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Motivation, Research Question and Hypothesis

> Understand the characteristics of a fully developed powder snow avalanche

" "

b "~ 7 When does a cold-dense avalanches
; evolves into a powder snow avalanche?

? Is the front velocity a representative

measure for dry snow avalanches

! Above a certain velocity / size:
A high-velocity head develops
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Radar observations of cold-dry snow avalanches

® We measure avalanche velocities with a range-gated Pulse Doppler Radar
® analyze 30 avalanches from 3 pathes with dropheights 400, 900 & 1200 m

Frontal intermittent _ _ ud
)

- mf :\quder clot \
region ) Yy N\W L5 Z
SN L) L
2 <
.

characteristic
approach velocity v

® The radar "sees” all material larger A\ ~ 5cm, averaged in range-gates:

Powder cloud X, intermittent/fluidized layer v/, dense flow v/(mostly surface)

— Mass, volume & density are difficult to infer from radar cross-section
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But Doppler radar gives more: velocity distribution ...
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Velocity distribution inside a Doppler datacube

A velocity spectrum I, +(v) is measured for each range-gate r and pulse t
over a spatial slice through the full avalanche width
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® Velocity at which "most” material flows: Velocity at maximum intensity v;
> Definition of velocity factor 7, = \‘f—i between material and approach velocity
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® High-velocity head for f, > 1 (red)

e Distribution of head velocities v; (inset)
® Head length /, is distance to front
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Maximum head velocity v; (yellow dot)
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Avalanche head for three avalanche sizes

Examples from 3 avalanche pathes:
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Highest head velocity v; (m/s)

Head formation:
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® Formation of high-velocity head above ~30m/s — min. velocity for PSA
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® But environmental conditions (snow temperatures, volumes, etc.) are crucial
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b < Averaged distribution for all avalanches

—— NK (300hm): f,=1.05, area=46.5% > 1)

2.04 RGF (900HmM): €=1.17, area=50.3% > 1
—— VIS (1400hm): 7,31 37} areaz52:9% > 1) A distribution peak shifts with size
Vo o 3151 — main material flow
% 10 ; 5 B maximal velocities are 50-80% higher than

o “ / \ characteristic approach velocity v,
Vi spprosch oy | /\,V\/ f — small scale features
Velocity distribution W b \i

B \ | C always low velocities

0.00 0.25 0.50 0.7\?&'00(].\/.(;2““:;25 1.50 1.75 2.00 _) rangegate Volume average

Is A or B the most destructive zone in the avalanche?

oirw — We miss the density p to estimate impact forces that are o pv?2
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Conclusions and summing up

® High-velocity head develops above ~30m/s in powder snow avalanches:
— approach velocity underestimates material velocities up to 30-40%

— approach velocity underestimates highest velocities up to 50-80%

® High-velocity head supports frontal surging and may explain the high
mobility of fully-developed powder snow avalanches

e Approach velocity is a limited design parameter for impact forces (density?)

Further open question:
? Which conditions (volume, topographie, snow properties) favour the growth
and maintenance of the head?

? How can we incorporate the results in current numerical models?
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