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Hazard mapping for avalanches: criteria

Runout of avalanches: AF(A?)S approach.

Deterministic-statistic approach for hazard mapping SP

Regional approach to climatic forcing: Northern Italy and Swiss Alps
Case studies of hazard mapping: Lombardia region. Sensitivity analysis.
A case study from Switzerland

Long, term simulation of .avalanche frequency
A’ simple developed avalanche model

Some remarks
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Ongoing projects

2005-2008 AWARE: a tool for monitoring and forecasting
Available WAter REsource in mountain environment. GMES - Global
Monitoring for Environment and Security FP6-2003-SPACE-1. =

Including: CNR IRSA, TU Wien, SLF Davos, Universidad de Jaume -
Ien Castellon de la Plana, SRDE, Institut Cartografic de Catalunia

005-2008 Integral Risk Management of Extremely Rapid Mass
vements "IRASMOS" European project. SUSTDEV-2004-.. [ .
IV.1.3 Long-term forecasting of landslides and avalanches. Irasmos

cluding: SLF Davos, CUDAM University efilrento, University.
i&fteo France, CEMAGREF,BOKU Wien, NGI Oslo
J, vy
b

o

""'Zﬂbf ZQ‘O9’CAR|.EANDA Climatic change and watergresources in
the! Adamello park, Cariplo Foundation. Fy

v.Including: Parco dell’Adamello, Universita degli Studi di Milano, ~
2 “¥®tituto di Fisica Generale Applicata, Dip. di Scienze della Terra, ';

i ARPA Lombardia, Universita di Brescia & .
-_'i-r-_ 5 LN A
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The European Alps are characterized by relevant tourism during winter and feature a
considerable amount of ski resort areas. Every year, several avalanches occur in the areaq,
and a large number of casualties occurred in the last 20 years all over the Alps; in more

than 1/3 of the cases the people involved died.

Involved in avalanches
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Avalanche accidents Italy
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1The risk involves all the “users®
of the mountain areas

The number of avalanche events
is strictly correlated with the
snow amount and the presence
of people in dangerous areas,
the maximum value is in January
and February

Casualties by activity Italy 1984-2003
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R=H E V

Swiss procedure, also used in Italy

Hazard: intrinsic to avalanche phenémena
Exposition: value of the properties
Vulnerability: degree of damage

Cadastre Topographic Meteorological Avalanche dynamic
data data calculation
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\ Runout distance/Altitude .

R =X-X, V S;-Sg
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The greatest yearly runout can be modeled
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wiss gtide aly

Maximum annual three days cumulated snow fall

’

C3d 'H72

Among other factors, H,, noticeably affects avalanche volume, runout and

eventually hazard mapping exercise
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72

Single site series analysis is often used for evaluation of T-years design value of H, for

hazard mapping procedure.

Evaluation of H72i(T) for a single site station

(20 years of observations). Notice the low

predicted return periods using the site

observed data (¥;=15 years) and the

considerable uncertainty for the highest return
4 periods

. k
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wsFord ' |gn of more reliable estimates one can
[veimy out &¥dldation of 72 using regional

o approach. Regisnal approach is of ten adopted in
‘ the field of hydrology for evaluation of floods and"|
-:-s’ror'ms statistics. This in turn r'equa.res assessment
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The case study area is the Alpine‘Ar'ea of
Lombardia region, N-W Italy

4

%

.. Several avalanches occur.in the area, and in the period from 1990 to 2000

F?"al least 7200 avalanche events were mapped, with at least 215 casualties,
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assessment of regional homogenity .

The area investigated is found climatically homogenous according to former studies (e.g. De
Michele and Rosso, 2002), and the regime of daily snow precipitation is found o be

reasonably homogeneous (Bocchiola and Rosso, 2007).

On this basis, the distribution of H,is investigated

The approach proposed by Hosking an Wallis (e.g. Hosking and Wallis, 1993) is used here fo
test the homogeneity of the region in term of H,

Lo L-coefficients maps are evaluated

Available onling M www Scencedinect com
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of H-, with respecT 10 an index value can be H.,.
grouped together to provide a T-years quantile growth curve. Fis Hzni=——=F L.
the distribution function, valid at each site Huai
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) 0.5
Gprae(T) = HﬂJ exply; exp(-1.823k, - 0.165))}
t
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analysis of the avalanche

require probabilistic assessment of the distribution of the input value H,,(T), i:e. the design
value H,,(T), and a measure of its uncertainty, e.g. its standard deviation, o,
The regional approach yields a standard deviation that is smaller than that provided by the
approach based on single site distribution fitting
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Often, (linear) scaling with altitude is adopted
Use of coupled cluster and scaling analysis showed two areas with defined scaling of u,,,
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The case of Switze;Iand

114 measurement stations
About 25 E3 KM?

‘On the average, 45 years of
data
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1 DYNAMIC CALCULATIONS OF AVALANCHES
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Samedan avalanche,
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Data from 69 avalanche events were gathered,
dating back until 1886

These include avalanche type, snow conditions,
morphology, release altitude, depth, area, runout
lenght and volume.

In 68% of the events, avalanche
._cause is related to heavy snowfall

h,+ depth.at release
'width = ™

" 3"

: et runout

X

i a8 LR
L hdd WY

Reported in:
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o AOCER || 500
O ArCER = 1
— o RO CAN > Avalanche ‘rrack geomefry. E[s,] is average
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based on index va

Is tentaTively adopted to increase sa

dimensionality for distribution fitting of the observed avalanche properties

1

0.8

0.6

Fol]

0.4

0.2 4

— — UN- a=5%

A;:Ao//qu

Wo* :Wo/luvvo

I—B = LO/IULO

Avalanche release probability is evaluated as a
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Calibration against observed runout
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Case study: Vallecetta mountain

Climatic input:
H>calculated @ the release altitude
Avalanche occurrence:

Input snow depth A.is used to give release probability, p,., Random extraction from a

Uniform distribution, p, is used to evaluate occurrence using a binomial approach

;t(yes, Pu’Pre/ - NO P, <::Df'e/)
Avalanche release altitude:

Drawn-from the-proposed-NR statistical distribution
lanche release width, length: :
awn'from-the'proposed GA statistical

7000

[stributions
. 6000 -
' he release volume:
- 5000 4
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Bocchiola, D., Medagliani, M., Rosso, R., Use of a 2000
vov,1 regional approach for Iong term sumulq:non
&% of snow avalanche regime: a case study in I
§- “. ithe Italian Alps, Arctic Antarctic and Alpine.
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oped and tes
B, simple avalanche dynamics model,to be.used
T Masg, joint with long term simulation module
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che hazard m
forecasting and design of countermeasures -

Lack of avalanche data requires coupling of dynamic modelling and long term snow fall
series for design of extreme events

Statistical methods based on regional approaches might be used to increase sample
dimensionality, so gaining considerable information and decreasing uncertainty in
avalanche design exercise

Long term assessment of avalanche hazard based on synthetic simulation provides a
tool avalanche for hazard mapping based on full simulation of avalanche history
WAlso, synthetic simulation may provide input for long term assessment of avalanche
risk for human settlements, and the impact of countermeasures, in case under
climate change scenarios

and nationally fostered projects like IRASMOS are highly necessary to stimulate
he debate and provide the researchers with means to bring forward new techniques

d concepts ~ 'ﬁf
. and.watch.vour.track.lll

@ Cemagref & @ irasmos.




