Lowest astronomical tide in the North Sea
derived from a vertically referenced shallow
water model, and an assessment of Its

suggested sense of safety
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Lowest Astronomical Tide (LAT)

A Adopted as Chart Datum by the IHO

A LAT := lowest tide level to occur under average
meteorological conditions and under any combination
of astronomical conditions

A LAT realization = determine ellipsoidal heights of LAT

A State-of-the-artapproach to realize LAT:

A Time series of water levels at tide gauge stations and/or as
output of a hydrodynamic model only driven by tidal forcing

A Minimum tidal water level over a lunar nodal cycle: qhxr
A A hiar =hys T phar
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Current realization of LAT N the
North Sea

A National realizations differ by up to 60 cm!

A (Conceptual) differences in the models that compute tidal
water levels (e.g., bathymetry; open boun’dary forcmg)

ADifferent fimethodso ar e used t
observed water levels at tide gauge Statlons

A What method Cl “
A What set of tidal constituents?
A What time span?
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Our approach to LAT modelling (1)

A Conceptual problems

The traditional approach fails in coastal waters A no reliable RA data.
MSL not the reference surface in today®& hydrodynamic models

Tides contribute to MSL

Tide-surge interaction ignored

MSL over long periods does not fulfil all practical needs

A Thompson, JGI 63 (1980): 57-73: annual amplitudes ~ 7 cm

To Io To Do I

A Model LAT directly relative to the geoid (and not to MSL)
A Requires a shallowwater hydrodynamic model
A Requires vertical referencing of the model to a particular geoid

A Requires explicit modelling of the average meteorological (and
steric) conditions in combination with the astronomical tide
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Our approach to LAT modelling (2)

Dutch Continental Shelf Model (DCSMv5)
Is being used operationally to make tide
and surge forecasts

2D model, Northwest European
Continental Shelf

Spatial resolution 8km x 9km

(~20,000 grid points)

10-mintime steps

Calibrated to match water levels at tide
gauge stations and offshore platforms
Extended to include steric water levels

o Do Po  Io Do o Do

De_ltcu res = &
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Our approach to LAT modelling (3)

A Computation period: January 1984 i January 2004
A 10-minute time step

A Vertical referencing of DCSMv5 to EGGO08 geoid

A Water levels (tide + surge + steric) along open sea boundaries
relative to EGGO08

A Bathymetry relative to EGG08A NOT SIGNIFICANT

A Forcing data:

A Monthly mean wind and air pressure fields from ERA-interim &
monthly mean salinity and temperature fields from reanalysis
POIS hindcast
A LAT value at a grid point = minimum water level over the
entire 20-year time series at this grid point
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Non -linear interaction of tides and
surge
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Contribution of monthly mean meteo &
density fields to LAT

RMS=6.4cm, min = -15.8cm, max = -0.5cm mean= -6.0cm



Validation of LAT (1)

g
s, Mmean=0.5cm ~ A 92onshore &10
std dev = 21.5 cm offshore gauges

14° - A Tricky business!
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Validation of LAT (2)

New LAT NISE10 * FES2004*

“Turner et al 2010, J Atmos Ocean Tech 27: 605-613
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LAT s apparent safety

A LAT as CD appears to be safe: extreme event over a period of a
lunar nodal cycle (18.6 years)

A In shallow waters meteo may cause water levels below LAT

Objective: how likely?

A Remember:
A Trade-off between safe water depths and profit optimization
A Charted depths must be save enough, but minimize safety margins
A Grounding is second most abundant source of accidents in North Sea
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Methodology

A Run DCSMv5 over 20 years with 1@minute time steps A time
series of instantaneous water levels relative to EGGO08

A At each grid point

A select water levels during tidal minima (e.g., for a semi -diurnal tide
C 14,600 tidal minima over 20 years)

A Compute histogram of selected water levels
A Estimate probability density function
A Compute cumulative density function
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Probabllity that minimum, instantaneous
water levels in periods of tidal minima drop
below:

LAT-0.5m LAT-0.25m LAT
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Probabilistic design of Chart Datum

1/18.6 yr 1/yr F 1701

New Chart Datum always below LAT! 0.9



Conclusions

A Nothing wrong with traditional way of LAT realization outside coastal
waters
A Modeling LAT relative to the geoid has conceptual advantages
no gaps along the coast
natural reference surface of a hydrodynamic model
allows inclusion of seasonal MSL variations (< 16 cm)
accounts for non-linear interactions of tides and surge (< 5 cm)
provides relation to height reference systems
A Surge makes water levels below LAT a once per month to once per
week event in North Sea coastal waters
A Probabilistic approach to CD definition
A better meets practical needs
A much easier to validate
A In line with IHO conventions

To To Do Po Ix

3
TU Delft T L BLAST $ ronetiarne Challenge the future 16




Contribution of tides to MSL

12 major tidal constituents, 20 -yr mean



