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A probabillistic framework for
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Marco Uzielli
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Purpose of presentation

T lllustratesa preliminary
proposal for the GIS
based probabilistic spatial
estimationand mapping
of avalanchehazard




Scale of investigation

9 Hazards estimated
Individually for
discretized areas @ site
under investigation, e.g.,
for individual cells of a
spatial grid into which the
area may be subdivided.
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Conceptual sequence

Occurrenceof triggeringconditions(meteorological climatic etc.)

Occurrenceof triggering

(not certain, evenif conditionsare present)

Spatialpropagationfollowingtriggering




From concept to method

The quantitative procedure is based on conditional probabilities and on the total
probability theorem, and relies on the availability of:

A
A

A

a set of reference return periods, for which it may be of interest to estimate hazard;

data series for potential avalanche triggerfagtors (meteorological,

climatological, geographic, topographic, etc.);

frequencyintensity relationships, quantifying the probability of attainment of a
given level of intensity (and combinations thereof) at a given spatial location in the
set of reference return periods;

a triggering model, relating the magnitude of avalanche intensity at one spatial
location to the occurrence of avalanche triggering at the same spatial location;

a runout model, relating the occurrence of avalanche triggering at one spatial
location and the impact (exposure) to the avalanche at all other target spatial
locations

The triggering and runout models must be expressed in a probabilistic format to
allow Monte Carlo simulation of triggering and runout, respectively



General probabilistic framework
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Probabilistic frameworkoperational modules

time-seriesanalysidor time-seriesanalysidor
triggeringfactors triggeringfactors
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runout analysis scenarioglefinition




Cell-level to sitelevel approach

9 Conditionalprobability
formulation operateson a
celkto-cellbasis

9 Sitelevelestimatesare
obtainedthrough
convolutionof celtHlevel
outputs (totalprobability
theorem)
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Other possible output formats (examples)

From the total probability theorem, the probability whpact on thg-th cell for theg-
th return periodTdis:

0(b sY) 0(0 2 ) g0(w $0) @0 ('03Y) g0 ("Y)

Considering the set @ reference return period3,'> X2, the probability of exposure
of the |-th target cellis given by the convolution &{M;| T.%) over the set of return
periods
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Main strengths

-

ﬂ
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Direct dialogue with GIS for
enhanced mapping

Quantitative estimation of hazard

Quantitative inclusion of
uncertainty in hazard factors and
models

Explicit quantification of spatial
variability of hazard

Flexibility to accommodate

different methods for cllmatologlcal

and meteorological data analysis,
triggering analysis and runout
analysis




Possible future developments

9 Refinement of triggering
models

9 Volumespecific runout
models

9 Definition of triggering areas
through clustering methods

9 2-D and 3D runout analysis
(e.g., considering avalanche
width and depth)
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Climate statistics and triggering =~ -

probability estimation using a

fuzzy logic system
GalinaRagulina
Norwegian Geotechnical Institute




Meteorological and climatological elements of
Importance for avalanchaggering

9 Hazard mapping

Expectednaximum snow
heightper given time
period (return period)
Expectednaximum
precipitation per given
time period (return period)

orecasting
Snow height (SA)
Precipitation (RR)
Wind velocity and direction (FF, DD)
Temperature and its tendency




Fuzzy inference system
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Algorithm for transposing gualitative knowledge (including
vagueness) into quantitative parameters

Able to model complegystems

Able to replicate human expert information and reasoning

Able to accommodate quantitative and qualitative inputs
Reliesonusek yV LJdziT 4 YSYOSNEKALI Fdzy Of

Here, used to quantify avalanche triggering probability from
climatic, meteorological, physical and geographical factors



Qualitative jJudgement and the parametarge

definitions

9 Qualitative categories
Very low
Low
Medium
High
Very high

Negative/Positive
Increased/Decreased

Windward/Parallel/Leeward

9 Range table (example)

t, °Cdt, °CSA, cnRR24, mnRR72, mnFF, m/<sDD,° ATP

"top"  -15
v.low lowest -40
highest -8
"top" -5 4 80 8 25
low lowest -12 0 0 0 0
highest -2 6 120 15 30
"top" 0 10 20¢ 20 60
mediumlowest 3 5 100 8 25
highest 3 15 250 35 100
"top" 2 15 500 50 90
high lowest 0 10 200 25 75
highest 20 30 100C 300 600
"top"

v.high lowest

highest

13

17
20
15
35

180
100
180
90
45
135

80

0.08
0
0.12
0.2
0.08
0.25
0.35
0.15
0.55
0.5
0.35
0.7
0.65
0.5
1



Qualitative jJudgement and the parametarge

definitions
7 Membership functions (example) 0
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Qualitativejudgement: Rules for Fuzzsystem

9 All possiblescenarigbased on categories of chosen
parameters

9 Assigning Avalanche Triggering Probability (ATP) category to
each scenario

9 Example:

t dt Ddt SA RR24 RR72 FF DD ATP
if medium medium positive  high low low medium paralleld» high

v.low low negative low medium medium mediumwindwar low



Error managde muagemenbirf Fuzre »
system

9 Many dependent on each other elements
9 Large amount ofules
9 Degraded boundaries between categories

Inter-cancellation of eventuarrors



Challenges and ide&sr overcominghem

9 Too heavysystem

t,dt,ddtz wwHnX wwtHZX {! %X CCX 55 b {ft2
parameters

Each parameter is divided inteR2categories
h@dSNJ cn nnn NMz S&aX

Must be subdivided in several separate systems!

9 Howto divide the meteorological elements into groups which
would still make sense



StatUS Now Fuzzysystem2:

RR72, RR24,
RR_f

Fuzzysysteml.:

t, (dt+ddt), FF,
Fuzzy

DD,FF_fDD_f

(dt+ddt)_f system_Major

Impactl,
Impact2,
Impact3

Avalanche

Triggering
Probability

Fuzzysystems3:

SA,
dSA_f
Slope
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Statistical methods in avalanche hazaapping:
How to take into account the release probability?

Peter Gauer
NorwegianGeotechnical Institute, Oslo, Norway




- Avalanche hazard s a combmatlon of:
precipitation (snow or.rain) and.wind

snow pack conditions
(probability of avalanche release)

runout of the avalanche

P '~
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Bakkeh@(1987) presentedhe Gaussian
normalcumulative probabilityof measuring
HNW3dat the day ofanavalanche; that is
the conditional probability P(HNW3d|A)

However, in the most cases, we are
interested in probability of having an
avalanche undethe condition we observe
HNW3d;



Cumulative probability distribution of the
conditionalprobabillities
P(HNW,,|A) versus P(A|HNW))
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Cumulative probability distribution dhe conditional
probabilitiesP(A|[HNW, ) for differentregions angbaths

9 Avalancheprobability/frequency

Conditional probability P(A|HNW3 d)

—
o
o

-—
2

—
S
N

-
S
w

0(0) 0OI( . 7)0( . 7)A( . 7

v,)

of slide probability P(A) (1/da

Expected a
F(AP 2¢4

100 150
HNWSd (mm)

nnual avalanche freiuen



Initial volume (?7?)

9 An important input
for avalanche models




Fracture heighbD .,

9 Performance function
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