER radiation (DEM+cloudniess)+point
temp. min | temperature data) —»  Minimum temperature map
WEATHER ¢
wind speed
- \ Equation for wind speed and direction
WEATHER

wind direction

WEATHER
cloudiness

TERRAIN
elevation

TERRAIN
aspect

—

change and calculating average for half
day (input: general shape of
mountain, land cover, slope, aspect,
curvature, DEM, initial wind speed,
direction and duration)

Each snowfall or wind deposited snow
layer, exceeding 3 cm, produces new
snow layers in the model

—» Wind speed and direction map

v

Creating new, wind deposited
snow layers and modifying the
height of older, wind blown
layers based on wind speed
and direction.

CAlTUCOVET —

the upper layer, weight of wind deposited layer, snowfall on surface ~—p

Lowest bonding strength for

to weather

Task extrapolationof point weatherdata (minimum and maximum atemperatureand
snowsurfacetemperature wind speedanddirection) accordingto terrain parameters




éo Weatherc air temperature =¥

Levegd hémérséklete (°C)

mxt10jan29
Value
-297C

. 1856

7 Multiply linearregression
. for eachoccasionusing

elevationandsolar

radiationfor clearsky

' andactualcloudinesssky

km

0 05 1 2 3 4 5



é& Weatherg snowsurfacetemperature

] o Resultsare usedasinput
Hofelszin homérseklete (°C) for snowcrystal
¥ Tl‘:o’a"zg y " - metamorphism
1.9°C snowmelt formation of
weaklayers strengthof
bondingand calculation
of avalancheisk




[0 Weather- wind —

A Input data: wind speedsabove5 m/sat
Chopok peak) were considered\Wind speeds
measuredn every1l0 minuteswere summed
for eachdirectionandthen avectoraverage
wascalculatedfor eachhalf day.



Weatherg wind o e

&‘ Wind speedanddirectionare
modifiedby terrainin 2 steps

< s ' Klevationand generalshape
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Wind speed(m/s)
I os-1 =t )
.- g |
-25 F % .4 f

- 4

-3

-35 . Tsaiand Shiau2011)
-4 «w Aocalslopeandcurvature
-45 . W (modifiedfrom Listonet al
JEN <55 En e+ 2007)
S 5-6 R -
[e-s : i
[ 18-10 -~
[]10-12 \ _ |
P 12-14
[ 114-18
"“l:l 18,22 8

22-30,7

km P s \l.

0 0,5 1 2 3 4 5 g _
Windspeedat 3m for initial wind at Chopok 14,8 m/s, 2(N)



WEATHER
temp. max

WEATHER
temp. min

WEATHER
wind speed

WEATHER
wind direction

WEATHER
cloudiness

TERRAIN

elevation

Extrapolating point temperature data

—> —p  Maximum temperature map
by linear regression (input: DEM + solar
radiation (DEM+cloudniess)+point
temperature data) —»  Minimum temperature map

v

Equation for wind speed and direction
change and calculating average for half
day (input: general shape of
mountain, land cover, slope, aspect,

curvature, DEM, initial wind speed, ‘
direction and duration)

— Wind speed and direction map
—>

Creating new, wind deposited
snow layers and modifying the
height of older, wind blown
layers based on wind speed
and direction.

Each snowfall or wind deposited snow
layer, exceeding 3 cm, produces new
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Flowc
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mod

SNOWPACK
newsnow height

SNOWPACK
newsnow density

SNOWPACK
snowpack height

v

Snow layer height

Snowmelt (input: solar radiation, date of the last snowfall, air
temperature, snow surface temperature, wind speed, humidity,

Snow settlement: (input: height and density of snow layers, snow

Snow transport by wind: (input: distance from ridges, elevation,
slope, aspect, starting wind speed direction and duration, density
and height of snow layers)

—>
>
o
Pl

Snow layer density

Snowpack height

Snow layer dendricity

Characteristics of snow layers
(height, density, dendricity,
sphericity, grain size and weak
layers) are recalculated in every
12 hours (night and day
calculations), based on new input
parameters.

\/

Snow layers, with their
characteristics are placed above
each other by their numbers,
starting from layer 1 on the

Spatar aisuouton or avarancne . |

hazard, based on weather,
snowpack, terrain and vegetation.

AVALANCHE RISK MAP

to weather — —

SNOWPACK Snow layer sphericity
crystal form dd —_— Snow crystal metamorphism (input: air temperature, snow
surface temperature, temperature gradient, density of layers i
SNOWPACK / P yLemp g , y of layers) Snow layer grain size
crystal form sp
. - ) ) Weak layers
WEATHER > Weak layers: ice, surface hoar, depth hoar (input snow surface
humidity and air temperature, grain size)
slope : .
@ — Slope and plan curvature with highest avalanche risk — Potential avalanche risk
due to terrain
TERRAIN
curvature
\__f\ Dangerous areas based on snowpack height and Potential avalanche risk
T —— general height of vegetation class Hazardous areas due to land due to terrain* Hazardous
Land cover / cover / snowpack . areas due to land cover /
vegetation snowpack* Lowest
See——h Bonding of snow layers (depends on: snow surface temperature, new bc_)nding strength ff" each =
Lan over snow temperature, temperature trend during snowfall, sphericity of - pixel* Avalanche risk due
the upper layer, weight of wind deposited layer, snowfall on surface —p Lowest. bonding strength for —_— g J
A I h . k hoar or the ice layer and existence of depth hoar) each pixel =avalanche risk value = o
Avalanche risk due to actual weather (depends on: temperature A

—p Avalanche risk due to weather

change, high temperatures with high incoming radiation, snowmelt,
mass of new snow lavers. and rain)




od Snowpack snowmelt

Snowpackeight(m)

hsp09dec25x
0,37 m

B Snowmeltis calculated
- from the energybalance
" of the snowpackDebele

0 05 1

Snowpackheight, modified from general50 cmon previousday by snowmeltand settlement



Snowpaclg snowsettlement

| Settlementis calculated
Densityof 15t layer (kg/m?) — 3 by joiningand modifying
ro109dec24x po— » -~ equationsby Flerchinger
Value e v ok '_ and Saxton1989,
550 L U e McConkey1992 and
F T Steinkogle2009,using

density heightand
 tlemperature
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c
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Snowdensityin 24 daysfor the lowest snow layer. Startingdensityis 180 kg/n.



}u, Snowpaclg snowredepositionby wind

Snowpackeight(m) Calculatingshearvelocity,
. friction velocity(Listonet

hsp10feb13x .
B o- 01 al 2007),flux (Kind1981),
=8j21_'02;2 carriedsnowamount, pick
B 04-05 up anddepositionareas
= onrs (Seres)using snow

M -7 density temperature, wind
—pae S 'edﬁ@ﬁon duration,
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Temporal change of snow layers / snowpac
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Snow layer heights between 01.12.2009 and 30.04.2010hopok Colouredstripes show the height of snow
layer s above each other, red line shows snow surface temperature.
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Calculated snowpack heights are always smaller, then measured height:
Difference on the southern side is more significant. Reason of difference

fault is either in the process of snowmelt or settlement or in the input

_ temperature maps.
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Snowcrystalmetamorphisnmg grainsize

Grainsizechange
(Marbouty 1980, Vionette

Grainsizeof 4th layer(mm)

gr0409dec13x
Value et al.,, 2012)usingdensity
e andtemperatureof snow
. e layer, temperature
’ gradient

-
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Grainsizein 4th layer, 4 daysafter snowfall with initial 0,5mm.
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temperature blackline snowpackheight, colouredlinesare grain sizesof snowlayers



Snowcrystalmetamorphismg sphericity

- Sphericitychange

4 (Marbouty 1980, Vionette
et al., 2012),using
temperatureof snow
layerandtemperature
gradient

3

Sphericityof 3rd snowlayer

sp0309dec10x
Value
1

. 0,84

N

A

0 05 1 2 3 4 5
Sphericityof 3rdsnowlayer, 1day after intial snowfall with starting value of 0,5.

km
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Snowcrystalmetamorphismg sphericity
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Validationgrainsize spatialdistribution of grainsizechangeis correct, but the procesgstoo
slow Separateequationshouldbe usedfor wet snow

Validationmetamorphism spatialdistribution of sphericityand dendricitychangeis correct The
processof dendricitychangeis correct, but the sphericitychangeistoo fast
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Snowprofilegraphson 11.01.2010for Kosodrevina(Southside). Left: profile from calculated data Right: profile
drawn by SLP



Qualitative- quantitative }éjﬁ

J

A Validation of snow propertiesphericity dendricity hardness)
was really hard, given that there are no guantitative
measurement values for these factors.

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

Present data Quantitative
gualitative measurements,
measurements exact, numerical data

dendricity, sphericity,

Snow crystal shape symbols degree of melting besidt
the symbols
fist-4 fingersl finger 5
Hardness perrknife method penetrometer
Bonding strength snow stability test ST

measurements




Snowpaclg weaklayersg depth hoar

Depthhoar/ grainsize(mm)
gr0509dec25x
Value

1,5 mm

Grainsizeof 5th layeron 25.12.2009 Sizesabovelmm (ighter colourg, considereddepth hoar, are locatedat
areaswith highertemperature gradients




Snowpaclg weaklayersg surfacehoar %

Surfacehoar

[ snow
[ surfacehoar

5
Surfacehoar on 25.12.2009




Snowpaclc weaklayersc ice

Icelayer

sSnow
ice

Icelayeron 25.12.2009



