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Operational modelling

Forecasts

Improvements to several aspects of the operational coastal
morphological model.

Data sources
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Figure: Improvements to several aspects of the operational coastal
morphological model.



How safe should it be?

Norm

Dutch safety standard of 1/10000
(exceedance probability for the
Holland Coast per year) is based
on economic evaluation of the
hinterland.
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Figure: Possible changes affecting coastal
safety



Sea level rise

Relative sea level rise

Constant trend of 19cm/century

Figure: Sea level rise since 1890



Paintings

Sea level trends in Venice.

Using paintings as a source for sea level rise estimates.

Figure: Sea level rise (source: D. Camuffo 2010)



How big is the 1/10000 storm?

The size of the 1/10000 storm.

Convidence interval size: over
3m.

Figure: Confidence interval of storm
surge for Hoek van Holland (van den
Brink 2004)



How to reduce the size of the confidence interval?

The size of the confidence
interval

1√
n

How to get a bigger n?

I Pre-historic storms

I Historic storms

I Measured storms

I Modelled storms
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Data for the 1717 storm: paintings

Figure: Paintings from
Egmond aan Zee between
1600–1750

I Water levels from Amsterdam

I 1 floodstone

I Letters, poems, reports

I Maps

I Paintings



Pre and post storm profile
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Figure: Estimating the pre and post storm profile. Inverse model the
magnitude of the storm.



The storms of the 18th century

Table: Estimated magnitude of the three largest storms of the 18th
century

Year Water level Wave height Wave period

1717 4.2 m 8.4 m 13.3 s
1775 4.6 m 8.8 m 13.9 s
1776 aa 4.9 m 9.1 m 14.3 s
a Estimated as the water level of 1775 plus 0.29 m based on the floodstones,

see Table ??



The updated confidence interval
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1 10 100 1000 10000

1924-2010
n = 84

z(1e4) = 4.9 (4.4−5.4)

1700-1800
n = 100

z(1e4) = 5.1 (4.7−5.6)

1700-1800+1924-2010
n = 184

z(1e4) = 5.0 (4.7−5.4)

1924-2010
n = 84

z(1e4) = 4.6 (3.2−6.0)

1700-1800
n = 100

z(1e4) = 7.6  (3.3−12.0)

1700-1800+1924-2010
n = 184

z(1e4) = 6.0 (4.1−8.0)
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Figure: 30% smaller confidence interval using the Gumbel method.
Higher estimate 1.4 with bigger confidence interval using the GEV
method.



Response measures

Figure: Twee gebroeders, 1953

Figure: Research: Emergency
measures Delfland, Walstra et al
2009
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