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Objectives

> Risk assessment is based on the
« estimation of probabilities of hazardous events
« estimation of a loss (damage) function for env. risk
« or dose-response function for health risk

> This modules analysis probabilities of hazardous
events
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Risk Definition

hazardous event X

A
A probability distribution function (pdf) with f(X)
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\\f\
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|dentification of Extremes

> The main task is to analyse a time series
o Continuous observations x(t)
« Discete observations x;(t+At)

> Detection of hazardous events
> Establishing a statistics




|dentification of Extremes

> Extreme events
o Avalanches

o Rockfall

o Mudflow




|dentification of Extremes

> Hall storms

> Lightnings

> Forest fires

> Earthquakes

> Floods




|dentification of Extremes

PAL EHE stal 01254 941101 12:46:30

> Earthquakes
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Threshold Q*
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to be analysed

An

What is the |probability that this level is exceeded ?

> A critical load has
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An Example:
temporal variability of water availability

Demand

\/\/\f\f\/UU

Run Iength of decrease

| — Abfluss [Moratswerte ]
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An Example: surplus and deficit
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in a year

each largest value
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A comparison of annual and partial series

Unit 3 Hazard Identification

jahrl. Serie
" (N=20)

partielle Serie
F (M=20)

Schwellenwert

-0, =13 m's

partielle Serie
- (M= 40)

Schwellenwer!

[ 0, =125 m¥s
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Distribution of selected flood peaks
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Peak discharge Q
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Example of 2 distributions

> Normal distribution

_ Jahregniederschlag
2 parameters Jahre§temperatur
Symetric
Unbounded on both sides
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Example of 2 distributions

> Normal distribution
2-parameters gk Vo
Symetric
Unbounded on both sides

» Gumbel distribution

2-parametric
Double exponentiel F(x)=e °
Asymetric with fixed skewness

e =11396 ™ Extreme values:
a — Location parameter, Modalwert anks

low flows

a= ;. o 0‘57?2 * c heavy rainfall

LeaTaldald
Cscaleipara™t 5o o
=

§

Unbounded at the right side

Unit 3 Hazard Identification H.P. Nachtnebel Seijte 17




Useful Distributions for Extremes

> Log-Normaldistribution
> Gumbeldistribution

_og-Gumbeldistribution
Pearson llI-distribution

_og-Pearson lll distribution
> Welbull distribution

> Wakeby distribution

» Gamma distribution

> ...
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Quantils and distribution

> Relation between Q and P(Q>Q7)

P(O<0,)=1-1T=1(Q) 8 P(0>0,)=1-P(0<0;)
F(Q) is the distribution function
f(Q) is the density function

>Q

Area right from Q; = 1/T
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Gumbel distribution

2 parameters: a, C
Double exponential
Left side bounded, rigt side unbounded

F(xr):e“" =]1—— = Takethelog
I
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Gumbel distribution

2 parameters: a, C

Double exponential

Left side bounded, rigt side unbounded
F(xr) = e“"T — 1_% —> Take the log

—a+xr

|
—e ¢ = ln(l = ?] — Take the log and multiply by (-1)

Unit 3 Hazard Identification H.P. Nachtnebel page 21




Gumbel distribution

2 parameters: a, C

Double exponential

Left side bounded, rigt side unbounded
F(xr) = e“"T — 1_% —> Take the log

—a+xr

|
—e ¢ = ln{l = ?] — Take the log and multiply by (-1)

=g Xr

]} =Y is a straight line
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Example: Estimation of a rare event

> Plotting Positions

« often Weibull plotting is
used
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Graphical Representation
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Computational Approach

> Gumbel distribution F(x): has parameters a and c

> Parameters a and c can be related to x and s,

et |
F(x;)=e =1—?

a=x—05772%c
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Computational Approach

> Gumbel distribution F(x): has parameters a and c

> Parameters a and c can be related to x and s,
_?—n;n'}- 1
F(x;)=e =1- -
a=x-05712*c
X
> Estimation of a rare event x;

x, =x+u(l)*s,_ Normal distribution

Xr =;+K(T)*SI

Gumbel distribution
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Computational approach

> Estimation of x and s,

> x: 373 (m?3/s)

> s, 128,3 (m3/s)

> Ky depends on T and is available in any statistic
book

> for T =100 K= 4,323

> Xro1g9 = 928 (M3/s)
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Sampling uncertainty

> Each estimated value has a pdf (uncertainty)
> Because we have a small sample
> Another sample would yield different results

> Lets make an experiment!

» Perfect model and perfect observations

* 1000 years ,observed” (simulated)

» Take sub-samples each of 25 years

« Extreme value analysis for each sub-sample
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Sampling uncertainty

IR TR TR

s 0

2 3 4
Rp » RECURRENCE INTERVAL, IN YEARS

Figure 4.3. Frequency distributions of 40 samples, each of a 25-year size, of the maximum
flood discharges on a Gumbel paper graph. Each sample is drawn from a finite popu-
lation of 1,000 values without replacement. These values follow the double exponential
distribution. [According to Benson, 7]
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Estimation uncertainty

The shorter the observation length n the larger is the
uncertainty

The larger the variance s, the larger is the uncertainty

The lower the probability of occurrence (the larger T) the
larger is the uncertainty

The larger the confidence level a the larger is the
uncertainty

8y = (1+114*4,323 +11%4,323* =546

> With probability of 95 % x;= 928 +- 409,18 (m?/s)
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Comparison of different pdfs (models) fitted
to the same data set

HQ Statistik Ill - Vandans
Jahrliche Reihe

Q sortiert nach WEIBULL

Pl

95% Konfidenzintervall P Il

Gumbel

95% Konfidenzintervall Gumbel
—LP Il

95% Konfidenzintervall LP Il

AEV

95% Konfidenzintervall AEV

30 50 100 200 300 500 T
0.966 0.98 0.99 0.995 0.997 0.998 Pu
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Summary and conclusions

> A time series has been observed

> A critical threshold is being defined

> annual or partial series is obtained

> A model is chosen and fitted to the extremes

> Extrapolation and estimation of rare events
(X1OO’ X500’---)
» Assessing the uncertainty
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