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1. Introduction

This report concerns the estimation:of-extreme still water levels at St Mary’s. Still-water
level (swl) is defined here as the observed level at a location when waves have been averaged

out. The observed still water sea level (€) can be considered as the sum of a tida] component

(x), a surge component (y) and a mean level Z)

(® = x(t) + y© + 2, (L.1)

The tidal level is that part of the variation which is driven by the gravitational forces of
the Moon and Sun. It is therefore regular, predictable, and may be found in published tide
tables.

The surge levels are the variations due to the effects of wind and atmospheric pressure
on sea levels. Like the weather, they are only predictable over short time scales, but they have
long-term statistical properties which may be determined given a sufficiently extensive period
of data.

The traditional method of estimating the probability of extreme levels s to fit the
maximum observed total still water level in each of a number of years by an extreme value
distribution of the Generalised Extreme Value (GEV) type. The longer the period data analys;ad,
the more reliable the resuit is likely to be.

A more refined GEV technique using the ‘p’ largest maxima from each year was
developed by Smith (1986) and-is summarised in Alcock et al., (1987). This method makes
better use of the available data. A further refinement to the GEV technique is the spatial
modelling method by Coles & Tawn ( 1990).

An alternative technique - The Joint Probability Method (JPM) - for extreme sea level
computations was developed by D T Pugh and T M Vassie (1980). In this method the
frequencies of occurrence of tidal levels and surge levels are separated into individual statistical
distributions which may be recombined to give probabilities of total level, enabling each hour
of observed data to be used. Each year of data provides 8766 hourly data points instead of the
single annual value and, because more values are included in the computations it is possible to
extrapolate the curves to smaller probabilities than the "annual maxima" method :ﬁlows.

A more refined - Revised Joint Probability Method (RIPM) - by J A Tawn and IM
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Vassie (1989) has been developed to overcome some of the deficiencies of the previous JPM.
The GEV technique could not be applied directly to St Mary’s because of the lack of
good quality annual maxima data. The JPM or RIPM could be used as there is sufficient good
quality hourly data. However, for this report, a scaling method has been applied. The method
adopted consists of using observed tide data to derive relationships between elevations at Ni ewlyn
and St Mary’s. These relationships are applied to the extreme parameters from the observations

at Newlyn to give estimates of the equivalent values at St Mary’s.

B Estimates of extreme still water levels at Newlvn

Both sufficient good quality annual maxima and hourly data was available. The data,
62 years, 1917-1991, has been analysed by J Tawn at Lancaster University in collaboration with
the Proudman Oceanographic Laboratory. From his evaluation of the estimates obtained
(personal communication) it has been recommended that those using the Revised Joint
Probability Method together with a trend of 3.3 mm/year should be used. The estimated levels
in metres above chart datum are given in Table 1 relative to the year 1990. Levels relative to
Ordnance Datum (Newlyn) can be found by subtracting 3.05 metres from the estimates. Standard
errors are given to assess the variability of the estimates.The estimates can be adjusted for year
i by the addition of (i-1990) x 0.0033. As the increase due to trend at Newlyn is much larger
than varying the return period from 10 to 10000 years accurate estimation of the trend is vital

for long term designs.

3. Estimates of extreme still-water at St Mary’s

The GEV technique cannot be applied directly to St Mary’s because of the lack of gdod
quality annual maxima data. The JPM or RIPM could be used as there is sufficient good quality
hourly data. However, for this report, a scaling method has been applied. G.W. Lennon (1963)

suggested the use of a factor relating frequency levels to mean tide levels.
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