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E X E C U T IV E  S U M M A R Y

This report summarises work undertaken to calculate extreme sea levels at 10 sites around the North West coast of 
the UK. The methods adopted include (i) the Spatial Revised Joint Probability Method (SRJPM) described by Dixon and 
Tawn (1997), and (ii) a General Extreme Value (GEV) distribution fitted to the annual maximum data by the method of 
maximum likelihood (GEV-MLE) and by probability weighted moments (GEV-PWM).

A comparison of these 3 methods of estimation with those by Graff ( 1981) and Coles and Tawn ( 1990) suggest that the 
SRJPM overestimates levels at most locations, and that the GEV-MLE distribution provides the best fit to the data and 
hence for estimating extreme sea levels. Thus on the basis of the GEV-MLE distribution, the return periods of the 
extreme events of Feb 1990 and Feb 1997 have been calculated, as have those for the Operation Neptune flood 
warning levels, at selected sites.

The results suggest chat the SRJPM is inaccurate at many locations and, to provide extreme sea levels for sites without 
tide gauges such as the Ribble estuary, the SRJPM method has been revised using the GEV-MLE estimates presented in 
this report. Dixon and Tawn (1997) suggest revisions using local data should be undertaken by revising the I-year level 
based on a 6 or preferably 12 month period of hourly tidal data. However, it is considered that revising the I-year level 
would influence the origin of the relationship between return period and sea levels and not the slope of the relationship 
which is shown to be inaccurate at many locations. Consequently the SRJPM has been revised by recalculating the 
return period adjustment factors at relevant nodes in the area by accounting for the GEV-MLE estimates at selected 
locations.

The original and revised nodal return period weightings have been used to calculate and compare extreme sea levels at 
each measurement site and also for an unmonitored site in the Ribble estuary. The results suggest that the SRJPM and 
the revised SRJPM do not accurately predict extreme sea levels at all monitoring sites and thus the use of the SRJPM at 
sites without recorded data may also be inaccurate. It is therefore suggested that, at unmeasured sites, the weighted 
distance from 2 adjacent sites with a sufficiently long period of record should be used to  interpolate extreme sea levels. 
It is considered that this would provide results with greater accuracy than the SRJPM.

This report includes a methodology for interpolation of the calculated extreme sea levels to other sites in the area.
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A M A X  Annua! maximum tidal data as a series
A O D N  Above Ordinance Datum Newlyn
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MDM Model Distance Metric
MLE Maximum Likelihood Method — a method of fitting a GEV distribution to data
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around the coast o f the UK as detailed by Dixon and Tawn ( 1997)
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I IN T R O D U C T IO N

L I S tudy B rie f

The study requirements are set out in Section 2 of the Environment Agency North W est Region (the Agency) 
specification of 5 March 1998 which is given in Appendix F. These requirements have been refined slightly as a 
result of the meeting with the Agency’s Tim Palmer on 28 April 1998 but form the basis of the current study. 
The requirements can be divided into a number of separate tasks as detailed below;

Task I: Obtain the appropriate data from the Proudman Oceanographic Laboratory (POL) and/or 
other organisations to fulfil the project requirements. For each site confirm the chart 
datum and identify any conflicts.

Task 2: Compute extreme sea levels for 10 selected sites (Appendix A of Specification) and 12 
Return Periods using the Spatial Revised Joint Probability Method (SRJPM) described in 
Dixon and Tawn (1997)'. The required return periods (defined in Appendix B of the 
Specification) are the 1,5, 10, 20, 25, 50, 75 100, 150, 200, 500 and 1,000 year events.

Task 3: Using the annual maximum data (AMAX) for each site collated in Task I , compute extreme 
sea levels for the 10 specified sites and the 12 return periods detailed above using extreme 
distribution/frequency analyses. The calculation of extreme levels should adopt the 
methodology described in Graff (1981)2 and Coles and Tawn (I990)3. These fit a 
relationship to the data using the General Extreme Value distribution (GEV) fitted (i) by the 
method of Maximum Likelihood (MLE) and (ii) by Probability Weighted Moments (PWM).

Task 4: Compare the extreme sea level results from the 2 methods detailed above (i.e. Tasks 2 and 
3), and those given in Graff (1981)2 and Coles and Tawn (I990)3.

Task 5: Produce a robust and consistent set of extreme sea levels for the specified locations and
return periods.

Task 6: Calculate the return periods of the high tides of 26/2/90 and 10/2/97.

Task 7: Calculate the return periods of the Operation Neptune flood warning levels of 5.5m and 
6.0m AOD at Gladstone Dock, Liverpool and compute equivalent levels at Heysham, 
Workington, Llandudno and Fleetwood for these return periods.

Task 8: Recommend a standard methodology for interpolating extreme sea levels between the 10 
locations. This method should take account of the recent work described in Dixon and 
Tawn (1997)'. A full worked example of this method should be included for the mouth of 
the Ribble estuary.

1 Dixon and Tawn (1997). Estimates of Extreme Sea Conditions, Final Report; Spatial Analyses for the UK Coast. 
Proudman Oceanographic Laboratory, June 1997.

2 Graff (1981). An investigation of the frequency distributions of annual sea level maxima at ports around Great Britain. 
Estuarine, Coostaf and Sheif Science, 12, 389-449.

3 Coles and Tawn (1990). Statistics of coastal flood prevention. Phil Trans R Soc Lond., Series A, 332, 457-476.
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Task 9: Recommend a standard methodology to take account of sea level rise and its effect on
extreme levels. This method should take account o f the reference to sea level rise in MAFF 
(I993)4 and Dixon and Tawn (1997)'. A worked example of this methodology should be 
given fo r Liverpool (Gladstone Dock) in the years 2025 and 2050.

Task 10: Produce report and other outputs detailing the data used, studies undertaken and results 
produced.

4 MAFF (1993). Project Appraisal Guidance Notes. Publication No. PBI2I4. MAFF Publications, London.
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2------M E T H O D O L O G Y -

2.1 Task I:  O b ta in  D ata

Annual maximum tide level (AMAX) data were obtained for the 10 sites identified in Appendix A of the 
Specification (Table I) from the Proudman Oceanographic Laboratory (POL). The Environment Agency have 
also provided data from 2 tide gauges it operates as part of the RCS flood warning network at Howley W eir and 
Arpley Pier on the Mersey. These data are available as a mixture of Hydrolog and RCS archive data and will be 
of most use in the analysis of the recent (Feb 1990 and Feb 1997) events (Task 6).

As detailed in Table I, the National A-class tide gauge sites are at Workington, Heysham, Liverpool (Princes 
Pier, until 1983), Liverpool (Gladstone Dock, since 1991) and Llandudno and data for these sites has been 
provided directly by POL. The data for Silloth, Barrow, Fleetwood, Hilbre Island and Eastham Dock were 
obtained by POL from the appropriate harbour authority. The grid references of the National tide gauge sites 
are known to the nearest tenth of one second of latitude and longitude and each site can therefore be accurately 
located. The grid references of the other stations are taken from the Admiralty tide tables and, as these are 
provided to the nearest minute of latitude/longitude, these positions are less accurately defined. The location of 
all gauges is shown on Figure I whilst the organisations consulted and data obtained are detailed in Table 2.

The POL and EA tide level data were obtained in hard copy format and all data provided to m AODN. A 
summary of the available information is detailed in Table 3 whilst a chronological listing of the data is given in 
Appendix A. As requested by the Agency, a listing of the data in order of magnitude is also given in Appendix B.

The chart datum are identified in Table I -  no conflicts were identified.

2.2 Task 2: E xtrem e Sea Levels Using SRJPM

The extreme sea levels for each of the required 10 sites (Table I) have been calculated using the Spatial Revised 
Joint Probability Method (SRJPM) described in Dixon and Tawn (1997). The results, presented in Table 4, are 
limited to the return periods provided by Dixon and Tawn. A summary of the methodology and all calculations 
are presented in Appendix C.

These estimates are based on the I-year tide level provided by Dixon and Tawn (ibid. Table 8.4). Dixon and 
Tawn suggest that, where possible, this I-year level estimate should.be improved at each site by using recorded 
hourly tidal data. This requires a minimum of I to 6 months of winter period hourly tide and surge data at each 
site although preferably, to avoid seasonal bias and reduce sampling variation, a complete year of hourly tidal 
data should be obtained for each site.

However, due to the high cost (£600 per station-year) of the hourly data we have, as agreed with the Agency, 
not purchased the hourly data from POL at this stage. It is considered that the I-year levels provided by Dixon 
and Tawn are sufficiently accurate (ibid. Figure 8.18) to obviate the need for this additional and expensive data, 
to calculate the I-year level. Only at a later stage would we consider analysis o f the hourly data if the results 
from the currently available AMAX series show that there would be benefit in doing so.
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2.3 Task 3: E x tre m e  Sea Levels Using Frequency Analysis

Using the annual maximum (AMAX) data collected in Task I, the extreme sea levels for the 10 sites specified in 
Table I have been calculated fo r 12 return periods (defined in Appendix B of the Specification) using the 
methodology described by Graff (1981) and Coles and Tawn (1990). The required return periods are the I, 5, 
10,20,25,50,75 100, 150, 200, 500 and 1,000 year events.

These 2 methodologies use the General Extreme Value distribution (GEV), fitted by the method of Maximum 
Likelihood (GEV-MLE) and by Probability Weighted Moments (GEV-PWM) respectively, to put an equation 
through the annual maximum data. No adjustment for trend with time was or has been made. For the GEV 
distribution the probability of an annual maximum value x being less than any value X is given by a 3 parameter 
equation;

F (x>X) = exp ( - { I -k (X-u)/a}l/k)

W here u, a and K are constants. The parameters of the distributions for each of the 10 stations have been 
derived using the WINFAP programme and these parameters are given in Table 5.

The Extreme Sea Levels calculated using the GEV-MLE and GEV-PWM methods are detailed in Table 6 although 
due to the small number of data points at Llandudno, it was not possible to fit a MLE distribution to these data.

The Standard Errors (SE) of the 2 GEV distributions at various return periods are detailed in Table 7. This 
indicates that there is a marginally lower SE with the GEV-MLE distribution than the GEV-PWM and thus this 
should be adopted as the best estimate of extreme sea levels at most sites. The exception is Hilbre Island 
although fo r consistency it is recommended that the GEV-MLE distribution is adopted for all sites except 
Llandudno where there is insufficient data to fit such a distribution.

2.4 Task 4: C om parison  o f  E x trem e  Sea Level Estim ates

2.4.1 Previous Estimates

The extreme sea level estimates detailed in Graff (1981) and Coles and Tawn (1990) are given in Tables 8 and 9 
respectively.

2.4.2 SRJPM and 1998 Frequency Anolyses

Estimates of extreme sea levels have therefore been derived by;

i  the SRJPM method described in Section 2.2,
s the Frequency analyses using data up to 1997 described in Section 2.3, and
# estimates derived by Graff (1981) and Coles and Tawn (1990) detailed in Section 2.4.1.

A  comparison of extreme sea levels calculated by each of these methods is given in Appendix D and shown on 
Figures 2 to I I for each of the 10 sites. These figures also show the data plotted using the Gringroten plotting 
position.

2.4.3 Comporison and Discussion o f Estimates

L landudno  (F igure  2). Due to  the lack of annual maximum data (only 4 years of AMAX data are available) it 
was not possible to fit a suitable GVE-MLE distribution to these data; more than 4 years of data are required.
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The GVE-PWM curve shows a large departure from the SRJPM estimates. In other extreme value distributions 
.(eg flood studies) the GEV_curve-is-stated-as-being-valid-to-a-return period-of-2N,-where-N-is-the-number of- 
years of record, which suggests that extension to  a return period of 8 years only is valid. It is suggested that, due 
to the lack of adequate data, a comparison between estimates cannot be adequately made at this location.

H ilb rV ls land~(F igure 3).~ Apart from^he I-year return period, th<TGEV frequency analyses exceed those 
from Graff and from Coles and Tawn, and are presumably due to  a rise in sea level in the intervening 18 year 
period and due to  additional data being available. The SRJPM overestimates levels at all return periods above the 
I-year event and exceed the GEV-MLE 95% confidence limits.

Eastham Dock (Figure 4). Apart from the I-year estimate, the SRJPM shows a reasonable fit to the 1998 
frequency analyses for flood return periods up to the 100-year event. Above this level the SRJPM overestimate 
the tide levels predicted by the GEV fitted distributions.

L iverpoo l - Gladstone Dock (F igure 5), L iverpoo l - Princes Pier (F igure 6), F lee tw ood  (F igure  7), 
B arrow  (Figure 9) and W o rk in g to n  (F igure 10). For each of these sites the SRJPM significantly 
overestimates the estimates derived from the other methods across the full range of return periods (Figure 5, 6, 
7, 9 and 10) and exceed the GEV-MLE 95% confidence limits. A t Workington the GEV-PWM estimates are 
based on only 6 years of AMAX data. As detailed above for Llandudno, in other extreme value distributions (eg 
flood studies) the GEV curve is stated as being valid to a return period of 2N, where N is the number of years of 
record. This suggests that extension to a return period of 12 years only is valid and that, due to the lack of 
adequate data, a comparison between estimates cannot be adequately made at this location.

Heysham. (F igure 8). Both the Coles and Tawn (1990) estimates and SRJPM overestimate those given by 
Graf and the 2 GEV distributions. The SRJPM exceeds all estimates apart from Coles andTawn.

S illo th  (Figure I I). The SRJPM significantly underestimates the levels derived from the other methods across 
the full range of return periods.

Due to the variability of high tides on the UK west coast being large relative to  the variability of surge levels, the 
SRJPM was considered by Dixon and Tawn to be superior to  both annual maxima and r-largest analysis methods, 
provided at least 5 -10 years of hourly observed tides were available.

The results (Figure 2-11) suggest the SRJPM does not provide a good fit to the recorded data. In view of the 
under and overestimate of the SRJPM, it is suggested that the GEV-MLE distribution should be used to estimate 
extreme tide levels at these sites.

2.5 Task 5: Consistent Set o f E x trem e  Sea Levels

The study brief requires a robust and consistent set of extreme sea levels for the specified locations and return 
periods. In view of the under and overestimate of the SRJPM, as detailed in section 2.4, it is suggested that the 
GEV-MLE distribution should be used to  estimate extreme tide levels at these sites. The recommended adopted 
values are given in Table 10.

2.6 Task 6: High Tides o f 26/2/90 and 10/2/97

Using the GEV equation detailed in section 2.3, and the parameters detailed in Table 5, the return periods of the 
high tides of 26/2/90 and 10/2/97 (provided in Appendix A) have been calculated for each site where tide level 
data is available (Table 11).
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2.7 Task 7: O p e ra tio n  N e p tune  Flood W arn ing  Levels

Using the GEV-MLE parameters derived (Table 5) the Return Periods of the Operation Neptune flood warning 
levels of 5.5m and 6.0m AO D  at Gladstone Dock, Liverpool have been calculated (Table 12).

The equivalent levels fo r these return periods at Heysham, Workington, Llandudno and Fleetwood have been 
calculated by rearranging the GEV equation given in section 2.3 and are shown in Table 13.

2.8 Task 8: In te rp o la tin g  E x tre m e  Sea Levels

The brief requires a methodology for interpolating extreme sea levels between the 10 locations to be 
recommended, and such a method should take account of the recent work described in Dixon and Tawn (1997). 
A  full worked example of applying the SRJPM method is detailed in Appendix C and the brief requires a worked 
example, using SPJPM, fo r the mouth of the Ribble estuary.

However, fo r the reasons detailed in section 2.4.3, it is considered that the SRJPM may not be appropriate and 
has been shown to be inaccurate at these locations. It is recommended that the SRJPM method be revised 
before being adopted and applied to  other sites on the north west coast of the UK.

2.8. 1 Revised SRJPM

In order to  provide extreme sea level estimates for the Ribble estuary and other unmonitored sites, the SRjPM 
method has been revised using the GEV-MLE estimates presented in this report (Table 6). Such revisions using 
local data can be undertaken by revising the I-year level based on 6 o r preferably 12 month period of hourly 
tidal data. However, it is considered that such revisions would influence the origin of the relationship between 
return period and sea level and not the slope of the relationship which is shown to be inaccurate at many sites 
(Figures 2 to I I ) .  Consequently the SRJPM has been revised by recalculating the return period adjustment 
factors at relevant nodes in the area by accounting for the GEV-MLE estimates at the selected locations.

The GEV-MLE estimates (Table 6) are adjusted by initially removing the datum adjustment factor and the node 
estimates then calculated from these site estimates and the distance weightings. Two approaches have been 
adopted (i) extrapolating from a node through a site to the next node of interest assuming a linear relationship, 
and (ii) interpolating between 2 sites to a node of interest between them. It was found that extrapolation, 
particularly where more than I site exists between 2 nodes, resulted in large error of estimation (i.e. more than 
I metre). Hence interpolation to a node between 2 or more sites has been adopted.

Due to lack o f data at Llandudno (only 4 years), and hence a poor GEV distribution, this site was removed from 
the analyses and it was thus not possible to recalculate weightings for nodes 62 and 63. These are assumed to 
be as given in Dixon and Tawn. The revised return period estimates at node 64 are based on the weightings and 
levels at the one site to  the west; Hilbre Island and three sites to the east; Eastham, Gladstone Dock and Princes 
Pier. For each return period the sea level at node 64 was calculated as a weighted distance value between the 
GEV-MLE estimates at Hilbre and at Eastham, Gladstone and Princes Pier. The adopted value was then taken as 
the mean of these three estimates. The weightings fo r node 65 are taken as the mean of 9 estimates, with 3 
sites to  the south and 3 sites to  the north. The weightings for node 66 are extrapolated from node 65 and the 
three sites to  the north; Barrow, Heysham and Fleetwood, there being no measurement sites between nodes 66 
and 67 to allow fo r interpolation. The weightings fo r nodes 67 and 68 are calculated using simultaneous 
equations for W orkington and Silloth. These revised nodal estimates are shown in Table 14.

The revised return period adjustment factors are then calculated by removing the I-year level specified by 
Dixon and Tawn and assuming a zero trend adjustment (i.e. a base year of 1990). These give the revised nodal 
estimates o r return period adjustments (Table 15) equivalent to Tables 8.1 to 8.3 in Dixon and Tawn (1997).
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-------------On-this-basis-the SRJPM-has-been -used-to recalculate-extreme-sea-level-estimates-(Table-l 6)-based on the-
revised return period adjustment factors (Table 15). A comparison of the GEV-MLE, the original SRJPM and 
revised SRJPM estimates (Table 17) suggests some improvement is made, as would be expected given that a 
separate validation data set is not available, but variability does exist These comparisons are also shown on 
Figures 12 to 20.

In summary, due to the discrepancy between the GEV and SRJPM methods, the return period adjustment factors 
have been revised to recalculate extreme sea levels estimates, and whilst some improvement is made a large 
degree of variability does exisL

2.8.2 Estimates for the Ribble Estuary

The original and revised nodal return period weightings have been used to calculate extreme sea levels for a site 
in the Ribble estuary (Table 18). The methodology is given in Appendix E.

Compared to adjacent sites; Fleetwood to the north and Eastham, Gladstone and Princes Pier to the south, the 
results suggest that the revised SRJPM yields more accurate results than the unadjusted SRJPM (Table 19). This 
suggests chat there is little benefit in using the SRJPM over using weighted distance estimates from adjacent tidal 
stations with a sufficiently long period of record.

It is therefore recommended that the GEV-MLE estimates and weighted distance factors to unmonitored sites 
be used in preference to the SRJPM or revised SRJPM and estimates for the Ribble estuary are given in Table 19.

2.9 Task 9: Sea Level Rise

It is required to recommend a standard methodology to take account of sea level rise and its effect on extreme 
sea levels. This method should take account of the reference to sea level rise in MAFF (1993) and Dixon and 
Tawn (1997). A worked example of this methodology should be given for Gladstone Dock in the years 2025 
and 2050.

In July 1989 MAFF announced a strategy to respond to the Greenhouse effect, embracing the use of current 
predictions of sea level rise in reviewing existing standards for coastal defences. The Inter Governmental Panel 
on Climate Change (I990)5 offered predictions of global sea level rise for various scenarios, of which the ‘ IPCC 
best estimate trend’ is accepted as the most appropriate at this time. Predictions are also available of earth 
crustal movements in the UK. More recent estimates (Climate Change Impacts Review Group, I996)6 indicate a 
global sea level rise of 19cm by the 2020s (i.e. 7.6 mm/yr) and 37cm by the 2050s (i.e. 6.7mm/yr). However, 
these estimates make no allowance for any regional differences which may arise from isostatic rebound and 
crustal movements.

The combination of the IPCC 1990 predictions has been accepted by MAFF (1993) as forming the best basis of 
allowances for the appraisal of coastal defences and is based on Environment Agency regions (Table 20). This 
suggests a sea level rise of 4.0 mm/year for the EA-NW region. Dixon and Tawn (1997) also provide estimates

5 The Inter Governmental Panel on Climate Change ( 1990). Houghton, J. T., Jenkins, G. J., & Ephralms, J. J. (1990). 
Climate Change: the IPCC Scientific Assessment. Cambridge University Press: Cambridge.

6 Climate Change Impacts Review Group, (1996). Review of the Potential Effects of Climate Change in the United 
Kingdom. Second Report, prepared for the Department of the Environment. HMSO. London: 247 pp.
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of the rate of increase in sea level at each of the nodes around the UK (Table 21) which are provided to greater 
resolution than the MAFF estimates. The Dixon and Tawn estimates have been used.

The increase in sea level at Liverpool (Gladstone Dock) by 2025 and 2050 (Table 22) follow the same approach 
as detailed in Appendix D, with the adjustment figure in Table D4 altered to those figures given in Table 2 1.

2.10 T ask  10: R epo rting

This report has been produced in Microsoft W ord format, which can be converted to WordPerfect format data 
files as required by the Agency. In addition to  the deliverables stated in the specification we are also pleased to 
provide the following additional outputs:

# Provision of the data in both Maplnfo and Arc/Info format.

# The majority of the data analyses has been undertaken using bespoke Excel spreadsheets and these are 
provided.
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3 C O N C L U S IO N S  A N D  R E C O M M E N D A T IO N S

Extreme sea levels at 10 sites around the NW  coast of the UK have been calculated by various methods. These 
methods include;

# The Spatial Revised Joint Probability Method (SRJPM) described by Dixon and Tawn (1997), and

# A General Extreme Value (GEV) distribution fitted to the annual maximum data by the method of maximum 
likelihood (GEV-MLE) and by probability weighted moments (GEV-PWM).

# A summary of estimates by Graff ( 1981) and Coles and Tawn ( 1990)

A comparison of these methods of estimation suggest that the SRJPM overestimates levels at most locations, and 
that the GEV-MLE distribution provides the best fit to the data and for estimating extreme sea levels. Extreme 
sea levels have therefore been derived for all sites using the parameters from this GEV-MLE distribution. The 
return periods of the extreme tidal events of Feb 1990 and Feb 1997 have therefore been calculated, as have 
those for the Operation Neptune flood levels at selected sites.

This SRJPM method is shown to be inaccurate at several locations in the Northwest. To apply this method to 
sites without tidal gauges (e.g. Ribble estuary) 2 options to revise the SRJPM method were considered. These 
include;

,  Revisions to the I -year level based on 6 or preferably 12 month period of hourly tidal data

# Revisions to the return period adjustment factors at each node by considering the GEV-MLE estimates at 
the selected locations.

In view of the different slope of the SRJPM estimates compared to the GEV values, it was considered that 
changing the I-year level would have a minimal impact on the estimate values. The SRJPM method was therefore 
revised using the GEV-MLE estimates to derive return period adjustment factors and whilst some improvement 
is gained over the unadjusted SRJPM method, in view of the limited number of measurement sites such revisions 
cannot be recommended for application to un-measured sites. It is suggested that extreme sea levels at 
unmeasured site be taken as the weighted distance mean of measurements at two adjacent sites where a 
sufficient period of record exists. Such an approach has been adopted for the Ribble Estuary.

The original and revised nodal return period weightings have been used to calculate and compare extreme sea 
levels at each measurement site and also for an unmonitored site in the Ribble estuary. The results suggest that 
the SRJPM and the revised SRJPM do not accurately predict extreme sea levels at all monitoring sites. It is 
therefore suggested that, at unmeasured sites, the weighted distance from 2 adjacent sites with a sufficiently long 
period of record should be used to interpolate extreme sea levels from GEV-MLE estimates. It is considered 
that this would provide results with greater accuracy than the SRJPM.

A methodology for interpolation of the calculated extreme sea levels to other sites in the area is included.
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T A B L E S
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Table* I Location o f T ide Gauges

Location UK A-Class 
T ide  Gauge'

Gauge D a tum  
(m  atTove 
N ew lyn)

G rid
Reference

Latitude
' -r

Llandudno / -3.85 SH 7857 8320 53° 19' 53.4" N 03° 49' 25.2" W
Hilbre Island -4.93 S| 1837 8905 53° 23' 30.0" N 03° 13* 39.3" W
Eastham Lock -4.93 SJ 3672 8042 53° I9'N 02° 57'W
Liverpool - Gladstone 
Dock

✓ (since 1991) -4.93 SJ 3249 9525 53° 26’ 57.9” N 03° o r  00.0" W

Liverpool - Princes 
Pier

✓ (until 1983) -4.93 SJ 3363 8983 53° 24’ 03.0" N 02° 59' 54.0” W

Fleetwood -4.90 SD 3435 4906 53° 56' N 03° 00' W
Heysham / -4.90 SD 4025 6015 54° 02'01.3" N 02° 54' 44.5" W
Barrow -4.75 SD 2154 6781 54°06'N 03° 12'W
Workington ✓ -4.20 NX 9896 2953 540 39' 02.2" N 03° 33' 58.2" W
Silloth -4.40 NY 1016 5334 54°52'N 03°24'W

Table 2 Organisations Consulted fo r  T ida l data

O rganisation D a ta  Made Available
Proudman Oceanographic Laboratory AMAX data at 10 sites detailed in Table \-
Environment Agency -  North West AMAX data at 2 sites
Harbour Authorities Peak tide levels for events of 26/2/90 and 10/2/97 at 

Fleetwood, Barrow in Furness and Silloth.
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T a b le  3 A va ila b le  A n n u a l M a x im u m  T ide  Level D ata

Record No o£C om p le te  Years o f 
Record

Llandudno 1994 -  1997 4
Hilbre Island 1854-1907 

1956- 1981 
1990 
1997

82

Eascham Lock 1956- 1970 
1974 -  1977 
1990 
1997

21

Liverpool - Gladstone Dock 1956-1970 
1973- 1977 
1989- 1997

29

Liverpool - Princes Pier 1941 -  1983
1990
1997

45

Fleetwood 1930-1931 
1935- 1962 
1965- 1973 
1975- 1983 
1985- 1990

54

Heysham 1940- 1941 
1943-1952 
1959- 1969 
1971 -  1972 
1974- 1997

49

Barrow 1920- 1923 
1962- 1967 
1970- 1978

19

W orkington 1992- 1997 6
Silloth 1928- 1934 

1940- 1958 
1965- 1978

40
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Table 4 T ide  Levels ( to  m  A O D N ) calculated using SRJPM (D ixon  and Tawn, 1997) w ith  base year 
o f 1990

Return Period (Years)
Site ' 1 10 25 50 too 250 500 1000 10000
Llandudno 4.132 4.51 1 4.664 4.748 4.901 5.054 5.138 5.261 5.673
Hilbre Island 4.777 5.219 5.395 5.508 5.684 5.861 5.975 6.120 6.626
Eastham Lock 5.522 6.062 6.282 6.418 6.638 6.865 7.005 7.191 7.821
Gladstone Dock 5.523 6.063 6.283 6.420 6.640 6.866 7.006 7.193 7.823
Princes Pier 5.526 6.067 6.287 6.423 6.643 6.870 7.010 7.197 7.827
Fleetwood 5.681 6.224 6.444 6.584 6.804 7.034 7.174 7.364 8.01 1
Heysham 5.671 6.215 6.435 6.575 6.795 7.025 7.165 7.355 8.001
Barrow 5.633 6.181 6.401 6.541 6.761 6.991 7.131 7.321 7.963
Workington 5.231 5.674 5.835 5.935 6.102 6.269 6.373 6.514 7.002
Silloth 5.237 5.683 5.850 5.950 6.122 6.293 6.399 6.547 • 7.045

Table 5 Param eters o f F itted  GEV D is tribu tions

Site N o Years 
D ata

F itting
Procedure

GEV Param eters
.; " k

Llandudno 4 GEV-PWM 4.651 .023 -.831
Llandudno 4 GEV-MLE Fitting failure
Hilbre Island 82 GEV-PWM 4.878 .244 .073
Hilbre Island 82 GEV-MLE 4.876 .235 .047
Eastham Lock 21 GEV-PWM 5.797 .196 .118
Eastham Lock 21 GEV-MLE 5.807 .201 .192
Liverpool -  Gladstone Dock 29 GEV-PWM 5.318 .214 .047
Liverpool -  Gladstone Dock 29 GEV-MLE 5.327 .221 .117
Liverpool -  Princes Pier 45 GEV-PWM 5.412 .221 .022
Liverpool -  Princes Pier 45 GEV-MLE 5.415 .218 .028
Fleetwood 54 GEV-PWM 5.592 .227 .307
Fleetwood 54 GEV-MLE 5.590 .221 .279
Heysham 49 GEV-PWM 5.788 .190 .081
Heysham 49 GEV-MLE 5.787 .185 .064
Barrow 19 GEV-PWM 5.418 .144 -.150
Barrow 19 GEV-MLE 5.423 .143 -.133
Workington 6 GEV-PWM 5.031 .291 .222
Workington 6 GEV-MLE 5.050 .246 .247
Silloth 40 GEV-PWM 5.676 .290 .164
Silloth 40 GEV-MLE 5.677 .286 .159
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T a b le  6 E x tre m e  Sea Levels (m  A O D N ) by G E V -M LE  and GEV-PW M m ethods (* *  = f it t in g  fa ilu re )

■ 'V 4- '■ - ’ < r 4* R eturn Period (Years)
S ite M e th o d 1 5 10 20 25 50 75 100 150 200 500 1000
Llandudno PWM 4.63 4.72 4.80 4.94 5.01 5.32 5.60 5.86 6.36 6.83 9.36 13.06

MLE ** ' * * ** ** ** ** ** ** ** **

Hilbre PWM 4.22 5.22 5.38 5.53 5.57 5.71 5.78 5.83 5.90 5.95 6.10 6.20
MLE 4.27 5.22 5.38 5.53 5.57 5.71 5.79 5.85 5.92 5.98 6.14 6.26

Eastham Lock PWM 5.24 6.07 6.19 6.29 6.32 6.41 6.46 6.49 6.54 6.57 6.66 6.73
MLE 5.18 6.07 6.17 6.26 6.29 6.36 6.40 6.42 6.45 6.47 6.53 6.57

Gladstone Dock PWM 4.76 5.63 5.78 5.91 5.95 6.08 6.15 6.20 6.27 6.32 6.47 6.58
MLE 4.70 5.63 5.76 5.88 5.92 6.02 6.08 6.1 1 6.16 6.20 6.30 6.37

Princes Pier PWM 4.86 5.74 5.90 6.05 6.10 6.24 6.32 6.38 6.46 6.52 6.70 6.83
MLE 4.86 5.73 5.89 6.03 6.08 6.22 6.30 6.35 6.43 6.48 6.65 6.78

Fleetwood PWM 4.77 5.86 5.96 6.03 6.05 6.1 1 6.13 6.15 6.17 6.18 6.22 6.24
MLE 4.82 5.86 5.96 6.04 6.06 6.1 1 6.14 6.16 6.19 6.20 6.24 6.27

Heysham PWM 5.27 6.06 6.18 6.29 6.32 6.42 6.48 6.52 6.57 6.61 6.72 6.79
MLE 5.30 6.05 6.18 6.29 6.32 6.43 6.49 6.53 6.58 6.62 6.74 6.82

Barrow PWM 5.12 5.66 5.80 5.96 6.01 6.18 6.29 6.37 6.49 6.58 6.90 7.17
MLE 5.13 5.66 5.80 5.94 5.99 6.15 6.25 6.33 6.44 6.52 6.80 7.04

W orkington PWM 4.09 5.40 5.55 5.66 5.70 5.79 5.84 5.87 5.91 5.93 6.01 6.06
MLE 4.22 5.36 5.48 5.57 5.59 5.67 5.70 5.73 5.76 5.78 5.83 5.87

Silloth PWM 4.81 6.06 6.22 6.36 6.40 6.51 6.57 6.61 6.67 6.70 6.80 6.87
MLE 4.82 6.06 6.22 6.35 6.39 6.51 6.57 6.61 6.66 6.70 6.81 6.88

T a b le  7 S tandard  E rro rs  o f  G EV D is tribu tions  (low es t SEs in ita lics), * *  = f it t in g  failure.

■ - '•'v y < ; ■ ?. .-*r -Vif- *J' ■'■y : - R e turn  Period (Years) ■ : ;
L o ca tio n M ethod •• . 1 ■ :-5^'- ■: 10; 20 25 50 75 100 150 200 500 1000
Llandudno PWM ifcf ** ** aM6 **

MLE ** j|c|e ** * * ** ** **
H ilbre Island PWM 0.10 0.04 0.06 0.08 0.08 0.11 0.13 0.15 0.17 0.19 0.25 0J0

MLE 0.09 0.04 0.06 0.08 0.09 0.12 0.15 0.16 0.19 0.21 0.28 0.35
Eastham Lock PWM 0.17 0.07 0.08 0.11 0.12 0.15 0.18 0.20 0.23 0.25 0.32 0.38

MLE 0.18 0.06 0.07 0.08 0.09 0.11 0.13 0.14 0.16 0.17 0.21 0.24
Gladstone Dock PWM 0.14 0.07 0.09 0.12 0.14 0.18 0.22 0.24 0.28 0.31 0.42 0.51

MLE o.ts 0.06 0.08 0.10 O .il 0.15 0.17 0.19 0.21 0.23 0.30 0.35
Princes Pier PWM 0.11 0.06 0.08 0.1 1 0.12 0.17 0.20 0.22 0.26 0.29 0.39 0.48

MLE 0.11 0.06 0.08 0.11 0.12 0.17 0.20 0.22 0.26 0.29 0.39 0.47
Fleetwood PWM 0.17 0.04 0.04 0.05 0.05 0.06 0.07 0.07 0.08 0.09 0.10 0.11

MLE 0.15 0.04 0.04 0.04 0.05 o.os 0.06 0.07 0.07 0.08 0.09 0.10
Heysham PWM 0.10 0.04 0.06 0.08 0.08 0.11 0.13 0.15 0.17 0.18 0.24 0.29

MLE 0.09 0.04 0.06 0.08 0.08 O.il 0.13 0./5 0.17 0.19 0.24 0.29
Barrow PWM 0.09 0.08 0.12 0.19 0.21 0.33 0.41 0.48 0.59 0.68 1.02 1.36

MLE 0.08 0.07 0.11 0.18 0.21 0.31 0.39 0.45 0.55 0.63 0.94 1.24
W orkington PWM 0.55 0.15 0.18 0.22 0.24 0.30 0.34 0.38 0.42 0.45 0.56 0.63

MLE 0.62 0.13 0.14 0.19 0.20 0.27 0.32 0.35 0.40 0.43 0.53 0.61
Silloth PWM 0.19 0.07 0.08 0.10 0.1 1 0.14 0.16 0.18 0.20 0.22 0.28 0.32

MLE 0.16 0.06 0.08 0.09 0.10 0.13 0.14 0.16 0.17 0./9 0.23 0.27
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_ Table E xtrem e Sea Level J lesults (m  A O D N ) fro m  Coles and Tawn (1990); base year o f 1990

Return Period (Years) ‘ S ta rt End N o
Location 10 100 1000 Year Y ear Years
Llandudno - - . . -

Hilbre Island 5.51 5.78 5.96 1854 1981 80
Eastham Lock 6.43 6.48 6.49 1956 1977 19
Liverpool - Gladstone Dock 6.08 6.21 6.30 1956 1977 20
Liverpool - Princes Pier 6.10 6.24 6.31 1941 1977 37
Fleetwood 6.01 6.21 6.30 1930 1983 48
Heysham 6.13 6.93 8.13 1940 1984 36
Barrow 5.79 6.39 7.30 1920 1978 19
Workington . - . . - .

Silloth 6.23 6.69 7.08 1928 1978 39

Table 9 E xtrem e Sea Level Results (m  A O D N ) fro m  G ra ff (1981); base year o f 1978

R eturn Period (Years) S ta r t
Y ear

End
Y ear

N o
YearsLocation 1 5 10 20 50 100 250

Llandudno - - . - - - -

Hilbre Island 4.88 5.19 5.31 5.44 5.58 5.69 5.78 1854 1977 76
Eastham Lock 5.81 6.03 6.09 6.19 6.25 6.31 6.38 1956 1977 19
Liverpool - Gladstone Dock 5.31 5.59 5.72 5.81 5.94 5.97 6.06 1956 1977 20
Liverpool - Princes Pier 5.38 5.69 5.81 5.88 6.00 6.09 6.19 1941 1977 37
Fleetwood 5.56 5.88 5.94 6.01 6.09 6.13 6.19 1930 1978 43
Heysham 5.78 6.06 6.19 6.28 6.44 6.53 6.66 1940 1977 29
Barrow 5.38 5.69 5.81 5.94 6.09 6.25 6.44 1920 1978 19
Workington - - - . . . . - -

Silloth 5.69 6.06 6.22 6.34 6.47 6.56 6.69 1928 1978 40

Table 10 Recom m ended E xtrem e Sea Levels (m  A O D N ) using G EV-M LE  m ethod (L landudno  = 
G EV-PW M )

F itting ' ■. . R eturn Period (Y ears): ■ ̂  nv
Site Method 1 5 10 20 ■■ .25?$ '  ̂.5 0; 100 ; I50v 200 500 1000
Llandudno PWM 4.63 4.72 4.80 4.94 5.01 5.32 5.60 5.86 6.36 6.83 9.36 13.06
Hilbre MLE 4.27 5.22 5.38 5.53 5.57 5.71 5.79 5.85 5.92 5.98 6.14 6.26
Eastham Lock MLE 5.18 6.07 6.17 6.26 6.29 6.36 6.4 6.42 6.45 6.47 6.53 6.57
Gladstone Dk MLE 4.70 5.63 5.76 5.88 5.92 6.02 6.08 6.1 1 6.16 6.20 6.30 6.37
Princes Pier MLE 4.86 5.73 5.89 6.03 6.08 6.22 6.30 6.35 6.43 6.48 6.65 6.78
Fleetwood MLE 4.82 5.86 5.96 6.04 6.06 6.1 i 6.14 6.16 6.19 6.20 6.24 6.27
Heysham MLE 5.30 6.05 6.18 6.29 6.32 6.43 6.49 6.53 6.58 6.62 6.74 6.82
Barrow MLE 5.13 5.66 5.80 5.94 5.99 6.15 6.25 6.33 6.44 6.52 6.80 7.04
Workington MLE 4.22 5.36 5.48 5.57 5.59 5.67 5.70 5.73 5.76 5.78 5.83 5.87
Silloth MLE 4.82 6.06 6.22 6.35 6.39 6.51 6.57 6.61 6.66 6.70 6.81 6.88
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T a b le  I I R e tu rn  Periods o f  the  H igh T ides o f 26/2/90 and 10/2/97 (* * *  = n o t possible to  extrapo la te  
d is tr ib u t io n )

L o ca tio n 26/2/90 " 10/2/97
, ■ ■ ‘ "  • .. T id e  Levels  

( m A O D N E
R eturn  Period 

(Years)
T ide  Level 
(m  A O D N )

Return Period  
(Years)

Llandudno - - 5.100 31.2
Hilbre Island 5.970 191.8 5.650 36.3
Eastham Lock 6.390 70.0 6.070 5.0
Liverpool - Gladstone Dock 6.040 58.0 5.890 21.1
Liverpool - Princes Pier 6.220 ■49.8 6.290 71.1
Fleetwood 6.200 194.7 6.500
Heysham 6.270 17.9 6.390 39.2
Barrow 5.950 20.6 6.350 107.7
W orkington - - 5.589 23.9
Silloth 5.900 2.84 6.600 93.0

T a b le  12 R e tu rn  Periods fo r  O p e ra tio n  N eptune Flood Levels a t L ive rpoo l (G ladstone Dock)

L o ca tib n 5.5m A O D N 6.0m A O D N
Liverpool - Gladstone Dock 2.81 years 43.67 years

T a b le  !3  F lood Levels (m  A O D N )  a t selected sites fo r  O peration  N eptune Return Periods at 
L ive rp o o l (G ladstone  D ock)

Rfeturn Period (Years)
L o ca tio n . I- .; . V ; . 2.81 years- : : 43.67 years
Llandudno 4.68 5.26
Fleetwood 5.75 6.11
Heysham 5.94 6.41
W orkington 5.23 5.65

T a b le  14 R e tu rn  P eriod  E stim a tes (m  A O D N ) a t each Node based on in te rpo la tio n  w ith  station  
reco rds

- . R eturn  P eriod (Years)
N ode io ;25y-;v:,-v 50 ? 100 500 1000

62 4.230 4.380 4.460 4.610 4.840 4.960
63 4.940 5.110 5.220 5.390 5.670 5.810
64 5.298 5.482 5.615 5.746 6.019 6.131
65 5.764 5.909 6.010 6.108 6.323 6.416
66 5.828 5.936 6.011 6.090 6.254 ‘ 6.326
67 4.040 4.052 4.067 4.061 3.998 3.989
68 7.419 7.705 7.902 8.080 8.473 8.601
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Table 15 Revised'Return P eriod 'A d justm ents  (m )’

Return Period (Years)
Node 10 25 50 100 500 1000

63 0.430 0.600 0.710 0.880 1.160 1.300
64 0.138 0.322 0.455 0.586 0.859 0.971
65 0.364 0.509 0.610 0.708 0.923 1.016
66 0.348 0.456 0.531 0.610 0.774 0.846
67 -0.980 -0.968 -0.953 -0.959 -1.022 -1.031
68 2.429 2.715 2.912 3.090 3.483 3.61 1

Table 16 Extrem e Sea Level estim ates (m  A O D N ) based on revised SRJPM

R eturn  Period (Years) . -  -
Site 10 ' 25 ^ 3'b'>5N.-' 100 • * 500 1000
Hilbre Island 5.440 5.622 5.752 5.888 6.162 6.278
Eastham Lock 5.653 5.823 5.946 6.065 6.319 6.425
Liverpool -  Gladstone Dock 5.651 5.822 5.944 6.064 6.318 6.423
Liverpool -  Princes Pier 5.645 5.816 5.939 6.059 6.313 6.419
Fleetwood 5.998 6.132 6.226 6.318 6.519 6.606
Heysham 6.007 6.137 6.228 6.319 6.514 6.599
Barrow 6.038 6.155 6.236 6.320 6.495 6.572
Workington 5.480 5.590 5.670 5.730 5.830 5.870
Silloth 6.220 6.390 6.510 6.610 6.810 6.880
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T a b le  17 C om parison  o f  estim ates (m  A O D N )

-,y.r •- Return Period (Years)
L o ca tio n M ethod : 10 25 50 100 500 1000
Hilbre Island MLE 5.38 5.57 5.71 5.85 6.14 6.26

SRJPM 5.22 5.40 5.51 5.68 5.97 6.12
R-SRJPM 5.440 5.622 5.752 5.888 6.162 6.278

Eastham Lock MLE 6.17 6.29 6.36 6.42 6.53 6.57
SRJPM 6.06 6.28 6.42 6.64 7.00 7.19

R-SRJPM 5.653 5.823 5.946 6.065 6.319 6.425

Gladstone Dock MLE 5.76 5.92 6.02 6.1 1 6.3 6.37
SRJPM 6.06 6.28 6.42 6.64 7.01 7.19

R-SRJPM 5.651 5.822 5.944 6.064 6.318 6.423

Princes Pier MLE 5.89 6.08 6.22 6.35 6.65 6.78
SRJPM 6.07 6.29 6.42 6.64 7.01 7.20

R-SRJPM 5.645 5.816 5.939 6.059 6.313 6.419

Fleetwood MLE 5.96 6.06 6.11 6.16 6.24 6.27
SR|PM 6.22 6.44 6.58 6.80 7.17 7.36

R-SRjPM 5.998 6.132 6.226 6.318 6.519 6.606

Heysham MLE 6.18 6.32 6.43 6.53 6.74 6.82
SRJPM 6.21 6.43 6.57 6.79 7.16 7.35

R-SRJPM 6.007 6.137 6.228 6.319 6.514 6.599

Barrow MLE 5.8 5.99 6.15 6.33 6.8 7.04
SRJPM 6.18 6.40 6.54 6.76 7.J3 7.32

R-SRJPM 6.038 6.155 6.236 6.320 6.495 6.572

W orkington MLE 5.48 5.59 5.67 5.73 5.83 5.87
SRJPM 5.67 5.84 5.94 6.10 6.37 6.51

R-SRJPM 5.480 5.590 5.670 5.730 5.830 5.870

Silloth MLE 6.22 6.39 6.51 6.61 6.81 6.88
SR| PM 5.68 5.85 5.95 6.12 6.40 6.55

R-SRIPM 6.220 6.390 6.510 6.610 6.810 6.880

T a b le  18 E x tre m e  sea levels (m  A O D N ) fo r  a site  in the  Ribble estuary

R eturn  Period (Years)
10 25 50 100 250 500 1000

SRI PM 6.073 6.293 6.430 6.650 6.877 7.017 7.204
Revised SRJPM 5.634 5.806 5.930 6.051 6.147 6.306 6.413
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Table 19 Average Extrem e Sea Levels (m  A O D N ) fo r the  Ribble Estuary based on G EV-M LE
estim ates and the average o f 9 in te rpo la tions (3 sites to  the no rth , 3 sites to  the  south)

Return Period (Years)
Location 1 5 10 20 25 50 75 100 150 200 500 1000
Eastham Lock 5.18 6.07 6.17 6.26 6.29 6.36 6.40 6.42 6.45 6.47 6.53 6.57
Gladstone Dk 4.70 5.63 5.76 5.88 5.92 6.02 6.08 6.11 6.16 6.20 6.30 6.37
Princes Pier 4.86 5.73 5.89 6.03 6.08 6.22 6.30 6.35 6.43 6.48 6.65 6.78

Ribble 4.98 5.83 5.96 6.07 6.1 1 6.21 6.27 6.31 6.37 6.41 6.53 6.62

Fleetwood 4.82 5.86 5.96 6.04 6.06 6.1 1 6.14 6.16 6.19 6.20 6.24 6.27
Heysham 5.30 6.05 6.18 6.29 6.32 6.43 6.49 6.53 6.58 6.62 6.74 6.82
Barrow 5.13 5.66 5.80 5.94 5.99 6.15 6.25 6.33 6.44 6.52 6.80 7.04

Table 20 Regional Rates o f Relative Sea Level Rise allow ing fo r  global w arm ing and crustaJ 
m ovem ents.

EA Region A llow ance (m m /yea r) '* .
Anglian 6.0
Thames
Southern

North West 4.0
North East
Remainder 5.0

Table 21 Sea Level trends by 2025 and 2050

Node T rend  (m m /yea r) A d ju s tm e n t by 2025 (m ) A d ju s tm e n t by 2050 (m )
62 3.06 0.1071 0.1836
63 3.07 0.1075 0.1842
64 3.1 1 0.1089 0.1866
65 3.07 0.1075 0.1842
66 2.63 0.0921 0.1578
67 2.1 1 0.0739 0.1266
68 0.34 0.01 19 0.0204

Table 22 Predicted Sea Levels (m  A O D N ) a t L iverpoo l (G ladstone D ock)

Return Period (Years) .
Year- 1 10 25 50 100 250 500 1000 10000
1990 5.523 6.063 6.283 6.420 6.640 6.866 7.006 7.193 7.823
2025 5.631 6.171 6.391 6.528 6.748 6.974 7.114 7.301 7.931
2050 5.708 6.248 6.468 6.605 6.825 7.051 7.191 7.378 8.008
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Extreme Sea Levels for Section I OS Studies

Figure 2 E x trem e  Sea Level Estim ates - L landudno

Figure 3 E x trem e  Sea Level Estim ates - H ilb re  Island
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Extreme Sea Levels fo r Section 105 Studies

Figure 4 E x trem e  Sea Level Estim ates - Eastham  Dock
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F igure  5 E x tre m e  Sea Level Estim ates - L ive rp o o l G ladstone D ock
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Extreme Sea Levels fo r Section I OS Studies

Figure 6 Extrem e Sea Level Estimates - L ive rpoo l Princes Pier
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Figure 7 E xtrem e Sea Level Estim ates - F lee tw ood
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Extreme Sea Levels fo r Section 105 Studies

Figure 8 E x trem e  Sea Level Estim ates - Heysham
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Figure 9 Extrem e Sea Level Estim ates - B a rrow
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Extreme Sea Levels fo r Section 105 Studies

Figure 10 Extrem e Sea Level Estim ates - W ork ing ton

Figure I I E x trem e  Sea Level Estim ates - S illo th
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Extreme Sea Levels fo r Section 105 Studies

Figure 12 Comparison of SRJPM, Revised SRJPM and GEV-MLE estimates -
Hillbre Island
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Extreme Sea Levels fo r Section 105 Studies

Figure 15 Comparison of SRJPM, Revised SRJPM and GEV-MLE estimates -
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Extreme Sea Levels fo r Section 105 Studies

Figure 16 Comparison of SRJPM, Revised SRJPM and GEV-MLE estimates -
Fleetwood

Figure 17 Comparison of SRJPM, Revised SRJPM and GEV-MLE estimates -
Heysham
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Extreme Sea Levels fo r Section 105 Studies

Figure 18 Comparison o f SRJPM, Revised SRJPM and GEV-MLE estimates -
Barrow

Figure 19 Comparison of SRJPM, Revised SRJPM and GEV-MLE estimates -
Workington
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Extreme Sea Levels fo r Section 105 Studies

Figure 20 Comparison of SRJPM, Revised SRJPM and GEV-MLE estimates - Silloth
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A P P E N D IX  A : T id a l D a ta  in C h ro n o lo g ic a l O rd e r
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f a b le  A  l-------------Annual M axim um -D ata-in C hrono log ica l O rde r -  Llandudno
NOTE: -99.999 denotes missing data

T e a r ' :
1994 4.640
1995 4.680
1996 4.670
1997 5.100
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T a b le  A 2  A n n u a l M ax im um  D a ta  in C hronolog ical O rd e r - H ilb re  Island
NOTE: -99.999 denotes missing data

1854 4.760
1855 4.890
1856 4.890
1857 4.690
1858 4.760
1859 4.990
I860 5.020
1861 4.860
1862 4.970
1863 4.890
1864 5.120
1865 5.200
1866 5.040
1867 4.590
1868 4.740
1869 5.200
1870 5.040
1871 4.590
1872 4.660
1873 5.450
1874 4.990
1875 4.810
1876 4.690
1877 4.690
1878 4.840
1879 4.840
1880 4.690
1881 5.070
1882 5.200
1883 5.370
1884 4.760
1885 5.040
1886 4.860
1887 4.740
1888 4.690
1889 4.840
1890 4.840
1891 5.170
1892 4.890
1893 4.590
1894 4.510
1895 4.920
1896 5.120
1897 4.920
1898 4.790
1899 5.350
1900 4.660
1901 4.710
1902 4.890
1903 4.690
1904 4.970
1905 5.220
1906 4.760
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Year _ _............ Level (m  A O D N )
1907 4.540
1908 -99.999
1909 -99.999
1910 -99.999
191 1 -99.999
1912 -99.999
1913 -99.999
1914 -99.999
1915 -99.999
1916 -99.999
1917 -99.999
1918 -99.999
1919 -99.999
1920 -99.999
1921 -99.999
1922 -99.999
1923 -99.999
1924 -99.999
1925 ‘ -99.999
1926 -99.999
1927 -99.999
1928 -99.999
1929 -99.999
1930 -99.999
1931 -99.999
1932 -99.999
1933 -99.999
1934 -99.999
1935 -99.999
1936 -99.999
1937 -99.999
1938 -99.999
1939 -99.999
1940 -99.999
1941 -99.999
1942 -99.999
1943 -99.999
1944 -99.999
1945 -99.999
1946 -99.999
1947 -99.999
1948 -99.999
1949 -99.999
1950 -99.999
1951 -99.999
1952 -99.999
1953 -99.999
1954 -99.999
1955 -99.999
1956 5.050
1957 5.660
1958 5.020
1959 5.320
I960 5.140
1961 5.260
1962 5.200
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1963 5.260
1964 5.050
1965 5.020
1966 5.050
1967 5.320
1968 4.900
1969 4.990
1970 5.140
1971 5.110
1972 4.770
1973 4.770
1974 5.260
1975 5.410
1976 5.260
1977 5.710
1978 5.060
1979 5.250
1980 5.270
1981 5.300
1982 -99.999
1983 -99.999
1984 -99.999
1985 -99.999
1986 -99.999
1987 -99.999
1988 -99.999
1989 -99.999
1990 5.970
1991 -99.999
1992 -99.999
1993 -99.999
1994 -99.999
1995 -99.999
1996 -99.999
1997 5.650

\\H O LLY \98 'JO B S \98s430 (JRB) - E nv ironm en t Agency - N o rth  W e s t Region - Extreme Sea Levels fo r Section
105\R eports\98s430 - Final R eport, doc; 3 1/07/98



E n v iro n m e n t Agency -  N o r th  W e s t Region
E x tre m e  Sea Levels fo r  S ection  105 Surveys
F ina l R eport__________________________________

Table A3 A nnua l'M ax im um  D ata  in 'C hrono log ica l O rd e r"E a s th a m  D o ck ----------------
NOTE: -99.999 denotes missing data

"Year *-
1956 5.660
1957 5.870
1958 5.990
1959 5.720
I960 5.660
1961 5.780
1962 5.900
1963 5.930
1964 5.750
1965 5.900
1966 6.020
1967 5.900*
1968 5.990
1969 5.440
1970' 5.720
1971 -99.999
1972 -99.999
1973 -99.999
1974 5.810
1975 5.760
1976 6.260
1977 6.160
1978 -99.999
1979 -99.999
1980 -99.999
1981 -99.999
1982 -99.999
1983 -99.999
1984 -99.999
1985 -99.999
1986 -99.999
1987 -99.999
1988 -99.999
1989 -99.999
1990 6.390
1991 -99.999
1992 -99.999
1993 -99.999
1994 -99.999
1995 -99.999
1996 -99.999
1997 6.070
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T a b le  A 4  A nnua l M ax im um  D a ta  in Chronolog ical O rd e r - L iverpool G ladstone Dock
NOTE: -99.999 denotes missing data

mmwrnsssmmmmmmm
1956 5.230
1957 5.500
1958 5.630
1959 5.290
I960 5.230
1961 5.440
1962 5.380
1963 5.440
1964 4.960
1965 5.260
1966 5.260
1967 S.500
1968 5.470
1969 5.230
1970 5.660
1971 -99.999
1972 -99.999
1973 5.140
1974 5.500
1975 5.560
1976 5760
1977 5.960
1978 -99.999
1979 -99.999
1980 -99.999
1981 -99.999
1982 -99.999
1983 -99.999
1984 -99.999
1985 -99.999
1986 -99.999
1987 -99.999
1988 -99.999
1989 5.490
1990 6.040
1991 5.310
1992 5.020
1993 5.400
1994 5.290
1995 5.300
1996 5.390
1997 5.890
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TabJe_A5_______ Annual M axim um  Data in C hrono log ica l O rd e r - L iverpool Princes P ier
NOTE: -99.999 denotes missing <Jata *-------------- ---

"Year" '
_ 1941 5.300

1942 5.320
1943 5.400
1944 5.420
1945 5.600
1946 5.070
1947 5.170
1948 5.250
1949 5.600
1950 5.370
1951 5.470
1952 5.150
1953 5.320
1954 5.630
1955 5.500
1956 5.350
1957 5.650
1958 5.530
1959 5.470
I960 5.350
1961 5.380
1962 5.630
1963 5.600
1964 5.320
1965 5.570
1966 5.500
1967 5.660
1968 5.660
1969 5.320
1970 5.630
1971 5.350
1972 5.200
1973 5.230
1974 5.750
1975 5.760
1976 5.960
1977 6.1 10
1978 5.350
1979 5.620
1980 5.600
1981 5.750
1982 5.810
1983 5.900
1984 -99.999
1985 -99.999
1986 -99.999
1987 -99.999
1988 -99.999
1989 -99.999
1990 6.220
1991 -99.999
1992 -99.999
1993 -99.999
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E n v iro n m e n t A g e n cy  -  N o r th  W e s t  R eg ion
E x tre m e  Sea Leve ls fo r  S e c tio n  I 05 S urveys
F in a l R e p o rt_____________________________________ JBA

Year.. '■. ^  Level (m A O D N )
1994 .99.999
1995 .99.999
1996 -99.999
1997 6.290
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E n v iro n m e n t A gency -  N o r th  W e s t Region
E x tre m e  Sea Levels fo r  S ection  105 Surveys
F inal R e p o rt__________________________________

Table A6 Annual M axim um  Data in Chronolog ical O rd e r - F leetwood
NOTE: _-99.999‘denote s'missing'data ------------------------------------------------------------------

Year Level (m A O D N )
1930 5.640
1931 5 .490"""
1932 -99.999
1933 -99.999
1934 -99.999
1935 5.820
1936 5.610
1937 5.270
1938 5.880
1939 5.760
1940 5.670
1941 5.300
1942 5.490
1943 5.940
1944 5.790
1945 5.640
1946 5.270
1947 5.520
1946 5.430
1949 5.730
1950 5.610
1951 5.850
1952 5.610
1953 5.700
1954 5.940
1955 5.460
1956 5.640
1957 5.940
1958 5.760
1959 5.790
I960 5.580
1961 5.880
1962 5.700
1963 -99.999
1964 -99.999
1965 5.520
1966 5.640
1967 6.190
1968 5.880
1969 5.550
1970 5.760
1971 5.490
1972 5.330
1973 5.640
1974 -99.999
1975 5.210
1976 5.790
1977 6.100
1978 5.460
1979 5.650
1980 5.700
1981 5.750
1982 5.300
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E n v iro n m e n t A g e n c y  — N o r th  W e s t R egion
E x tre m e  Sea Leve ls  fo r  S e c tio n  105 Surveys
F ina l R e p o rt____________________________________ TBA

Year Level (m A O D N )
1983 6.100
1984 .99.999
1985 5.650
1986 5.350
1987 5.685
1988 5.785
1989 5.856
1990 6.000
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E n v iro n m e n t A gency  -  N o r th  W e s t Region
E x tre m e  Sea Levels fo r  S ection  105 Surveys
Final R ep o rt___________________________________ JBA

.Table A 7 ________AnnuaJ M axim um  Data in C hronological O rd e r -  H eysham
NOTE: -99.999 denotes missing data

Year -
- - 1940 5.7.10 .

1941 6.170
1942 -99.999
1943 6.020
1944 5.860
1945 6.020
1946 5.710
1947 5.710
1948 5.710
1949 6.020
1950 5.860
1951 6.020
1952 5.860
1953 -99.999
1954 -99.999
1955 -99.999
1956 -99.999
1957 -99.999
1958 -99.999
1959 5.790
I960 5.580
>961 6.040
1962 5.910
1963 5.850
1964 5.640
1965 5.580
1966 5.670
1967 6.070
1968 5.790
1969 5.520
1970 -99.999
1971 5.640
1972 5.640
1973 -99.999
1974 6.000
1975 6.000
1976 6.100
1977 6.600
1978 5.650
1979 5.860
1980 5.840
1981 5.800
1982 5.500
1983 6.270
1984 5.840
1985 5.760
1986 5.820
1987 5.900
1988 6.010
1989 6.050
1990 6.270
1991 5.740
1992 5.920

\\HOLLY\98-JOBS\98s43Q (JRB) - Environment Agency - N o rth  W e s t Region - Extrem e Sea Levels fo r  Section
!05\Reports\98s430 - Final R eportdoc; 3 1/07/98



E n v iro n m e n t A g e n cy  -  N o r th  W e s t Reg ion
E x tre m e  Sea Leve ls fo r  S e c tio n  105 Surveys
F in a l R e p o rt____________________________________ TBA

f . Level (m A O D N )
1993 6.010
1994 5.770
1995 5.830
1996 5.960
1997 6.390
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E n v iro n m e n t Agency -  N o r th  W e s t Region
E x tre m e  Sea Levels fo r  S ection 105 Surveys
Final R ep o rt___________________________________ JM

T able A8________ Annual M axim um  Data In Chronological O rd e r - B arrow
NOTE: -99.999 denotes missing data

1920 5.390
1921 5.410
1922 5.390
1923 5.590
1924 -99.999
1925 -99.999
1926 -99.999
1927 -99.999
1928 -99.999
1929 -99.999
1930 -99.999
1931 -99.999
1932 -99.999
1933 -99.999
1934 -99.999
1935 -99.999
1936 -99.999
1937 -99.999
1938 -99.999
1939 -99.999
1940 -99.999
1941 -99.999
1942 -99.999
1943 -99.999
1944 -99.999
1945 -99.999
1946 -99.999
1947 -99.999
1948 -99.999
1949 -99.999
1950 -99.999
1951 -99.999
1952 -99.999
1953 -99.999
1954 -99.999
1955 -99.999
1956 -99.999
1957 -99.999
1958 -99.999
1959 -99.999
I960 -99.999
1961 -99.999
1962 5.590
1963 5.540
1964 5.330
1965 5.390
1966 5.420
1967 5.790
1968 -99.999
1969 -99.999
1970 5.640
1971 5.390
1972 5.240
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E n v iro n m e n t A g e n c y  — N o r th  W e s t  Reg ion
E x tre m e  Sea Leve ls fo r  S e c tio n  105 Surveys
F in a l R e p o r t__________________ TBA

■ m s s & i
1973 5.300
1974 5.420
1975 5.820
1976 5.600
1977 6.150
1978 5.600
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E n v iro n m e n t Agency -  N o r th  W e s t Region
E x tre m e  Sea Levels fo r  Section 105 Surveys
Final R ep o rt___________________________________ JBA

Table  A9 Annual M axim um  D ata  in C hrono log ica l O rd e r - W o rk ing ton
N O T E :" :99;999lJeriofe3 missingUata

Year  ̂ \ " ■*' mfA'O D
1992 5.210
1993 5.250
1994 5.140
1995 4.920
1996 4.770
1997 5.580
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E n v iro n m e n t A g e n c y  — N o r th  W e s t  Reg ion
E x tre m e  Sea Leve ls  fo r  S e c tio n  105 Surveys
F ina l R e p o rt__________________ JBA

T a b le  A 1 0 A n nua l M ax im um  D a ta  in C hronolog ica l O rd e r -  S illo th
NOTE: -99.999 denotes missing data

Year Level (m  A O D N )
1928 5.860
1929 5.480
1930 5.930
1931 5710
1932 5.580
1933 5.120
1934 6.240
1935 -99.999
1936 -99.999
1937 -99.999
1938 -99.999
1939 -99.999
1940 5.710
1941 5.610
1942 6.090
1943 5.930
1944 5.860
1945 5.810
1946 5.380
1947 6.010
1948 5.550
1949 5.860
1950 5710
1951 6.160
1952 5.530
1953 5.710
1954 6.060
1955 5.400
1956 5.530
1957 5.880
1958 6.160
1959 -99.999
I960 -99.999
1961 -99.999
1962 -99.999
1963 -99.999
1964 -99.999
1965 5.580
1966 5.630
1967 6.700
1968 5.860
1969 5.430
1970 6.090
1971 5.630
1972 5.380
1973 5.600
1974 6.000
1975 6.100
1976 5.800
1977 6.400
1978 6.000

\\H O L LY \98 -J08S \98 s430  (JRB) - E nv ironm en t Agency - N o r th  W e s t Region - Extreme Sea Levels fo r Section
1 0 5 \R e p o ra \9 8 i4 3 0  - Final R e p o rtd o c ; 3 1/07/98



E n v iro n m e n t A gency — N o r th  W e s t Region
E x tre m e  Sea Levels fo r  S ection 105 Surveys
F inal R eport__________________________________ JBA

Table A I  I Annual M axim um  Data in C hronolog ical O rd e r -  Mersey (H ow ley  W e ir)
- NOTE:~-99.999 denotes missing daa-----------------------------------------------------------------------------------

Year LevePf m 'AO D N )*1 '
1956 6.640

"  1957" ~~ '6.770
1958 6.490
1959 6.700
I960 6.490
1961 6.700
1962 6.640
1963 6.720
1964 7.390
1965 6.950
1966 6.920
1967 6.800
1968 7.000
1969 -99.999
1970 6.800
1971 6.340
1972 6.240
1973 6.440
1974 6.640
1975 6.490
1976 6.900
1977 6.950
1978 6.340
1979 6.290
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E n v iro n m e n t A g e n cy  -  N o r th  W e s t Reg ion
E x tre m e  Sea Leve ls fo r  S e c tio n  105 Surveys
F in a l R e p o rt __________________________________

T a b le  A I2  A nnua l M ax im um  D a ta  in C hronolog ica l O rd e r-M e rs e y  (A rp ley  P ier)
NOTE: -99.999 denotes missing data

- • '■ ■■' r;v ’ •
1964 6.240
1965 6.900
1966 6.230
1967 6.450
1968 6.500
1969 -99.999
1970 6.750
1971 6.390
1972 6.290
1973 6.450
1974 6.900
1975 -99.999
1976 7.200
1977 6.940
1978 -99.999
1979 6.380
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E n v iro n m e n t A gency -  N o r th  W e s t Region
E x tre m e  Sea Levels fo r  S ection 105 Surveys
Final R e p o rt___________________________________ JBA

A P P E N D IX  B: T id a l D a ta  in  M a g n itu d e  O rd e r
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E nv iro n m e n t A gency -  N o r th  W e s t Region
E x tre m e  Sea Levels fo r  S ec tion  105 Surveys
Final R eport___________________________________ JBA

Table B l Annual M axim um  Data in M agn itude 'O rde r - L landudno----------------------------------------
NOTE: -99.999 denotes missing data

1997 5.100
1995 4.680
1996 4.670
1994 4.640
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E n v iro n m e n t A g e n c y  — N o r th  W e s t Region
E x tre m e  Sea Leve ls fo r  S e c tio n  105 Surveys
F ina l R e p o rt____________________________________ JBA

T a b le  B2 Annua l M ax im um  D ata  in M agnitude O rder - H ilb re  Island 
NOTE: -99.999 denotes missing data

■ ■ ' • Y e a r/"•' “ v ^ r ; 1 ^:1M fo ’; Level (m A O D N )
1990 5.970
1977 5.710
1957 5.660
1997 5.650
1873 5.450
1975 5.410
1883 5.370
1899 5.350
1959 5.320
1967 5.320
1981 5.300
1980 5.270
1961 5.260
1963 . 5.260
1974 5.260
1976 5.260
1979 5.250
1905 5.220
1865 5.200
1869 5.200
1882 S.200
1962 5.200
1891 5.170
I960 5.140
1970 5.140
1864 5.120
1896 5.120
1971 5.110
1881 5.070
1978 5.060
1956 5.050
1964 5.050
1966 5.050
1866 5.040
1870 5.040
1885 5.040
I860 5.020
1958 5.020
1965 5.020
1859 4.990
1874 4.990
1969 4.990
1862 4.970
1904 4.970
1895 4.920
1897 4.920
1968 4.900
1855 4.890
1856 4.890
1863 4.890
1892 4.890
1902 4.890
1861 4.860
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E n v iro n m e n t A gency -  N o r th  W e s t Region
E x tre m e  Sea Levels (o r Section 105 Surveys
F ina l R eport___________________________________ JBA

—  —  - - Year '
1886 4:860 ~ ~
1878 4.840
1879 4.840
1889 4.840
1890 4.840
1875 4.810
1898 4.790
1972 4.770
1973 4.770
1854 4.760
1858 4.760
1884 4.760
1906 4.760
1868 4.740
1887 4.740
190! 4.710
1857 4.690
1876 4.690
1877 4.690
1880 4.690
1888 4.690
1903 4.690
1872 4.660
1900 4.660
1867 4.590
1871 4.590
1893 4.590
1907 4.540
1894 4.510
1908 -99.999
1909 -99.999
1910 -99.999
191 1 -99.999
1912 -99.999
1913 -99.999
1914 -99.999
1915 -99.999
1916 -99.999
1917 -99.999
1918 -99.999
1919 -99.999
1920 -99.999
1921 -99.999
1922 -99.999
1923 -99.999
1924 -99.999
1925 -99.999
1926 -99.999
1927 -99.999
1928 -99.999
1929 -99.999
1930 -99.999
1931 -99.999
1932 -99.999
1933 -99.999
1934 -99.999
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E n v iro n m e n t A g e n c y  — N o r th  W e s t Reg ion
E x tre m e  Sea Leve ls fo r  S e c tio n  105 Surveys
F ina l R e p o rt_____________________________________ JBA

1935 •99.999
1936 -99.999
1937 •99.999
1938 -99.999
1939 -99.999
1940 -99.999
1941 -99.999
1942 -99.999
1943 -99.999
1944 -99.999
1945 -99.999
1946 -99.999
1947 -99.999
1948 -99.999
1949 -99.999
1950 -99.999
1951 -99.999
1952 -99.999
1953 -99.999
1954 -99.999
1955 -99.999
1982 -99.999
1983 -99.999
1984 -99.999
1985 -99.999
1986 -99.999
1987 -99.999
1988 -99.999
1989 -99.999
1991 -99.999
1992 -99.999
1993 -99.999
1994 -99.999
1995 -99.999
1996 -99.999
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E n v iro n m e n t A gency -  N o r th  W e s t Region
E xtrem e Sea Levels fo r  S ection  105 Surveys
Final R e p o r t _____________________________ JM

Table B3 AnnuaJ M axirnum -Data in M agnitude. O rd e r -  Eastham Dock
NOTE: -99.999 denotes missing data

Year Level (m  A O D N )
1990 6.390
1976 6.260
1977 6.160
1997 6.070
1966 6.020
1958 5.990
1968 5.990
1963 5.930
1962 5.900
1965 5.900
1967 5.900
1957 5.870
1974 5.810
1961 5.780
1975 5.760
1964 5.750
1959 5.720
1970 5.720
1956 5.660
I960 5.660
1969 5.440
1971 -99.999
1972 -99.999
1973 -99.999
1978 -99.999
1979 -99.999
1980 -99.999
1981 -99.999
<982 -99.999
1983 -99.999
1984 -99.999
1985 -99.999
1986 -99.999
1987 -99.999
1988 -99.999
1989 -99.999
1991 -99.999
1992 -99.999
1993 -99.999
1994 -99.999
1995 -99.999
1996 -99.999
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E n v iro n m e n t A g e n c y  -  N o r th  W e s t Region
E x tre m e  Sea Leve ls fo r  S e c tio n  I OS Surveys
F in a l R e p o rt _________________________________ JBA

T a b le  B4 A nnua l M a x im u m  D a ta  in M agn itude  O rd e r  - L ive rp o o l G la ds to ne  D ock
NOTE: -99.999 denotes missing data

1990 6.040
1977 5.960
1997 5.890
1976 5.760
1970 5.660
1958 5.630
1975 5.560
1957 5.500
1967 5.500
1974 5.500
1989 5.490
1968 5.470
1961 5.440
1963 5.440
1993 5.400
1996 5.390
1962 5.380
1991 5.310
1995 5.300
1959 5.290
1994 5.290
1965 5.260
1966 5.260
1956 5.230
I960 5.230
1969 5.230
1973 5.140
1992 5.020
1964 4.960
1971 -99.999
1972 -99.999
1978 -99.999
1979 -99.999
1980 -99.999
1981 -99.999
1982 -99.999
1983 -99.999
1984 -99.999
1985 -99.999
1986 -99.999
1987 -99.999
1988 -99.999
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E n v iro n m e n t A gency -  N o r th  W e s t Region
E x tre m e  Sea Levels fo r  Section I OS Surveys
F inal R e p o rt__________________________________ JBA

Table B5 Annual M axim um  D ata in Magnitude O rd e r - L iverpoo l Princes P ier
----------------------------- NOTE:—99:999 denotes missing daxa

'Year* /  '
1997 6.290

1990 6.220
1977 6.1 10
1976 5.960
1983 5.900
1982 5.810
1975 5.760
1974 5.750
1981 5.750
1967 5.660
1968 5.660
1957 5.650
1954 S.630
1962 5.630
1970 5.630

, 1979 5.620
1945 5.600
1949 5.600
1963 5.600
1980 5.600
1965 5.570
1958 5.530
1955 5.500
1966 5.500
1951 5.470
1959 5.470
1944 5.420
1943 5.400
1961 5.380
1950 5.370
1956 5.350
I960 5.350
1971 5.350
1978 5.350
1942 5.320
1953 5.320
1964 5.320
1969 5.320
1941 5.300
1948 5.250
1973 5.230
1972 5.200
1947 5.170
1952 5.150
1946 5.070
1984 -99.999
1985 -99.999
1986 -99.999
1987 -99.999
I98B -99.999
1989 -99.999
1991 -99.999
1992 -99.999

■ o
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E n v iro n m e n t A g e n c y  — N o r th  W e s t  Reg ion
E x tre m e  Sea Leve ls  fo r  S e c tio n  105 Surveys
F ina l R e p o r t____________________________________ _ JBA

■ - - --r.' '  /'■ Year ■- ■ ■ • ■ -  - : -y Leve l-(m A O D N )
1993 -99.999
1994 -99.999
1995 -99.999
1996 •99.999

a •
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E nv ironm en t Agency -  N o r th  W e s t Region
E xtrem e  Sea Levels fo r  Section 105 Surveys
Final R eport JBA

Table B6 Annual M axim um  Data in M agnitude O rd e r - F leetwood
----------------------------- NOTE:~-99.999 denotes-missing data-----------------------------------------

Year Level (m  A O D N )
1967 6.190
1977 ~  6.100*
1983 6.100
1990 6.000
1943 5.940
1954 5.940
1957 5.940
1938 5.880
1961 5.860
1968 5.880
I9B9 5.856
1951 5.850
1935 5.820
1944 5.790
1959 5.790
1976 5.790
1988 5.785
1939 5.760
1958 5.760
1970 5.760
1981 5.750
(949 5.730
1953 5.700
1962 5.700
1980 5.700
1987. 5.685
1940 5.670
J 979 5.650
1985 5.650
1930 5.640
1945 5.640
1956 5.640
1966 5.640
1973 5.640
1936 5.610
1950 5.610
1952 5.610
I960 5.580
1969 5.550
1947 5.520
1965 5.520
1931 5.490
1942 5.490
1971 5.490
1955 5.460
1978 5.460
1948 5.430
1986 5.350
1972 5.330
1941 5.300
1982 5.300
1937 5.270
1946 5.270

\\HOLLY\90-JOBS\98s43O (JRB) - Environment Agency - N o rth  W e s t Region - Extrem e Sea Levels fo r Section
IO5\Reports\90s43O - Final Report.doc; 3 1/07/98



E n v iro n m e n t A g e n cy  -  N o r th  W e s t Reg ion
E x tre m e  Sea Leve ls  fo r  S e c tio n  105 Surveys
F ina l R e p o rt TBA

wmmsmmmzmmmmmm
1975 5.210
1932 -99.999
1933 -99.999
1934 -99.999
1963 -99.999
1964 -99.999
1974 -99.999
1984 -99.999
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E n v iro n m e n t A gency -  N o r th  W e s t Region
E x tre m e  Sea Levels fo r  S ection 105 Surveys
Final R ep o rt TBA

Table B7 Annual M axim um  Data in M agnitude O rd e r -  Heysham
NOTE: -99.999 denotes missing data -

■':Year
1977 6.600
1997 6.390
1983 6.270
1990 6.270
1941 6.170
1976 6.100
1967 6.070
1989 6.050
1961 6.040
1943 6.020
1945 6.020
1949 6.020
1951 6.020
1988 6.010
1993 6.010
1974 6.000
1975 6.000
1996 5.960
1992 5.920
1962 5.910
1987 5.900
1944 5.860
1950 5.860
1952 5.860
1979 5.860
1963 5.850
1980 5.840
1984 5.840
1995 5.830
1986 5.820
1981 5.800
1959 5.790
1968 5.790
1994 5.770
1985 5.760
1991 5.740
1940 5.710
1946 5.710
1947 5.710
1948 5.710
1966 5.670
1978 5.650
1964 5.640
1971 5.640
1972 5.640
I960 5.580
1965 5.580
1969 5.520
1982 5.500
1942 -99.999
1953 -99.999
1954 -99.999
1955 -99.999
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Year Level (m A O D N )
1956 -99.999
1957 -99.999
1958 -99.999
1970 -99.999
1973 -99.999

\\H O LLY \98-JO BS \98s430 (JRB) - E nv ironm en t Agency • N o rth  W e s t Region - Extrem e Sea Levels fo r Section
!05 \R eporrs \98s430 - Final Report-doc; 31/07/98



E nv iro n m e n t Agency -  N o r th  W e s t Region
E x tre m e  Sea Levels fo r  S ection  105 Surveys
Final R eport______________________________ ____

Table B8 Annual M axim um  Data in M agnitude O rd e r - B a rrow
-----------------------------NOTE:~99.999 denotes missing data---------------------------------- — ----------------------------------------------

Year L e v e lfm ^ O D N )
1977 6.150

-------------- _(975 . --------- ----- 5.820'
1967 5.790
1970 5.640
1976 5.600
1978 5.600
1923 5.590
1962 5.590
1963 5.540
1966 5.420
1974 5.420
1921 5.410
1920 / 5.390
1922 5.390
1965 5.390
1971 5.390
1964 5.330
1973 5.300
1972 5.240
1924 -99.999
1925 -99.999
1926 -99.999
1927 -99.999
1928 -99.999
1929 -99.999
1930 -99.999
1931 -99.999
1932 -99.999
1933 -99.999
1934 -99.999
1935 -99.999
1936 -99.999
1937 -99.999
1938 -99.999
1939 -99.999
1940 -99.999
1941 -99.999
1942 -99.999
1943 -99.999
1944 -99.999
1945 -99.999
1946 -99.999
1947 -99.999
1948 -99.999
1949 -99.999
1950 -99.999
1951 -99.999
1952 -99.999
1953 -99.999
1954 -99.999
1955 -99.999
1956 -99.999
1957 -99.999
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f e  - r  -
1958 -99.999
1959 -99.999
I960 -99.999
1961 -99.999
1968 -99.999
1969 -99.999
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T a b le  B9 ' A n n u a lM a x im u m  D a ta  in M a g n itu d e  O rd e r  -  W o rk in g to n
NOTE: -99.999 denotes missing data

1997 5.580
1993 5.250
1992 5.210
1994 5.140
1995 4.920
1996 4.770

\\HOLLY\98-JOBS\98s430 (JRB) - Environment Agency - N o rth  W est Region - Extrem e Sea Levels fo r Section
!05\Reports\98s430 - Final Report.doc; 31/07/98



E n v iro n m e n t A g e n c y  — N o r th  W e s t  Region
E x tre m e  Sea Leve ls  f o r  S e c tio n  105 Surveys
F ina l R e p o rt_____________________________________ JBA

T a b le  B IO  A n nua l M ax im um  D a ta  in M agnitude O rder -  S illo th
NOTE: -99.999 denotes missing data

1967 6.700
1977 6.400
1934 6.240
1951 ' 6.160
1958 6.160
1975 6.100
1942 6.090
1970 6.090
1954 6.060
1947 6.010
1974 6.000
1978 6.000
1930 5.930
1943 5.930
1957 5.880
1928 5.860
1944 5.860
1949 5.860
1968 5.860
1945 5.810
1976 5.800
1931 5.710
1940 5.710
1950 5.710
1953 5.710
1966 5.630
1971 5.630
1941 5.610
1973 5.600
1932 5.580
1965 5.580
1948 5.550
1952 5.530
1956 5.530
1929 5.480
1969 5.430
1955 5.400
1946 5.380
1972 5.380
1933 5.120
1935 -99.999
1936 -99.999
1937 -99.999
1938 -99.999
1939 -99.999
1959 -99.999
I960 -99.999
1961 -99.999
1962 -99.999
1963 -99.999
1964 -99.999
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Table B1 I Annual M axim um  Data in M agnitude O rd e r -  M ersey (Howley W e ir)
NOTE: -99.999 denotes missing data

Year •'
1964 7.390
1968 7.000
1965 6.950
1977 6.950
1966 6.920
1976 6.900
1967 6.800
1970 6.800
1957 6.770
1963 6.720
1959 6.700
1961 6.700
1956 6.640
1962 6.640
1974 6.640
1958 6.490
I960 6.490
1975 6.490
1973 6.440
1971 6.340
1978 6.340
1979 6.290
1972 6.240
1969 -99.999
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Tab le  B I2  A nnua l M a x im u m  D ata  in M agnitude O rder -  Mersey (A rp le y  P ier)
NOTE: -99.999 denotes missing data

Year Level (m A O D N )
1976 7.200
1977 6.940
1965 6.900
1974 6.900
1970 6.750
1968 6.500
1967 6.450
1973 6.450
1971 6.390
1979 6.380
1972 6.290
1964 6.240
1966 6.230
1969 -99.999
1975 -99.999
1978 -99.999
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A P P E N D IX  C : E xa m p le  o f  SRJPM M e th o d
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The SRJPM approach is a 6 step procedure as detailed in the following sections. All calculations are included on 
an Excel spreadsheet.

I. Id e n tify  A d ja c e n t Nodes

The 10 locations and the adjacent nodes are identified from  D ixon and Tawn (ibid Figures 8 .10 to  8 .17), w ith the 
latitude, longitude and MDM of the nodes extracted from  Dixon and Tawn (ibid Table 4.1). These are identified 
in Table C l.  MDM is the Model Distance Metric defined by Dixon and Tawn (1997) and refers to  clockwise 
distance around the UK coastline (to  the nearest 12km) from  a point near Wick and is based on the W orld  
Vector Shoreline compiled by the US Defence Mapping Agency.

T ab le  C I L oca tion  o f  N odes and P o in ts  o f  In te re s t

L o ca tio n ' M D M
node

7. M D M  d is tance  : 
m e tr ic  (k m )  ’ .

'L a titu d e  * : ^
(« n ) ■

^ L o n g i t u d e  •

62 3090 53.23 -4.15
Llandudno 53.31 -3.82

63 3103 53.33 -3.77
Hilbre Island 53.38 -3.28

64 3144 53.39 -3.21
Eastham Lock 53.35 -2.95
Liverpool - Gladstone Dock 53.45 -3.02
Liverpool - Princes Pier 53.41 -3.00

65 321 1 53.85 -3.06
Fleetwood 53.97 -3.03
Heysham 54.03 -2.91
Barrow 54.10 -3.20

66 3305 54.17 -3.25
67 3358 54.51 -3.64

W orkington 54.65 -3.57
Silloth 54.96 -3.40

68 3448 54.86 -3.76
italics = estimated

2. C a lcu la te  th e  W e ig h tin g  be tw een  P o in ts  o f  In te re s t and A d ja c e n t N odes

Dixon and Tawn adopted a visual assessment o f the relative distance between the nodes adjacent to  the sites o f 
interest and hence derived weightings. For this study the difference in Latitude and Longitude is calculated from  
the point o f interest to  each o f the 2 adjacent nodes using an Excel spreadsheet By using the Pythagorous 
theorem and assuming I ’ o f latitude is equal to  I Nautical Mile (NM), the distance between the required location 
and each of the 2 adjacent nodes can be calculated.

In the example (Table C2) the distance from  Llandudno to  node 62 is 20.231 NM and 3.346 NM to  node 63. On 
this basis a weighting factor has been calculated, being the ratio of the distance between the 2 adjacent nodes. 
Thus fo r Llandudno, node 62 has a weighting o f 0.858 and node 63 a weighting o f (1-0.858) o r  0.142. On this 
basis the distance metric can be calculated (Table C2).
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T a b le  C 2  C a lc u la tio n  o f  N o d e  W e ig h tin g s

S ite N o d e L a titu d e

■/!

L o n g itu d e P re  N ode  
D is tance  

(N M )

P ost N ode  
D is tance  

(N M )

W e ig h tin g
F a c to r

M odel
D is tance

M e tr ic
(k m )

62 53.23 -4.I5
Llandudno 53.31 >3.82 20.231 3.346 0.858 3101.2

63 53.33 -3.77
H ilb re  Island 53.38 -3.28 29.354 4.441 0.869 3138.6

64 53.39 -3.21
Eastham Lock 53.35 -2.95 15.784 30.717 0.339 3166.7
Liverpool - Gladstone 
D ock

53.45 -3.02 12.146 24.140 0.335 3166.4

Liverpool - Princes Pier 53.41 -3.00 12.657 26.644 0.322 3165.6
65 53.85 -3.06

Fleetwood 53.97 -3.03 7.181 17.828 0.287 3238.0
Heysham 54.03 -2.91 14.140 21.847 0.393 3247.9
Barrow 54.10 -3.20 17.192 5.161 0.769 3283.3

66 54.17 -3.25
67 54.51 -3.64

W ork ing ton 54.65 -3.57 9.529 17.120 0.358 3390.2
Silloth 54.96 -3.40 30.600 22.418 0.577 3409.9

68 54.86 -3.76
italics -  estimated

This approach can be confirmed by comparing the distance metric for nodes provided in Table 4.1 of Dixon and 
Tawn w ith  the calculated distance using Pythagorous as detailed above. Table C3 indicates differences between 
the 2 estimates and is assumed to be due to  the resolution of the MDM nodes to the nearest 12km in Dixon and 
Tawn (1997).

T a b le  C3 C o m p a r is o n  o f  P y tha go ro u s  A p p ro a c h  w ith  M ode l D is tance  M e tr ic  o f  N odes

N o d e ;
.7 ’.s r, y.'S,

M D M  (k m ) L a titu d e L o n g itu d e
v v  ( ° E )

D is tance  (k m ) using 
P y thago rous

D iffe re n c e  in M D M  
(k m )

62 3090 53.23 -4.15
25.273 13

63 3103 53.33 -3.77
36.169 41

64 3144 53.39 -3.21
31.851 67

65 321 1 53.85 -3.06
24.389 94

66 3305 54.17 -3.25
33.622 53

67 3358 54.51 -3.64
24.351 90

68 3448 54.86 -3.76
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3. E x trac t Relevant Data from  D ixon and Taw n

For each of the Nodes, look up basic data in Tables provided in Dixon and Tawn;

i  The I -year Level
# Return period adjustment
.  Trend and hence calculate adjustment w ith time, in this case from  1990
# Datum Addition to correct MSL to  either AC D  o r O D N .

These values fo r each node are given in Table C4. These tables are included in an Excel spreadsheet, allowing the 
values fo r each node to be looked up directly.

Table CA Basic D ata from  D ixon and Tawn Tables

Node Distance
(km )

1-Year
Level
(MSL)

Return Period A d ju s tm e n t 

Return Period (Years)

T rend
(m m /y r)

T re n d
A d ju s t

D a tu m
A d ju s t

10 25 50 100 250 50CB 1000 10000 •-v-r - to  O D N
62 3090 3.86 0.37 0.52 0.60 0.75 0.90 0.98 1.10 1.50 3.06 0 0.18
63 3103 4.51 0.43 0.60 0.71 0.88 1.05 1.16 1.30 1.79 3.07 0 0.18
64 3144 5.16 0.52 0.74 0.87 1.09 1.31 1.45 1.63 2.24 3.11 0 0.19
65 321 1 5.40 0.55 0.77 0.91 1.13 1.36 1.50 1.69 2.33 3.07 0 0.21
66 3305 5.48 0.54 0.76 0.90 1.12 1.35 1.49 1.68 2.33 2.63 0 0.23
67 3358 5.02 0.45 0.63 0.73 0.91 1.09 1.20 1.36 1.88 2.11 0 0.23
68 3448 4.99 0.44 0.59 0.69 0.85 1.01 l . l l 1.24 1.71 0.34 0 0.23

4. Calculate Return Period Levels fo r Each Node

The return period extreme level is then the sum o f the I -year level, the Return Period adjustment and the trend 
adjustment (Table C5). As Dixon and Tawn gives only selected return period adjustments, it is no t possible to 
calculate tide levels fo r other Return Periods w ithou t interpolation.

Table C5 Return Period E xtrem e Sea Levels (M SL) a t Nodes

R eturn  Perioidf (Years) ̂  ' - A**
Node 1 25 500 1000 10000

62 3.860 4.230 4.380 4.460 4.610 4.760 4.840 4.960 5.360
63 4.510 4.940 5.110 5.220 5.390 5.560 5.670 5.810 6.300
64 5.160 5.680 5.900 6.030 6.250 6.470 6.610 6.790 7.400
65 5.400 5.950 6.170 6.310 6.530 6.760 6.900 7.090 7.730
66 5.480 6.020 6.240 6.380 6.600 6.830 6.970 7.160 7.810
67 5.020 5.470 5.650 5.750 5.930 6.1 10 6.220 6.380 6.900
68 4.990 5.430 5.580 5.680 5.840 6.000 6.100 6.230 6.700
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5. C a lc u la te  R e tu rn  P e r io d  T id e  Levels fo r  R equ ired  S ites

Apply weighting factors previously derived to  calculate the return period levels for sites between each of 2 
nodes (Table C6).

T a b le  C6 C a lc u la te d  Leve ls (M S L ) a t N odes and Sites

N
W e i

ode y : 
;h tin fjir

Return Period (Years)

S ite N ode : ■■ i'St- ’ i+% -..I..V 10 25 50 100 250 500 1000 10000
62 3.860 4.230 4.380 4.460 4.610 4.760 4.840 4.960 5.360

Llandudno 0:858 0.142 3.952 4.331 4.484 4.568 4.721 4.874 4.958 5.081 5.493
63 4.510 4.940 5.1 10 5.220 5.390 5.560 5.670 5.810 6.300

H ilbre Island 0.869 0.131 4.595 5.037 5.214 5.326 5.503 5.680 5.794 5.939 6.445
64 5.160 5.680 5.900 6.030 6.250 6.470 6.610 6.790 7.400

Eastham Lock 0.339 0.661 5.319 5.858 6.078 6.215 6.435 6.662 6.802 6.988 7.618
Liverpool - 
G ladstone Dock

0.335 0.665 5.320 5.860 6.080 6.216 6.436 6.663 6.803 6.990 7.620

Liverpool - 
Princes Pier

0.322 0.678 5.323 5.863 6.083 6.220 6.440 6.667 6.807 6.993 7.624

65 5.400 5.950 6.170 6.310 6.530 6.760 6.900 7.090 7.730
Fleetwood 0.287 0.713 5.457 6.000 6.220 6.360 6.580 6.810 6.950 7.140 7.787
Heysham 0.393 0.607 5.449 5.992 6.212 6.352 6.572 6.802 6.942 7.132 7.779
Barrow 0.769 0.231 5.418 5.966 6.186 6.326 6.546 6.776 6.916 7.106 7.748

66 5.480 6.020 6.240 6.380 6.600 6.830 6.970 7.160 7.810
5.020 5.470 5.650 5.750 5.930 6.110 6.220 6.380 6.900

W ork ing ton 0.358 0.642 5.001 5.444 5.605 5.705 5.872 6.039 6.143 6.284 6.772
Silloth 0.577 0.423 5.007 5.453 5.620 5.720 5.892 6.063 6.169 6.317 6.815

67 4.990 5.430 5.580 5.680 5.840 6.000 6.100 6.230 6.700

6. A d ju s t  to  O D N

Using the weighted datum adjustment factor (Table C4) correct all levels (Table C6) to  m AO D N  (Table C7).

T a b le  C 7  Leve ls  to  O D N  (m  A O D N )

■■ R e tu rn  Period I years)
S ite  • I 10^ 25 50 100 250 500 1000 10000
Llandudno 4.132 4.511 4.664 4.748 4.901 5.054 5.138 5.261 5.673
H ilbre Island 4.777 5.219 5.395 5.508 5.684 5.861 5.975 6.120 6.626
Eastham Lock 5.522 6.062 6.282 6.418 6.638 6.865 7.005 7.191 7.821
Gladstone Dock 5.523 6.063 6.283 6.420 6.640 6.866 7.006 7.193 7.823
Princes Pier 5.526 6.067 6.287 6.423 6.643 6.870 7.010 7.197 7.827
Fleetwood 5.681 6.224 6.444 6.584 6.804 7.034 7.174 7.364 8.011
Heysham 5.671 6.215 6.435 6.575 6.795 7.025 7.165 7.355 8.001
Barrow 5.633 6.181 6.401 6.541 6.761 6.991 7.131 7.321 7.963
W ork ing ton 5.231 5.674 5.835 5.935 6.102 6.269 6.373 6.514 7.002
Silloth 5.237 5.683 5.850 5.950 6.122 6.293 6.399 6.547 7.045
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A P P E N D IX  D : C o m p a ris o n  o f  E x tre m e  Sea L e ve l E s tim a te s
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Table D l E xtrem e Sea Level Estimates (m  A O D N ) -  L landudno'(* *  = fitt in g  fa ilu re )

Return Period 
(Years)

Coles and Tawn G ra ff PW M MLE SRJPM

(1994-1997) (1994-1997)
1 . 4.63 ** 4.13
5 . 4.72 **
10 - 4.80 ** 4.51
20 4.94 **
25 5.01 ** 4.66
50 . 5.32 ** 4.75
100 . . 5.86 ** 4.90
150 6.36 **
200 6.83 **
250 - 5.05
500 9.36 ** 5.14
1000 - 13.06 ** 5.26
10000 5.67

Table D2 Extrem e Sea Level Estimates (m  A O D N ) - H ilb re  Island

R eturn  Period 
(Years)

Coles and Tawn , G ra ff . ' PW M MLE >

(1854-1981) (1854-1977) (1854-1997) (1854-1997)
1 4.875 4.22 4.27 4.780
5 5.187 5.22 5.22
10 5.51 5.312 5.38 5.38 5.218
20 5.437 5.53 5.53
25 5.57 5.57 5.395
50 5.575 5.71 5.71 5.508
100 5.78 5.687 5.83 5.85 5.684
150 5.90 5.92
200 5.95 5.98
250 5.781 5.861
500 6.10 6.14 5.975
1000 5.96 6.20 6.26 6.120

10000 6.626
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T ab le  D3 E x tre m e  Sea Level Estim ates (m  A O D N ) - Eastham Lock

R e tu rn P e r io d
(Tears)V

Coles and Taw n G ra ff
. - . . ‘ -fr - V .  ■

PWM MLE SRJPM

(1 9 5 6 -1 9 7 7 ) (1956-1977) (1956-1997) (1956 -1997 )
1 5.812 5.24 5.18 5.522
5 6.031 6.07 6.07
10 6.43 6.093 6.19 6.17 6.062
20 6.187 6.29 6.26
25 6.32 6.29 6.282
50 6.250 6.41 6.36 6.418
100 6.48 6.312 6.49 6.42 6.638
150 6.54 6.45
200 6.57 6.47
250 6.375 6.865
500 6.66 6.53 7.005
1000 6.49 6.73 6.57 7.191

10000 7.821

T a b le  D4 E x tre m e  Sea Level Estim ates (m  A O D N ) - Liverpool G ladstone Dock

;R e tu m P e f io ^ Coles and T aw n PW M MLE SRJPM

4 (1 9 5 6 *1 9 7 7 ) • (1956-1997) (1956-1997)
1 5.312 4.76 4.70 5.523
5 S.594 5.63 5.63
10 6.08 5.719 5.78 5.76 6.063
20 5.812 5.91 5.88
25 5.95 5.92 6.283
50 5.937 6.08 6.02 6.419
100 6.21 5.969 6.20 6.1 1 6.639
150 6.27 6.16
200 6.32 6.20
250 6.062 6.866
500 6.47 6.30 7.006
1000 6.30 6.58 6.37 7.193

10000 7.823
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Tab[e_D5__ E xtrem e Sea Level Estim ates (m  A O D N ) - L ive rpoo l - Princes Pier

Return Period 
(Years)

Coles and Tawn G ra ff PW M MLE SRJPM

(194 l-i'977 ) (1941-1977) (1941-1997) (1941-1997)
1 5.375 4.86 4.86 5.526
5 5.687 5.74 5.73
10 6.10 5.812 5.90 5.89 6.067
20 5.875 6.05 6.03
25 6.10 6.06 6.287
50 6.000 6.24 6.22 6.423
100 6.24 6.094 6.38 6.35 6.643
150 6.46 6.43
200 6.52 6.48
250 6.187 6.870
500 6.70 6.65 7.010
1000 6.31 6.83 6.78 7.197

10000 7.827

Table D6 E xtrem e Sea Level Estim ates (m  A O D N ) - F leetw ood

Return Period 
(Years)

Coles and Tawn G ra ff PW M MLE SRJPM

(1930-1983) (1930-1978) (1930-1990) (1930-1990)
I 5.562 4.77 4.82 5.681
5 5.875 5.86 5.66
10 6.01 5.937 5.96 5.96 6.224
20 6.012 6.03 6.04
25 6.05 6.06 6.444
50 6.094 6.11 6.11 6.584
100 6.21 6.125 6.15 6.16 6.804
150 6.17 6.19
200 6.18 6.20
250 6.187 7.034
500 6.22 6.24 7.174
1000 6.30 6.24 6.27 7.364
10000 8.011
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T a b le  D 7  E x tre m e  Sea L e ve l E s tim a te s  (m  A O D N )  - Heysham

, PWM , MLE s | i p r i

(1940-1997) (1940-1997)
1 5.781 5.27 5.30 5.671
5 6.062 6.06 6.05
10 6.13 6.187 6.18 6.18 6.215
20 6.281 6.29 6.29
25 6.32 6.32 6.435
50 6.437 6.42 6.43 6.575
100 6.93 6.531 6.52 6.53 6.795
150 6.57 6.58
200 6.61 6.62
250 6.656 7.025
500 6.72 6.74 7.165
1000 8.13 6.79 6.82 7.355
10000 8.001

T a b le  D 8  E x tre m e  Sea L e ve l E s tim a te s  (m  A O D N )  - B a rrow

R e tu rn  P eriod (C o l^^^^^ |T a w n j PWM MLE SRJPM

• r ’"“V (1920-1978)< (1920-1978) (1920-1978) (1920-1978)
1 5.375 5.12 5.13 5.633
5 5.687 5.66 5.66
10 5.79 5.812 5.80 5.80 6.181
20 5.937 5.96 5.94
25 6.01 5.99 6.401
50 6.093 6.18 6.15 6.541
100 6.39 6.250 6.37 6.33 6.761
150 6.49 6.44
200 6.58 6.52
250 6.437 6.991
500 6.90 6.80 7.131
1000 7.30 7.17 7.04 7.321

10000 7.963
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Table D9 E xtrem e Sea Level Estim ates (m  A O D N ) - W o rk in g to n

R eturn  Period 
(Y ears)

Coles and Tawn G ra ff PW M . MLE SRJPM

(1992-1997) (1992-1997)
1 - 4.09 4.22 5.231
5 - 5.40 5.36
10 5.55 5.48 5.674
20 - 5.66 5.57
25 5.70 5.59 5.835
50 - 5.79 5.67 5.935
100 - - 5.87 5.73 6.102
150 5.91 5.76
200 5.93 5.78
250 - 6.269
500 6.01 5.83 6.373
1000 - 6.06 5.87 6.514
10000 7.001

Table D IO  Extrem e Sea Level Estim ates (m  A O D N ) - S illo th

R eturn Period 
(Years)

Coles and Tawn G ra ff PW M MLE, SRJPM

(1928-1978) (1928-1978) (1928-1978) (1928? 1978)- . . . J, ■ „

1 5.69 4.81 4.82 5.237
5 6.06 6.06 6.06
10 6.23 6.22 6.22 6.22 5.683
20 6.34 6.36 6.35
25 6.40 6.39 5.850
50 6.47 6.51 6.51 5.950
100 6.69 6.562 6.61 6.61 6.122
150 6.67 6.66
200 6.70 6.70
250 6.687 6.293
500 6.80 6.81 6.399
1000 7.08 6.87 6.88 6.546
10000 7.045
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A P P E N D IX  E: A p p lic a t io n  o f  SRJPM M e th o d  to  th e  R ibb le  E s tu a ry
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As detailed in Appendix C, the SRJPM approach is a 6 step procedure and this has been applied to  a location at 
the mouth o f the Ribble estuary as detailed below. All calculations are included on an Excel spreadsheet.

I . Id e n tify  A d ja c e n t Nodes

The locations of the point in the Ribble Estuary and the 2 adjacent nodes are identified from  D ixon and Tawn 
(Figures 8.10 to  8.17), with the latitude, longitude and MDM of the adjacent nodes extracted from  D ixon and 
Tawn (Table 4.1). These are identified in Table El where MDM is the Model Distance M etric defined by D ixon 
and Tawn ( 1997).

T a b le  E l Loca tion  o f N odes a d ja ce n t to  R ibb le  E stuary

L o ca tio n M D M
node

M D M  d istance  
m e tr ic  (k m )

L a titu d e
( ° N )

L o n g itu d e
( ° E )

64 3144 53.39 -3.21
River Ribble Estuary 53.72 -2.93

65 3211 53.85 -3.06

2. C a lcu la te  th e  W e ig h tin g  b e tw een  P o in ts  o f In te re s t and A d ja c e n t N odes

Dixon and Tawn adopted a visual assessment o f the relative distance between the nodes adjacent to  the sites of 
interest and hence derived weightings. For this study the difference in Latitude and Longitude is calculated from  
the point o f interest to  each of the 2 adjacent nodes using Pythagorous’ theorem and assuming I ’ o f latitude is 
equal to  I Nautical Mile (NM). The distance between the required location and each o f the 2 adjacent nodes is 
thus calculated.

In the example (Table D2) the distance from the Ribble estuary to  node 64 is 25.685 NM  and I 1.034 NM to 
node 65. On this basis a weighting factor has been calculated, being the ratio  of the distance between the 2 
adjacent nodes. Thus for the Ribble Estuary, node 64 has a weighting of 0.699 and node 65 a weighting o f ( I-  
0.699) o r 0.301. On this basis the distance metric can be calculated (Table E2).

T ab le  E2 C a lcu la tion  o f N o d e  W e ig h tin g s

S ite N ode L a titu d e
(° N )

L o n g itu d e
(° E)

( n m | ^

R ost Nodei- *
D istance  ' 

(N M ) "•

W e ig h t in g
F a c to r

-  ; ' :

p i t s :
D is ta n c e

M e tr ic
( k m )

64 53.39 -3.21
River Ribble 53.72 -2.93 25.685 1 1.034 0.699 3190.9

65 53.85 -3.06
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3. E x t ra c t  R e le v a n t D a ta  f r o m  D ixo n  and T aw n

For each o f the Nodes, look up basic data in Tables provided in Dixon and Tawn;

# The I -year Level
# Return period adjustment
# Trend and hence calculate adjustment w ith time, in this case from j 990
# Datum  A ddition  to  co rrec t MSL to  either AC D  or O D N .

These values fo r each node are given in Table E3. These tables are included in an Excel spreadsheet, allowing the 
values fo r  each node to  be looked up directly.

T a b le  E3 Basic D a ta  fro m  D ix o n  and T a w n  Tables

N o d e  • D is ta n c e
v ; ( k m ) f

m m

(M S L )

R e tu rn  P e rio d  A d ju s tm e n t
:-■■■ . - • ■

'■-r; R e tu rn  P e rio d  (Ye jtrs)

T re n d
(m m /y r )

T re n d
A d ju s t

D a tu m
A d ju s t

( 10 VI
:

50 100 2 5 0 : 500 1000 10000 T o  O D N
64 3144 5.16 0.52 0.74 0.87 1.09 1.31 1.45 1.63 2.24 3.11 0 0.19
65 321 1 5.4 0.55 0.77 0.91 1.13 1.36 1.5 1.69 2.33 3.07 0 0.21

4. C a lc u la te  R e tu rn  P e r io d  Leve ls  fo r  Each N ode

The return  period extrem e level is then the sum o f the I-year level, the Return Period adjustment and the trend 
adjustment (Table E4). As D ixon and Tawn gives only selected return period adjustments, it is not possible to  
calculate tide levels fo r  o the r Return Periods w ithou t interpolation.

T a b le  E4 R e tu rn  P e r io d  E x tre m e  Sea Leve ls (M SL) a t R e levan t Nodes

‘V f # ' R e tu rn  P e rio d  (Years)
N o d e .•k : i - • , 1 0 ; -  100 250 500 (000 10000
SRJPM

64 5.160 5.680 5.900 6.030 6.250 6.470 6.610 6.790 7.400
65 5.400 5.950 6.170 6.310 6.530 6.760 6.900 7.090 7.730

Adjusted SRJPM
64 5.298 5.482 5.615 5.746 5.84834 6.019 6.131
65 5.764 5.909 6.010 6.108 6.18848 6.323 6.416

5. C a lc u la te  R e tu rn  P e r io d  T id e  Leve ls fo r  R ibb le  E s tua ry

Apply weighting factors previously derived to  calculate the return period levels fo r the site between each o f 2 
nodes (Table E5).
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T ab le  E5 C a lcu la te d  Levels (M SL) a t Nodes and R ive r R ibb le  Estuary

SRJPM N
W e i

ode
ghting

R e tu rn  P e riod  (Years)

S ite N od e i i+ l 1 10 25 50 100 250 500 1000 10000
64 5.160 5.680 5.900 6.030 6.250 6.470 6.610 6.790 7.400

River Ribble 0.699 0.301 5.328 5.869 6.089 6.226 6.446 6.557 6.813 7.000 7.631
65 5.400 5.950 6.170 6.310 6.530 6.760 6.900 7.090 7.730

A d ju s te d
SRJPM ' ■ -::v

y . : '{■■ .

64 5.298 5.482 5.615 5.746 5.848 6.019 6.131
River Ribble 5.634 5.806 5.930 6.051 6.147 6.306 6.413

65 5.764 5.909 6.010 6.108 6.188 6.323 6.416

6. A d ju s t to  m  A O D N

Using the weighted datum adjustment factor (Table E3) correct all levels (Table E5) to m A O D N  (Table E6).

T ab le  E6 Leve ls to  m  A O D N  fo r  R iver R ibble E stua ry

R etu rn ; P e rio d  \years)
S ite 1 10 25 ■ ,j 5 d r " - "166 ,  25Q ^ ■ s m - %-\000 10000
SRJPM 5.532 6.073 6.293 6.430 6.650 6.877 7.017 7.204 7.835
Revised SR|PM 5.634 5.806 5.930 6.051 6.147 6.306 6.413
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A P P E N D IX  F: S p e c if ic a tio n
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1. OBJECTIVES

The project objective is to produce a consistent set of extreme sea levels for varying return 
periods at various locations along the coastline of the North West Region of the Environment 
Agency. The calculation of these levels should use the best available and most up to date data 
and knowledge.

2. REQUIREMENTS

The successful Consultant will be required to:

Obtain the appropriate data from Proudman Oceanographic Laboratory or other 
organisations to fulfill the project requirements.

• Compute the extreme sea levels for the locations specified in Appendix A and the return 
periods specified in Appendix B using the Spatial Revised Joint Probability Method 
(SRJPM) given in Dixon and Tawn (1997)
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Compute the extreme sea levels for the locations specified in Appendix A and the return 
periods specified in Appendix B from the annual maxima (AMAX) data for each site. 
The calculation of these levels by this method should take note of the previous 
methodology used especially that described in Graff (1981) and Coles and Tawn (1990).

Compare the extreme sea level results from the two methods stated above, and also those 
from Graff (1981) and Coles and Tawn (1990).

• ; Produce a robust and-consistent set of extreme sea levels for the specified locations and 
return periods.

Calculate the return periods of the high tides on 26 February 1990 and 10 February 1997

Calculate the return periods of the Operation Neptune flood warning levels of 5.5m AOD 
and 6.0m AOD at Gladstone Dock, Liverpool, and compute the equivalent levels at 
Heysham, Workington, Llandudno and Fleetwood for these return periods

Recommend a, standard methodology for interpolating extreme sea levels between 
locations specified in Appendix A. This method should take account of the recent work 
described in Dixon and Tawn (1997). A full worked example of this method should be 
included for the mouth o f the Ribble Estuary.

Recommend a standard methodology to take account of sea level rise and its effect on 
extreme levels. This method should take account of the references to sea level rise in 
MAFF (1993) and Dixon and Tawn (1997). A worked example of this methodology 
should be given for Liverpool (Gladstone Dock) in the years 2025 and 2050.

Produce a report and other outputs detailing the data used, studies undertaken and results 
produced.

3. PRO JEC T OUTPUTS
3.1 Report
The report shall detail the data used, the studies undertaken and results produced. The Agency 
shall be supplied with two draft copies and eight final copies of this report in hard copy. The 
report shall also be supplied as the appropriate word-processor and other computer files on 3!/2M 
floppy disk or CD. The report must be sufficient to explain the data and methologies used and 
the results obtained and shall include:

a map showing the locations for which sea levels have been calculated 
graphs o f level against return period for each location 
tables o f level against return period for each location 
listings of the annual maxima for each location 
worked examples as required in project requirements

• calculation sheets (included as appendices as appropriate)
a table o f  the differences between Ordnance Datum and Chart Datum at each location
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3.2 Computer Files
The Consultant shall supply the following computer files on 3 '/a” floppy disk or CD:

sufficient wordprocessor and other files to reproduce the entire report. The format of 
these files shall be agreed with the Agency.
an ASCII text file detailing the location name, latitude (to the nearest second), longitude 
(to the nearest second), National Grid Reference (to the nearest 10m), difference in 
metres between Chart datum and Ordnance Datum at this location and the calculated 
extreme sea; levels. The fields shall be of a fixed length and each location shall form one 
line of the file.

. • :  ASCII text fileibreach location detailing the annual maxima for that site. TheTields 
to be included are date, time and level. The file should contain a header o f the location 
name and its filename should be a shortened version of the location name. The fields 
shall be of a fixed length!

4. PROJECT MANAGEMENT -  ^  - -  <
4.1 A.gencyfs Representative

' The Agency’s representative for this project will be Tim Palmer.

4.2 Programme
The programmed length of the project is ten weeks including allowances of four weeks for data 
delivery and two weeks for the Agency to comment on the draft report.

4.3 Progress Reporting
Progress should be reported on a fortnightly basis in the form o f a short written report transmitted 
by fax or email.

4.4 Meetings
A meeting to discuss the Agency's comments on the draft report will be held.

5. PAYMENT

The project cost shall be paid as a single lump sum invoice for all consultancy fees, other fees 
and expenses. The cost of data from third parties (eg Proudman Oceanographic Laboratory) shall 
be re-imbursed at cost. The estimate of these third party data costs submitted with the 
Consultant’s;quotation will be treated as a target cost and should not be exceeded without prior 
permission from the Agency. Copies o f the third party invoices shall be submitted as proof o f 
these costs. The invoice shall be submitted on delivery o f the final reports.

6. QUOTATION

The Consultant shall submit a quotation for the project containing the following items: 
a single fixed cost for all consultancy fees, other fees and expenses 
a price per additional copy o f the final report (The fixed price should include the 
production of the specified number of reports) 
an estimate of cost of data from third parties
a brief statement outlining the intended methodology and any other relevant points
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a brief statement outlining the proposed project staffing (including approximate total 
number o f staff hours and the approximate number of hours that each individual staff 
member will work) 
the relevant staff CVs
a brief programme outlining the start date, end date, date of issue o f draft reports and 
other key dates.

The Consultant may submit alternative quotations provided that this in addition to a quotation 
submitted in the format specified above.

7. TERM S AND CONDITION S

The contract for this project shall be under the Agency's standard terms and conditions. Copies 
= of these are available from Chris Roberts, Procurement Manager at the Agency's Warrington 

office. '

8. REFEREN CES

Coles, S G and Tawn, J A. (1990). Statistics of coastal flood prevention. Phil. Trans. R. Soc. 
Lond., A, 332, 457-476

Dixon, M J and Tawn, J A. (1997). Estimates o f  Extreme Sea Conditions: Spatial Analyses fo r  
the UK Coast. Proudman Oceanographic Laboratory Internal Document No 112

Graff, J. (1981). An investigation of the frequency distributions o f annual sea level maxima at 
ports around Great Britain. Estuarine Coastal Shelf Sci.f 12,389-449

MAFF. (1993). Project Appraisal Guidance Notes. Publication no PB1214. MAFF Publications, 
London
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APPENDIX A - LOCATIONS

Silloth
Workington
Barrow
Heyshamt
Fleetwood
Hilbre Island
Liverpool - Princes Pier
Liverpool - Gladstone Dock |
Eastham Lock 
Llandudnof*

t  Location of UK A-CIass Tide Gauge
* Location not included in Graff (1981)
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/END IX B - RETURN PERIODS

in 1 year 
5f years 
10 
20f 
25 
50f 
75 
100 
150f ‘
200f
500
1000

f  Return period for indicative standard of protection (for tidal flooding) from MAFF (1993)
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APPENDIX C - DATA USED IN PREVIOUS STUDIES

A nnual M axim a used in 
G ra ff (1981)

A nnual M axim a used in 
Coles and  Taw n (1990)

Hourly d a ta  used in 
Dixon and T aw n (1997)

R ange or 
Y e a rs . .

N um ber 
or Y ears

Range or 
Y ears

N um ber 
of Y ears

R ange of 
Years

N u m b er 
o f Y ears

Silloth 1928-1978 20 1928-1978 20
W I B M

W orkington B i l l . 1992-1993... . 2

B arrow 1920-1978 l9 1920-1978 19

Heysham 1940-1977 29 1940-1984 36 1964-1990 21

FleetwoodI 71930-1978 ' V -43 1930-1983 • 48 m i l l

H ilbre Isiahd 1854-1977; 76 1854-1981 '8 0  • m m m w

Liverpool - 
Princes P ier

- 194 L-1977. 37 1 : 1941-1977 •37 i
;. 'i-.'r •

Liverpool - 
G ladstone Dock

1956-1977 20 1956-1977 20 : 1991-1993

3
Eastbam  Lock 1956-1977 19 1956-1977 19

h.-XjS
lr. ’-i

Llandudno
••V• >.:
. i-rrS’-'i.i':.-

i/
X-irj.-i'i.' -v - . -vV
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