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If versus What If

and

EVT

An alternative title for my lecture would be

(Extreme Value Theory)

Two examples and some (EV) Theory 



A comparison between Onagawa and Fukushima Dai-ichi NPPs 
after the March 11, 2011 Tōhoku earthquake and tsunami

Yanosuke Hirai (1902-1986)

“what if”

“if”

9.0 – 9.1 𝑀𝑀𝑊𝑊
40 – 45’
13 – 14 m

(14 m)

(5.8 m)

Tsunami arrival
and max height 

Protective 
seawalls 

Earth Observatory Singapore Interconnection of risks





The basic results of EVT

• The Fisher-Tippett-Gnedenko Theorem
• The Pickands-Balkema-de Haan Theorem

and their statistical interpretations



The Block Maxima Method (BMM)

Data: 𝑋𝑋1, … , 𝑋𝑋𝑛𝑛 iid with df F (𝑛𝑛 = 𝑛𝑛𝐹𝐹)
Maximum: 𝑀𝑀𝑛𝑛 = max(𝑋𝑋1, … , 𝑋𝑋𝑛𝑛)

The Fisher-Tippett-Gnedenko Theorem

If ∃ 𝑐𝑐𝑛𝑛> 0 and 𝑑𝑑𝑛𝑛 so that for 𝑛𝑛 → ∞

(𝑀𝑀𝑛𝑛-𝑑𝑑𝑛𝑛)/𝑐𝑐𝑛𝑛 ⇒ 𝐻𝐻 (n.d.) (F ϵ MDA(𝐻𝐻))

then 𝐻𝐻 is of the following type:

The Generalized Extreme Value distribution (GEV)
Notation: 𝐻𝐻ξ,0,1 = 𝐻𝐻ξ

EVT: the basics of “What If” thinking



The Peaks Over Threshold Method (POTM)

The conditional excess distribution

𝐹𝐹𝑢𝑢(x) = P(X – u ≤ x | X > u)

The Pickands-Balkema-de Haan Theorem

F ϵ MDA(𝐻𝐻ξ) iff ∃ β: (0,∞) → (0,∞) so that

u

The Generalized Pareto Distribution (GPD)

What If



A word of warning



Both statistical methods (BMM and POTM) face 
a bias versus variance trade-off:

For the BMM: number of blocks/block size

For the POTM: threshold choice u

There is no easy solution to this problem!



A distributional-tail estimator



The POT/GPD tail estimator

The  EVT-based VaR estimator

The normal-based VaR estimator

(MLE regular for ξ > -1/2)

P(X > x) =

EVT-POT
estimator



How to estimate high return levels/exceedance probabilities?



An example including weather extremes: 
The February 1, 1953, Great Flood in the Netherlands

HvH

Hoek van Holland
Schoten, February 3, 1953



(1)

(2)
Hoek van Holland (HvH)



And the resulting Delta Works (2 examples)

(1) Oosterscheldekering (2) Maeslantkering



David van Dantzig
(1900 – 1959)

Jan Tinbergen (1903 – 1994)



Comments on risk communication (1)
• Hoek van Holland (dike (*)): 1 in 10 000 year event
• David van Dantzig formula (previous slide)
• How to communicate?

1) Design Life Cycle of (*): 200 years
2) Important consequence (under iid assumption between the years):

P(“at least one overtopping of the dike in 200 years”) = 
= 1- P(“no overtopping of the dike in each of the 200 years”)
= 1 - (0.9999)200 ≈ 2% (!) (*)  (if DLC = 100 yrs, then 0.1%)

3) Climate change scenarios will typically increase this estimate

(*) (1 – (1 − 1
4000

)200 ≈ 5% at the Oosterscheldekering)



POTM

1953 flood



POT/GPD fit with 

would be possible

Figure: increase
and change point



An insightful application, 
perhaps the EVT-showcase example



The sinking of the MV Derbyshire

• Massive (294x44m, 160’000 tonnes) ore-bulk-oil carrier built 1976
• The Derbyshire started her final voyage on July 11, 1980
• Off the coast of Japan she ran into Typhoon Orchid



The sinking of the MV Derbyshire

• On 9 Sep 1980, she sinks in the Pacific Ocean, close to Japan, during 
Typhoon Orchid

• All 44 people on board died
• Sunk suddenly: no mayday calls, no lifeboats
• Largest UK ship to have been lost at sea
• Basic references on the statistical EVT analysis: “J.E. Heffernan & J.A. 

Tawn (2003), JRSS(C) 52(3), 337–354 (University of Lancaster) and J.E. 
Heffernan and J.A. Tawn (2001), Extremes 4, 359 -378.”

• What happened?



The data

• In June 1994, the wreck of Derbyshire was found at a depth of 4 km, 
spread over 1.3 km. An additional expedition spent over 40 days 
photographing and examining the debris field looking for evidence of 
what sank the ship ([200 hours of video, 137 000 photographs]). 

• Laboratory measurements were based on a 1:65 scale replica of the 
Derbyshire in a wave tank provided by MARIN, the Maritime Research 
Institute located in Wageningen in the Netherlands. The statistical 
design for the latter was a so-called 2x4x3 factorial design accounting 
for an intact versus a damaged ship (hence 2), 4 wave conditions and 
3 speeds. 

• Satellite images of the storm and sea conditions.



Maximum sustainable
load on hatch covers
is 42 kPa

Ventilation shafts



The question (in reduced form)

P(wave impact > 42 kPa on hatch cover 1| various ship & sea conditions) (*)

or using EVT language, estimate

𝐹𝐹𝑢𝑢(x;z) = P(impact ≤ x | impact > u, z)

for some high threshold u (10 kPa, say) and a vector z of relevant covariates 
and then estimate (*), further check for model uncertainty and goodness of 
fit.



The relevance of EVT through the work of Jonathan Tawn and 
Jane Heffernan becomes clear from the following conclusion 
of the presiding Judge Colman: “The contribution that the 
extremes values group at Lancaster made to identify the cause 
of the sinking was of absolutely fundamental importance to 
the outcome of this Investigation.”

As a result of a further, more involved EVT-based statistical 
analysis, Lloyds Registry of Shipping eventually proposed a 
35% strengthening of the hatch covers. 



A picture is worth a thousand words

Source: ZHAW



Conclusion

• Changing our perception of risk from If to What If is absolutely crucial
• EVT yields one important methodological tool to do just that
• Going forward, interconnectivity within the risk landscape will increase 

together with a need for truly global models
• Climate change will be a major risk driver across all fields of application 

leading to non-stationarity/change(tipping) points
• Environmental and social resilience have to go hand in hand
• Risk communication increasingly plays a fundamental role



Thank you!
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