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5. Maxima Distributions of Sea Levels

1. Introduction

Extreme sea levels pose an increasing risk to coastline communities, including
nuclear power plants where consequences would be drastic if subject to
coastal flooding without suitable defences.

Monthly Sea Level Return Levels at Heysham
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Monthly Maxima Distribution
We use our skew surge model (Fs) and the known max tide observations

(Xt(j’k)) to derive the monthly maxima (M;) distribution of sea levels:
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We consider skew surge and maximum tide as components of sea levels that
are independent conditional on the time of year [Williams et al., 2016]. These
exhibit different seasonal patterns which are ignored in existing methodology.
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@ When seasonality is accounted for in either component, we assume
independence across months and combine the monthly distributions,
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Skew surge and maximum tide observations at Heysham in 1964-2012.

2. Return Levels

Return levels are the levels we expect the annual maxima sea level to

o When seasonality is ignored, we follow the approach of Batstone et al.
(2013) and do not consider the monthly maxima distributions.
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exceed every 1/p years on average, for p the annual exceedance probability. -
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We derive estimates from the monthly and annual maxima distributions for Monthly sea level return level estimates (meters) at various return periods (months), % .

the following cases of seasonality: for cases /1, M2, M3, M4 at Heysham. We also show empirical estimates and HAT (black). % gk

o Seasonality in both skew surges and tides (1), S

o Seasonality in the skew surges, but not in the tides (M2), 4. Skew Surge Seasonality S
o Seasonality in the tides, but not in the skew surges (M3), o!1 1I 1|o 1c|)o 1o|oo 1oc|)oo

We define extreme skew surges as exceedances of a monthly threshold. Below
this, the monthly empirical distribution is used, whilst excesses (Y') are
modelled by a generalised Pareto distribution (GPD):

P(Y > y) = (1+&y/oq) V¢

Return Period (y)
, M2, M3, M4, empiricals and HAT (black).

o lIgnore seasonality in both skew surges and tides (M4).

Return level estimates at Heysham for

3. Tidal Seasonality

Return levels for the four cases remain relatively close together in Figure 5.
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