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Peaks Over Threshold (POT) method
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Overall losses and insured losses from great natural catastrophes, 1950.-2008.
Miinich Re, Natural catastrophes 2008, Analyses, assessments, positions
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Peaks Over Threshold (POT) method

Excesses over threshold u

X

Fr)=P{X ~u<zx
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Generalized Pareto distribution

1—-(1+&) "¢ if €#0,
Gg(ﬂf)—{ .
1—e™ " of £€=0,
where
x>0 if £€>0,

0<z<-1/6 if £€<O0.
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Peaks Over Threshold (POT) method

Balkema-de Haan-Pickands theorem

lim  sup |Fu(z) — Gepu(x)| =0

ulzp O<r<zp—u

Weibull density and generalized Pareto density
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Peaks Over Threshold (POT) method

POT method

* Datashould be from one of the heavy tailed distribution

- QQ plot, sample mean excess plot

» Threshold

— sample mean excess plot
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Danish fire insurance losses from 1980. to 1990., losses over 1 mil. Danish Krone
 Parametar estimation
- maximum likelihood method - recommended for ¢ > 0.5,

- method of probability-weighted moments - recommended for small
sample sizes and for ¢ < (0. 0.4)
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Basic and generalized POT model

Observations above threshold
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Occurrence times - modeled with Poisson process
Exceedances - modeled with generalized Pareto distribution
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Basic and generalized POT model

Basic POT model
Two dimensional point process { (7}, X;).1 << N, X; > u} on [-T,0]x (u, )

Exceedances

Distribution function of exceedances
F(zr+4+u)— F(u)

Fulz)=P{X —u<z|X >u} = = Flu)

generalized Pareto distribution

—> (X, - u) iid from generalized Pareto distribution

Crude residuals* can be defined as 1, = ! log [1+¢ Ul —
£ T+ E(u— p)

—> W, should be iid unit exponentially distributed

*Cox & Snell (1968)
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Basic and generalized POT model

Occurrence times

Homogeneous Poisson process with a constant intensity

w — ,u,)lf£

o

)\:(1+£

Rescaled inter-exceedance times can be defined with
Zr =M1 —T1Tp—1)., k=1,...N+1
where 1o =—-T"11ns1 =0

—> Z, should be unit exponentially distributed.
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Basic and generalized POT model

Generalized POT model

Model 1:  pu(t) = oy + it linear growth in x
Model 2:  5(t) = exp(a; + (Jot) exponential growth ino

Model 3 &(t) = ag + (st linear growth in ¢

We can consider all possible combinations.

Rescaled inter-exceedence times

T3
zk:/ Ns)ds,  k=1,....N—1
Th_1
Residuals W, = In (1 + &(Ty) Ak — u )
“T Ty S (T) + E(T) (u — p(Th))

Z, and W, should be unit exponentially distributed.
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Basic and generalized POT model

Loss number N, above threshold u has a Poisson distribution with mean

365k
/ \(t)dt
365(k—1)

N, new lossesin theyear k are Y} 1,..., YN,

Excesses (Y} ; — u) havea GPD

Total loss volume in year k

N
Zr =Y Yi
i—1
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Application of POT model

vlalm size
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Observed losses during period 2001. - 2008.

2002 2004 2006 2008
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Application of POT model

Heavy tailed distribution?

QQ plot
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Application of POT model

Threshold - sample mean excess plot
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Application of POT model

Estimated parameters of POT model

1= 2.949 o = 0.378 ¢ = 0.397

Parameters of generalized Pareto distribution

1 P
A== (1+g“ ’“)

T

G =0+ &u—p),

¢ = 0.397 5=1.193.
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Application of POT model

Rescaled inter-exceedance times and residuals - Model o
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Application of POT model

Rescaled inter-exceedance times and residuals - Model 2
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Application of POT model

Claim number and loss volume - experience

Claim number Loss volume Average claim

2003 10 58,40 5,84

2004 11 69,42 6,31

2005 15 97 22 6,48

2006 13 98,80 7,60

2007 15 117,46 7,83

Estimated claim number
Model 0 Model 1 Model 2 Model 3 Model 12

N, 9,14 13,69 17,24 17,67 20,26
N, 9,14 15,57 20,29 19,93 25,65
N, 9,14 17,81 23,69 2215 32,02
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Application of POT model

Estimated loss volume

Model 0 Model 1 Model 2 Model 3 Model 12

Z, 92,64 132.51 165,55 214,34 159,94

r 2 92,64 141,17 197,02 294,65 208,70

Z, 92,64 159,89 238,58 384,00 282,42

Estimated average claim size

Model O Model 1 Model 2 Model 3 Model 12

Z,/N,| 10,13 9,67 9,60 i2.13 7,05

Z,/N, 1013 9,06 9,71 14,78 8:13

Z./N; | 10,13 8,97 10,07 17,36 8,82
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Application of POT model

Model 2 - realistic model for loss volume

Model 3 - safer model for loss volume

“Prediction is very difficult, especially about the future.”
N. Bohr
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