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FOREWORD

The IOC Assembly at its Thirteenth Session by Resolution
XIII-7 adopted the proposal for the Global Network of Sea-Level
Stations prepared with the assistance of Dr. D. Pugh (U.K.) and Prof.
K. Wyrtki, as a basis for an extension under the auspices of IOC of
the existing sea-level network (included in the Annex to the Summary
Report of the Thirteenth Session of the IOC Assembly). By this
resolution Member States were urged to participate in the
_implementation of the Global Sea-Level Observing System which is
required by the oceanographic community for research, in particular, in
support of oceanographic experiments and programmes under the World
Climate Research Programme, as well as for national practical
applications.

Similar to other international programmes, this project
requires actions on both national and international 1levels.
Preparation of the Manual on Sea-Level Measurement and Interpretation
is considered as an important step towards unifying procedures for
sea-level measurements and analysis and assisting those Member Statts
who wish to install or reactivate their sea-level stations.

This manual has been prepared by the staff of the United
Kingdom Institute of Oceanographic Sciences associated with summer
courses on sea-level observation and data reduction which have been
held wunder the auspices of the Intergovernmental Oceanographic
- Camission. Although based on U.K. experience, this extends to
- analyses rof records from many types of gauges and many coastal
locations around the world. However, in other countries, slightly
different procedures may be more appropriate. It is hoped that the
material presented here will help countries which are planning national
sea-level networks in reponse to recognized practical and scientific
demands, in the spirit of the Resolution XIII-7 of the IOC Assembly of
March 1985, which encouraged Member States to develop such networks.
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1. . INTRODUCTION

Measurement of sea level has a long history. Ancient people 1in
many lands were able to link the regular movements of the sea to
the movements of the moon and sun. Many also regarded " tides as
due to the powers of the Gods. '

Nineteenth century studies were related to vertical 1land
movements 1in the belief that the average level of the sea was
constant over long periods of time; changes of the mean sea level
were related to land movement. It 1s now generally appreciated
that- neither the land nor the sea levels are permanent. There
are vertical movements of the 1land associated. with glacial
changes and other tectonic processes. Changes in the mean sea
level relate to changes in the volume of water in the oceans and
to variations in the ocean currents.

Modern ‘studies of sea level are concerned with problems of
marine transport, coastal erosion and the design of coastal
defences against flooding. Scientifically tides and. sea level
changes have a controlling influence on many marine biological:
and geological processes. Changes of sea 1level over longer
periods have important implications for coastal habitation and
for climate changes. :

Recent proposals for co-ordinated studies of climate change
have identified mean sea level as an 1important if indirect
indicator of change and of the associated processes. These
processes 1include glacial melting, expansion of sea water due to
heating, and changes in sea surface gradients related to changes

in currents through geostrophic balance. Changes 1in these
currents in turn lead to changes in the poleward transfer of heat
from the tropics. °~ The IGCP-200 programme on sea-level changes

over recent geological times is another example of the various
applications of studies of mean sea level changes.

Global studies require a well distributed global network and
proper international collaboration in defining observational
standards, data collection, and publication. The
Intergovernmental Oceanographic Commission has sponsored a series
of courses at the Bidston Laboratory of the United Kingdom
Institute of Oceanographic = Sciences wunder the auspices of the
Permanent Service for Mean Sea Level.

This manual summarises the information presented at these
courses., The emphasis 1s on techniques and on the practical
aspects of site selection, maintenance, and critical data
reduction. Additional material places these practical
considerations in a scientific and engineering context. The
courses and this manual have been developed by a team consisting
of:

Bi1l Ainscow ' Lecturer, instruments

David Blackman Course co-ordinator

John Kerridge Administration

David Pugh ‘ Chairman, Director PSMSL
Sheila Shaw Lecturer, data reduction
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2. SCIENCE OF SEA LEVEL CHANGES AND THEIR APPLICATIONS

2.1 GENERAL

The basis for any scientific analysis of sea level must be 1long
"serles of careful measurements. Any instantaneous .measurement of
sea level in a series may be considered the sum of three
component parts: '

observed level = mean sea + tide + meteorological
1eve1 . residuals

Each of these component parts 1is controlled by separate physical
processes and the ' variations of each part are essentially
independent of the variations in the other parts.

There are many ways of defining these components. ‘An.
acceptable set of definitions is: - :

Tides are the periodic movements of the seas which have a
- coherent ‘amplitude: and  phase relationship to some periodic
geophysical force. The dominant forcing is the variation in the
gravitational field on. the surface of .the:  earth due to the
regular movements of the earth-moon and earth-sun systems. . .These
. cause gravitational tides . There are also weak tides generated
by periodic variations of atmospheric pressure and -on &shore
off-shore winds which are called meteorological tides . ‘

Meteorological-'residuals' are the non-tida1< componentsl which
remain after removing the tides by analysis. They are irregular,
as are the variations in the weather. Sometimes the term surge
residual 1is used but more commonly surge is used to describe a
particular event during which a very large non-tidal component is
generated. .

Mean sea level 18 the average level of the sea, usually based on
hourly values taken over a period of at least a year. For
geodetic purposes the mean level may be taken over several years.

- The frequency with which different observed hourly 1levels occur
“over a long period of observation has a definite. pattern. Where
semidiurnal tides are dominant, the most frequent levels are near
to Mean High and Mean Low Water Neap levels (see Figure 2.1).

More elaborate techniques of analysis allow the energy in
the sea 1level variations to be split into a series of frequency
or spectral components. The main concentration of energy ig 1in
the semidiurnal and diurnal tidal bands, but there is a continual:
~background of meteorological energy which becomes more important
for longer periods or lower frequencies. N
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2.2 TIDES

Newton’s theory of. gravitational attraction ‘predicts  two
symmetrical tidal bulges directly under and directly opposite the
moon or sun. Tidal ranges would. reach their 'maximum value - of
about 0.5 metres at equatorial latitude. The individual high
water '-bulge would move around the earth from east to west in
steady ©progression . as the earth rotates under the moon or sun.
These characteristics are clearly not -those of the observed
tides., C

.The observed tides in the main oEéans have ranges of . about
1.0 metres, - but there are several variations as shown in Figure
2.2. .In some local areas of the continental shelves, ranges may:
exceed 10 metres. ..An extreme example is found in the Bay of
Fundy, .where ranges of 15 metres may sometimes occur. In most
places the tides are dominated. by semidiurnal pattermns, but there
are places where diurnal tides dominate. Elsewhere, there are
mixed tidal .regimes. - where the. pattern may vary between -
semidiurnal and diurnal in its characteristics. - In very 1local
situations, where the water is shallow,.extreme distortions of
the tidal profiles occur. R 3 , :

Tides propagate as long waves. on a rotating earth, . Thelir
behaviour 'may be represented by co-amplitude and co~tidal maps.
Reflection of progressive waves leads. to standing waves, which on
a rotating earth become amphidromic systems. . Amphidromic systems
are locations where there is zero tidal amplitude and around
which the tidal waves progess 1in a clockwise sense in the
southern. hemisphere and an anti-clockwise sense in the northern
hemisphere. Where the natural dimensions of a basin are close to

a quarter wave-length of the progressive .tidal wave, resonance
"~ occurs . and the resulting amplitudes at . the head of the basin may
become very large.

Tides spread from the oceans onto the shallower continental
shelves where their speed of propagation is much slower. . Energy
is lost to overcome bottom . friction resistance to the strong
tidal currents. . The ultimate distortion of the harmonic tidal
wave occurs in-estuaries and: rivers where the. depth is too
shallow for the wave to propagate effectively. As a result,
‘tidal bores are generated which are often spectacular and can: do
. great damage.

2.3 METEOROLOGICAL EFFECTS

Even the most carefully prepared tidal predictions differ . from
the sea  levels actually observed because of the effects of the
weather. The .relative importance of the. tidal' and non-tidal
movements depends .on the .time of year, the latitude, and the
proximity of extensive shallow water.  areas. . Typical standard
deviations of observed levels.from predicted tidal levels vary
from 0.03 metres at tropical ocean islands to 0.25 metres or more

in stormy high 1latitudes, where the continental shelves are
shallow. :



Patterns of geological coastline development and sediment
deposition often operate to produce flat low-lying fertile land
adjacent to extensive shallow seas. The northern bay of Bengal
18 an outstanding example., People. tend to settle .on this
low=lying land. If storm surges combine ‘with. high tides to
produce severe flooding the most immediate danger 1is of drowning.
However, the subsequent dislocation of normal services  such as
water supplies and sewerage gives rise to further dangers. Also,
once flooded by sea water, previously fertile lands are
unsuitable for growing crops for several years because of the
saline deposit which remains after the floods have receded.

Physically the atmosphere acts.-on the -sea in two. distinctly
‘different ways. Changes in atmospheric pressure produce changes
in the pressures acting vertically, om the sea ‘:surface. - One
millibar 1increase of atmospheric pressure decreases sea ‘level: by
one centimetre. This is called the inverted "barometer: ' effect..
. The drag of the wind on the sea surface increases as the square
of the wind speed, to a first approximation. This drag sets the
water 1in motion - in-shallow water the flow is in the direction
of the wind but in deeper water the transport is at right angles
(to the right in the northern hemisphere). -When the water
transport 1s impeded by land boundaries there is an'iincrease of
water levels, the storm surge. S

For scientific analysis and for. systems designed ‘to”’ predict
imminent. -surges, ‘it is- usual to distinguish between tropical and
extra-tropical surges.

Tropical Surges

These are generated by tropical storms which are small- and very
intense: These storms are generated at sea, from where they move
in an irregular way until they meet the coast. Here they produce
exceptionally 1large: flood 1levels within the region of perhaps
10-50 km. Tropical storms are difficult to monitor off-shore and
thelr effects on a particular ‘piece’ of coastline 'cannot be
estimated from the statistics of observed floods because they are
so - rare. A combination of ‘numerical and simple statistical
models may-be used to estimate. the maximum £lood ' levels,  but
their  exact location depends on  the track of each individual
storm. C A C

Extra-Tropical Surges

These are generated by storms which extend over several hundred
kilometres and which are  generally slow moving. They effect
large areas of coast over periods which may ‘extend to several
days. At their centre is a region of low atmospheric pressure.
The effects of the earth’s rotation must be taken into account,
when -making numerical predictions of the storm’s behaviour and
the resulting potential for flooding.



2.4 EXTREME LEVELS FOR DESIGN OF COASTAL DEFENCES

Thé maximum extreme hiéh‘water levels due to combinations of very

high tides and very large surges which may be expected in some . -

defined period such as 50 or 100 years 18 a mnecessary 1input to
the design of coastal defence systems. The simplest approach 1s
to compute. the ratio between some normal tidal parameter and the
level having a return period of N years, The factor may be
determined for a standard port in the region and used for scaling
non-tidal parameters at other sites where the long series of data
-are not available for independent analysis. Another method makes
use of the highest levels observed in each of a number of years
and ranks them in a statistical way to estimate by extrapolation
maximum levels which may occur, Usually at least 25 years of
maximum annual levels are. needed for this kind of analysis. The
most direct approach to estimating the probability of extreme
‘levels uses the separate probabilities of tides and of surges and
.combines them statistically to <calculate the probabilities of
total levels.  Where flooding results from extra-tropical surges,
these techniques of data analysis are valid, but where the most
serious flooding is likely to be due to tropical. surges, then
there will be .insufficient data available to allow a proper
statistical treatment - of extreme events at any particular
location. In this case it is usual to rely on numerical models
or simple empirical models which relate maximum levels to varying
'storm track speeds, directions, ‘and shelf width.

2,5 TSUNAMI
A Tsunami 1is a wave generated by seismic .activity and as such
falls outside the two categories of forces responsible for normal
sea level changes, tides and the weather. Not 'all submarine
earthquakes produce tsunami. The important element is a vertical
crustal movement which displaces the sea bed. The tsunami wave
characteristics will depend on the amplitude of the displacement
and the dimensions of . the sea bed involved. - * Horizontal
displacements of the seabed will be relatively ineffective. The
waves travel at a speed given by (water depth - * gravitational
acceleration)ﬁ Amplitudes in deep water are small, probably not
more than 1 metre. The Pacific Ocean and its coastlines are the
most vulnerable to tsunaml because of the seismically active
surrounding plate boundaries. As the wave approaches shallow
coastal waters its amplitude increases and there are multiple
reflections and refractions which combine to give very large
" local amplitudes. A network of reporting tide gauges in the

/Pacific enables warnings of tsunami arrival to be given some
hours in advance. ' '

2.6 MEAN SEA LEVELS

Mean sea level 18 calculated from 1long series of hourly (or
sometimes' th:ee-hourly) observations. The simplest way is to

s



take the arithmetic .average, but more elaborate methods "include
the application of low-pass numerical filters to eliminate tides
and surges before taking the average. The average of all "high
and low water levels is called the mean tide 1eve1' it 1is close
~to but not identical with mean sea level, .

Monthly and annual mean sea level series for-'ar global
network of stations are collected and published by the Permanent
Service for Mean Sea Level, together with" details ' of gauge
location, and definitions of the datums to: which the measurements
are referred. Data is held for over one thousand stations:  of
these stations one hundred and twelve have recorded data from
before 1900. The longest record held - is from Brest, -France,
which Dbegins 1in 1806. ° The physical location of gauges on the
network is not ideal:. the vast majority of gauges operate in the
northern hemisphere and carefuI analysis 1s necessary to avoid
bias in the interpretation. There is a continuing need for ‘more:
~data from the southern hemisphere, and from ocean islands. - I
' - The change of mean sea level relative to a fixed point on
laﬁdr‘isi a. measure of- the difference between the vertical
movements of the sea’s surface and of the land itself. Long=-term
changes of measured sea level are called secular changes. Global
changes in the mean sea 1level are called eustatic changes.
Vertical land movements of regional extent are called eperiogenicv'
movements. ' s

-~ ‘Figure 2.3 shows variations in ‘the monthly sea level overf a
ten year period at five well established’ atations. - -

TEN YEARS OF MONTHLY MEAN SEA LEVELS

NEHLYN .
4 BREST
{wonoLuty |

15AN FRANCISCO =~

SYDNEY (NSW)

1970 1972 ' 1974 ) 1976 1978

Figure 2.3



The variations at Newlyn and Brest which are separated by only
200 kilometres are very similar. For Honolulu and San Francisco
which are separated by half the width of the Pacific Ocean, there
are many similarities but also .many differences. The close
agreement betwen variations at Newlyn and at Brest which are
measured quite. independently using different kinds of instruments
shows - that the oceanographic variability which we seek to
describe and understand is much greater than the errors in the
measurements. ‘ ‘ u , ,

There are pronounced annual and  semi-annual variations of
mean sea level due to seasonal changes in atmospheric pressure,
water density and ocean circulation. In summer months  water
density variations are 1likely to dominate and in winter months
meteorological. : . ‘ : - .

2.7 LONG-TERM TRENDS

Figure 2.4 shows the long-term trends in sea - level - at several
stations and the trends are summarised in Table 2.1. There is a
general increase of mean sea levels of about 0.10 - " 0.15m per
century over the period of detailed measurements. However, there
-are considerable varilations from this average figure.

Jon .»wlqujy\/\ﬁvvjvﬁnﬁf { NEHLYN
TCARLN WV\NWNWV/ W\“*“Es'
M-Hnurnx
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1820 1840 * 1860 1880 1900 1920 1940 1860 |

Figure 2.4 Low level frequency changes of sea level at
_eight stations showing a general upward trend, except

at Sitka and significant interannual variations .



 Complete Series ' . 1940 Onward
Latitude Total |- Period
- Years o -
SITXA C T s1%en | a2 | 193971979 ~2.500.40 | “2.600.3)
! {Alaska) ' . ' ‘ -
NEWLYN .| 50° o6*N 65 | 1916-1980 1.7¢0.2) | 1.5(0.4)
BREST < Jae® 238 | 11 | 1807-1981 . 0.9(0.1). .| 0.0(0.5)
HALIFAX 44° s0'N 62 | 1897-1980 3.7(0.1) 3.2(0.3)
{Nova Scotia) ’ :
SAN FRANCISCO 37° 48N 127 1854-1979 -3.8(1.5) 1.5(0.4)
wovorozu . | 21° 19N 76 | 1905-1980  1.6(0.2) | 0.8(0.4) -
osay . | 18% ss'w - | 101 1878-1978 ~ 1.000.1) | -1.0(0.4)
SYDNEY . |33 s1es 85 | 1897-1981 0.7(0.1) | 2.0(0.3)
(New South Wales)
TABLE‘EE.', Fits of linear trends to lohg series of annual

mean Sea‘leve}s; the estimated rates of ;ea};evel

rise are given in mm per year and the standard ’

5

" errors of the estimates are given in brackets.

During periods of glaciation the sea 1levels fall-: because
water 1s ‘locked into the polar ice caps; as the glaclers recede
the global sea level increases, ‘but this ~general increase 1in
level may not be apparent along coasts which have only recently
been relieved of their ice burden. Along these coasts there 1is
an isostatic land uplift which 1s measured as a. decrease in local.
sea level (see Sitka, Alaska, in Figure 2.4). Superimposed on
‘the long-term trends are variations of several centimetres of
amplitude, which have coherence over ocean but not global
distances, and periods of several years. These inter-annual"
variations are not well wunderstood,. .but they are  related to,
changes in heat storage, circulation and heat transport. Studies
of climate stability and climate change will be advanced by a
better understanding of these sea level changes. .

In the absence of density variations and ocean circulation,
the sea surface would assume a shape known as the geoid.

However, there are density variations and currents which cause
L

10



the actual mean sea level to vary from the geoid by up to a
metre., Gradients in the mean s8ea level - surface  across ocean
currents are necessary to balance Coriolis forces on a rotating
earth. Changes in the strength of the currents will cause.
‘changes 1in - the ' gradients, and hence 1in the mean sea level
surface. The difference in mean sea 1level between two island
gauges may therefore be. an  indication of the strength of the.
current passing between them., .

2.8 GEOLOGICAL EVIDENCE

Over geological periods there have been . considerable wvertical
movements of the land relative to the sea extending over ‘several
.thousands of metres. Evidence for 1lower sea levels than at.
present -consists of -submerged shore 1lines, -deltas, and the
extension of river valley systems well out across the continental
shelf, sometimes as far as submarine canyons at a shelf break.
Submerged forests, peat beds and shelves which contain organic
material may be dated to investigate these changes. - Evidence for
relative upward .land movement 1s seen in . raised beaches, ‘tidal
flats and salt marshes as 'well as 1in wave-cut .terraces and
elevated sea-cave systems in cliffs.  Where tidal ranges are
small, - such as in the Mediterranean Sea, relative changes:of sea
ulevel can be monitored by archeological surveys . of  -ancient
“harbours. L o S e
"~ In some cases changes in sea level are very sudden,: as a
result of local earthquakes. In other cases, such as the.
isostatic recovery from glacial loading, the changes are gradual.
L The combination of sea level changes measured by different
techniques shows a relatively rapid rise of sea level from 20,000
years ago, gradually slowing down 8,000 years ago when 1levels
were some 15 metres below those of today. The increase then
proceeded more gradually until present levels were: reached some
4,000 years ago. Since that time the changes have consisted of
oscillations of small amplitude.- :

.The last ice age was only the latest in a succession of
advances and retreats which have repeated throughout the past two
million years., Throughout this Quaternary period, seventeen
glacial-interglacial cycles have been identified. However, in
the total geological record these . periods of large glacial
oscillations - are wunusual and can only be seen on four other
occasions in the past 900 million years.
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3. TIDE GAUGES

‘3.1 CHOOSING A TIDE GAUGE SITE

Before any attempt is made to choose a site for a tide gauge
installation the following information should be considered :-

1) The type of tide gauge to be installed. In the case of float
operated gauges, the size of the stilling well and support
structureée necessary.

2) 'The area for which the tidal-information is required and the
use to which this information 1s to be put.

Within ‘the limits of the coast ~'dictated by the above
requirements, the site will then be chosen. 1In some instances
-the choice of-site 1is quite clear, since the ' requirement is to.
monitor tidal 1levels at a  specific point, such as a sewage
outflow point, or a lock gate. In most instances however, the
choice of site will not be so clear and can only be made by
Judging which of the following constraints are more significant
and which can be more or less ignored. U

a) The 1installation when completed’ must be® capable of
withstanding the worst storm conditions.-1likely to be encountered.
Therefore, positions known to be subject to storm damage because
of their exposure should, if possible, be avoided. If this is
not possible, then this situation must be borne in mind when
designing the installation. Where large waves or tsunami are
possible, raising the level of the building may be necessary to
prevent swamping or destruction. ‘

b) The ground on which the installation is to be built must be
stable, mnot ©being 1liable to.subsidence because of underground
workings, or because it 1s recently made‘ up 1land (example:
reclaimed by tipping). It must also not be liable to slippage in
the event of heavy prolonged rain storms (i.e. must be adequately
‘drained) or being erroded by river or sea action. . Building
direct on to solid rock is the ideal. o :

c) The water depth must extend at .least two metres . beneath the
lowest astronomical tide for successful operation of a stilling
well. The outlet of the stilling well should be clear of the sea
bed and be set deep enough to allow the float to operate about
one metre below Lowest Astronomical’ Tide (LAT). ‘

d) River estuaries should, 1if possible, be avoided. Water
flowing down the river mixes with sea water resulting in varying
water density in the area "and because of .layering water drawn
into the stilling well may be of different density than the
surrounding water. Currents due to the river flow can cause
draw-down in the stilling well and following heavy rainstorms
debris floating down the river can become entangled with the
stilling well causing blockage or may even cause impact damage.

13
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e) Areas where impounding (becoming cut-off from the sea) can
occur at extreme low levels should be avoided. Similarly,
sandbars slightly below the surface between the site and the open
sea can result in wuncharacteristic 1levels being measured.
Monitoring across long shallow sloping beaches should also be
avoided for the same reasons. : :

f) Sharn headlands and sounds should be avoided since these ‘are
places where high currents occur.

g) Prokimity.to outfalls can result in. turbulence, curfents,
.dilution and deposits, and should be avolided. T :

h) A study should be made of shipping passing or -mooring close
to the proposed site, since there will be a risk of collision and
propellor turbulence causing silt movement.

i) InvestigationS’should be made to "determine 1if there 1is a
possibility of construction work occurring in the area at some
future time, which may affect the tidal regime at the site e.g.
construction of new quays, breakwaters, locks or large factories
having sluices or.outfalls.

j) Where an appreciable amount of continuous power 1is required
{t will be necessary to lay in a mains electrical supply to the
‘site. If this 1is not ©possible an alternative supply may be
obtained from storage batteries and a generator. If power is
required only for recording or telemetry purposes then  batteries
may suffice. : . - ‘

-
-

k) There must be adequate access to the site in the first
instance to get materials on site during construction, and later -
for observation and maintenance visits. :

3.2 THE FLOAT OPERATED TIDE GAUGE

(i) The Basic Tide Gauge

In it simplest form the installation for a - float  operated ' tide
gauge - could appear as shown in Figure 3.1. The float which sits
on the surface of the water 1s connected by a cable passing over
a pulley to a' weight so0 that the position of the weight is
determined by that of the float. As the float rises on rising
water so the weight descends by the same amount and the cable
passing over the pulley causes the pulley to rotate, the angle of
rotation  being directly proportional to the change in water
- level. The second pulley fastened to the same shaft will  rotate
through the same angle as the first pulley, but since its
diameter is smaller the pen attached to the 'cord passing over
this pulley will move through a smaller distance than the float
although in exactly the same manner. The pen can be arranged to
write on a chart and depict the movement of the float and hence
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the water surface although on a reduced. scale. The ratio of the

gauge. 1s the Trelation between the pen movement and the actual

".water movement -determined: in this example by the relevant
diameters of the two pulleys,: g ‘. . : K ‘

- If the recording paper :ls arranged to pass normal to the
path of the pen at a fixed speed a curve will be drawn to give a
continuous record of water height against time.. .

The float is arranged to . operate . inside a stilling well
which 1s necessary for satisfactory functioning. " The well forms
an enclosure to prevent the float from drifting in the presence
of - winds. . By restricting the flow of water into and out of the
well some damping .'of . the water - movement ..18 achieved . and
eliminates the oscillations due to short period waves. : '

(ii)vThe‘Pracfiéal‘Tide Gauge
All énalogue floatloperatéd tide\gadges,afe based on the simpie
instrument : already ' described.. The . designs 'of practical tide

gauges differ from the basic model only . .by having features
incorporated to improve ‘accuracy and'reliability..;a o !

.(iii) Fioat Systen

‘A cable between the float and counterweight .passing over a p%lley
is not normally employed .since the .cable is .prone to:slip on the
" pulley and at ‘best ; can - transmit' -little torque:- without  slip
occurring. ~ The float wire is usually wound onto a ‘drum having a
spiral,groove,t0'locate'the wire . as it - winds ~on 'and prevent
~overriding turns. The counterweight likewise is suspended from a
similar drum. It 1s not normally convenient ¢to have the’
counterweight operate through the same' distance as:the float
since it will spend some time in water with consequent corrosion
problems and reduced effect - due .'to : buoyancy. The weight is
usually suspended from a much smaller diameter drum and hence
‘travels through a much shorter distance than the float. The
travel can be further reduced by "‘passing’ the ‘wire through. a
pulley or series of pulleys. As the range of the counterweight
is less than that of the float so the mass of the  counterweight
must be 1increased in the same ratio to keep the system in
balance. In several tide gauges the direct float - counterweight
link is employed: in these instances, either a perforated tape 1is
-used which registers with a . sprocketed .pulley,: or . a . special
pulley . around which ..the - wire 1is wrapped - a number of turns.
Modern floats are made from materials such as nylon or pvc which
are little affected .by. the corrosive influence of seawater.
Natural anti-fouling materials such as copper ‘are also used, To
be - reliable a float  must not leak and therefore should not be
constructed. from materials which are liable to corrode .or "split.
The anti-fouling property is important since many forms of marine
1i1fe seem to have a great ;affinity for items floating on the sea
surface.. = The result is that the float grows ds .the marine life
accumulates and gradually closes ‘the gap between the ' float and
walls .of the well causing a sluggish response of the float. . The
float itself must not be allowed to come in contact with the wall
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of the well as this may cause the float to stick, particularly at
joints in the well, and eventually wear away the float and cause
leakage. : o

Float and counterweight wires should be selected from
corrosion resistant and non stretching materials. Stainless
steel and phosphor bronze wires are the most common. It 1is
important that the correct gauge of wire 1is wused on any
particular tide gauge since a change in diameter of the wire will
affect the ratio of the tide gauge. Counterweights can be made
from any heavy material such as cast iron, steel, brass or lead.
The' mass of the counterweight 1is important since it must be
sufficient to overcome any friction in the gauge mechanism but
not be so excessive that it reduces the float effect so that {it
i1s insufficient to overcome friction in the opposite direction.

(iv)'Gearingi

The drive from the float pulley shaft to the pen mechanism can
take a variety of forms; .all of these are designed with the
primary aim of minimising "backlash. In some gauges this is
achieved by loading the gear train in one direction, in some by
use of sprung anti-~backlash gears, and 1in others by precision
manufacture of all parts.

(v) Pens

A great variety of pens and pencils have been used in tide gauges
to produce a trace on the chart, some not very successfully. The -
pen is required to write very slowly on the chart, and to do this
successfully must neither dry up nor flood. Most gauges nowadays
use either fibre tip pens or capilliary pens with disposable ink
capsules, Each type lasts on average about two months before
requiring changing. The advantage of the fibre tip pen 1is that
it 1is completely disposable and does not require any form of
maintenance whereas a capilliary pen requires frequent cleaning
by soaking in methylated spirit..

(vi) Recording Charts.

" The recording chart can be mounted either on a rotating drum or
take the form of a continuous roll or strip chart. The drum
mounted chart is rectangular in shape when unrolled, marked with
a graticule 1indicating height in one direction and time in the
other. Drums are usually arranged to rotate one revolution every
twenty four hours and so the chart is marked in hours from nought
to twenty four. When fitting' the chart to the drum {1t is
important to "~obtain correct alignment of the graticule so that
the zero time.line and the twenty four hours line are coincident:
and there is no step in height readings at the join. .

A strip chart is in the form of a continuous roll of :paper
which winds from one spool to another at a constant speed. The
paper is marked in heights across its width and time along 1its.
length. Recording drums and strip charts are driven at a
constant speed by a <clock mechanism.’ Handwound eight day

<
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mechanical clocks are the most common though some tide gauges use
electrically wound clocks and mains driven synchronous clocks.

(vii) Punched Tape Recorders

Some float operated tide gauges do not record on an analogue
chart but record spot heights at fixed intervals of time on a
roll of recording paper in the form of a series of punched holes.
A compatible tape reader is required to translate data from these'
types of gauges.

3.2.1 INSTALLATION

(1) Stilling Wells

A stilling well 1s a tube placed vertically in the water, . long
enough to adequately cover any possible range ‘of tides at the
particular site. The bottom of the well is closed off except for
‘a small entry for the water to flow in and out, the top is left
open. There are two basic types of stilling well, one with a
small orifice at the bottom and the othef;with a pipe inlet
connected to the 1lower part of the well.. Both designs :do
basically the same thing, that is damp out the higher frequency
disturbances such as waves and ship wash but leave longer period
variations such as tides’ and . seiches unaffected. .The-main
difference is that the pipe inlet well does it better and can * be
tuned to the designer 8 requirements. ) -

i
(ii).Orifice Inlet , S ‘ o

Orifices in wells vary in design and some are shown 1in Figure
3.2. The cone 1inlet 1is the most “common since it has the
advantage of being self draining with regard to silt .and hence
needs less frequent cleaning. A variation on this design is the
cone inlet with removable orifice plug allowing simple cleaning
of the 1inlet to remove silt and- marine growth and also
experimentation with the size of orifice.

Figure 3.3 shows the damping characteristic of the stilling
well. over a range of frequencies from seconds to twenty four
hours. The degree of damping achieved with an orifice 1nlet 1is
dependent on - the amplitude . of the disturbance, larger
disturbances being more significantly reduced. The frequency at
which = the attentuation becomes insignificant is dependent on the
size of the orifice whose recommended diameter should be one
tenth ' tha of the stilling well. However, at some sites it may
be found that a smaller orifice is desirable to reduce unwanted
disthrbanees. . The:” optimum ' can only - be achieved by
experimentation 1in obtaining the maximum reduction of the
unwante@/ wave oscillations without significantly affecting the
~response of the well at tidal frequencies.
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(111) Pipe Inlet

Figure 3.3 also shows the. attenuation produced in a stilling well.
having a pipe inlet. It will be noted that there is a critical
frequency above which . outside  disturbances are.. .virtually:
eliminated and ©below which, there 18 .1little if any attenuation.
Using a combination of pipe lengths and diameters. . the. . critical
frequency can  be placed wherever desired. However, the theory
from which this relationship 1s derived assumes laminar flow
conditions, and these can only be achieved by use of relatively
large diameter pipes necessitating them being quite 1long. Pipe
inlet systems. are seldom used, unless they are necessary in order
to achieve a sufficient depth of water, since they are - expensive
to construct, prone to siltation problems and are difficult to
clean. : ; .

(iv)'Construction‘”

Stilling wells can.be constructed from a number of materials.. the
choice being dependent on what is locally obtainable and. the most
severe conditions likely to be experienced at the proposed site.. .
Materials = commonly used are grp (glass reinforced plastic), pve
or steel with a bitumen coating. The structure ¢to which the
stilling well is to be attached will be decisive in the design of
the mountings. In the case of open piled - piers 1t may. _be-
possible to . mount the .stilling -well within the'?structure,
fastened to, the.structure by simple clamps. 1In most instances it-
is . necessary to build over the side of. a quay, the stilling well
being supported at a number of points in saddles built out from
the quay wall.. It 1s: advisable. to use stainless steel or,
phosphor bronze nuts and bolts to attach the lower section of the
stilling well to allow ease of removal at such time when this 1is
' needed for maintenance or cleaning. T : - -

f

(v).Errors in’ Stilling-Wells e

Errors in measurements in stilling wells .can be " caused by a
number of factors.. Silt and marine growth in the area of the
" orifice has already been mentioned., These will cause the orifice
to.become effectively smaller and eventually block it completely..
- The orifice can also be blocked by.a build-up of silt -or sand.
outside the well as a result of natural currents or storms or
ship’s propellers. It is therefore 1important that a  site is_
- chosen where there is adequate depth of water beneath the. inlet
to prevent this occurring. This problem can be very difficult to

combat in the case of pipe inlets.

‘ Errors can be caused by .the water-in the well not. being of
the same density as that outside the well. When stratification
occurs, and this is most serious around river estuaries, the
upper layers of the  water will have a lower density than the
lower layers. Since the well inlet is deep down 1in the water
only the denser portions will be drawn in . on the rising tide, the
water in the well being more dense 'will have a lower surface.
leyel.‘ Conversely, should lower density water -be drawn into the
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stilling well at low water levels this will be retained within
the well and hence the opposite effect can take place where the
water in the stilling well is of lower density than that outside.

In the presence of currents the water flowing past an-
orifice inlet will cause a-local reduction in pressure around the
reglion of the orifice and reduce the level of the water -inside

-the stilling well. This effect is known as draw down and becomes

noticeable when currents exceed about one and a quarter knots.

(vi) Accommodation o

‘This refers to the housing used for the tide gauge installation.
It is always recommended that the tide gauge instrument be .housed
in a building or hut to protect the equipment against extremes of
weather conditions and to provide a low humidity environment
where the affects of dampness, salt spray and extremes of
temperature 'are minimised. 1In the UK, because of the generally
cold and damp climate, buildings are kept heated to a constant
temperature - with sufficient ventilation to allow moisture in the

. atmosphere to disperse. When adequate moisture protection is not’

possible - then the tide gauge case should be. fitted with moisture
absorbing material, such as silica gel, to keep the mechanism and
the chart dry. ~ - e S

It ' 1is important that the building should be capable of
withstanding the worst storm conditions likely to be encountered
since at this time tidal records are most important.  If this 1is.
not ‘possible, then the site fisrbadly chosen and it-should be:
moved to a point where there -1s’ more protection from ’severe~
storms. . T ' .

The building should be provided with adequate lighting for.
all the tasks to be undertaken. At least one window providing-

"natural light is also advisable to allow safety: of movement ' in
- the event jof failure of the normal lighting system. - I

‘A float™ operated tide gauge should be positioned directly
over the .8ti1ling well so that the float" system can be-direct’

“ operating and friction free. Where this is not possible  then a

-8ystem of guide pulleys is- necessary to direct the float wire to
_.the gauge. 'In all cases the tide gauge should be mounted on a
substantial bench firmly anchored to the floor, and stiff enough
not to move when leant against. The stilling well top should be
covered for the following reasons. ‘

,1) Safety, to: prevent persons from falling into ‘the openf

aperture, as it  is virtually impossible to rescue a person who
.has fallen down a stilling well.

.

'2) To prevent loose items’ from dropping into the fwell’ such as_
books, pens, clothing. ' - ‘

3) 'To prevent the rise of damp air:into'the building.
When a bench is-positioned'over the well ' the most convenient
method 1is to fit a panel to the front of the bench to close off

the area. :There should be sufficient space on ‘the bench for"
handling the gauge charts during routine maintenance.
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(vii) Visual Tide Staff (VTS)

It 1s essential at any tide gauge site to have a - VTS . (or tide
pole), as this 1s  the sole means by which a ‘direct reading of
water level can be made by observations. This . enables a quick
check " on - the 1level indicated by the tide gauge. The VTS is
normally erected in the form o0f a ruler edged staff placed
vertically on a rigid attachment with a range at least equal to
the greatest expected tidal range.. .

. The-design in use on the 'A' class network {in . the UK is
shown 1in Figure 3.4. The colours used on the staff are black and
yellow to glive good contrast for ease of reading. ‘

'

-
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7 o
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" Even numbers yellow on black ground "_°"|c-" : ﬁ"i -
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'Figure 3.4
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The material used for the VIS must be non-warping -and free
from- serious corrosion. It mnust also_be easy to clean. The
design shown in Figure 3.4  meets . these ' requirements in being
constructed -of grp (glass reinforced .plastic), with the markings

printed into the resin with no ‘raised portions. .The VTS "~ should

"~ be -sited as close to the ‘tide gauge as is practicable, and be

. positioned so that it is "easy to read ‘and preferably to - be

visible .from the tide gauge house.: ‘It should not be sited where
it 1s likely to be struck or scraped by'passing’shipSw or boats,
or obscured when boats are tied -in - the harbour. It is
important that the VTS be vertical. If this is not possible, gorh,'
instance when, fixed “to'a sloping: harbour wall where a vertical
structure may not be built, then the graduations must be adjusted
to give correct scaling at the angle of the slope.. ‘ _ g
A VTS may be difficult to read under certain conditions ‘and

‘therefore the” readings noted should be accompanied by -the

possible error band at the time of reading. In the presence of
waves_—~the tendency is to take the mean of the highest: ‘and lowest
readings and this can lead to an error since all waves are not
symmetrical 1in shape. The tendency is to give a higher reading
than the true mean. The VTS being a solid object will cause an

“obstruction flowing water and result in some disturbance to

-, the surface level, the level tending to be raised.on .the upstrean

/

side and depressed downstream. . When.viewed from an acute angle
it 1is: easy to misread. the level indicated on the 'staff
particularly (in bright sunlight and when the water is clear. A
sighting line about twenty degrees to the water ‘surface is }thenu
optimum. _ . ‘ S | g S 1

L

3.2.2 LEVELLING AND DATUM CONTROL . L \ ]
" (1) Bench Mark T o L e
-~ '

CA / , :
In éveryday matters we subconsciously ‘use datums, for example,
when we say a tree 1s thirty feet high, we naturally assume the
ground surface .to be the datum from which we are .measuring this
height. However, when we.come to consider the height of a large
building on sloping ground. we need more information to ‘determine
this, since our -datum can no longer be the ground as 1t is not
level. In this instance we need a clearly defined point for our
datum ‘reference. In the same way tidal observations must be

-referred to 'some fixed datum to be of full use. N

For tidal observations a bench mark is used as the primary
reference point. A'bench mark is a clearly marked point. located
on a stable surface such as exposed rock, a quay wall ‘or a
substantial building. When 'a bench- mark is on a horizontal

" surface it normally takes the form of a round headed brass  bolt,

the highest point of the domed head being the reference level.
When on a vertical surface it tcan be in the form of a horizontal
groove 1in the surface or on a metal frame attached to the
surface, -having a horizontal reference edge to which a measuring
staff support canm be fixed. . -
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It is not good practice to depend upon the stability of a
‘single benchmark - but to have a number, minimum three, within a
mile which should always keep the same elevation relative to each
other. If no changes are observed over long periods it is safe'
to assume that all are stable. However, it 1is essential that
these bench. marks are tied into the national levelling network,
and periodically checked. The bench marks “will then . be given
elevations referring to the datum of the national network. It is
important that the .bench marks as well as‘being\stable be clearly
identified both in themselves and with a map grid reference.

¥

(i1) Tide Gauge Datum

The datum of a tide gauge is the ground plane level at which .the
tide gauge reads zero.  The ground plane used will depend upon
the requirements of the user. It is normal. in the UK to wuse _
Admiralty Chart Datum as the datum: for tidal recording
instruments, although some harbour authorities use their own
datums. .The datum usually chosen in these cases -1s the sill of a
lock or a shallow point in the harbour, so that the level
indicated by the tide gauge shows the depth of water above these
hazards;iA : e . : o R
T__\\'{\ S }\

(111) Admiralty Chart Datum - ‘ ' ‘ . ‘ “ﬂ'

e

Admiralty Chart Datum or - Chart Datum is the low water plane below
which the depths on a nautical chart are measured and above. which
tidal levels are measured. Chart Datum 1is a horizontal plane
over a limited area and the elevation of this plane will vary
around the coastline dependent on the tidal ranges at the places
considered. . . ! -

‘»_\»-

(1v) Ordnance Datum

~

Ordnance datum i1s an imaginary datum plane extending over a large
area (in the case of UK over the whole of Great Britain). The
elevation of this plane is derived from observations of mean sea
level at a reference point over a long period, and thus ordnance
datum 1s usually the same or very nearly the same ‘as mean sea
level. Once defined ordnance datum remains fixed.

' For any point on the coast a fixed- difference exists between
Chart Datum and Ordnance Datum. ' In tide’ tables the relations
between Ordnance Datum and Chart Datum are shown for a number of
places around  the coast and these values’ normally remain
" unchanged and are roughly equal to half of the 'maximum " expected
tidal range. : :

(v) Setting'Tide Gauge Datum

We will first consider the simplest type of tide ~gauge, the
visual tide staff. When set correctly the VTS will be vertical
i.e. normal to the horizontal plane in all directions and 1its
zero will just touch the imaginary datum plane. For practical
considerations it is much simpler for us to consider the top of
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the VTS and 1f, for .example, this is graduated from zero to plus
six metres then we must ensure that the top of the staff 1s set
six metres above the datum plane. This is achieved in practice
by transferring the 1level from a local benchmark of known
elevation to the VTS position (see Figure 3.5). Using this
method of levelling it is possible to establish the elevation of
any surface relative to the chosen datum.

‘In the case of float operated tide gauges it is necessary to
accurately determine the level of the water in the stilling well
referred to the datum and then set the gauge to this reading.

A contact mark is established close to the top edge of the
stilling well and. a manual probe, set to zero on the contact
mark, is lowered down the well, until the probe tip 1s touching
the water surface. Therefore, knowing the elevation of the
contact mark and subtracting the distance from this mark to the
water surface as 1indicated by the. manual probe we obtain the
value the tide gauge should be indicating.' Once 'the’ tide gauge
is correctly set further readings of the gauge taken at the same
time as those on the manual probe should add wup to a constant
~value, that 1is the elevation of’ the contact mark above the datum
(see Figure 3.6).

(v1) Levelling

,If the bench mark is a considerable distance from the VTS then
levelling between the two points ‘will need to be done in a number
of stages. To <carry out this procedure it 1is necessary to
determine the staging points to be used and clearly mark these
positioned about 50 metres apart on a hard surface.. This can be -
done by painting a small ring around the point and on softer
surfaces by driving in a round headed pin (see Figure 3.7).
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The levelling instument is then set up between the Bench Mark
and the first staging point and readings of the staff taken at
the two positions. This is repeated along the route to the VTS.
It 1s important that the pairs of readings are taken in the
correct sequence, otherwise an erroneous height difference will
result. S

(vii) Van de Casteele Test

This test involves taking readings of a manual probe against tide
gauge readings over a full tidal cycle. As previously stated the
sum of these two readings should remain constant, but this 1is
only true in the case of a perfect tide gauge. Hence the Van de
Casteele test is designed to determine the accuracy of the tide
gauge, as the results having been taken over a full tidal cycle
are then used graphically to produce a diagram, the shape of
which will identify tide gauge faults. (See accompanying test
. example in Figure 3.8 and examples of diagrams indicating various
faults in Figure 3.9).

(viii) Stilling Well Test

Although a Van.de Casteele.test may show a float gauge to be
operating satisfactorily the information recorded by the gauge
will only be accurate if the stilling well 1s also functioning
satisfactorily. Only in severe cases of blockage of the stilling
well inlet will this be obvious from the record obtained from the
tide gauge (trace very smooth, large lag on rising and falling
tides, particularly at mid-tide). ‘ : ,

To determine the performance of the stilling well it is
necessary to take simultaneous readings of the water level inside .
and outside the well over a tidal cycle. The inside level can be
taken by the manual probe and outside by reading the VTS. When
the sea is agitated VTS readings will obviously be less accurate,
so the test must be made when conditions are suitable. This test
may be combined with the Van de Casteele test, VTS readings being
taken every hour. . , ‘

(ix) Tide Gauge Accuracy

An ideal tidal record will show the true water heights referred
to the datum wused for the whole period of the record. This is
not usually the case and most tidal records have errors of some
kind which are not always recognised. This situation can result
in extra work at the analysis stage and 1if not adequately
corrected during analysis, erroneous data will accumulate. The
intention therefore is to record data that 1is of the highest
possible accuracy and where this required standard 1is not
possible with the equipment 1in  use, to provide sufficient
information for corrections to be applied at the analysis stage.
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VAN DE CASTEELE DIAGRAMS

-
(a) : by \/ (c) EE |
(d) (e) (f) % |

 INTERPRETATION OF DIAGRAMS

(a) Perfect gauge

(b) Backlash in gauge mechanism

(c) Gauge sticking (gauge mechanism or float in well)

(d) Scaling.error (wrong diameter wire, gear ratio or chart)
(e) Scaling error over part range (overloppfng turns on

float drum)
(f) Slippage in gauge mechanisms '

Figure 39
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(x) Datum Stability

.Datum stability is impossible unless we have a tide gauge/chart
combination which gives the correct scaling factor, If the gauge
‘does have a scaling error then this must be eliminated or a
better gauge substituted. 1In a float operated gauge random datum
variation can be caused by one or more of the following factors

é) incorrectly fitted chart

The chart may be a poor fit on the drum leaving a gap or overlap
at the join., A step may also occur at the join, resulting in the’
pen. trace suddenly jumping in height at the crossover. A flange
18 normally provided at one end:-of the chart drum so that the
chart can always be fitted with the edge of the chart touching
the flange. Failure to follow this procedure when fitting the
chart will result in a datum change each time the chart 1is
replaced. ‘ ' :

b) stretch in float wire

It is possible for some stretch to occur in the float wire
particularly after being newly fitted. Regular datum checﬁf on
the gauge will be necessary until stretching ceases. It” 1is
important to use the float wires specified by the manufacturer as
these will have been specially chosen to have the best non -
stretch characteristic,

c¢) backlash in gauge mechanism

Backlash due to poor adjustment can be “eliminated by resetting
the gauge gear train. Backlash resulting from worn gears can
only be eliminted by replacement of the suspect. gears, The
diagram produced during a Van de Casteele test will show evidence
of excessive backlash as separation of the .diagram contour for
the rising and falling tides; the greater the separation the
worse the condition indicated. '

d) deterioration of float

All floats deteriorate after prolonged periods of immersion 1in
salt water due to corrosive attack. A hollow float which has
corroded right through the skin will gradually take on water and -
with the added mass float lower and lower until it eventually
sinks. Marine growth will also accumulate on a float and that
portion' which is attached above the water line will increase the
effective mass of the float causing it to float lower ‘in the
water. This growth can also reduce the gap between the float and
the stilling well until movement of the float becomes sluggish.
such that ‘it lags behind the changing water 1level. It is
particularly important therefore that floats are periodically

removed for cleaning, examination and repair or replacement if
found defective. ' ‘
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e) movement of gauge supports

It should be ensured that the supports on which a tidal recorder
1s mounted are stable and rigid., Flexing of the table or bench
on which the recorder 1s supported can cause sudden displacment
of the float wire which results in over-lapping turns appearing
on the float wire drum. Many tide gauge houses are mounted on
cantilevered structures over the edge of quaysides. These
supports must be rigid and not liable to flexing, or an up and
-down movement of the building and recorder will result. This
movement will appear on the gauge record as noise, and will " be
particularly noticeable during periods of high winds or when
persons move around inside the building. ' '

It 1is also possible for the building to gradually settle
over a long period, but this will be evident by check levelling
from the Tide Gauge Bench Mark (TGBM) to a reference point on the
recorder mounting. The contact mark should not be used as this
reference point since it is sometimes located on the top edge of
‘the 'stilling well and 1s not necessarily connected to the
structure of the building. B

With a properly installed good quality gauge which 1s  regularly
maintalined these -sources of error can be minimised and in most
cases eliminated.

It is particularly important to set the chart correctly on

the recording drum. Any requirement to reset the datum should
not be treated as routine but investigated to find the reason for
needing this action. It must also be remembered that a partly

choked stilling well inlet produces recording errors which can
appear as changes in datum and therefore the performance of the
well must be frequently monitored. ‘

3.2.3 MAINTENANCE

Dependent on 1local situations and the types of 1instruments
employed a local operator may or may not be required. In general
with instruments using a recording chart fixed to a drum it will
be mnecessary to replace this on a weekly basis and an operator
then becomes necessary. When instruments  are employed which
record on punched tape or magnetic tape or where no local records
are produced e.g. when the remote monitoring station is set up,
then only routine ﬁaintenance visits at monthly or greater
intervals become necessary. In the case of a remote station

requiring a local operator his’ duties fall into two categories,
maintenance and observation.

(1) Maintenance by Oﬁerator

The operator's duties are mainly concermned with maintaining the
correct running of the instruments according to the maker's
recommended maintenance schedules. For this work to be effective
the operator must be provided with tools, lubricants and spares
which are likely to be required. The following is a typical list
of spares for a float operated gauge :-
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pens
float and counterweight wires and wire connectors
float ‘

clock

Maintenance is simple but nevertheless important, The mechanism
must be kept adequately 1lubricated particularly bearings and
slides. Wires must be regularly examined for deterioration and
replaced at the first sign of fraying. Clocks should be
regularly checked on a daily basis and the errors noted.
Mechanical clocks can be adjusted to correct constant errors but’
must be replaced or repaired if the .error is randon. Clocks
should be cleaned periodically and reset, this operation being
best left to a qualified clock repairer. . ‘

The operator is also required to ensure the building is kept
in good condition and to arrange for repailr in case of storm or
other damage. A routine for cleaning the stilling well inlet
must be instituted, the period between cleaning operations being
dependent on local conditions of growth and silt deposition,
Periodic inspection of the VTS is required to check the condition
of its mountings and cleaning of the face. ,

Check levelling at least each year between the group of
‘local bench marks and the contact point and VTS is necessary. '

(11) Timing

Most analogue tide gauges,émploy.mechanical clocks to rotate the
recording drum or advance the strip chart, Some use electric
clocks employing synchronous motors driven from the 1local ‘mains
electrical supply. All types of clock-are susceptible to erratic
operation. , _ _ _
Mechanical clocks can vary in speed with tension 1in the
- spring and with temperature. Electric synchronous clocks respond
to the supply frequency - which may "~ change during the day
.particularly at peak load periods and then be corrected overnight
at the power station. The result is that the clock may appear to
be correct at the same time each day but vary about this time as
the load changes, It is very difficult to adequately correct for
clock wvariation but whenever this is noted it must be recorded,
so that corrections can be made at the analysis stage. A good
quality mechanical clock should be accurate to within 1 minute
" over a period of one week and this is normally adequate.. :
Timing errors can also be produced by a badly fitted chart
where the ends either overlap or 1leave a gap. In this
circumstance the timing 1s correct only at one particular time

every twenty four hours with an accumulating error over the
remaining period.

Note: Uncorrected timing errors will result in the accepténcé of
incorrect height readings.  This 1is particularly significant when
tide levels are changing rapidly, Timing checks can only be made .

by use of an accurate watch or clock which has recently been set
to a time signal,
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(111) Mechanical Clocks

These should be periodically cleaned and set by a reputable watch
repairer and then tested before being put into use. The clock
should also be wound at equal intervals e.g. weekly; be fully
wound, but not overwound. The clock should be protected against
the ingress of, dust. Operation in a constant temperature is also
beneficial. When fitting the clock the meshing of the gears must
be carefully carried out to avoid backlash or binding.

(iv) Szpchronous Clocks

There 1is no control over the frequency of the power -supply. - If
large variations are common then an altefnativg type of clock
should be sought.

Electro mechanical clocks are likely to be more accurate
than pure mechanical types. Crystal source clocks are even more
accurate but few are available with sufficient torque to drive a
.recording drum or strip chart.

Where charts do not fit the drum correctly then either .the
drum 1s the wrong diameter or is damaged, or the chart is the
wrong length. Whichever is found to be wrong must be replaced.

We have dealt with reducing errors as far as is possible ' by
careful preparation and operation. However it is not possible to
be certain that small errors are not creeping in from time to
time wunless the daily checks are carried out correctly and
conscientiously.  When longer periods occur between checks 1i.e.
unmanned gauges, errors can go unnoticed. In the latter case it
i1s useful to have an automatic system for checking datum and .
timing errors which equates to the daily check..

(v) Daily Checks

Before starting the daily checks 1t 1s '“essential to have an
accurate watch or clock which has been synchronised to a standard
time signal within the previous hours. The standard daily check
sheet which is used on the British National Tide Gauge Network is
shown in Table 3.1. The instructions for use of this check sheet
are given on the reverse side of the sheet (Table 3.2).

In some instances it may not be possible to read the VTS ‘at
the same time as the recorder unless two people are present. If
only one person is present then the recommended . procedure 1is
first to check ‘that the recorder is set to the correct time then
read the VTS at a precisely known time and take the height
reading on the recorder for this same time using the timing
graticule. With recorders which only give a digital readout
another procedure must be adopted :

6.230 métres‘
6.25 metres
6.272 metres

€egeo Read gauge at 10.15
Read VTS at 10.20
Read gauge again at 10.25
Enter VTS reading on check sheet
Gauge reading is 6.230 + 6.272 6.251 which is then
2 entered on check sheet.
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‘ SUMMARY OF CHECKS ON AUTOMATIC TIDE GAUGE

9¢

(For instructions on completing this form-see back) Week commencing ..veeveiiininncenneaneeanas

Place .........ccvets Cetarreseeraeierastianen
Time kept (GMT of BSTor Zone) :vv.vvenvennnn.. erreen. i
Date and time of startingrecord ............ et ietieeeerianeeeeiaaaeaeneeaa Date and time of removingrecord ..............c... eeeieeiraanaes ceen

) Height of Height of WIND _ Remarks : Initials

Date (.:rt;:ﬁ_ . Tg::n tide on tideon . 1Sif1een:c;2 (including times of sudden changes of
tide scale Chart ) Direction Force in wind force or direction) Checker
—

................................................

. Officer in charge of gauge
Table 3.1 "
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Table 3.2

lNSTRiJCﬂONS FOR COMPLETING THIS FORM

1. Checks should be made dady, preferably at approximately the same time of day, unless weather
conditions are unsuitable for makmg an accurate check.

2. If conditions are unsuitable, ie if it is impossible to estimate the helsht on the tide scale to the
nearest 2 centimetres, the scend and wind forces and direction should still be entered on the form
and ‘conditions unsuitable’ entered in the remarks column.

3.  The cormrect time should be obtained from an independent watch or clock which should be
checked daily by time sngnal

4.  The height on the tide scale and on the chart should be read to the nearest 2 centimetres, though
in cases where the scale of the chart permits a greater precision, readings to the nearest centimetre

_ may be given. .

§.  The checks should be carried out by making readings in the following order:

Read the height on the tide scale and write it down.

Read the height of the pen on the chart and write it down.

Write down the correct time.

Read off the time indicated by the pen on the chart and write it down.
Complete the remaining columns.

< TEE..

[

6.  The scend is the vertical movement of the water on the scale apart from the rise and fall of
the tide; the total range of movement should be entered in metres and tenths of a metre (eg 0.3 m).

7.  The wind should be entered in the direction from which it is blowing to the nearest 45 degrees,
eg North, South West, North East, etc.

8.  The strength of the wind should be entered in miles per hour where this can be read from an
anemometer, Where no anemometer is available it should be given m general terms, eg Calm, light,
moderate, strong, gale, hurricane.

"9, The remarks column should contain, apart from remarks on the weather, anything of interest

or importance relating to the tide gauge, eg reasons for breakdowns, times of resetting the pen after
repairing breakdowns or to correct errors etc. .

10.  The check sheet should be fastened to the tide gauge chart and sent in monthly to the authonty
concerned.



When there 1s an appreciable scend on the VIS the reading will
become 1less accurate and a Jjudgement of the accuracy of this
reading should be shown on the check sheet e.g. 6.2 metres 0.1
metres. :

The information logged on the daily check sheets should be a
true record of observations 1in no way modified to give neater
looking results, since the information so recorded can be wuseful
in the detection of timing and datum errors and stilling well
performance. ‘ '

In the case of dual installations i.e. where there are two
tide gauges at the same site, a cross check between readings of
the two instruments can also be wuseful in detecting a system
malfunction. ‘

(vi) Weekly Checks

‘At weekly intervals when changing charts the following additional
checks are carried out : :

chart change requiring glue.

check and possibly change or refill pen.

wind clock. :

align the new chart to the correct time. This
must be checked again after a few minutes to
allow any backlash effects to be noticed and
corrected.

write the start time and date on the‘new chart.

A check between the VTS and the chart record should show the same
agreement as the previous chart. -If this 1s not so the reason
should be found, it is not sufficient to reset the pen.

If a manual probe is kept at the site this can be used each week
to check that the gauge datum 1is being maintained. ‘
Where other . types of gauges are used the- procedures will
obviously "differ from the one given, but should in general be as
indicated in the maker’s manual.

(vii) Identification of Faults

‘Faults may occur from time to time though -with good preventive
maintenance these should be rare. Whenever a malfunction occurs
it is necessary to identify the cause of the fault so that
corrective action.can be taken. Some faults which occur may not
be noticed unless the observational procedures are strictly
adhered to. The Van de Casteele test will identify most gauge
- faults., Simultaneous recording of water levels inside . and
outside the stilling well will identify stilling well faults.,
Non linear timing faults can be seen from examination .of the
daily check sheets. 1In general the more accurately noted are the
-observations then the greater the possibility of quickly
identifying faults. The actual observations should be noted on
the check sheet and not modified figures in an attempt to show
good agreement; e.g. in the presence of large waves it will not
be possible to obtain an accurate reading from the VTS, so this
fact should be stated on the check sheet.
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A diary should be kept at the tide gauge. station 1in which
entries are made at the time of each visit by whosoever visits
stating reason for visit and work done and any other items worth
noting.

A summary of essential checks for tide gauge operators can
be found in Appendix 1. ’

3.3 OTHER TYPES OF TIDE GAUGES

Although float operated analogue recording tide @gauges are
predominant many other types are in common use and a few of these
will be described.. Appendix 2 contains the names of suppliers of
tide gauge equipment known to the authors.

(1) Float Operated Géuges with Punched Tape Recorders

The principal of operation of these 1instruments is similar to
that already described for the analogue float  gauge, the
difference being in the way tidal information 1s recorded. These
instruments do not. give a continuous record of the tidal level
but record spot heights at predetermined intervals of time,
normally every fifteen minutes. These 1instruments contain a
coding unit driven from the float mechanism., The coding unit is
designed to transfer a height reading onto a recording tape at
€ach recording period. The height is punched out in a binary
code form as shown in the examples in Figure 3.10,

Reading these records by hand is particularly laborious and
an automatic reader is necessary to translate the information on
the tape into a more usable form,

(i1) Pneumatic Gauges

The descriptions which follow are limited to gauges which operate
on pneumatic bubbler systems. Figure 3.11 shows the basic
essentials of a bubbler system., Air is passed at a metered rate
along a small bore tube to a pressure point fixed under water
well below the lowest expected tidal level. The pressure point
normally. takes - the form of a short vertical cylinder with a
closed top face and open at the bottom. A small hole is drilled
about half way down its length and metered air is entered through
a connection on the top surface. As air from the tube enters the
pressure point it becomes compressed and pushes the water down
inside the chamber until the level of the bleed hole 1s reached
when the air bubbles out through the hole and back to the
surface. Provided that the air flow rate 1is low and the air
supply tube is not unduly long the pressure of air in the system
now equals that of the pressure due to the depth of the water
- above the bleed hole plus atmospheric pressure.’ A pressure
recording instrument connected into this supply . tube will now

record the changes in water level as changing pressures according
to the law
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Pm = psh + Pp

where" P = density of the water
g = gravitational constant ‘
h = depth of water above the bleed hole
Pp = atmospheric pressure

Most pneumatic instruments using the bubbler principle operate in
the differential mode, sensors being so constructed that the
system pressure is opposed by atmospheric pressure within the
instrument, Hence the resultant pressure experienced by the
sensor becomes Ph= psgh making height directly proportional to the
pressure, : :

' Certain design principles havev to be observed in the
operation of bubbler systems of which the following are somne,

a) system datum

The datum of a. bubbler system is the bleed hole in the side of
the pressure point. It is essential that this does not change in
position and therefore that the pressure point 1is securely and
rigidly fixed when installed. : '

b) volume of‘pressure point

The pressure point acts as'a buffer so that pressure changes
produced by .surface .waves cause only small variations in the
elevation of the water/air surface 1inside the pressure point.
The amplitude of this oscillation is not only dependent on wave
amplitude but also the ratio of supply tube and pressure point.
volumes.

c) tube length

The length of the supply tube 1s important since it controls ' the
size of pressure point required, the .longer the tube—so the
larger the pressure point volume required. There are ‘frictional .
losses 1in the air passing through the tube, the losses being
greater 1in longer tubes. n : :

d) flow rate

The flow rate needs to be adjusted so that bubbles issue from the
bleed hole in the pressure point at all times in the tidal cycle.
On a falling tide it is not necessary for air to be supplied down
the tube as bubbles will continue to issue from the bleed hole
because of the decrease in water pressure. However, on a rising
tide air needs to flow into the system:at a rate sufficient to
maintain the position of the water/air interface inside the
pressure point. The required flow rate for any system can be
determined by calculation knowing the volume of. the system and
the maximum rate of rise of water level. Where seiches occur the
maximum rate of rising water level will be increased to that of
the positive going seiche on the rising tide. )

‘éo



PUNCHED TAPE RECORDS

oTT
O 00 Space
O - —
e S—.
QO QO|—6
00°Q Of——17
- 0°00 Space
° Sprocket drive
° holes

Height punched is I-467 metres

- FISCHER & PORTER -

ne

THousanos 11O+t B11 11
HUNGREDS 1] TENS UNITS

é -
o tH ~_TRANSLATOR
> ALIGNMENT HOLES
13 s0098 -
r P "5381 .
. © \—sg247
.
*
o1H SPROCKET
s DRIVE HOLES
2 CLOCK TIME
-
3
* DIRECTION -
2 OF
e TAPE TRAVEL

Figure 3.10

41



Yy

air cylinder

BASIC PNEUMATIC BUBBLING SYSTEM

Pressure
measuring and

.| recording system
Pressure reduction| Volume =Vm

and flow control

Narrow tube for time constant
.} control may be inserted here

compressed

“Tube length |
internal diameter 4

h 3 , ‘ P;n:}oghm*Pa

ca OIO—mT ) 2 $0-05m l

Cylindrical Orifice diameter
pressure - 3mm

int, open
8? bongm

’ 7 Figure 3.|l



. It will be seen from the above statements that for any
proposed installation there are 1limits to be observed 1if the
monitored pressure is to be the same as .that experienced at the
pressure point bleed hole within the required tolerance.

Bottom pressure gauges which sit on the sea bed and record
pressure at intervals over periods of a month or even a year, are
beyond the scope of the discussion. Readers are. referred to
Howarth and Pugh (1983) for further details,

3.4 REMOTE MONITORING

Equipment to provide a remote monitoring facility will normally
use. a convenient output from the tide gauge instrument. A wide
variety of systems are 1in current use but in general will £fall
into one of the following classes :- '

(i) Local Monitor

This can be in the form of a dial indicator, chart recorder or
digital display connected to a transmitter on the tide gauge by a
directly linked electrical cable.

(11) Remote Monitor

This is similar in principle to the system already described but
employs private wire telephone lines to transmit signals,

(i11) Interrogable Remote Monitor

These systems are connected to public switched telephone network
(PSTN) telephone lines at the tide gauge sites and are triggered

by remote calls to pass spot readings of the tide level at the
time of call,

(iv) Data Logger

These systems are connected to the PSTN telephone lines but are
designed to pass a section of or all stored data by use of a
compatible terminal at the receiving end. These systems are
normally matched into the PSTN via modems. ‘ '

The standard of accuracy required for tide gauges also
applies to all . remote monitoring equipment. Where the
transmitter equipment is dependent upon a mains electrical supply
to provide ©power a stand-by battery which automatically takes
over in case of supply failure must be provided.
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4. DATA REDUCTION

4.1 THE NATURE OF TIDE GAUGE RECORDS

Observed water levels are recorded on many media, The most
visually helpful for local use, and therefore the most commonly
used, are graphical records on a clock-driven drum with a pen
linkage to a float in a stilling well.

Refinements can include -

1) replacement of the well by a pressure sensitive system. -
2) recordings on magnetic tape, or paper tape.
3) transmission of signals to distant recording mechanism,

All these refinements require additional translation facilities
and expertise for interpretation. 1In case of breakdowns it has
been proven that the continuous graphical recording 1s a vital
support system. -

- This section will be focused primarily on gfaphicalv recordings
and their accurate interpretation to ° obtain meaningful
statistics. ' '

.(i) Graphical Recordings

For proper intetpretation, all charts should be supplied with .the
following information :-~ o ' : S

1) Time scale or paper speed clearly marked
2) Heilght scale clearly marked.
3) Units, : ,
4) Time zone in use eege. .=-0100 = British Summer Time;

) e +0400 = West Indies, Venezuela.
5) Time put on and removed; time marks noted by independent,
accurate time pilece.

6) Height checks noted by reference to independent height
scale and national datum and visual tide scale or
bench marks, ,

7) Completed check sheets to indicate 4 - 6 above
AND any errors noted or corrected and problems
encountered. :

a) 24—hour‘rotatien drum - can be left recording up to 14 days

~As the time of occurrence of tides is predominantly controlled by
lunar time, high tides at most places in the world occur at a
slightly 1later time each solar day. (A Junar day is

approximately. 24 hours 50 minutes, compared with a solar day of
24 hours). ' '
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b) 7 day drum - usually changed once a week

types of gauges are
the interpretation point of view, these

£§221y recommended, the size of the time scale 1is dictated by the
‘circumference of the drum. For most tidal sites, the resulting
scale 1s frequently too small to distinguish precise hourly
levels - particularly if the tidal range 1is anything more than. 2
metres (see Figure 4.2),.
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Figure 4.2 7 day drum record from Madagascar.

Tidal range 4 metres.
Scale on original : 2mm = 1 hour, S5cm = 1m j

c) continuous roll - lasts as long as the paper . T

These records are often
marking pen, the trace
alignment of the paper as it moves on the gauge.

Frequent checks of moving the pen to the zero line as a time

and reference mark are also " helpful - for‘interpretation-(see'
Figure 4.3),

accompanied by an 1independent time
of which can also be used to check the
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Figure 4.3 Continuous roll recording from Australia.

4.2 INTERPRETATION OF RECORDS

Graphical tidal records, once removed from the gauge, should
still contain a lot of information that must all be collated and
accurately interpreted in order to maximise their use.They should
be clearly labelled with- - dates and times by the operator and
referenced to a known datum level.The tidal traces themselves are
unique records of events at the gauge site so that effects of
storms or high winds, for example, may be clearly seen, or errors
in the mechanics of the instrument can be detected by examination
of the nature of the pen trace. The following three sections
indicate some  of the features that cause problems for the
interpreter. ’ : '
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4.2.,1 CHART LABELS AND ZERO LEVELS

1) Time Zone

If not labelled on the records, or mnot known, this can be
reasonably established by plotting the times of predicted high

waters on the tidal trace.

ii) Reference Datum

Recorded tidal levels are of little value unless related to sone
reference point. All gauges should have a Bench Mark which can
then be related to the national datum (see Figure 4.4).

DIAGRAM SHOWING RELATIONSHIP OF TIDE GAUGE REFERENCE LEVELS

TIDE GAUGE BENCH MARK
(DESCRIPTION) )

Xm
o CONTACT MARK
NATIONAL DATUM Xm NATIONAL DATUM
Xm Xm : Xm
CHART DATUM
TIDE GAUGE ZERO | ~ |[PERMANENT TIDE STAFF ZERO

Figure 4.4

111) Dating of Records

Always check that the number of tidal curves agree with the dates
written on the chart. The pen may have stopped inking, the clock
stopped or there may be an error on the labels.
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iv) Additional Notes

Checks against visual tide staffs or Van de Casteele checks on
the well should be made available with the records.

Notes about weather conditions or any mechanical
difficulties are also extremely helpful towards accurate
extraction of values,as on the Check Sheet shown in Table 4.1.

H.516
SUMMARY OF CHECKS ON AUTOMATIC TIDE GAUGE
) ' (For instructions on completing this form—see back) ) Week commencing 2‘2@7")&‘(/,@/}‘
Pace...... M(H(CK....M!}Q .....
Time kept (GMT or BST o Zone) .......4. AT .cinennnnnn, .
Date and tme of starting record « . . R AR7 L .. .ORTD...cvuerrerneeievrarnnns Dute and time of removing record ... AL (A .. .PE30.......... :
Helght of Helght of WIND _ Ramarks Initials
Correct Tims o8 Scend on - times of suddea r
Deta Tme .| Ctan Briviv ":‘.‘: tide sale o (mrm“ d\)mau o
MYER, 1300-
aotd | 0930 Mo | 22 204 o2 se | ¢f7 |SLr cieress sy by o
Ciock wor LlacreD J
23-10-P¢ 090 0939 2-20 2:/8 o2/ [ZAYVA _@fuv Zb
rov covreded ,
08| A | A33 180 {80 NiL | wsw| S waN |
Ceocx %00 oD
V. 10. 8¢ | 0940 - /.62 - A  Jege of7 | v oo cecan. - .
ab-to-8u.| 0930 | 0830 -3 1-29 ol Nuw. |3y go.i& s b SA
’ hd to a o
27.10.9¢ | ©9aé o9as |- [-00 .00 i Wiy, | 273 | Oweicaet/ arcaztle. . [ir R
Cleele peb crmedrd
1% -10 -S6 ¥ oLy 020 1ro2 t-o2 Nit s 6 7-F | showare . Kl
21-10-84] o330 0125 090 6.90 T U T, un S e towon vl Y
4&7/&/ ................
Officet In charge of gauge
Table 4.1 .

4.2,2 MECHANICAL ERRORS

In all cases, operator's comments on check sheets or charts
themselves help to identify any problems.

Many mechanical problems can have the same visual effect on
the charts and without comment can be difficult to classify. 1If
there are no comments to help, it 1s recommended to check out a
strange tidal profile against records from a nearby site where
available. This exercise proves whether the effect is mechanical
and therefore a wunique fault, or caused by weather conditions.
The former can often be interpolated or corrected in some way,
whereas meteorological effects should never be nullified.

Whatever the mechanical error, . the need from the

data~reduction point of view (and ‘ultimate analysis) 1is to
minimise the gaps so caused.. ' :
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But this practice of filling gaps must be executed with

caution and, where relevant, 1local knowledge of the tidal

- profile. Nothing {8 achieved by filling a gap 1in observations

with predicted values, or artistic impressions when there 18 a
likelihood of storms or high winds (see Figures 4.5 a,b and c).
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rFigure 4,5a Sevéré mechanical problem caﬁsing
lag on recording. o

(i) Clock Failures

Time errors are dealt with in section 4.3, but clock "stoppages
are fairly easily identified by a vertical line, ' R
So long as not more than one high tide and one low tide have
lapsed ©before discovery of the fault, it 1is possible to draw in
the likely tidal profile. : I : -

- The extent of the pen trace (because. it's mechanism 1is
linked with the float gearings) will indicate the heights of high
and low water - thus ‘making -the. remainder of the profile
sketchable, Caution must be applied in guessing the times of
these extremes, however. If severe weather effects are involved
it 1is better to omit the record. - ‘ -

If more than one tide has lapsed the 41nk trace will only
indicate the extremes of levels achieved —.and interpolation must
not be attempted.
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Figure 4.5c Clock stoppages. Presence of storms
prevent interpolation.
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(11) Ink Run Out or Pen Off Record

If there are recordings of the profile either side of a missing
section, 1t 1is possible to sketch in the missing trace.No more
than 8ix to seven hours . should be attempted.As for clock
stoppages above,the most critical portion of tide that should not
be guessed are high and low waters. ‘ ‘

(111) Float Jamming

This problem manifests itself as steps on the .record,
because the float is caught and then released.Small periods of up
to an hour can be interpolated without trouble. If . the fouling
is severe however, the resultant records will also show the
affects of siltation, o : o o

(1v) Si1lt

The effect of silt in the well will cause a delay in the flow of
water with the tide. Occasionally this effect is visible on the
record - (particularly if the normal record 1is familiar), but’
more often the evidence 1is not clear until a full analysis is
-undertaken, unless the silt builds to a high . level when the
profile will be totally distorted. Sometimes silt will show as
"flats" at low and high water, particularly at spring tides. If
several days' record are effected, it is advisable to leave a gap
‘until the well is cleared - which should be noted on the charts
or check sheets. ' - ' :

(v) Overriding Turns on Float Cable

'This problem does not always show at all on the tidal records,
particularly if it 1is a constantly occurring problem. The only
occasions when detection and interpolation is possible 1s 1f the

wire suddenly releases after a few turns. This, like the float
jamming, will show as small steps that can be sketched through.

4.2.3 WEATHER EFFECTS

The effects of the tidal forces of the. sun and ~moon on the
Earth's oceans are . distorted by the presence of land masses,.
variations in water depth and atmospheric conditions.

‘Some of these effects are clearly evident on the tidél
records. ' '
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(i) Seiches

These are short period oscillations typical of shallow. enclosed

basins like the North Sea and some enclosed harbours.
These effects should be .smoothed, or filtered out,
extracting tidal levels from the records (see Figure 4.6).
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Figure 4.6 Seiches on records can be drawn
through the centre with care,
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(1i1i) Storm Surges

Changes in winds and atmospheric pressure can cause the observed
" tidal 1level 'to ‘be very different -from 'the. predicted value
especially during storms. These can produce unusually high tides
(positive surges), or unusually low: tides (negative surges)... The
timing of the tides-can also be considerably altered from the
normal, making day sorting, where mnot already labelled,
difficult, . PR , o T I
‘ These effects should NOT ‘be smoothed, or filtered out, when
extracting tidal levels from the records (see Figure 4.7).

-
- ) . . i

) o

Graph put on(doie)I4.I2.8I(time)06i0 Graph token off(ddte)Zl.IZ.Bl(timé)0645 GMT fj
metres - : ‘

o .. PORTPATRICK SRS

(111) Tsunamis =,

hed

Seismic Sea-waves are the destructive oceanic offspring of
earthquake§; and’ volcanic eruption.’ In areas where these occur
(mainly Pacdific islands) the effect on tide- gauges 1g verj
destructive, Great efforts are made in these areas to make the
installations "severe storm" proof (see Figure 4,8).
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4,3 EXTRACTION OF LEVELS

Generally, the higher degree of accuracy employed in ° the
extraction of’ levels, the more useful they become. :

The extraction of the heights of Low Water and High
Water each day, -and averaging the findings over a

month and year, producev
MEAN TIDE LEVELS.

The extraction of
a) 3-hourly heights
or - b) hourly heights : - :
' and averaging the results over a period of a month and year
produce .
MEAN SEA ' LEVEL VALUES.
The extraction of hourly heights fully corrected
for gauge time and height errors._over -a long
period, can be used for EEEEERE

a) Full Tidal Analysis S
b) Mean Sea Level Statistics -
c) Tidal Regime Studies.

Therefore, to maximise their ~use, ‘it . 1s preferable that all

corrections’ are accurately applied when extracting levels. This

- can involve- painstaking attention to detaill and obtaining answers
to the following questions:- ‘

(1) Charts

1) What is the time zone?

2) What is the reference datum?

3) Do the dates given agree with the recordings?

4) Are there any additional notes with the records?

5) Are there any timing checks or: datum checks apparent or noted?

6) Was the chart on straight?

7) Are there any timing or datum alterations apparent or noted?

8) Do continuity checks show a trend?

9) Do any trends disprove any other information?

- 10)  Are any mechanical defects evident? .Can they be corrected?

11) Are any meteorological effects evident?

12) Are there any records from a nearby site available- which
could be used as a comparison?

(ii) Digital Gauges

(Additional facilities are required to interpret the tape)

‘1) What 1is the time zone?

2) What is the datum?

3) Are the start and end times available?

4) Do the number of values obtained agree with the start and
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end times? . . : - -
5) 1f a pressure gauge, are all the parameters available -
' i.e. density, gas pressure, tube length etc.?

(111) Clock Errors

Most gauge clocks suffer from losing or gaining naturally over a
period and/or FRICTION., '

There may be BACKLASH i.e. despite the pen/clock being set
correctly it may take some minutes for the drum to "take up the
drive" that is, for the friction in the mechanism to take hold.

(iv) Continuity Checks

By checking where the pen trace ends on each of a number of chart
records, or for continuous roll, over a number of checks, the
timing in the gearing can be established ' . '

Transfer a section of trace from chart a (off) to chart b

(on) - The result should be a continuous - line. Any
discontinuities denote an error in the gauge clock or operator
error. Keep.a record chart by chart, or from check to check, of

the apparent errors.
Then apply the findings to the levels, e.gs

1) No apparent error - read heights from chart scale.
2) Pen trace appears to .finish late when compared with the
following chart - check  that the following chart does NOT
- begin AND end early (chart started at ‘wrong - time by
r~operator) then read to the right to correct;little or nil at
start of record (or last known correct time) increasing to
scale of error (see Figure 4.9a).

Tronferred section of

metres S o ) . new chart's
5 o - : Ist doy trace onto
old chart
RECORD FAST (ie LATE) .

READ TO THE RIGHT

"Chart off

s ) 30 mins fast
Diogrom to 30 min
calculate lineor -
| . error . “=I5min __
on| 3 57
Period of chart in doys
v L] r T v ! ¥ v L v v L L] L] L T 18
(o] 2 4 6 8 10 12 14 16 1:] 20 22
o = normal {chart scale) hourly height : ) hours
x s height reading to correct error )
-=-= =aresultant time corrected trace Figure 4.90

/
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'

>3) Pen trace appears to stop early at the time of chart,6 removal"
- ~check that the following chart does NOT begin AND'end late
(chart started at .wrong time by operator)-then ' read to the
left to correct;little or nil at start of record (or last
known correct time),increasing to scale of error (see 'Figure

4,9b).
PR '
meitres Tronsférud section of
5 , , ' } new chorts
- L A C S R Ist day trace ,
o ' . RECORD SLOW (ie EARLY) onto old chart
C M READ TO THE LEFT
- ' " V }'
'§ 4 oL
- “/Chart off 30 mins slow
2‘ I’/ . o .
Diagram to -30
y cofculate linea <I5min
error e
" pericd of ctortindays___ -

© 2.4 "6 8 ' 10 12 @ 6 - 1B - 20 ' 22

-+, 0=normal (chart lco|§) hourly height. . - , hours =
+ x = height reading to correct error - o . . T o
' ==== = resultant time corrected trace L. . .. ‘Fqued4sob . .

4) Backlash. This is _very difficult —to detect without . the

‘ co-operation of!/a‘gpod tide gauge operator because the drum
will merely have a.delay in turning. There may ‘be evidence
of a small vertical trace of tidal motion to give 'a’ clue, but
only when this problem is quite‘severe.,\'

Usually a good operator with an accurate independent tife pilece
completing check sheets, or marking clearly on the¥.éfgrds, will
soon indicate a trend 1in the gauge clock, such that" it becomes a
regular familiar feature. : S 3 B o
Check the number of hours or days - involved - the .errors
should be reasonably consistent. Otherwise - suspect the time
piece.. T L ST - _ C '

(v) Other Errors EQ_Consider

1) Chart set'tbjwrong‘ﬁargin‘of'drdm. Continuity will appear
- high or 1low which can be misinterpreted as a time error,
inconsistent with other charts.: T
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Continuity shows new chart on high on a falling tide, low on
a rising tide.

‘But beware of seiches.

2)

Chart -set askew. Chart not aligned on sprockets or drum
correctly. If the chart has been cut, check by realigning
the ink traces, 1.e. recreate the position on drum. Severe
misalignments can be difficult to correct. The complete

~height/time, scale may ' need re-drawing. Remember the

3)

4y

bob
(1)

pen/float ws8ection 1is independent of the clock drive and

‘printed chart. A gauge drum no matter how distorted (through

being dropped for example) still ‘revolves ONCE per 24 hours
or once per week. The distortion ‘can cause the chart to.
appear fitted incorrectly plus or . minus inherent clock error.

Damp or warped charts caused by bad‘ storage or humid
conditions at the site. Again, the scale must be redrawn to
accommodate the problem.. : o : ' c

‘Varying paper speeds'on continuous roilf‘records.~ Usually .

these gauges have an 1independent time marker pen which
"flicks" at regular intervals. Check the speed by measuring
the distance. - This-.pen trace can also be used to indicate
that the chart paper -has maintained -a- straight path or
drifted - in which case height corrections must be applied.

STATISTICS : The Ceneration of Statisticalllnformation

Mean Tide Levels

1

Average of high and low water heights,ensuring equal - number of
each, to produce monthly and annual values. See example in Table

4.2.

(ii) Mean Sea Levels

1.

Average of hourly heights to produce monthly and

annual values.

2.
3.

N.B.

See example in Table 4, 3.

Filtered average of 3- hourly readings - ZO filter.
Filtered average of hourly readings - XO filter.

The 1latter two methods of ‘obtaining mean sea level

‘statistics normally require some form of computing facility for
efficient application.The most commonly used filter to compute
Mean Sea Level is the Doodson XO. (see Appendix No. 3).
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SOUTHEND 1981 MEAN TIDE LEVELS

HWs LWs " HWs LWe HWs LWs HWs LWs

JAN 1 5.42 2.11 FPER | 4.82 1.44 MAR 1 4.40 I.11 APR 1 S5.11 1.23
s - 5.12 2.34 - 4.92 1,23 4.64 1.56 5.04 1.14
2 423 1.24% 2 4.77 1.11 2 4.55 L.47 2 5.44 0.92
4.92 0.61 5.08 0.70 4.95 1.34 5.40 1.08
3 5.10 1.36 3 6.14 0.50  35.221.38 ‘'3 5.70 0.65
5.63 1.30 3.60 1.15 5.07 1.33  5.54 0.75
4 5.33 1.61 4 X 1.02 4 5.220.89 & X 0.32
5.83 0.95 - $.87 1.37 ° - 5.290.77 .. 5.78 0.48
s x IL.10 5 5.72 0.66 5 5.60 0.58 5 5.78 0.18
-+ 5,38 0.77 5.65 0.68 X 074 °  6.030.38
6 5.05 0.60 6 5.66 0.20 6 5.64 0.346 -6 5.91 0.06
5.67 0.85 - 5.67 0.54 5.52 0.31 6.10 0.33
7 5.53 0.62 7631075 .75.710.17 7 6.00 0.20
 5.45 0.44 5.95 0.53  5.81 0.27 5.92 0.25
'8 5.20 0.14 * "8 5.40 0.11 8 5.80 0.50 8 5.93 0.11
. 5.50 0.50 6.43 1.12 6.04 0.50 5.83 0.34
9 5.48 0.42 9 5.81 0.35 9 6.36 0.32 9 5.88 0.37
© 7 5.60 0.92 ©5.66 0.44 - - 6.230.72 - 5.60 0.55
10 5.70 0.84 10 5.70 0.66 - 10 6.17 0.20 10 5.63 0.72
5.90 1.20 5.851.03 °  5.50 0.01 5.38 0.86
11 5.38 0.18 11 5.61 0.64 11 5.52 0.25 11 5.42 1.02
5.15 0.43 S.14 0.65 . 5.95 0.95 4.96 0.97
12 4.83 0.23 12 5.17 X ° 12 5.90 0.77 12 5.08 X
5.78 1.77 . 5.200.77 5.57 0.99 4.96 1:35°
13 5.751.04 135.041.12 13 5.63 1.15 13 5.07 1.23
4.83 0.36 . 4.850.95 °  '5.35 X - - 4.67 1.59
14 4.83 X 14 6.94 1,03 14 5.48 1.46 14 4.94 1.11
- 4.90 0.64° ©4.99 1.26 5.05 1.42 4.88 1.38
15 5.882.10° 155.10 1.11 -, 155.13 1.34 15 5.19 0.95
5.18 1.66 5.07 1.0S 4.89 1.37 5.22 1.24
16 5.45 1.93 16 5.28 0.93 16 5.09 1.13 16 5.25 0.90
4.68 0.87 . 5.21 0.94 © 5.06 1.26 5.23 0.94
17 5.29 0.80 17 5.24 0.57 17 5.22 0.95 17 S.41 0.57
5.81 0.93 X 0.67 . 5.15 1.06 X 0.93;
18 5.30 1.14 18 5.31 0.48 18 5.09 0.56 18 5.47 0.48
4.90 0.44 5.65 0.90 5.38 0.92 5.39 0.58
19 5.40 0.00 19 5.640.62 " 19 X . 0.46 - 19 5.42 0.75
“x L.12- - 5.710.76 - 5.48 0.71 - 5.91 1.08"
20 5.81 0.84 20 5.64 0.38 20 5.58 0.40 20 5.81 0.63
5.71 0.49 5.74 0.50 5.75 0.67 $.49 0.54
21 5.47 0.10 21 5.62 0.30 21 5.75 0.44 21 5.46 0.46
5.49 0.49 5.60 0.60 $.46 0.32 5.61 0.63
22 5.74 0.35 22 5.65 0.60 22 5.73 0.43 22 5.61 0.72
© 5.80 0.5% 5.55 0.68 5.95 1.70 $.42 0.59
.23 5.52 0.22 23 5.40 0.50 - 23 6.08 0.68 23 5.46 0.21
5.59 0.51° 5.350.80 5.41 0.33 .5.37 0.71
24 5.52 .36  24.5.32 0.65 24 5.64 0.73 24 5.28 0.75
5.64 1.11 $.18 0.80 $.87 0.95 5.12 0.90
25 5.64 0.62 25 5.150.67  255.71 0.62 25 5.10 1.00
S.44 0.98 4.92 0.94 5.36 0.75 5.06 1.3t
26 5.26 0.60 26 5.00 1.02 26 5.43 0.86 26 5.02 1.12
5.00 0.72 4.83 1.24 $.53 1.25 4.88 1.17
27 5.03 0.85 27 4.68 1.30 27 5.30.4.12 -~ 27 4.79 1.80
.99 1.12 4.56 1.51 5.10 1.18 4.65 1.14
2@.01 0.98 . 28 4.13 X 28 4.93 1.23 28 4.57 X
%.68 1.29° 3.88 1.11 - 4.651.30 ,  4.40 1.23
294.55 X 29 4.94 2.15 " 29 4.86 1.26
4.52 1.18. oL i 4.90 - X . k.74 1.32
30 4.80 1.53 : 30 4.69 1.75 30 5.12 1.05
4,27 1.39- - - 6.54 172 .3.11 L.21
31 4.61 1.42 : .31 4.78 1.59
4.60 1.28 4.78 1.60

-

= . 315.87 54.54 288.36 43.64 322.52 55.03 307.40 47-74

R -~ . A o . ,
"MTL=3.087m . MTL=3.07 - * MIL=3.146° MTL=3.061

Table 4.2 /
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(iii) Mean Low Waters and Mean High Waters

" The average of all the observed high water heights give Mean High
Water and similarly ‘the average of all low water heights produce
Mean Low Water. . A

(iv) Extreme Tidal‘Levels

Records of the ‘extreme high’ and low waters are usually maintained f
‘on a monthly basis. :

"Both 1tems iii) and iv) can be- extracted from records of high and

low water heights .and times,which can therefore prove to be a
most useful supplement to hourly levels.
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5. DATA EXCHANGE PROCEDURES
5.1 GENERAL

This manual is.principallf concerned with the methods of analyéis
‘and data rteduction. Although the measurements at a single site
are valuable, the information 'which can be extracted by
comparison of measurements at several sites, makes it highly
desirable to define common methods of measurement and analysis,
It also makes the systematic data banking of the observations and
thelr general availability equally desirable. If trends 1in sea
level ~are to be detected then, because of the many regional
factors involved, data banking of the selected parameters on a
global scale becomes imperative. This section summarizes briefly
arrangements which have been made for such international
exchange, and the role of the Permanent Service for Mean Sea
‘Level in coordinating monthly and annual mean values. '

5.2 NATIONAL DATA BANKS

It is usual to maintain national data banks of sea level in the
form of hourly values, daily mean, monthly mean and annual mean
values. The basic requirement would be sets of tabulated values,
but as the volume of data increases, modern technology demands
' banking on magnetic tape using proper data banking procedures.
National oceanographic data banks are usually the best equipped
to undertake this work. :

5.3 INTERNATIONAL ASPECTS

Sea level data 1s exchanged internationally for operational
purpoges and for longer-term monitoring activities.

The Integrated Global Oceans Services System (IGOSS) which ~is " a
joint Intergovernmental Oceanographic Commission and World
Meteorological Organisation activity, provides for exchange of
monthly mean sea levels within weeks of the end of the calendar
month in question.- The purpose is to obtain data with very little
delay rather than to receive the final polished and extensively
checked version. At present a pilot scheme for publishing maps of
deviations of monthly sea levels from mean sea level averaged
over a long period in the Pacific Ocean 1s underway. It 1is
expected that this pilot scheme may be extended later to other
oceans as part of the general developments in support of climate
.research,

The International ‘Oceanogrephic Data  Exchange (IODE) was
‘established by the Intergovernmental Oceanographic Commission in
1961, The major objective of the IODE is to collect, process,
archive, retrieve 'and exchange oceanographic data and information
on a world-wide basis, with the aim to' render services to the
scientific community, to the off-shore 1industry and to
governments. Within the framework of IODE, responsible national
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oceanographic data centres have been appointed to assist in the
development of special programmes. An example of -such a centre
for sea level was the role played by the Permanent Service for
Mean Sea Level in the development of the MEDALPEX experiment.
I0ODE also defines standard formats for international data
‘exchange. Appendix 4 gives details of the. approved standard GF-3
subset for K supplying mean sea level data to PSMSL. Similarly,
PSMSL makes data available to users in the same format.

‘5‘4 THE PERMANENT SEVICE FOR MEAN SEA LEVEL

The Permanent Service for Mean Sea Level (PSMSL) was established
‘in 1933 ‘as an international data centre for mean sea level. Its
present responsibilities include collection, publication and
distribution of data and the analysis and’ interpretation of this
‘data. Advice on practical aspects of sea level measurement and
.data reduction 1s also- given.' An example of the way in which
PSMSL encourages uniform standards and procedures is . the
preparation of this manual, which 1s itself based on courses
"given at the Institute of Oceanographic Sciences, - Bidston
Observatory, United  Kingdom, where PSMSL 1s housed. Data and
‘other information are available free of charge to the scientific
community. .Up~to- -date computer listings can be sent of monthly
~and annual mean values, and data are also available on magnetic -
tape in GF-3 . format. A catalogue of all data held by PSMSL is

available on request, ‘ A - ‘ R

PSMSL receives financial support from UNESCO - thrcugh the
Intergovernmental Oceanographic Commission and from the United
Kingdom Natural Environment Research Council. Formally PSMSL is a

member  of the Federation of Astronomical and Geophysical
Services, established by the International Council of Scientific
Unions. .It operates under the aegis of the International

Association for the Physical Sciences of the Ocean. .

5.5 SUBMISSION OF DATA TO PSMSL

PSMSL 18 grateful'to;ellrorganisaticns supplyingﬂmeenjﬁsea levell
data for publication and does not seek to impose unnecessary
‘conditions upon these contributors. However, the following common
basic requirements are suggested for data submission :-

1) Units (feet metres etc)

2) Statement of the datum to which the values refer.

3) Statement of the‘measured',deptn‘ of‘lthat »datunM below the
primary TGBM. o ' c

‘4). An indication of‘incomplete or interpoleted data (eee below).

7/
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5) Information of changes in datums, bench marks . or. relevant
procedures since the previous batch of submitted data.

Mean heights should preferably be in the metric system to the
nearest millimetre and the datum to which the mean refers should
ideally be the tide gauge zero.

One of the most important things for users of the mean sea level
data publications to know 1s the accuracy of the published
figures. PSMSL recommends that 1incomplete records be treated
according to the following guiding principles :- :

1) Gaps in observed tidal records should be interpolated, if
possible before computing monthly and annual means.

2) -The interpolation should be performed at an early stage in
the processing. : .

3) In cases where interpolation is impossible, the monthly mean
should be compiled from the incomplete data. Where more than
15 days are missing from a month, the mean value should
not be computed.

4) When sending mean values to PSMSL, authorities are
requested ‘to use suffixes after each monthly mean to
indicate the exact number of missing days of data. The
suffix should be in parenthesis, although 1if missing days
have been interpolated then xx should be specified instead.

Thus : 2487 (9) would mean 9 daily mean values were missing
and not interpolated when computing the mean of. 2487 mm.

913 (xx) would mean missing data were interpolated to provide
the average of 913 mm. '

5) ©No suffixes need to be placed after the annual mean. It 1is
assumed that all data used to derive monthly means will be
used to calculate the annual mean where this 1is given, and
the user of the data will judge the reliability of the annual
mean accordingly.

6) If annual means are computed by averaging the monthly means,
the monthly means must first be weighted. The weights for
each month should be the number of days for which readings
were available. ' :
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National and other authorities concerned with the measurement of
sea level data are invited to discuss their problems with the
" Permanent Service for Mean Sea Level whose address is $e=

Bidston Observatory,
Birkenhead,
Merseyside L43 7RA,
United Kingdom

Telephone No. 051~ 653 8633
Approaches may be made directly, or through the .appropriate- data
exchange . - channels . established = by the Intergovernmental

Oceanographic - Commission with which PSMSL has close
relationships. . . ] B : . o : L
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APPENDIX 1

SUMMARY OF ESSENTIAL CHECKS FOR TIDE GAUGE OPERATORS

The instructions which follow are extracted from the booklet
"Operating - Instructions for Tide Gauges on the National Network"
issued to all operators of tide gauges in the U.K. national tide
gauge network. They form a summary of the essential checks’
required to be undertaken by the operator and:  are normally
displayed prominently inside the tide gauge building.

"DAILY CHECKS

CHECK -SHEET .

COLUMN
READ TIDE STAFF AND TIME OF READING 4 -
READ RECORDER HEIGHT 5
READ RECORDER INDICATED TIME 3
ENTER TIME OF READING RECORDER 2
ENTER DATE 1
ENTER REMARKS INCLUDING FAULTS ETC. 6,7,8,9
ENTER CHECKER’S INITIALS ‘ . 1o

DO NOT ADJUST THE GAUGE

WEEKLY CHECKS

CARRY OUT DAILY CHECKS

REMOVE GRAPH SHEET FROM DRUM
CUTTING ALONG GROOVE PROVIDED
AND CLIP TO CHECK SHEET

WIND CLOCK

CHECK PEN. CLEAN AND REPLENISH AS NECESSARY FIT NEW GRAPH SHEET °
TO DRUM.

ENSURE BOTTOM EDGE OF SHEET IS AGAINST DRUM
FLANGE AND GRADUATIONS ARE IN LINE ALL ALONG JOIN

>WRITE‘DATE AND TIME ON GRAPH SHEETvAND FIT DRUM TO INSTRUMENT

SET PEN ON CORRECT TIME AND | R
ELIMINATE BACKLASH o SRR

- ENTER ON NEW CHECK SHEET DATE AND TIME NEW GRAPH SHEET PUT ON

CARRY OUT DAILY CHECKS
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APPENDIX 2

SUPPLIERS OF TIDE GAUGE EQUIPMENT (Known to -authors of the manual)

1.. A. Ott, GMBH -
8960 Kempten
Jagerstrasse 4-12
Postf. 2120
GERMANY ’

2, Munro Sestrel Ltd
: Loxford Road ’
Barking : -
Essex IGl1l 8PE

" ENGLAND

3. Kent Instruments
"Biscot Road
Luton C. ‘
~ Bedfordshire LU3 1AL
"ENGLAND '

- 4, Aanderaa Instruments
Fanaveien 13

P.0. Box 160

5051 Bergen

NORWAY

5. Neyrtec
BP 75 Centre de Tri
38041 Grenoble Cedex
FRANCE

6.  Leupold & Stevens, Inc .
P.0. Box 688 )
Beaverton
Oregon, 97005
U.S.A.

7. Aga Navigation: :Aids. . also - . Beacon Works -
~ S-181 8- ’ : 77 High Street
Lidingo ' Brentford TW8 0AB
SWEDEN : ' ENGLAND ‘

8. Instumenten Fabriek Van Essen -

Delft
HOLLAND
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APPENDIX 3

APPLICATION

The purpdse
at diurmnal
requires 39

The filter 1
F(t) (2,1

The filter 1

’1’2’0’1’1’012,0’1’1’0’1"0

OF X0 FILTER FOR COMPUTATION OF MEAN SEA LEVEL

of ‘this 16ﬁ¥§ass filter is to remove'tﬁé tidél‘energy

and higher frequencies from sea level .elevations and

hours of data for each value calculated.

s defined as follows, for

>4
' 1,

> 19
1)

= F(-t),

1 t
s0 o,
and is

s symmetric, so that F(t)

applied for each day, giving a mean computed as

19

F(d) H(T+d), d # 0

where H(t) are the sea level elevations, and T = 1200 hburs.

Example worked by hand

Taking a central time of 1200 hours, 2 January; data from 3 days
are involved'-'v , . .
1 JANUARY
Time ~ 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
Height 3.819 5.286 6.004 6.051 5.735 5.03{ 4.159 3.2}1 2.422 1.872 1. 622 2.037
) 5.077  +  3.217 + 1.699
‘2 JANUARY 7 ' ‘
Tinme 0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 . 1000 1100
ueigh: 3.070 4.611 5.825 6.167 5;895 5.267 4.395 3.496 2.663 1.979 1.648 1.774
*1 %1 *2 *1 . *1 o *9Q- *1 *1 *2
+ ;.o;;+z:211 + 12,33+ 5.;;7+;:395 + 5.326+1.979+1.648+3.548
Time 1300 1400 1500 1600 1706 1806 1900 - 2000 2100 2200 2300
Height 2.513 3,855 5.088 5.670 5.668 5.347 4.730 3.888 2.998 2.249 1.804 1.760
‘ *2 LN *1 *2 . *1 *1 *2 *1
4 7.71043.08845-670+11.336 + 4,730 3.888 + 4.498 + 1760
3 JANUARY
Time - 0000 0100 0200 -0300 0400 0500 0600 0700 0800 0900 1000 1100
Height 2.256 3.418 4.805 5.676»5.851 5.579 4.987 4:187l3.35i 2.578°1.975 1.703
*1 *1 *1 *] '
'+ 2.256 + 4.805 + 5.579  +  4.487
SUM = 113,978 m /30 = 3.799 metres (MSL for 2 January)
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APPENDIX &

INTERGOVERNMENTAL - ’ : Approved by the Working Committee

OCEANOGRAPHIC -~ - =~ . . . on IODE Group of Experts on o
COMMISSION ) ) . ’ Format Development - June 1983

. -

STANDARD GF-3 SUBSET
. .+ " FOR = -
MEAN SFA LEVEL (PSMSL)

1., STANDARD SUBSET

l.1

.This subset representa the output format in‘which:the Permanent Service

for Mean Sea Level is prepared to make available copiles of its Revised
Local Reference {RLR) global bank of mean sea level data, .

- The data are organised into a single multi~series data file as illus-

trated in section 3., .
Each series contains time sequenced mean sea level data for a single '
fixed location. Two types of data are held for each series, monthly
means and annual means. .

oo = . Y

The annual means are held in data cycles placed in the user formatted
area of the series header record, as defined by the definition record -
given in section 4.1. Each data cycle contains values for the :+ + ~
parameters year, annual mean sea level, and a quality code. The
quality code (FFFF7AAN) makes use of just one of the entries in GF-3

e

Code Table 6 (validation flag) viz:- o ) . i P

Q -'Questionable Value which is taken to mean that the
. annual mean is affected by missing or interpolated
a data

otherwise it is left blank.: If no annual mean was calculated, the mean

sea level is set to its null value (t.e. 9's).

A single series header record can contain up to 114 annual means.  In
order to cater for the few locations where more than 114 years of data
are available, the user formatted area of the series header record
includes the header parameter cccc which is set as follows:=

'

. 0 1 annual means completed within this aeries header record
1 s ‘annual means continued on the next series header record

Thus, if more than 114° annual means are available, they are continued

- .on a second series header record (immediately following the first) with

bytes 1-400 set identical to that in the first series header record

. (except of course for bytes 2 and 377-386). .

1.6

The monthly means are held in data cycle records formatted according to

" the definition record given in section 4.2. Each data cycle contains-

values for the parameters year, month, monthly mean sea level, and a

- two digit quality flag (FFFF6XXN) whose contents specify the number of
- days of data missing in the raw data from which the monthly mean was

1.7

calculated. Each data cycle record allows for up to 138 monthly
means - further data cycles may be continued on succeeding data cycle
records.

Null values are not specified for the parameters CCCC and YEAR in the-
series header record and YEAR and MNTH in the data cycle record. In

' this subset these fields are mandatory. -

Footnote:

For a complete description of the GF-3 format please refer to 1I0C v
Manuals and Guides No, 9, Annex l, Parts 1-3
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1.8' So as to accommodate the needs of this subset, the following parameters
have been added to the standard GF-3 Parameter Code Table:-

PPPP K MM S

"MNTH 7 -- N

cccC 7 -- N

CALENDAR MONTH (MM) WITHIN YEAR
Method codes as for parameter ‘YEAR'
DATA CYCLE OVERFLOW INDICATbh‘ ot

This flag is used as a header parameter for indicating
whether or not data cycles overflow a user formatted

area. Normally used only in series header records but
may also be used in data cycle records with nested data
cycles e.g. a time series of spectra where the spectra

. themselves are composed of a series of frequency data

cycles. When the overflow condition exists the data
cycles are continued on a succeeding record of the same
type - the header information in the record will
normally be repeated.

Flag coded as follows:-

0 : data cycles coméleted Qithin'this record
1 : data cygles continued on the next record

The remaining:parameters used in this subset are included in the
standard GF-3 Parameter Code Table (First Editiqn). .

2. USER OPTIONS

None -~ this subsetnis used as a fixed output format for PSMSL - The Permanent
Service for Mean Sea Level. ‘ -

GF3 STANDARD SUBSET

«

MEAN SEA LEVEL (PSMSL)
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3. TAPE STRUCTURE

Test File : B l Test Records
L "EOF'
Tape Header File Tape Header Record

) Plain Language Record(s)
. ST Series Header Definition Record
: L Data Cycle Definition Record

EOF

File Header Record

Plain Language Record(s)

Series Header Record(s)

Plain Language Record(s)
. Data Cycle Records

Location 1

Data File - " | series Header Record(s)
' Plain Language Record(s)

Data Cycle Records LP?at19F 2

EQF

Tape Terminator File File Header Record (dummy entries)
. End of Tape Record

EOF

EOF

GF3 STANDARD SUBSET . . MEAN SEA LEVEL (PSMSL)
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4. DEFINITION RECORDS

4.1 Series Header Definition Record

1 2 3 .- 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890
34 1 3P (11,1X,6(14,15,A1,3X),18(2X,6(I4,I5,A1,3X))) . 001
' _ 002

003
" 004
005
006
007
008
009
010
T : . : - o011
, , : co : _ , 012
‘ - o ' 013"

. 014

. . S 015

: : © 016

017
018
019
020
021
022
023
024

CCCC7XXN SERIES HEADER OVERFLOW INDCI
YEAR7ZTN YEAR I
SLEV7XXD SEA LEVEL (ANNUAL MEAN) (M)I
FFFF7XXN QUALITY FLAG FOR SEA LEVEL A

1
1
95 0,001

U
E-YXe)

4.2 Data Cycle Definition Record : -

1 - - 3 - 4 5 6 1 ) 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

45 O 41 ' (60%x, - ’ o0l
4 . 23(2X,6(14,12,15,12))) o ‘ ' 002
' ' : 003

YEART7ZTN YEAR I
MNTH7ZTN MONTH : I
SLEVIXXD  SEA LEVEL(MONTHLY MEAN) (M)I
FFFF6XXN FLAG FOR MISSING DAYS I

4

4 004
4 005
4 006
4 007
4 008
4 009
4 olo
4 oll
4 ol2
4 ‘ 013
4 : 014
4

4

4

4

4

4

4

4

4

4

NN
[

oW
ooQ0oO0o

0.001
1

015
0olé
ol7
018
019
020
021
022
023
024

GF3 STANDARD SUBSET ’ MEAN SEA LEVEL (PSMSL)
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5.1 ANNOTATED LISTING OF SAMPLE SERIES HEADER RECORD FORMATTED ACCORDING ‘1O
THE DEFINITION GIVEN IN 4.1

O I e

67PSMSL 469 ICELAND Lo e 8211191700 RLR/OlO/OOl 001l
617 . .. ) REYKJAVIK o - ‘002

6 L - a 003
6195601 198112 64 900N 215600W . 999999 099999
,69999999999999999999999999999999 A 1

195699999 . 1957 €995 1958 6948 1959 7020 ~1960 €990 1961 7010
1962 6967 °~ 1963 6964 1964 7086 1965 7051 1966 6985 1967 7025
1968 6980 1969 6984 1970 6983 1971 7008 1972 7081 1973 7016
1974 7056 1975 6999 1976, 70730 977 7030 197899999 1979 7074
1980 7013 1981 7014 - r - ’ :

No. of data cycles in record

P L L L ™

Fixed format part of record

uSeries Header Overflow
lindicator (= all Reykjavik
annual means are contained
cwithin this record)

21lst data cycle in recofd

Flag (mean value affected by missing
BPEN B BT -} o 1nterpolated data) .

— Annual mean sea level (7.075ml7

- Year (1976)

GFS-STANDARD SUBSET MEAN SEA LEVEL (PSMSL), .
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5 2 ANNOTATED LISTING OF SAMPLE DATA CYCLE RECORD FORMATTED ACCORDING TO
THE DEFINITION GIVEN IN 4.2 .

.Fixed format part
of record .

Record type
identifiers

No. of data
cycles in . -
record

Record and

data cycle

sequencing

coungs\\\

77 138 o

1956 199999311956
1956 7 6890 1956
1957 1 7150 1957
1957 7 6950 1957
1958 1 7020 1958
1958 7 6900 1958
1959 1 6910 1959
1959 7 7030 1959
1960 1 7000 1960
1960 7 7010 1960
1961 1 7060 1961
1961 7 6950 1961
1962 1 7140 1962
1962 7 6930 1962
1963 1 6800 1963
1963 7 6990 1963
1964 1 7130 1964
1964 7 7110 1964
1965 1 7100 1965
1965 7 7020 1965
1966 1 7030-. 1966
1966 .7 6930 1966
1967 1 6990 1967

NONONONONONONONONONON®

299999291956

“e

Third data cycle in record' '

Year (1956)

Month (March)

Qo
[N

Mean sea level
(no value)

Flag (31 days of
missing data)

6830 1956 9 6830 195610
7050 1957 3 7010 1957.4
6880 1957 9 6890 195710
6840 1958 3 6840 1958 4
6980 1958 9 7030 195810
7030 1959 3 7090 1959 4
6950 1959 9 7010 195910
6920 1960 3 6750 1960 4
6930 1960 9 7060 196010
7110 1961 3 7050 1961 4
7020 1961 9 7140- 196110
6970 1962 3 6800 1962 4
7030 1962 9 7050 196210
6950 1963 3 7110 1963 4
7000 1963 9 7050 196310
7070 1964 3 7080 1964 4
7010 1964 9 7130 196410
6830 1965 3 6940 1965 4
7080 1965 9 7110 196510
7050 1966 3 6910 1966 4
676D 1966 9 7140 196610
1967 3

7110 7010 1967 4

o]
399999311956 499999301956 5 6980
6980
6940
7100
6860
7060
6940
7140 -
6930
7020
6980
6930
6820
7080
6930
7160
6990
7130
7000
7160
6920
7050
6900

. Fifth data cycle in recorad

~— Year (1956)
Month (May)

Mean sea level .i:
(6.980m) .
Flagukno days
missing)

]

6840
7140
6940
7060
6860
7080
6970
7180
7000
7150
7070
7010
6950
6970
6610
7060
7070
7090
7160
7160
7000
7080 -
7010

1956 6
195612
1957 6
195712
1958 6
195812
1959 6
195912
1960 6
196012
1961 6
196112
1962 6
196212
1963 6
196312
1964 6
196412
1965 6
196512
1966 6
196612
1967 6

195611
1957 5
195711
1958 5
195811
1959 5
195911
1960 5
196011
1961 5
196111
1962.5
196211
1963 5
196311
1964 5
196411
1965 5
196511
1966 5
196611
1967 5

7040
6980
7000
6790
7110 -
6890
7100
6920
7190
6940
6890
6850
7020.
6760
7130
7060
7150
7000
7040
6930
7030
6930

- 8

' .1 i 2 3 -4 © 5 6 - 7 -
12345676901234567890123456789012345678901234567890123456789012345678901234567890

GF3 STANDARD SUBSET
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GLOSSARY

Analysis

 For the purpose of analysis the observed sea levels are separated
into three components :-

(1) Mean sea level
(2) Tidal levels
(3) Surge levels

Chart Datum

Chart datum 1s the low water plane, below which depths on a
‘nautical chart are measured -and  above which' tidal levels are
measured. ‘ -

Contact Mark S - _ i

ERC

A permanent reference mark of known altitude ~at a tide. gauge,g

from which - the 1level, of the water inside’ the float -well. can be"‘

directly measured. This mark is used to check ' the -accuracy of
. heights displayed on the recorder and is located either on the
frame .of the recorder . 0T on some stable: object near the 'stilling
well, - - RN

‘Diurnal Tides : f

Tides having periods of. approximately 1 day.

Extreme High or. Low Water‘

The highest or lowest elevation reached by the sea during a given
period. o ‘ : , . R

Harbour Datum

Harbour datum is a horizontal plane, defined by. the local ‘harbour
~authority, from Which levels and tidal heights are measured by
that authority, ' ' , : .

'Harmonic Analysis'

The analysis of an observed -sea level record 'into a set  of
harmonic constants which can be used for tidal predictions.

Harmonic Constants

Tides are periodic oscillations generated by and related to the
motions and attractive forces of the moon, sun and earth system.
The tide can be represented by the sum of a series of sine waves
of determined frequency "harmonic constituents". The- parameters
of each sine wave are called "harmonic constants" and are the

amplitude (half the height) of the wave and phase, or time of
occurence, of the maximum. - ‘
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Higher High Water (H.H.W.)

The highest of the high waters of any specified day.

Higher Low Water (H.L.W.)

The highest of the low waters of any specified day.

Higheét and Lowest Astronomical Tide (H.A.T. & L.A.T.)

The highest and lowest levels respectively:which can be predicted
under average meteorological conditions. These are not the
extreme levels which can be reached as storm surges may cause
considerably higher and lower levels to occur.

Inlet

The small hole or holes situated at or near the bottom of the
stilling well - through which the tidal water passes in and out.
The area and form of the inlet are determined in relation to the
area. of cross section of the well, so as to achieve maximum
damping of unwanted oscillations without causing an acceptable
departure from the height of the tide to be recorded.

Indian Spring Low Water (I.S.L.W.)

A datum originated by Darwin when investigating tides of 1India.
It 1s an elevation depressed below mean sea level by an amount
equal to the sum of the amplitudes of the harmonic constituents
'M2,S2,K1 and Ol1. ' o

Long Perilod Tides

Tides having periods of 1 year, 6 months, 1 month :and a
fortnight. '

Lower High Water (L.H.W.)

The lowest of the high waters of any specified day.

Lower Low Water (L.L.W.)

The 1owest of the low watérs of any specified day.

Mean Higher High Water (EQE.E.E.)
The average of all the higher high water heights over a period.

Mean High Water (E.E.E.)

The average of all high water heights observed over a period.
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Mean High Water Neaps (M.H.W.N.)

The average of
tides.,

"high water heights occurring at the time of neap

Mean High Water Springs (M.H.W.S.)

The average of
tides.

Mean Lower Low

high water heights occurring at the time of spring

Water (M.L.L.W.)

" The average of

Mean Low Water
The average of

Mean Low Water

the lower low water heightsiovef'a'period.
(MeL.W.)

all low water heights observed over a period.

The ‘average:of
neap tides.

Mean Low Water

Neaps (M.L.W.N.)
-the low water'héights occurring - at the time 'of

Spriﬁgs (M.L.W.S.)

The average of
spring tides.

Mean Sea Level

The mean value
~of data.

the low water heights ogéhrfiné’ at the time of

(g.g.é;)

of sea level extracted from a suitably long series

Mean Tide Level (E.E{L.)

The arithmetic

Mixed Tide’

mean of mean high water and mean low water.

Type of tide with a 1argé inequalitj in either the high and/or
low water heights. o ‘ «

National Datum

A fixed reference édbpted as a 'standard'vgeodetic datum for
elevations determined by levelling. -

Neap Tide

Tides of decreased range occurring semimonthly as the resdlt of

the Moon being

An the first or third quarter.
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Non=Linear Tides

Tides produced in shallow water or by frictional effects which
have periods equivalent to-4, 6, 8 cycles or more per day.

Permanent Tide Scale

A fixed, immersed scale on which the level of the tide can be
directly read. A permanent scale for use with tide gauges should
be s8et up 1in open tidal water close to the tide gauge
installation. .

(1) with 1its zero mark in the plane of the tide gauge datum, and
(2) so that the scale can be accurately read from the site’ of the
recorder. : :

A permahent tide scale may be a pole, board or graduations on a
wall. ' : o

Probe

An electrode designed to sense water level by contact.

At certain installations a "probe 1s set at a- pre~determined
height to produce a mark on the recorder graph as the water level
reaches it. Portable probes are also used to check the level of

the water in the well.

Radietional Tides

These are tidal variations caused by solar radiation. Like the
gravitational tides, but unlike meteorological effects, they are
coherent in time.

Recorder

That part of .an automatic tide gauge that records the height and
time of tide. ‘ '

The record may be a graph on specially printed paper or a punched
paper or magnetic tape. The recorder may be close by the
monitoring point or remote from it. ‘ : , ‘

Recorder Graph
. The curve of height against time plotted on a .recorder.
Sea Level

The observed level of the sea surface relative to a predefined
datum at any instant of time. ' ‘
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Seasonal Modulations

These are variations in sea level with time scales of 1 year and
6 months. Part of the.seasonal modulation is coherent with the
long period tides and is therefore included in tidal predictions.

Secular Trend

The hoh—periodic.tendéncy of sea level to inse, fall, and/or
remain stationary with time. _

Seiche
A seichefis s'short-period oscillation oCcuriﬁg in a harbouf,
bay, or "gulf, analogous to the oscillations of water in,a dish,

_and it is unrelated to actual tides.

Semi Diurnal Tides

Tides having periods of approximately 12 hours.

Spring,Tide

- Tides of increased range occurring semimonthly as-the result of
the Moon being new or. full. ‘ .

Stilling Well

The tube in which the float . travels up and down according to :the
mnovement of the tides. C

x

rSurge‘Level

The meteorologicaily induced component, sometimes-calléd the ‘non
tidal . residual’. It 1is not predictable in a time series but its
statistics have some regularity. ‘

Tidal»Level

That part'of the dbserved“sea level .which %s coherent with tide
generating forces and 1s. therefore predictable from a set of
harmonic constants. ‘ i : . .

.Tide'Gaugé

Apparatus for determining'thé level of the tide.

This term embraces the whole of the equipment used at any place
to measure the height of the tide. It embraces the float, float
well, transmission to the recorder and the recorder. The term
also include permanent tide scales.
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Tide Gauge Bench Mark

A bench mark near the gauge used for check levélling.

Repeated levellings from the tide gauge bench mark to other bench
marks 1in the wvicinity check the stability of the tide gauge
installation. - : :

Tide Gauge Datum

The horizontal plane fronm which tidal heights are measured at a
tide gauge. It wusually coincides with chart datum or harbour
‘datun,

Tsunami

A shallow water progressive wave, potentially catastrophic,
caused by underwater earthquake or volcano.,
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